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Foreword

Before this book went to press; sad news was received of the sudden death, on
November 5, 2006, of Professor Hitoshi Ohtaki.

Professor Dr. H. Ohtaki was one of the founders of the Eurasia series of confe-
rences. His enormous service to organize this series of conferences have been aimed
to deepen the friendship of chemists in the Eurasia continent, supporting scientific
researches of chemists from other continents. This significant amount of voluntary
work has earned great respect to him in the chemical community around the world.

The contribution to the latest Eurasia conference, 9th Eurasia Conference on
Chemical Sciences was tremendous and the conference proceedings will be an
important memorial action of Hitoshi’s Eurasia initiative.

Therefore, I would like to share this opportunity with you and his friends by
adding tributes and messages in the book.



Preface

Modern life is complex and evolution went a long way starting from very simple
organic molecules to larger biomolecules and they interact with other classes of
molecules in the environment.

The growing role of chemistry and the contribution of chemical and pharmaceu-
tical industries to the science of mankind are enormously going on. Next century
will witness more tremendous achievements of chemistry as well as its application
of different fields for the benefit of mankind life in terms of healthy, good, produc-
tive and comfortable long life.

The system for training researchers in the various areas of chemistry has main-
tained a largely traditional and single disciplinary focus. Although many investiga-
tors have broadened their selection of research techniques at the level of organized
and integrated programs. The Eurasia region has increased its profile in chemistry,
particularly chemical biology over the last 20 years.

Chemical Biology is one of the fastest areas of science as a multidisciplinary
during this century. The interdisciplinary study of molecules in living systems at a
health science campus helps to integrate the traditional disciplines of chemistry and
biology by understanding the molecular mechanisms of biological processes pro-
vides an opportunity to manipulate them in a defined and predictable way.

The source of this book is the 9th Eurasia Conference on Chemical Sciences
(EuAs C,S-9) held in Antalya-Turkey during September 9-13, 2006 under auspices
of the IUPAC organized by the Society of Biological Diversity, Ankara-Turkey.
This conference was part of a series Eurasia conferences that are held every two
years since 1988 initiated by Professor Dr. Hitoshi Ohtaki, Professor Dr. Michael
Rode and Professor Dr. Ivano Bertini. Eurasia conference is one of the dreams for
realizing the development of chemical sciences in Asia with the cooperation of
European countries. Therefore, this book belonged to the Proceedings of the 9th
Eurasia Conference will give an excellent overview of the progress being made in
the field of Chemical Biology.

This book will be an excellent issue for a rich scientific diversity in the field of
Chemistry and Biology. The interpretation of chemistry for biology is probably
slightly broader than what commonly is referred to as Chemical Biology, thus also
including topics related to molecular biology, biochemistry, ecology, semiochemicals,
environmental and material sciences.
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viii Preface

This book includes 49 chapters presented as plenary, invited lectures and posters
at the conference. Six plenary lectures have published in an issue of Pure and
Applied Chemistry, Vol. 79, No. 12, 2007; the titles of these presentations are given
as an Annex at the end of the book.

I thank all contributors for the preparation of their presentations.

It is sad to report that Professor Hitoshi Ohtaki, one of the founders of the Eurasia
conferences and contributors passed away on November 5, 2006. Professor Ohtaki
enthusiastically promoted international cooperation and took it upon himself to pub-
licize Japanese science to the wider world. His contribution in this book will serve
as a memorable contribution to that goal. He will be missed by all of us.

This book is dedicated to his memory.

Professor Dr. Bilge Sener
Editor



Memorial Tribute to
Professor Dr. Hitoshi Ohtaki

Curriculum Vitae of Hitoshi Ohtaki

Date of Birth September 16, 1932

Place of Birth Tokyo, Japan

Date of Decease November 5, 2006 (at the age of 74)

Address 3-9-406 Namiki-2-chome, Kanazawa-ku, Yokohama, Japan
Institution Chair Professor of The Research Organization of Science

and Engineering, Ritsumeikan University

Guest Professor of Yokohama City University

Education Bachelor of Science, Nagoya University, 1955
Master of Science, Nagoya University, 1957
Doctor of Science, Nagoya University, 1961
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Professional Career

April 1959 Research Associate of Research Laboratory of Nuclear
Reactors, Tokyo Institute of Technology

January 1965 Lecturer of Faculty of Science, Nagoya University

February 1967 Associate Professor of Faculty of Science, Nagoya
University

August 1970 Associate Professor of Faculty of Engineering, Tokyo
Institute of Technology

June 1973 Professor of Faculty of Engineering, Tokyo Institute of
Technology

April 1975 Professor of Graduate School at Nagatsuta, Tokyo
Institute of Technology

April 1988 Professor of the Institute for Molecular Science,
Okazaki National Research Institutes

June 1988 Director of Coordination Chemistry Laboratories,

Institute for Molecular Science, Okazaki National
Research Institutes

October 1988 Professor of Faculty of Physical Sciences, Graduate
University for Advanced Studies (Concurrent Post)

April 1992 Dean of Faculty of Physical Sciences, Graduate
University for Advanced Studies

April 1993 Professor Emeritus of Tokyo Institute of Technology

Professor Emeritus of Graduate University for
Advanced Studies

Professor of Faculty of Science and Engineering,
Ritsumeikan University

April 1994 Director of Institute of Science and Engineering of
Ritsumeikan University (until March 2000)
April 1998 The Leader of the Scientific Frontier Project “Analyses

and Control of Specific Selectivities in Various
Fields of Science and Technology” (until March

2003)
March 2003 Guest Professor of Yokohama City University
April 2003 Guest Professor of the Institute for COE Promotion,

Ritsumeikan University

Awards

1976 The Matsunaga Prize (Matsunaga Science Foundation)

1989 The Tejima Memorial Award (Tejima Educational Foundations)

1990 Takei Prize of Electrochemical Society of Japan (Electrochemical
Society of Japan)

1995 National Medal of Purple Ribbon (Japanese Government)
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2000 The Prize for Scientific Merits of Electrochemical Society of Japan
(Electrochemical Society of Japan)
2003 Medal for the Contribution to the Development of Science and
Technology (Vietnam Union of Science and Technology Association)
2005 Kato Memorial Award (Kato Memorial Science Foundation)
2007 The Order of the Sacred Treasure, Gold Rays with Neck Ribbon
(Japanese Government, posthumous award)

Honors

1999 Kato Memorial Lectureship (Electrochemical Society of Japan)
2002 17th M. H. Khundkar Memorial Lectureship 2002 (University of
Dhaka, Bangladesh)
Honorary Professor of St. Petersburg University, Russia
Honorary Member of Japan Society of Coordination Chemistry
2003 Honorary Member of Japan Association of Solution Chemists
Medal of Vietnam Union of Science and Technology Associations

Science Council of Japan

July 1994 —July 1997 Member of the 4th Division (Pure Science)
July 1997 —July 2000 Vice President of the 4th Division
July 2000—July 2003 President of the 4th Division
1988 -1991 Member of National Committee for [UPAC
1991-2003 Member of National Committee for Chemistry
Secretary (1984-1991, 1994-1997)
Chairman of Committee for Inorganic Chemistry
(1997-2003)

International Activities

International Union of Pure and Applied Chemistry (IUPAC)
Chairman of Commission of Equilibrium Data
Member of Inorganic Chemistry Division
Coopted Member of Analytical Chemistry Division
Bureau Member

Chairman of Membership Developing Committee

Chairman of International Conferences in Developing Countries
Executive Committee Member

Science Council of Asia (SCA)
Organizing Committee Member (1994 -2005)
Representative Delegate of Science Council of Japan (1998 -2005)
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Federation of Asian Chemical Societies (FACS)
Delegate of Chemical Society of Japan (1993 -2001)
President Elect (1995-1997)

President (1997-1999)

Past President (1999-2001)

Eurasia Conference on Chemical Sciences (EuAs C.S)
One of the Three Founders: Established in 1988
International Organizing Committee Member (1988—present)
Permanent General Coordinator (2003-2006) (equivalent to the President)
Chairman of International Organizing Committee of EuAs C,S
1990 (Seoul, Korea)
1994 (Kuala Lumpur, Malaysia)
2002 (Karachi, Pakistan)
2006 (Antalya, Turkey)

PACIFICHEM
1989 PACIFICHEM
Organizing Committee Member
Chairman of Program Committee
Chairman of the National Steering Committee
1995 PACIFICHEM
Vice President
Chairman of Protocol and Public Relation Committee

Guest Professors in Other Countries
University of Innsbruck, Austria
Chulalongkorn University, Thailand
University of Valladolid, Spain

Number of Papers and Books

Number of Original Papers: 210

Number of Reviews: 88

Number of Books (including Editorial): 11
Number of Books Contributes in Chapters: 12
Number of Students Who Received Ph.D. 11

International Conferences Organized

VI International Symposium on Solute-Solute-Solvent Interactions, 1982, Minoo,
Osaka (as Secretary General. Chairman: Professor Nobuyuki Tanaka of Tohoku
University)

International Symposium on Molecular and Dynamic Approaches to Electrolyte
Solutions, 1988, Tokyo (Chairman)

45th Okazaki Conference on Chemistry of Intra- and Intermolecular Charge
Transfer of metal Complexes 1993 (Co-organizer)

30th International Conference on Coordination Chemistry, 1994 Kyoto
(Chairman)
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26th International Conference on Solution Chemistry, 1999, Fukuoka (Chairman)

International Symposium on New Horizons of Coordination Chemistry towards the
21st Century, 2001, Kusatsu, Shiga (Chairman)

2nd Eurasia Conference on Chemistry in Seoul, Seoul, Korea, 1900 (IOC Chairman.
NOC Chairman: M. S. Jhon)

4th Eurasia Conference on Chemical Sciences, Kuala Lumpur, Malaysia, 1994
(IOC Chairman. NOC Chairman, M. M. Sign)

7th Eurasia Conference on Chemical Sciences, Karachi, Pakistan, 2002 (I0C
Chairman. NOC Chairman: Atta-ur-Rahman)

8th Eurasia Conference on Chemical Sciences, Hanoi, Vietnam, 2003 (General
Coordinator. IOC Chairman, Ivano Bertini; NOC Chairman, H. S. Thoang)

9th Eurasia Conference on Chemical Sciences, Antalya, Turkey, 2006 (General
Coordinator. IOC Chairman, H. Ohtaki, NOC Chairman, B. Sener)

September 11, 2006 Antalya-Turkey
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Dear 10C members and Fellows of EuAs C.S,

1 should inform you of very sad news that Professor Hitoshi Ohtaki, Permanent
General Coordinator, PGC, passed away due to myocardial infarction in the morning
on November 5th. I would like to pray with you for the repose of Hitoshi’s soul.

Sincerely yours
Susumu Kitagawa
IAB member of EuAs C,S

Message from Associate Professor Dr. Michitaka OHTAKI (His son)

My father, Hitoshi Ohtaki, passed away at his second home (used as his office) by
myocardial infarction in the early morning of November 5th (Sunday), 2006.

My mother, Ei Ohtaki, coming with anxious for his no-show at the morning service
at their home church, found him, who had already lost the warmth in his bed.

It was really a sudden loss, because there had been no obvious symptom about his
heart. The EuAs C,S-9 was the last occasion for me to see him in life.

We, Hitoshi’s family, Ei (his wife), Michitaka (eldest son), Yu (eldest daughter),
and Tamao (second daughter), deeply appreciate your friendship with him.

It is my great regret that I have no skills for expressing our sincere gratitude to you
in English properly.

All correspondence will be received by:

Mrs. Ei Ohtaki

Yokohama Baywest 304, 7-225 Tobe-cho,
Nishi-ku, Yokohama 220-0042, Japan
Phone and fax: +81-45-316-4680

With greatest regards,
Representing Hitoshi’s Family,
Michitaka Ohtaki
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Tribute to Professor Dr. Hitoshi Ohtaki
by Bernd M. Rode, Austria

My scientific co-operation and personal friendship with Professor Ohtaki started in
1979, when I stayed as a guest professor at Tokyo University and met him on the
occasion of a visit to his department at the Tokyo Institute of Technology.
Understanding that his experimental and our theoretical work ideally comple-
mented each other we agreed on a close co-operation, and only a year later I was
invited as a guest professor to his University, and he to mine. Joint publications
followed and together with Professor Ivano Bertini we initiated the EURASIA
Conference Series in the 1980s. Through the continuous joint activities and con-
tacts we developed a deep friendship, which also gave me a much closer access to
Japanese culture — after some years Hitoshi preferred to talk with me in his mother
tongue and to consider me ‘almost a Japanese’....

When Hitoshi retired from the Tokyo Institute of Technology and moved to the
Institute for Molecular Science in Okazaki, I continued my co-operation with him
there, and when he moved again to Ritsumeikan University, this did not make any
difference to our relationship either.

We still had so many plans for further activities, in particular related to the
organisation of EURASIA Conferences, and thus his sudden passing away
meant a deep shock for me. After so many years of working together in deep
mutual appreciation and friendship I feel a strong, uncompensatable loss and my
mourning is only consoled by the knowledge that the memory of Hitoshi will be
a long-lasting one, not only for me but also for so many other friends and col-
leagues who have not only enjoyed his spirit of hard work but also his strong
social character and dedication to good personal relationships, in good and hard
times. This memory brings all of us closer to each other, a last achievement of
Hitoshi’s endeavours!

REQUIESCAT IN PACE!

Tribute to Professor Dr. Hitoshi Ohtaki
by Ivano Bertini, Italy

I met Professor Hitoshi Ohtaki in 1978 in Vienna at a conference on Solute-Solute-
Solvent Interactions organized by the late Victor Gutmann. I organized the follow-
ing meeting in Florence in 1980 which was attended by Hitoshi and our friend
Bernd Michael Rode. In 1985 I visited him at the Tokyo Institute of Technology. I
reported the wish of Michael Rode to organize a scientific meeting in Bangkok as
he was regular visiting professor there. Hitoshi, Michael and myself decided to start
a series of meetings called Eurasia with the first event in Bangkok. Hitoshi sug-
gested that I visited Salag Dhabanandana, vicerector of the Chulalongkorn
University in Bangkok during my trip back. Salag and myself agreed on the details
of the organization of the first Eurasia Conference on Chemical Sciences to be held
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in Bangkok on January 4-8 of 1988. Hitoshi was organizing the 10th in Manila
when he passed away. Hitoshi, Michael and myself had organized all the Eurasia
meetings together (except the 9th which I did not attend).

I visited Hitoshi in Okazaki in 1989 when he was Director of the Coordination
Chemistry Laboratories of the Institute for Molecular Science and I was invited
speakers at the following meetings organized by him: International Symposium on
Molecular and Dynamic Approaches to Electrolyte Solutions, Tokyo, 1988;
Okazaki Conference, 1990; XXX International Conference on Coordination
Chemistry, Kyoto, 1994; 26th International Conference on Solution Chemistry,
Fukuoka, 1999. He has visited me several times and I was at the meeting celebrat-
ing him at the Ohtaki Symposium in Kusatsu in 2003. I write all of this to underline
the degree of our friendship and the close feelings in the policy of the development
of chemistry that we had.

Hitoshi dedicated his life to Science and to the organization of Science. As a
scientist, I remember the studies by X-ray of the coordination compounds in solu-
tion of metal ions with monodentate ligands which constituted milestones in the
field. Eventually, he started simulating through informatic tools the interaction of
solvents and ligands with metal ions.

Now, I feel more lonely in my scientific activity and in my daily work. Hitoshi
was a great man and a real Maestro (sensei). I used to call him “Shogun”.

We all will remember him.

Professor Hitoshi Ohtaki in Memoriam

It was really sad and so unexpected to receive the news that Professor Hitoshi
Ohtaki passed away November 5th. Just a couple of weeks earlier we had been in
contact, to explore and follow up some ideas put forward during lively discussions
at the 9th Eurasia Conference on Chemical Sciences, EuAsCZS, which we both
attended in Antalya, Turkey, in the middle of September.

During this conference Hitoshi was in full blossom. As chair of the International
Organizing Committee for the conference, he had been actively involved in devel-
oping the scientific programme as well as inviting lecturers. Among the plenary
lecturers he succeeded to attract was HRH Princess Chulabhorn Mahidol of
Thailand, who Professor Ohtaki received and hosted with experience and confi-
dence and with the respect and gratitude required. But he also dared to show some
of his characteristic social warmth and scientific enthusiasm that contributed so
much to make this solemn occasion a conference high-light. What a memorable
imprint to leave behind!

By Professor Ohtaki’s unexpected death, a tremendous career in chemistry has
come to an end. He received his education from the Faculty of Science at Nagoya
University where he obtained his Dr.Sc. degree in 1961. Then followed several
years (1961-1964) as a Postdoctoral Research Fellow in Professor Lars G. Sillén’s
group at the Royal Institute of Technology in Stockholm, Sweden, years he often
talked about with sincere enthusiasm to someone coming from that part the world.
During the stay in Stockholm his research interests were shaped and firmly directed
towards solution chemistry and coordination chemistry, and when he returned to
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Japan, he pursued research in this field of chemistry with considerable success at
several institutions (Nagoya University, Tokyo Institute of Technology, Okazaki
National Research Institutes, and Ritsumeikan University) and advanced through
the ranks from lecturer to full Professor and also Research Director. Through his
career he published more than 300 research papers and reviews and authored and
coauthored contributions to more than 20 books. It should also be mentioned that
he translated several books into Japanese.

The research activities of Professor Hitoshi Ohtaki gave him a name in the
international chemical community, but his reputation is much greater than his
important scientific contributions can account for. The reason for this is his
long-standing and unselfish participation in voluntary work through several
international organizations and on an independent basis. His work in the
International Union of Pure and Applied Chemistry is particularly note-worthy;
in this union he served in various capacities and was an active Commission
member, Division member, and Bureau member for a number of years, and for
2 years, 2002-2003, he was a member of the IUPAC Executive Committee. For
a period of time I also enjoyed working closely with Hitoshi in the Membership
Committee; when we were out in the field, it was really an experience to see
him using his friendly charm and enormous enthusiasm to recruit new ITUPAC
members.

But just as important were his significant contributions as a congress organizer,
in particular his service to the Eurasian series of conferences, which was founded
by Hitoshi and two of his friends, Professor Bernd M. Rode from the University of
Innsbruck, Austria, and Professor Ivano Bertini from the University of Florence,
Italy. These conferences on Chemical Sciences were close to his heart because in
addition to present and discuss the latest research results, the EuAs C,S meetings
have always been aiming at engaging chemists from developing and disadvantaged
countries in cooperation and networking, thereby supporting the chemical commu-
nities in these countries. This was a long-term goal for Hitoshi to achieve, so he
never gave up in spite of the fact that the progress often was slower than he had
hoped. In fact, when he gathered the International Advisory Board for the next
EuAs C,S meeting at the end of the conference in Antalya, he argued with optimism
for new initiatives directed especially towards young chemists in developing coun-
tries in the Eurasian continent. Now, when Hitoshi is no longer among us, it is up
to all of us to continue this important work.

Over the years Professor Ohtaki’s significant scientific achievements earned him
a number of important distinctions and prizes, among which are the National Medal
of Purple Ribbon and the Prize for Scientific Merits of the Electrochemical Society
of Japan. However, during the same period of time his significant amount of volun-
tary work for the common good has earned great respect in the chemical commu-
nity around the world.

For all his contributions he will be remembered for years to come!

Leiv K. Sydnes
Past President of TUPAC and Member of the International Advisory Board for
EuAs C,S
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In memory of H. Ohtaki

“Today I received beautiful photos along with kind note from you. After reading
your note in the faculty meeting room, I was again quite impressed by not only how
thoughtful and organized person you are but also how physically strong person you
are. To have you as the General Coordinator of the EuAs C,S is certainly our luck.
I like the photos you sent very much. Although my visit to Karachi was short, my
memory of Pakistan will last forever thanks to you.”

The above is the quotation of my letter that was sent on May 14, 2002 to
Professor Hitoshi Ohtaki at the Department of Chemistry, Faculty of Science and
Engineering, Ritsumeikan University, Japan. The following is one of the very pho-
tos taken on March 12, 2002 during the closing ceremony of the 7th EuAs C.S held
in Karachi, Pakistan: Ohtaki (center), Rode (left), Do (right) and invisible Bertini
who left earlier. This photo delivers a special message regarding Ohtaki’s strong
will on the EuAs C,S because the organization of the Pakistan meeting, originally
scheduled on November 11-13, 2001, confronted near cancellation due to, among
others, September 11 World Trade Center Tragedy of 2001.

Lia Conference on Chemical Sciences
(EuAs C,S-7 )
"ARCH 09- 12, 28Q72
Organizecs -8

. ulc_T‘T E“nl‘ ‘\f-lc_&lrs-r » . . 1 d
= w ‘? - &
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Looking back, my first encounter with Ohtaki was made in 1988 in Seoul right
after the 1st EuAs C,S held in Bangkok, Thailand. He was then the Chairman of the
International Organizing Committee of the 2nd EuAsC.S held in Seoul, Korea.
Since then, I have been sharing and enjoying all the forthcoming EuAsC,S meetings
with Ohtaki: 1992 3rd in Bangkok, 1994 4th in Kuala Lumpur, 1996 5th in
Guangzhou, 1999 6th in Brunei Darussalam, 2002 7th in Karachi, 2003 8th in
Hanoi, 2006 9th in Antalya and the initiation of 2008 10th in Manila. During this
course, I had an honor in 1994 to be invited by Ohtaki to join the International
Organizing Committee of EuAs C S and take the Secretary role. In 1999, after the
Brunei Darussalam’s meeting, he extended me an offer to become a member of the
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International Organizing Committee of EuAs C,S but I returned him with my role
of the Secretary. He served the Chairmanship of the EuAs C,S meeting many times
that earned him General Coordinator followed by Permanent General Coordinator
of the International Organizing Committee of EuAs C,S.

Yes! Permanent General Coordinator of the EuAs C,S! Among the many titles
Ohtaki hold, I would like remember him as Permanent General Coordinator of the
EuAs C,S! Saga of the EuAs C,S should be continued because of the widely under-
stood and accepted aim of the EuAs C,S. Let me quote the aim of the EuAs C,S
provided by Ohtaki, Rode and Bertini: “... the creation of an international confer-
ence called Eurasia Conference on Chemistry of Solution (EuAs C,S) with the aim
at deepening the friendship of chemists in the Eurasia continent, at supporting
scientific researches of chemists in the continent with the help of chemists in other
continents such as America, Canada, and Australia, and at organizing a world-top
class international conference in a developing country of Asia with the help of their
world-wide friendship network through which we invite world-leading scientists,
with whom scientists, especially young scientists in developing countries, could
exchange information to emphasize scientific activities of their countries.”

I strongly believe that Ohtaki himself and his spirit and philosophy on the EuAs
C,S will be remembered by all of us and serve as everlasting driving force to keep
the EuAs C,S going. Dear Ohtaki! Please allow me to spread this writing as a trib-

ute of my respect to you!
e P

March 8, 2007
Youngkyu Do

Secretary

IOC of the EuAs C,S
Professor of Chemistry
KAIST, Korea
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A Tribute to Professor Hitoshi Ohtaki; A Great Scientist and Friend
Amal Al-Aboudi

It didn’t come to my mind that when we said good bye, at the end of the 9th Eurasia
conference in Antalya, that this is going to be the last time to see Professor Ohtaki!!
The news of his death was a devastating shock that took me some time to believe!

Professor Ohtaki was one of the kindest people I have ever known. I first met
him during the 7th Eurasia conference held in Karachi 2002, and I had the chance
to set next to him during the dinner, when he explained to me the aim of Eurasia
conference. I felt his sincere devotion for opening doors for young scientist in the
developing countries to learn top science. That was evident not only in his partici-
pation in organizing world-top class international conferences in the developing
countries, but also in his activities in many international scientific organizations
such as IUPAC and FACS. He shared with me his ideas about the excitement of
knowledge, and more important the dedication to spread and share knowledge
through what he referred to — with his peaceful smile — “knowledge loving groups”.

Professor Hitoshi was a highly respected scientist; he had visionary leadership
towards a brighter future for chemistry. He was a brilliant thinker, an inspiring men-
tor who affected the life of many of his students, and above all he was a great friend.
He will always be remembered for his sincerity, spontaneity in giving help and
advice, and for his passion of photography and nature.

Hitoshi, we will always remember you, and miss your beautiful company. May
you rest in peace.

Tribute to Professor Dr. Hitoshi Ohtaki
Athar Ata

On November 5, 2006, I heard extremely sad news regarding the sudden departure
of Professor Hitoshi Ohtaki. This is a big loss for all of us. He is one of the eminent
scientists in the area of solution chemistry in this era and made a significant contri-
bution to the chemical literature in his field. His efforts to develop a high quality
research program in the developing countries of Asia will be remembered for ever.
He was the permanent chair of International Organizing Committee for Eurasia
Conference on Chemical Sciences. In this capacity, he played a model role in bring-
ing scientists from Europe and Asia together on a table to think about joint innova-
tive research programs between two Continents. We also share this sorrow with his
family and pray for his soul to be in peace and patient for his family to afford this
great loss. I would like to dedicate my paper entitled “Novel Bioactive Natural
Products from Marine and Terrestrial sources” in the memory of Professor Hitoshi
Ohtaki.
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Messages received from his colleagues after November 5, 2007

It is indeed very sad news, especially considering how active and full of life he was
in Antalya. Yes, it is wholly appropriate to extend one’s condolences. I might write to
his son who was a participant of the Antalya meeting and whom I had a chance to
talk on the last day.

Such events are very tragic and the family is left totally bewildered. It is like the
lightening striking without warning. For the person self it is not long and drawn out
which may be some solace; but others family and friends are left to cope with the
loss as best as they can which is not easy. The first news about Hitoshi came from
your letter. After that there was a message from the Isobe’s and then further news
started pouring in; including one from the IUPAC office from Fabienne. I did write
a short note to be added to my report on EURASIA 9 and asked Fabienne if that
would be appropriate. She replied within minutes saying she had thought exactly
the same and could use my text.

Ohtaki had been very active in the IUPAC and I am sure that the office in
Raleigh will take appropriate note of and initiate due action in the matter. My con-
tacts with him were mainly when as the President of Division III, I participated in
the meetings of the [IUPAC Bureau. In connection with the 9th Eurasia in Antalya,
and considering Ohtaki’s role in the series of these meetings which I believe he ini-
tiated perhaps you may wish to have some tribute to Ohtaki in the book on the
Antalya congress.

With my expression of condolences on the demise of a good and noble friend.

Upendra K. Pandit
skoksk

The sad news that Hitoshi Ohtaki suddenly passed away in a myocardial infarction
was shocking and came completely unexpectedly. He was such an inspiring person-
ality and did a lot for the chemical community and in particular for IUPAC and
similar organizations. I really hope that someone will continue his work for the
Eurasia initiative. Your contribution to the latest Eurasia conference was tremen-
dous and your work on the conference proceedings will be an important memorial
action of Hitoshi’s Eurasia initiative.

Thank you for rapidly sending me the tragic news. I will forward the news to the
present head of the inorganic chemistry. It was in this laboratory Hitoshi worked as
a postdoc, when we first met. I express my sincere condolence with you on the
unexpected death of Hitoshi Ohtaki.

Torbjorn Norin

sksksk
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I fully understand of how difficult it was for you to make the announcement of the
passing away of the late Professor H. Ohtaki. In fact I was already informed on the
event by Professor Haruhiko Yokoyama, to whom I also sent my condolescence as
well as to Mrs. Ohtaki.

It was really a sudden and unexpected event, since Ohtaki looked very well in
his health, only a month and half ago, in Antalya. He had also proposed me to
organize the 12 Eurasia conference, in Greece in 2012, which I had accepted. This
may remind us all of how easy is to pass to the other side (away) at any moment!

I indeed share your prayers for the soul of Professor Ohtaki.

Nick Hadjiliadis

skeksk

It was a true shock to Astrid and myself when we learned last Sunday night that
Hitoshi has passed away. This is a tremendous loss for our whole community. As
you correctly state, we had seen him in Tokyo twice, namely at October 12 and 13,
when he attended both of my lectures. He was in good mood and spirit and we had
in fact intense scientific discussions about the chelate effect and this continued until
November 3, when he sent me his last mail. We all definitely lost a very dear friend.
Of course, Astrid and I have immediately written to his wife Ei... and as you say,
at this time we can only pray for his soul.

Helmut Sigel

skoksk

The only thing that I can say at the moment is that I am still shocked for this very
sad news and it is difficult for me to react. My wife cried yesterday for long time
and I also was unable to retain the tears. My collaborators at the University can’t
believe that.

He was a fantastic scientist and a very nice person. We all will keep his memory
for ever.
Fernando Rull Perez

skeksk

Thank you very much for your kind letter, informing me of the sudden death of
Hitoshi Ohtaki.

I have, indeed, known Hitoshi for many years, sitting together on committees,
attending conferences, and sharing scientific interests. I strongly share your senti-
ments concerning Hitoshi’s personality and involvement in international coopera-
tion. We will all miss his enterprise and good advice and his friendly attitude
towards his colleagues all over the world.

Yizhak Marcus

sskesk
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I cannot believe how you and I have thought of each at the same moment! I was just
going to write to you about this unbelievable sad news which I heard from Professor
Yokoyama. I cannot still believe this. Neither can Albert. Albert is very happy to
have met him and heard from many people at the conference so many good things
about him. Hitoshi seemed to be in good health and quite active during the confer-
ence in Antalya and when he said good bye to me and Albert on the last day, I
thanked him and you for inviting me to the conference. I cannot believe how life
can be taken away by God so suddenly. The only consolation is that he had a quick
departure, after a very successful and fruitful life on Earth. I have always seen him
in god mood and good and respectable terms with all people he knew. As you have
written, we send our best thoughts on him to his soul, now with God.

It must have been a very great shock for his wife and large family. I wrote to his
son asking him to convey my sympathies and condolences to all in the family. I join
you in mourning his loss from the scientific and human world. After working
closely with him for nearly 10 months recently, I can imagine you must be feeling
quite dazed. I send you my comfort to bear the sorrow.

Raji Heyrovska

shsksk

It was indeed a very depressing and very sad news to hear.

I have told Mathuros to inform HRH Princess Chulabhorn about this terrible
news. HRH Princess Chulabhorn and Mathuros left for India this morning.
Somsak Ruchirawat

sksksk

It was so sad news that Hitoshi has passed away. He was so healthy and pleasant in
Antalya, and I can hear his clear and loud speaking voice even now.

He had been working for Eurasia Conference as the permanent committee mem-
ber. I was with him in the previous conference in Hanoi, Vietnam, where he decided
to transfer the next conference in Turky to be organized by you. Hitoshi was also a
leader in other meetings of IUPAC activities since many years ago. I join you to
send my deep condolences to his family (his son being in Antalya) and chemistry
colleagues for Professor Hitoshi Ohtaki.

Minoru Isobe

skeksk

I am now staying in China. Yesterday, I got the e-mail that Professor Ohtaki passed
away from his son. I am very surprised to hear that. I am now the vice-president of
Japan Society of Coordination Chemistry. We are discussing about the ceremony
for late Professor Ohtaki.
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Anyway, Professor Ohtaki was too young (about 72 years old). All members in
Japan Society of Coordination Chemistry are surprised and sad.

Thank you for your kind cooperation.
Masahiro Yamashita

shsksk

I am surprised to hear that Professor Hitopshi ohtaki passed away.

I can not find words to say. I am very sad. He was a great man in every points
as research and humanity. I am expected him. He was a honorable leader for us. I
also wish to pray with you for the peaceful sleep of Hitoshi’s soul.
Mitsutaka Kitamura

sksksk

Professor Hitoshi Ohtaki told me that he was very glad to know the big success of
9th Eurasia Conference on Chemical Sciences and appreciate your big contribution.
He really enjoyed not only the conference but also trip in Turkey. Although his
death was very sad to us, I think that we have to take over his intention and continue
the Eurasia Conference.

Today I will attend his funeral and pray for the repose of his soul.
Hiroki Oshio

ssksk

Thank you very much for your e-mail, offering your condolences to the untimely
demise of Professor Ohtaki. I heard the sad news yesterday in Tokyo, when we
were having a meeting in the Chemical Society of Japan for our [TUPAC activity. He
was a key person of many international activities such as Eurasian Conference,
TUPAC, Pacifichem, etc. and we all miss him and his services.

I would like to thank you very much for your king arrangement for my very first
trip to Turkey last September, which I also owe much to the late Professor Ohtaki.
I had a great time in Antalya with the people of the Eurasia Conference and with
Professor Ohtaki.

It was just 2 months ago, and I feel a life as transitory.

Kaz Tatsumi (Nagoya)

sHoksk
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I already heard the sad news from one of the Japanese professor yesterday morning.
I have known him for more than 15 years. I even met him this summer twice in
Cape Town and Antalya. He was, as you know, active and healthy all the time, and
I have never expected that this would happen to him.
I would like to share my condolences with you. I will pray for his soul.
Myunghyun Paik Suh

shsksk

All of us have been surprised to hear of the sudden and sad news about the passing
away of Hitoshi.

Hitoshi has been a good friend of mine for a long time since I started my scien-
tific career.

I have been fostered by him as well as my professor in our community of solu-
tion chemistry in Japan.

I have been to Yokohama to attend the funeral held in a small church
yesterday.

Many of us who were in Antalya gathered there to regret the loss of the great
scientist and leader in our field and to encourage his family. I remember very well
how happy Hitoshi was working together with you for the 9th Eurasia Conference
held in your hometown, Antalya. Your town is fantastic with many historical spots.
I enjoyed them. After you closed the conference, we Japanese delegates took dinner
together in the beautiful hotel to appreciate his great contribution to your successful
Eurasia Conference.

Your hometown was the last place where I saw Hitoshi and chattered with him
without noticing the time passage. He was so wonderful in personality that he could
attract so many nice people around him without noticing the time passage.

He was very proud of your success in organizing the Eurasia Conference.
Masaru Nakahara

sksksk

I am deeply saddened by the unexpected news of the passing of Professor Hitoshi
Ohtaki. Recently, during the Conference in Antalya he was so active and appeared
to be in a perfect health. We shall all remember him as outstanding scientist and
noble person. I have, as many others, admired his wisdom and gracious personality.
Since you have worked with Professor Hitoshi Ohtaki closely for many months you
feeling of the lose is no doubt particularly intense. Please accept my sincere sym-
pathy for you in your sorrow.

Osman Achmatowicz

skeksk
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I am greatly saddened by the news of the untimely death of Hitoshi Ohtaki. It is our
great loss. You have misinterpreted the warmth of my relationship with Hitoshi. We
met for the first time in Istanbul only the week before your meeting, and shared the
same seat in the coach tours through Cappadocia. So we became good friends very
rapidly.

I append the letter I have just sent to Kyoki Isobe, whose e-mail reached my just
before yours today. (I have been travelling again).
Michael Blackburn

shsksk

I share your distress and expression of sentiments at the sad news about Hitoshi
Ohtaki. He was an outstanding scholar and IUPAC colleague, and his sudden death
has deprived us of his wise council and his selfless devotion to many duties.

I hope that we can derive some consolation from the knowledge that he has left
an indelible legacy of achievement. Not least, the successful passage of Eurasia-9
will remind us of his constructive contributions to this and other worthy enterprises
that he identified as opportunities to advance science and its societal responsibili-
ties. Thank you for sharing your thoughts and recollections with me.

James Bull

skeksk
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Tribute to Professor Dr. Hitoshi Ohtaki
by

Bilge Sener, NOC Chair of the 9th Eurasia Conference on Chemical Sciences,
Turkey

I would like to extend my condolences to all of you for the distinguished profes-
sor Hitoshi Ohtaki and for this great loss.

The sad news that Hitoshi Ohtaki suddenly passed away in a myocardial infarc-
tion was shocking and came completely unexpectedly. He was such an inspiring
personality.

I just had multiple exchanges with Professor Ohtaki on October 23 and 25 as he
informed me that he sent me a CD belonged to several photographs taken by him
during the conference. During these days, I was waiting to get this CD from him !!

Hitoshi seemed to be in good health and quite active during the conference in
Antalya. He was so healthy and pleasant, it was just 2 months ago, he was in
Antalya-Turkey and I felt a life as transitory!

My first encounter with Professor Hitoshi Ohtaki was made in 2002 during the
7th EuAs CZS held in Karachi, Pakistan. He has extended me an offer to become a
member of the International Advisory Committee of EuAs CZS. Since 2004, I had
closely worked with him for the preparation of the 9th Eurasia Conference, he was
the Permanent General Coordinator of the International Organizing Committee of
EuAs C,S.

| il WL
S -

September 13, 2006 Antalya-Turkey
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After this course, I had an honor in 2006 to be invited by Professor Hitoshi
Ohtaki to join the International Organizing Committee of EuAs C,S.

I appreciated his leadership very much. He has shared and advised all details (by
starting to design the Eurasia emblem, rosette, awards, guidelines and many
more...) with me during this period.

Looking back, he was a most important Japanese who worked for TUPAC,
Eurasia and many societies. He was always a dependable leader. He himself has a
fighting spirit in rather conservative Japanese Society. His last lecture will be a
good representation to explain his idea for Japan and Japanese chemists presented
by him in Antalya on September 13, 2006 at 2.30 p.m.

Our contribution to the latest Eurasia conference was tremendous and our work
on the conference proceedings will be an important memorial action of Hitoshi’s
Eurasia initiative. I would like to share this opportunity with you and his friends by
adding tributes and messages in this book which is dedicated to Professor Hitoshi
Ohtaki.

I think that we have to take over his intention and continue the Eurasia
Conferences. Professor Hitoshi Ohtaki and his services will be remembered for
years by all of us.

September 13, 2006 Antalya-Turkey
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Chapter 1
Development of Chemistry in Asia
with the Cooperation of European Countries

Hitoshi Ohtaki

Abstract The development of science and technology of Asia, mainly Japan, is
briefly reviewed. The reasons are discussed why science and technology of Japan
could develop after the serious damage of the Second World War. It is emphasized
that Three S’s, “Spirit”, “Scope” and “Sincerity” are important factors in order to
contribute to the international community. Honesty and Diligence are essential in
the work of science and technology. Originality is indispensable in the scientific
works. An aspect is presented how we should step forward to the development of
science and technology in Asia in the 21st century.

Keywords Development of chemistry, Japan, science, technology

Introduction

Japan was an underdeveloped country in science and technology 150 years ago.
Japan had no automobile and no train, and the most convenient transportation sys-
tem was Kago (Palanquin) and the fastest one was horse. Guns were introduced to
Tanegashima island in the 16th century by a Portuguese. Japan was isolated from
other countries in the Tokugawa Period for 300 years until the Meiji Era started in
1852. During the isolation period, Japan had practically no contact with European
and American cultures. On the other had, the characteristic culture of Japan had
been blooming in the period. It was fortunate and unfortunate.

Other Asian countries, which were controlled by their Suzerain States at that
time, were much more enriched in modern sciences (e.g., medical science) and
technologies (e.g., cars and railways) than Japan. In many Asian countries modern
science and technology had already been introduced and used for practical purposes
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2 H. Ohtaki

around 16th—17th centuries, but these modern science and technology had been
usually exclusively used by the only suzerains, and native people had been isolated
from the benefits of science and technology.

Modern Chemical Sciences of Japan

Each country has its own culture from the ancient time. There were many great
successes in technology in old Asia. Moenjo-Daro in Pakistan shows us surpris-
ingly high technology of architecture and city plans 5,000 year ago. Chinese
architecture for building many old beautiful buildings and palaces is another exam-
ples. The Great Wall constructed in the 17th century could be observed from the
moon. The architectural technology of Japan has mostly been introduced from
China. Todai-ji Temple built in Nara in 752, Japan is the existing largest wooden
building in the world, in which the Great Buddha Statue of 14.7 m tall is sitting.
The Buddha statue was also built in 752.

Gunpowder is one of the chemical products originated in China already in the
7th century, which is much earlier than the production of gunpowder in Europe in
the 13th century. The introduction of gunpowder to Japan was made, together with
guns, by a Portuguese. Japan had at that time already a high level technology for
the production of high quality iron, which had been used for making Japanese
swards, and therefore, the production of guns in Japan was rapidly spread over the
country. Further improvement of gunpowder by Dr. Masachika Shimose (1859-1911)
using picric acid instead of nitrocellulose brought the winning of Japan at the battle
of the Yellow Sea between Lushun Fleet and Fleet of Japan and another battle of
Japan Sea between Baltic Fleet of Russia and the Combined Fleet of Japan
commanded by General Togo in 1905 at the end of Russo-Japanese War.

Pre-historical Period of Modernization of Japan

The systematic investigation of chemical sciences of Japan was started by Yoan
Udagawa (1798-1846), who was influenced by the books of A. L. Lavoisier (trans-
lated into Dutch) and W. Henry (in English, translated into Germany). These books
were imported from European countries to Nagasaki, which was only the gate
opened to outside during the period of Isolation of Japan. He published the first
textbook of chemistry in Japanese entitled “Seimi-Kaiso” (Opening of Chemistry:
“Seimi” comes from the pronunciation of Chemie in Dutch) in 1837. At that time,
however, Japan was much behind Europe in chemical sciences and unaware of
the advance made by Atomic Theory developed by J. Dalton and J. J. V. Berzelius
due to the National Isolation Policy of the Japanese Government.

The life of Japanese at that time was not so poor, especially Governors including
Shogun, Local Governors, and their Samurais, and merchants were relatively rich,
although farmers were poor, and most of them lived in wooden houses. Japanese
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arts grew to a noticeable level. It is a famous story that Japanese woodcut prints
influence to painters of impressionism. However, the development of science and
technology were very limited.

The Isolation Policy of Japan started from the beginning of the 17th century and
ended in 1854 when four Black Ships directed by Commodore M. C. Perry (1794—
1858) of USA visited Uraga, a small town near Yokohama in 1853 and concluded
the Treaty of the Peace and Amity in Yokohama in 1854. The big Black Ships
constructed with iron, which can float on water, brought a big surprise to all
Japanese, and Japanese Government had to open the country for trade and other
exchanges to all foreign countries under the power of big cannons, which Japanese
had never seen. Then, the Isolation Policy of Japan ended.

Foreign Teachers of Science and Technology Employed
by the Japanese Government at Modernization

Soon after the end of Tokugawa Period (Edo Era), the new government under Meiji
Emperor started in 1867. In the Meiji Era, Japanese Government intended to follow
up the modern European culture, especially European science and technology, and
established The Imperial University of Tokyo having Faculties of Law, Science,
and Literature in 1868. This is the first university of Japan.

Before the establishment of the Imperial University of Tokyo, Japan had some
private schools. Kaisei School, the former Imperial University of Tokyo, is one of
them. Medical treatments have been already made by some people with the help of
textbooks brought by Dutch who came to Nagasaki, which was the center of medical
sciences of Japan in the latter half of the 19th century.

Many Japanese visited Nagasaki to learn medical science and methods of medical
treatments by foreigners. The foreigners are, for instance, J. K. Van den Broek
(Dutch in Nagasaki, medical science), P. F. Siebold (German in Nagasaki, medical
science and botany, coming from Holland in 1823), J. L. C. Pompe van Meerdervoort
(Dutch in Nagasaki, medical science), and A. F. Bauduin (Dutch in Nagasaki, medical
science).

When the modern Japan started, the Japanese Government employed many
foreign scientists and engineers. The number of the foreign teachers became
about 3,000. Their monthly payments could be compared with those of Ministers.
They whose names appearing in the history of chemical and medical sciences are
A. J. C. Geerts (Dutch, pharmaceutical science), G. Wagener (German, chemistry
and ceramics in Tokyo and Kyoto after Nagasaki), K. M. Gratama (Dutch in
Nagasaki, and then, in Tokyo, chemistry and physics), H. Ritter (German in Tokyo,
chemistry and physics), 7. Antisell (American, engineer for printing), W. H. Griffis
(American in Fukui, chemistry), W. H. Clark (American in Shizuoka, mathematics,
physics and chemistry), R. W. Atkinson (British in Tokyo, chemistry), E. Divers
(British in Tokyo, chemistry, the supervisor of Dr. Shimose, aforementioned), F. F.
Jewett (American in Tokyo, chemistry), and J. F. Eijkman (Dutch in Tokyo, pharmacy
and chemistry). Their names are listed in Table 1.1.
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Table 1.1 Foreign teachers in science and technology at the beginning of modernization of Japan
in the 19th century

Name Country Field Place of teaching
W. Van den Broek Holland Chemistry, physics, Nagasaki
mathematics

J.L.C. Pompe van Holland Medical science Nagasaki
Meerdervoort

A.F. Bauduin Holland Medical science Nagasaki

P.H. Siebold Germany Medical science, botany Nagasaki

K.M. Gratama Holland Chemistry, physics Nagasaki, Tokyo

W. Wagner Germany Chemistry, ceramics Nagasaki, Tokyo, Kyoto

W.H. Griffis USA Chemistry Fukui

W.H. Clark UK Chemistry Shizuoka

E. Divers UK Chemistry Tokyo

F.F. Jewett USA Chemistry Tokyo

G. Martin Germany Pharmacy, chemistry Tokyo

J.F. Eijkman Holland Pharmacy, chemistry Tokyo

A.J.C. Greets Holland Pharmacy, chemistry Kyoto

H. Ritter Germany Chemistry, physics Tokyo

T. Antisell USA Print engineering Tokyo

R.W. Atkinson UK Chemistry Tokyo

Textbooks of Science and Technology Written by Japanese
at the Beginning of Modernization

Textbooks of chemistry were introduced to Nagasaki by Dutch, German, and
French doctors. Some of them were translated into Japanese. Yoan Udagawa
(1798-1846) is one of the frontiers of chemistry of Japan. Komin Kawamoto
(1810-1871) published “Kagaku Shinsho (New Chemistry)” in 1861, which is a
Japanese translation of “The School of Chemistry” (published in 1846) written by
J. A. Stockhardt (Germany), which was translated from the Dutch book “Inorganic
and Organic Chemistry” by J. W. Genning (Holland) in 1850. Teizo Kono (1817—
1871) published 14 volumes of “Seimi Binran (Handbook of Chemistry)” in 1856,
five years before the publication of Kawamoto’s book. The book is a translation of
“Qualitative Analysis with a Table of Systematic Analytical Processes” written by
H. Kramer Hommes (1845), which was possessed by a Dutch medical doctor Van
den Broek in Nagasaki. The Japanese book is well colored for showing
precipitates.

Young Students Sent Abroad by the Japanese Government
to Study Science and Technology at the Modernization

In the Meiji Period, many young students were sent to European countries for their
studies in various fields. The investment for these educational activities of Japan at
that time became about one-third of the total budget of the Ministry of Education.
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The students studied in Europe became leaders of modern Japan in the Eras of Meiji
(1868-1912) and Taisho (1912-1926, the Era between Meiji and Showa). Among
them, Nagayoshi Nagai (1845-1922) studied chemistry in the laboratory of A. W.
Hoffmann (1819-1892) in the University of Berlin, Germany and discovered ephe-
drine (C,;H,,NO) in mahuang, a Chinese medicine and succeeded the synthesis of
this compound in 1885.

Jokichi Takamine (1854-1922) went to the University of Glasgow, and then, to
the United States to investigate the phosphatic manure, and he established the first
company of phosphatic manure in Japan. He produced Takadiastase, a digestive
agent containing various digestive enzymes, ribonuclease and cellulase. Amylase
was extracted from Takadiastase. In a narrow sense, Takadiastase is one of
the carboxyoroteases. He discovered Adrenaline in 1900.

Keitaro Matsumoto (1850-1877) learned Dutch language and science from
Pompe van Meerdervoort and Bauduin and later from Gratama in Nagasaki. When
Bauduin went back to Holland, he went to Utrecht at the age of 17 together with
Bauduin. He studied chemistry under the supervision of G. J. Mulder of the
University of Utrecht. He and Ichiro Kishimoto (1849—1878) were the first Japanese
students who learned chemistry in Europe. He returned to Japan due to the Meiji
Restoration in 1869 and worked at the Seimi-Kyoku (The Institute of Chemistry) in
Osaka with Gratama. He taught chemistry, geology, and mineralogy. When Gratama
finished his term in Japan and left to Holland, Matsumoto again went to Europe to
study chemistry at the laboratory of Hofmann of the University of Berlin. He inves-
tigated synthesis of phenyloxycrotonic acid and products from reactions of proto-
catechuic acid (3,4-dihydroxybenzoic acid). Confirmation of production of
dimethylprotocatechuic acid from Veratrum maackii var. japonicum (Shuro-so in
Japanese) is one of his noticeable contributions.

Joji Sakurai (1858-1939) is one of the leaders of science at the beginning of the
Modernization period of Japan. He was selected as one of the students send abroad
by the Japanese Government at the second selection and went to London in 1878
to study chemistry under the supervision of A. W. Williamson (1824-1904). When
he returned to Japan in 1881, he was immediately appointed a lecturer and soon
promoted to a professor of the Imperial University of Tokyo.

His works concerning the improvement of the method of measurement for the
boiling point of liquids (so-called improved Beckman method) and the measure-
ment of molar conductivities of aminosulfonic acids are known as the pioneering
works of physical chemistry or solution chemistry of Japan.

His contribution to the development of chemistry, especially his leadership as
the President of Chemical Society of Japan, which was established in 1878, and as the
President of Japan Academy (established in 1879) should be noted.

Kikunae Ikeda (1864—1936) was interested in physical chemistry, a new and
rapidly progressing field of chemistry in Europe, and studied reaction kinetics and
catalytic reactions in the laboratory of F. W. Ostwald (1853—-1932) of the University
of Leipzig, Germany, from 1899 to 1901. He also stayed in London for a half a year
at the end of his stay in Europe. He became the professor of physical chemistry of
the Imperial University of Tokyo.
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His works are known in studies on osmotic pressures and vapor pressures of
solutions, but he is much better known as the discoverer of glutamic acid extracted
from sea tangle (Konbu, a seaweed, in Japanese) and the producer of the seasoning
“Aji-no-Moto” (sodium glutamate). His wife, Sada, is a younger sister of the wife
of Joji Sakurai.

Umetaro Suzuki (1874-1943) graduated from the Agricultural College of the
Imperial University of Tokyo. After the appointment of Associate Professor of the
Agricultural College, he first went to ETH of Zurich, Switzerland to work with
E. A. Schlze in 1900, and then, he moved to the laboratory of E. Fischer (1852-1910)
of the University of Berlin in 1901 to stay there until 1906. He was appointed to be
a professor of the Agricultural High School of Morioka. His observation of chicken’s
beriberi resulted in the discovery of Oryzanin (the name is coming from rice, Oryza
sativa, Vitamin B, at present) from the extract of rice bran in 1910. He reported the
result at the Annual Meeting of Chemical Society of Japan and published in 1911
in the Journal of the Chemical Society of Tokyo. In the same year he reported the
result in Zentralbladt fiir Biochemie und Biophysik in Germany.

In 1912 a Polish scientist C. Frank published a paper in Journal of Physiology,
in which he also reported an extracted compound from rice bran with the same
procedure as Suzuki reported and named the extracted substance Vitamin (which
means vital amine). The compound is the same as that found by Suzuki. The Nobel
Prize for Medicine and Physiology in 1929 was awarded to C. Eijkman and F. G.
Hopkins for their discovery and contributions to Vitamin, but it is obvious that the
discoverer of Vitamin is Suzuki. Vitamin A was isolated in 1914, four years after the
discovery of Oryzanin (Vitamin B)).

At the end of the 19th century to the beginning of the 20th century, European
people had a strong prejudice to Japanese, maybe, to all Asian people. A typical
example is seen in the case of the first Nobel Prize of Medicine and Physiology in
1901, when E. von Behring received it for his contribution to the medical treat-
ments for diphtheria after a strong argument. The Nobel Committee first considered
to award the Nobel Prize to both of von Behring (German, 1854-1917) and
Shibasaburo Kitazato (1853-1931), who succeeded the cultivation of tetanus
bacilli (Clostridium tetani) in 1889, together with Behring and discovered Yersinia
pestis (Pasteurella pestis) in 1894. However, because he was a yellow race, the
Nobel Committee excluded Kitazato from the awarding. This is a well-known fact
as a negative history of the Nobel Prize.

The author would like to introduce Yuji Shibata (1882—1980), the second son of
Keisho Shibata (1849 or 1950-1910) and the younger brother of Keita (1877-1949)
at the end of this section.

He was sent by the Japanese Government to Europe in 1910. He first stayed in
the laboratory of A. Hantzsch in Leipzig, and soon moved to the laboratory of
A. Werner (1866—1919) in Zurich to learn Coordination Chemistry. He also stayed
in the laboratory of G. Urban of the University of Paris to study spectroscopy. He
returned from Europe in 1913 with a spectrometer made by Adam Hilger Co.
in England, which is the first equipment to be able to measure spectra of solution
in Japan, and he used the equipment for the measurements of spectra of coordination
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compounds in solution. He became a professor of the Imperial University of Tokyo
and he is the founder of Coordination Chemistry of Japan.

He found the method for the determination of the composition of unstable coor-
dination compounds formed in solution in 1921 [1], which was later proposed by
P. Job [2] and is known as the continuous variation method or Job’s method.
Shibata’s discovery of the method was much prior than that of Job, but it was not
well recognized by chemists around the world, because his report was written in
Japanese. He was the Dean of the Faculty of Science of Nagoya University, and
then, the President of the Tokyo Metropolitan University. He was appointed to be
the President of Japan Academy.

He is the supervisor of Ryutato Tsuchida (1903-1962), who discovered the
Spectrophotometric Series, which was later explained in terms of the Ligand Field
Theory, and Kazuo Yamasaki (1911-), who is the founder of Chemical Archaeology.
The latter is the supervisor of the author.

The names of some of the pioneering scientists of Japan who were sent abroad
by the Japanese Government are listed in Table 1.2.

Chemical Sciences in Japan Before the End of World War 11

The Japanese Government in the Meiji Era promoted science and technology with the
aim at strengthening of wealth and military power of the nation in order to approach
the level of European culture and power. The policy led Japan to the Sino-Japanese
(1894-1895) and Russo-Japanese (1904—1905) Wars. Fortunately Japan won both
wars and the Government intended further promotion of science and technology owing
to the victories. Science and gymnastics (physical education) became the most essen-
tial subjects to be learned by students in primary and middle high schools in Japan.

As one of the results of the promotion policy of education for science and tech-
nology, Japanese Government established additional Imperial Universities in various
places in Japan after Tokyo. They are Kyoto (Kyoto Imperial University, it took
about 20 years after the establishment of the Imperial University of Tokyo), Sendai
(Tohoku Imperial University), Sapporo in Hokkaido (Imperial University of
Hokkaido), Fukuoka (Imperial University of Kyushu), Osaka and Nagoya. Owing
to the promotion policy a relatively large amount of budget was provided to these
universities and they played the role as centers of scientific researches of Japan.

The importance of fundamental research works, which may not be directly
connected to industrial application of tomorrow, was well recognized by the
Government. On the basis of such fundamental researches, technologies for pro-
ducing high quality aircrafts, tanks, weapons and warships were achieved during
the time of World War II. Zero-Fighters and warships Musashi and Yamato may be
well-known names for old people who experienced World War II. Japan became
one of the most powerful countries of militarism around 1935-1940, and Japan run
into the World War II. Finally Japan had to receive the attacks of atomic bombs on
Hiroshima and Nagasaki in 1945.



H. Ohtaki

Table 1.2 Pioneering scientists and engineers of Japan who were sent by the Japanese

government
Name Place of stay in abroad Remarks
Takato Ohshima Visit to USA and Europe  Study of mineralogy and analytical chemistry

(1826-1901)

Takeaki Enomoto
(1836-1908)

Nagayoshi Nagai
(1845-1929)

Ichiro Kishimoto
(1849-1878)

Keitaro Matsumoto
(1850-1877)

Toyokichi
Takamatsu
(1852-1937)

Toranosuke
Nishikawa
(1854-1929)

Mitsune Kuhara
(1855-1919)

Joji Sakurai
(1858-1939)

Jokichi Takamine
(1854-1922)

Kikunae Ikeda
(1864-1936)

Umetaro Suzuki
(1874-1943)

Keita Shibata
(1877-1949)

Yuji Shibata
(1882-1980)

and stay in Freiburg
(1871) for half a year
Rotterdam (1862-1867)

Berlin (1870-1874)

London (1866-1869)

Utrecht (1867-1869)

Berlin (1871-1877)

Manchester, Berlin
(1879-1882)

London (1869-1879)

Baltimore (John Hopkins
University) (1879—
1881)

London (1876-1881)

Visit to EXPO in New
Orleans

Leipzig (1899-1901)

Zurich, Berlin (1900—
1906)

Leipzig and Frankfurt am
Main (1910-1912)

Leipzig, Zurich, Paris
(1910-1913)

of minerals Production of iron from the
ore

Ministers of education, telecommunications,
and commerce and industry. The ambas-
sador extraordinary in Russia. President
of Engineering Chemical Society of
Japan (five times)

Study of organic chemistry. Pioneer of phar-
maceutical science of Japan. Discoverer
of ephedrine

Study of chemistry. Development of print-
ing technology of banknotes by the
Cooperation of T. Antisell

Study of chemistry

Study of organic chemistry

One of the founders of the Society of
Industrial Chemistry of Great Britain.
One of the founders of applied chemis-
try and faculty of engineering of Japan.
President of Tokyo Gas Company.
President of Chemical Society of Japan
and Japan Society for Applied Chemistry

Study of applied chemistry. Originator for
the production of soda industry in Japan
and the development of other chemical
industries

Study of organic chemistry. Study on
Beckman transformation. Pioneer of theo-
retical organic chemistry in Japan

Improvement of Beckman’s method.
President of Chemical Society of Japan.
Creator of physical chemistry of Japan.
President of Japan Academy/the first
president of JSPS, Baron

Creation of industry of phosphatic manure.
Discoverer of Takadiastase. Development
of whisky in USA. Discoverer of
Adrenaline

Discoverer of glutamic acid in seaweeds.
Production of a seasoning of “Aji-no-
Moto”. Introduction of “Umami” into the
classification of tastes

Discoverer of Orizanin (vitamin B)).

The first president of the Society for
Agricultural Chemistry of Japan

Founder of phytological physiology and
the faculty of pharmacy of the Imperial
University of Tokyo

Founder of coordination chemistry of Japan.

The president of Japan Academy
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Science and Technology of Japan After the World War 11

The damage caused by atomic bombardments of US forces was so serious in all
parts of Japan that functions of schools and universities were almost completely
stopped. No research work was possible to continue for several years after the
World War II. Very limited budgets were provided to universities and no research
funds were available. Equipments were damaged and chemical materials were not
supplied to laboratories. Even foods and clothes were not sufficient and everyone
in Japan was hungry. Japan was fully controlled under US forces.

Then, supports from US started to help Japanese people, and materials for daily
use were distributed to Japanese people through organizations of the United States.
Such kinds of supports were extended to scientific studies. One of the most well-
known organizations of US in scientific supports was Fulbright Foundation and many
young and middle age scientists were invited by the Fulbright Fellowship. After one
or two years stay in US as postdoctoral research fellows or students, they came back
and continued their research works in their laboratories in such ways as learned in the
US. The tradition of Japanese researchers produced from the Fulbright Fellowship
Programme and other similar ones is sometimes called US-School researchers. The
trend was different from that at the Modernization period at the end of the 19th to the
beginning of the 20th centuries. Most of Japanese scientists at that time were
researchers of the European-School. Probably more than 80% of Japanese research-
ers went to US to study science and technology after the World War II.

At the end of the World War II, Japan was almost completely destroyed and no
function was possible in researches in universities of Japan. The economical situa-
tion was so low that a monthly thoroughly of a university research associate at
about 30 years old was only US$30 in 1955. The rapid recovery of Japanese
economy achieved in1970s was supported the development of science and technology
of Japan. The present stage of science and technology of Japan was established in
these 60 years after the end of the World War II and only three to four decades after
the economical growth.

In these years, Japanese Government still understands the importance of funda-
mental researches, as well as that of applied sciences and technologies, and the
promotion of these fields has been attempted. The role of Science Council of Japan
(SCJ) was very important to give advice and suggestions to the Government for
giving good directions for the policy of science and technology. The fund subsidy
for promotion of scientific researches provided by the Japan Society for Promotion
of Sciences (JSPS), an organization under the Ministry of Education and Sciences,
became 188 billion Yen (US$1.65 billion) in 2005. Although the increment of the
total budget is slowing down in these years, the increment of 2005 was +2.7%,
which is compared with that of GDP of Japan (~+2.4% in 2005).

Recently the policy of Japanese Government slightly turned towards the direc-
tion of applications which are smoothly used for industrialization. The university
system was changed and national universities were restructured to universities of
Independent Corporation. Nobody knows about the result of the restructuring of the
university system, and we will see results after a decade.
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Students Entering Universities

In Japan about 660 universities are there, including about 60 national universities
(now, universities of Independent Corporation) and about 600 private universities.
More than 98% of Junior High School students go to Senior High Schools, and
more than 55% Senior High School students go to universities. The total capacity
of universities in Japan is sufficient to accept all high school students who want to
enter universities. The literacy of Japanese is 100%. The average level of education
of Japan should be high, but often Japanese are criticized that they are not creative
although they have a good ability for improvement or modification.

The Reason of the High Level of Education and Scientific
Standard of Japan

Japan has a tradition of admiring educated people and Japanese are essentially
“Knowledge-Loving People”. There are many theories and assumptions to clarify
the reason. One says that we have good four seasons, spring with many flowers,
summer with nice sunshine, autumn with red leaves and many fruits and winter
with white snow. The four seasons polish the sensitivities of Japanese to love
nature. Our temperament is, in general, moderate as the climate of the country,
which makes people interest in literature and science, especially fundamental sci-
ences. Influences from old Chinese philosophies, which were taught at high
schools, may not be ignored. Longing to European cultures learned after the
Modernization may still be beard in mind of Japanese. Shortage of natural resources
of Japan has to make Japanese to improve imported raw materials to high quality
products by adding extra values for exporting them.

To learn high technologies of European and American countries was essentially
necessary for the improvement of materials producing in Japan or imported raw
materials. In 1960s it was said that Japanese products were cheap but in low quality.
This is completely turned out to be high quality but expensive. We can hardly see
cameras produced in countries other than Japan now. The car industry of Japan may
be another example.

The growth of science and technology, as well as economy, of Japan after the
World War II was said “miracle”. Honesty and Diligence are the virtue of
Japanese.

Japan has long been believed to be one of the safest countries in the world. These
characters of Japanese may play an essential role for the development of science
and technology, and due to the scientific and technological development Japanese
economy has also been developed. Large investments for education and research
from the beginning of Modernization may bring good fruits after 100 years.
Although the total budget provided to scientists of Japan may be smaller than that
of US, the money distributed to fundamental researches may be more than that of
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US. Financial supports for fundamental research works are essentially important
for further development of science and technology which can be applied to indus-
tries. We should not see the development of science and technology of a country
with short sights. Beautiful flowers will not bloom without manure, or a tall building
can only be built on a sound and strong basis.

An Aspect for the Development of Chemical Sciences in Asia
in the Near Future

In Asia, many countries were not free from the control of European nations and US
until 1945-1946. European cultures and technologies have influenced to those of
the Asian countries, but after independence of these countries the culture and tech-
nologies brought to Asian countries had not well been succeeded to native people
in Asia. Therefore, industries of the Asian countries have not been developed until
the economy of the countries has been developed to a certain level by the effort of
the native people. The modern education system of Asian countries has been
applied to almost only suzerains, and most of native people could not receive the
benefit of the European education systems. Religious regulations sometimes
prevent the introduction of the modern education system to some countries.
Education of children and young students is one of the most important factors for
the development of science and technology in Asia. The education for females must
be enhanced. The gender problem in research works and in any other parts of works
must be solved.

Enhancement of the System of the Fundamental Education
of Asian Countries

Children must go to school. Many families in Asian countries ask their children to
work to support the economy of their family. In Japan we had a similar situation
before the economical development until 1950s. My grandmother could not write
letters. Nowadays the literacy of Japan is so high as the author mentioned in a previ-
ous section.

Sufficient Financial Supports by the Government for Scientific
Researches

Government should financially support scientific researches, especially fundamen-
tal research works. The development of good technologies and industries needs
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sound fundamental researches of sciences. Enhancement of chemical sciences is
one of the shortest routes to achieve the development of industries, and thus, econ-
omy of their countries.

Enhancement of the University System

It is not necessary to say about the enhancement of the university system for the
scientific and technological development of a country. In many countries in South-
Eastern Asia, Natural Product Chemistry is one of the strongest chemical sciences
in the world. However, other chemical sciences should also be strengthened.

Introduction of Good Scientists from Other Countries as Teachers

Invitation of good teachers from other countries may be one of the ways to
strengthen the education systems of universities, as Japan made such a way at the
modernization. Since many Asian countries English is commonly used beside their
native languages, the introduction of foreign teachers may not be a difficult prob-
lem. Supports from other countries are important. Programmes of JICA or JSPS
may be some examples.

International Activities

It is needless to say about the importance of international activities for the develop-
ment of science and technology of countries. To join international communities as
their members is essentially important to contribute to the world. Difficulties arising
from membership fees must be solved by the cooperation with industries and their
governments.

Concluding Remarks

Activities of Chemical Sciences in Asia must be enhanced much more than the
present stage. Japan has aimed at strengthening international relationship by joining
international organizations such as IUPAC etc., but the aim might not be fully
successful due to characters of Japanese.

It was often said in the international communities that Japan is an important
country to be a member of the communities due to her economical strength, but the
contribution of Japanese to the community, on the other sides, was not very
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significant so far, because of Japanese Three S’s. The Three S’s means Smile,
Silence, and Sleep. Japanese must say “Goodbye the Three S’s”.

Smile is important for the establishment of friendship among people. However,
meaningless smile is meaningless. For most Asian people, especially people in col-
onized countries of UK and USA, English speaking is easy. They are usually
eloquent and they do not sleep at the meetings and conferences. Now, the author
would like to propose New Three S’s: Spirit, Scope and Sincerity to be active mem-
bers in international societies.

Of course, we have to keep strong spirits to continue scientific studies. It can be
a challenging spirit to the future, can be a fighting spirit to difficulties, and can be an
attacking spirit to authorities.

A wide scope to look over the world should be prepared by each scientist and
politician. A scope limited to look at their own nation cannot be enough and not
expectable for the further development of science and technology of the country.

Sincerity is the most important factor among the New Three S’s and it is essen-
tial for the human relationship. At contacts between scientists, sincerity plays the
most important role for promoting scientific and technological developments.

It is nothing to say that Honesty is indispensable for making research works.
Framing up data is a crime.

Originality is another factor which is important for the establishment of good
scientific research works.

Japan has long been criticized as a country of imitation with a lack of originality.
This criticism is no more correct, because many Japanese received Nobel Prize in
recent years. Originality does not simply mean to create something from nothing.
Improvement of existing matters and methodologies needs the originality. The
Nobel Prize in Chemistry is awarded to persons who achieve new findings in chem-
istry and a remarkable improvement in chemical techniques.

The leadership is also quite important to lead scientists and engineers of the
nation and the world. A sound and wide scope and clear and prompt decisions are
indispensable for good leadership. To follow a subject of a large group and a fash-
ionable theme does not make a new way for a further development of science and
technology. A proverb in England tells us

Better be the Head of a Dog than the Tail of a Lion (England)

The same expression is given in China and Japan:

Better be the Head of Chicken than the Tail of a Cow (China and Japan)

It had been said that the 21st century is the Century of Asia. The extension of
this recognition has been slightly delayed after the economical crush happened in
1997, but recent economical development of China, India and Malaysia are very
much remarkable. Korea and Singapore are no more developing countries after
1990 and they are now economical leaders in Asia. In many countries in Asia, the
international relationship is strengthened through economical cooperation and
discussions at many international conferences. Besides APEC and many other
political conferences, Science Council of Asia (SCA) intends to play a leading role
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for the development of fundamental social and natural sciences and technologies
through the discussions at the meetings. Activities of Eurasia Conference of
Chemical Sciences (EuAs C,S) and Asian Chemical Congress (ACC) organized by
the Federation of Asian Chemical Societies (FACS) are other examples for the sup-
ports of chemical sciences in Asia. We are expecting that many other countries in
Asia will organize international conferences of particular fields of chemistry which
may be strong in their own countries. The IUPAC Programme of the financial sup-
ports for international conferences organized in developing and economical disad-
vantaged countries may be helpful for the organization of international conferences
in Asian countries. Since this program can be used only the member countries, we
are expecting that more countries in Asia will join [TUPAC. When we see the world
map, we see many countries not joining IUPAC. In the near future, it is expected
that most of these countries will become members of international community of
chemistry. Then, the international relationship of Asian countries will be much
more enhanced.

The 21st century is called the Century of Asia. Cooperation between Asian and
European countries, including USA, is essentially important for establishing the
Asian Century. The Eurasia Conference is one of the dreams for realizing the
development of chemical sciences in Asia with close cooperation of European
countries.
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Chapter 2

Functional Peptidomics: Recent Developments
and State of Art

Vadim T. Ivanov, E. Yu. Blishchenko, and Andrey A. Karelin

Abstract Peptidomic research recently reviewed in is gradually establishing its
position among other branches of biomolecular science, such as genomics and
proteomics dealing with progressive stages of transformation of primary genetic
information. Scope and limitations of modern analytical techniques in total screen-
ing of biological objects for endogenous peptides will be discussed. New data will
be presented on peptide generation by microorganisms, cell cultures and plants.
Considerable attention will be afforded to the biological role of peptides formed
in vivo by proteolysis of precursor proteins with other, well defined functions, such
as hemoglobin or actin.

Peptidomic research provides access to a huge number of potentially or factually
active components which is an invaluable source of peptide drug leads. The first
steps in medically oriented peptidomic studies will be discussed.

Keywords Antiproliferative effect, biomolecules, cancer, genom, peptides, pepti-
dome, transcriptome

Introduction

Rapid development of modern analytical, primarily chromatographic and mass-spectral
techniques coupled with growing availability of genomic sequences provided condi-
tions for total screening of biological samples for any given class of biomolecules
participating in metabolism. As a result several new branches of chemical biology,
based on postgenomic technological platforms have emerged dealing with such
analysis and carrying in their names common suffix “omics”, such as proteomics, lipi-
domics, metabolomics, etc. This paper refers to one of such branches, peptidomics
that deals with comprehensive structural and functional study of peptides in
biological samples. By analogy with proteome, the term “peptidome” embraces the
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entire multitude of endogenous peptides present in a given biological sample. It is
considered as a final step in the metabolic sequence of transformation of primary
genetic information:

genome—transcriptome—proteome—peptidome

In that sense peptides represent a paramount example of how Nature diversifies
from one single gene to generate multiple sets of biomolecules resulting from
degradation of proteins by a complex network of proteases present in a living cell.

Besides broadening our basic knowledge of regulatory networks there are
several practical incentives for systematic peptidomic studies of biological objects.
Peptides are known to participate in a variety of physiological functions in nervous,
endocrine, immune and other systems. In fact, they comprise the most abundant and
ubiquitous group of low molecular bioregulators, serving in many cases as leads for
development of new drugs. Accordingly, discovery of new endogenous peptides is
expected to serve as a valuable source of information for creating new biopharma-
ceuticals. On the other hand, since formation of the peptidome is mechanistically
linked to the state of the proteome, the amount and the repertoire of peptides must
change dynamically according to the physiological or pathological state of the
individual organism. Therefore it is expected that comprehensive peptide analysis
(i.e. exploitation of the peptidome) may lead to discovery of novel disease biomarkers
and new medical diagnostic approaches.

A broad range of biological samples, mostly of animal origin have been sub-
jected in the past 5-10 years to peptidomic analysis by chromatographic, mass-
spectral and Edman degradation techniques. Hundreds of new peptides were
discovered and sequenced (Table 2.1). Both, specialized protein precursors and
proteins with other functions (enzymes, structural and transport proteins, etc.) were
found to contribute to the formation of peptide pools (peptidomes) of biological
tissues, organs and fluids. Peptide compositions obtained at normal conditions
proved conservative, showing no detectable individual difference. At the same time,
as expected, peptidomes underwent characteristic shifts as a result of pathology
[1-26], impact of stress [27-29], genetic modification [30], action of pharmacological
agents [31] or other external factors [29, 32].

As a young, rapidly evolving branch of postgenomic technologies pepdidomics
poses a number of yet unresolved questions and tasks. Some of them are briefly
discussed below.

Where to Stop?

The currently attainable level of sensitivity allows to isolate and sequence peptides
with ca. 0.1 nmol/g or higher concentrations in the biological sample. The number
of peptides present at these concentrations is typically of the order of 102 Mass-
spectral data indicate that the number dramatically increases at lower concentrations as
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Table 2.1 Objects and short summary of the results of peptidomic studies

Number of identified

Tissue/organ/cell culture ~ Organism peptides Reference
Brain Human 20 [1]
Bovine 107 2]
Rat 61 [3]
Mouse 105 [4]
Mouse 430 [5]
Pig 48 [6]
Ground squirrel 25 [7]
Hypothalamus Rat 41 [8]
Mouse
Pituitary Mouse 79 [4]
Pancreas Frog and newt 21 [9]
Entire body Hydra 300 [10]
427 [11]
B-lymphocytes Human 200 [12]
Erythrocytes Human 51 [13]
Neurons Drosophila 28 [14]
Locust 44 [15]
Crab 28 [16]
Blood plasma Human 340 [17]
250 [18]
1,200 [19]
650 [20]
Urine Human 96 [21]
Cerebrospinal fluid Human 35 [22]

shown in Fig. 2.1. Accordingly increases the probability that such peptides belong
to “metabolic trash” which as will be discussed below is further degraded to amino
acids utilized for the de novo protein synthesis. Still, we believe that there is always
a chance that the low-abundance peptide nonetheless has a specific function if it
originates in a limited cellular compartment or has extreme affinity to the biological
target. Therefore, peptidomic analysis should be carried out at highest possible
sensitivities of analytical techniques.

Endogenous or Artifact?

It has been noted [13, 33] that in several early publications describing total screen-
ing of biological extracts for peptide material insufficient care has been taken to
avoid the ex vivo (or post mortem) formation of peptides in the extract where all
proteases of the initial sample are released from the cellular compartments and are
free to contact with the endogenous protein and peptide components. The resultant
products with sometimes quite interesting activities should be formally considered
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Fig. 2.1 Concentration dependence on peptide diversity (estimate)

as artifacts not participating directly in the normal homeostasis. To avoid their for-
mation measures should be taken to minimize the hydrolysis of proteins and pep-
tides in the extract, e. g. by preparing it at possibly lower temperatures [24, 25] or
inhibiting the activity of proteases by specific inhibitors [13, 22], denaturation in
boiling water [6], by microwave irradiation [33] or using organic solvents [15]. The
effect of using the cocktail of protease inhibitors is illustrated in Fig. 2.2. The
extract prepared in the absence of inhibitors contains several peptides (with masses
2,225, 2,323, 2,432) absent in the extract where the ex vivo proteolysis was inhib-
ited. On the other hand, several peptides survived in the presence of the cocktail
have disappeared in the sample with active proteases (masses 2,001, 2,092, 2,199,
2,303). Considerable part of peptides is present in both samples (with masses 1,865,
2,155, 2,428, 2,528, 2,621, 2,659, 2,734, 4,966).

How General?

All entries of Table 2.1 belong to samples representing the animal kingdom.
In order to demonstrate the generality of peptidome concept we analyzed the
extract of Avenasativa oat acrospires [34]. Table 2.2 provides the list of peptides
found in that plant as well as their tentative protein precursors. Peptide formation
in this case seems somewhat less intensive and on the average the peptides are
longer than in animal samples. We consider this result as a proof of peptidome for-
mation in plants. Still peptidomics of plants is apparently in its embryonic state and
more results are expected in the near future. Procaryotes are not yet studied for
generation of peptide pools.
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Fig. 2.2 Comparative chromatographic profiles of low molecular weight fraction isolated from
rat brain

Table 2.2 Molecular masses and amino acid sequences of peptides isolated from the extract of
acrospires of Avena sativa oat

Content
(nmol/g
# MM N-terminal sequence Precursor/fragment/source/homology tissue)

1 7,092 ATXDASNLVAXAGP Acidic class III chitinase OsChib3a/219- 0.2
288/Oryza sativa 64%

2 5,283 NT Undetermined 0.1

3 4864 DD Undetermined 0.2

4 3472 XSXGSPXGGNG Pectinesterase-like protein/394- 0.1
426/Arabidopsis thaliana 82%

5 3,379  GSXGSPPXPGNN Putative lateral organ boundaries (LOB) 0.3
domain protein 37/177-210/Oryza
satival15%

6 5283 XXTKDDIARNN Leaf thionin Asthi3/30-75/Avena 0.05
satival82%

7 4,458 GYGGGXHRGXGLRLR Putative alcohol oxidase/521-561/Oryza  0.05
satival67%

8 3,305 EXDVXXGXPPAA Delta-aminolevulinic acid dehydratase, 0.05

chloroplast precursor (porphobilino-
gen synthase) (ALADH) (ALAD)/
60-94/Selaginella martensii/100%

(continued)
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Table 2.2 (continued)

Content
(nmol/g
MM N-terminal sequence Precursor/fragment/source/homology tissue)

3,322 AIFKGXVSNNLXXFP  NADH dehydrogenase subunit F/172- 0.2
201/(Helianthostylis sprucei/53%

10 8,983  AIFPGQVSNAL €i|52353532|gb|AAU44098.1| hypotheti- 0.2
cal protein/11-99/Oryza satival/58%
11 7264 FPWSPXG Sterol 4-alpha-methyl-oxidase 1/223- 0.2

283/Arabidopsis thalianal86%

12 3,284 ALNXGQVDTXLAPXV Probable phospholipid transfer protein — 0.3
oat (fragment) | alpha-amylase inhibi-
tor, Oat-B {N-terminal}/1-27/Avena

sativa(73%

13 7,188  APYNPSSLLF Tyrosine decarboxylase (EC 4.1.1.25)/65- 0.2
130/70%

14 4401 APPPDDDTGN Gi[50949009|ref|XP_493862.1| hypotheti- 0.1
cal protein/60-102/Oryza sativa/70%

15 8,663 MQIFVXTLTGXTITL Ubiquitin/100% 0.05

16 3,400 ASRSSPPGGG €i|37530720|ref[NP_919662.1| unknown 0.1
protein/20-53/Oryza sativa/80%

17 3,450  ASRSSP €i|37530720|ref]NP_919662.1| unknown 0.1
protein/20-54/Oryza satival/80%

18 3,290 ASRSSPPGGG ¢i|37530720|ref|[NP_919662.1| unknown 0.1
protein/20-52/Oryza satival80%

19 3,268  ASRSSPP €i[37530720|ref[NP_919662.1| unknown 2.5
protein/20-51/Oryza sativa/80%

20 3,312  APSSGGP P0506B12.19/217-251/0ryza 0.3
sativa/100%

21 3,324  APSSGGGG Acidic ribosomal protein P2-like/76- 0.2
108/Arabidopsis thaliana/100%

22 3441 VPAANA €i|50253325|dbj|BAD29593.1| hypo- 0.2
thetical protein/165-199/Oryza
satival100%

23 3,478  APSSGGX P0506 B12.19/217-253/Oryza 0.1

sativa/100%

Source of Peptides: Cell Cultures as Preferred Model Systems

Living organisms, their organs and tissues represent a complex, heterogeneous system
of interacting parts and cells. Therefore tracing the origin of individual peptides in
the peptidome in these cases (most of the entries in Table 2.1) is a daunting, hardly
attainable task. Similar problem arises in the case of biological fluids which collect
the information on the metabolic state of remote parts of the organism. To reduce
that difficulty cell cultures should be recommended as a much simpler object of
peptidomic studies, each type of cells contributing its share to the total peptidomes
(indeed, peptide pools) of more complex structures.
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Bearing in mind the frequent presence of hemoglobin derived peptides in tissue
extracts we studied generation of peptides by the primary culture of human red
blood cells [13, 35]. It was shown that inside the erythrocytes a- and B-globin
chains give rise to large families of relatively long (up to the 94-membered a-globin
1-94) of which 37 o-chain fragments and 15 B-chain fragments have been
sequenced. At the same time erythrocytes release to the culture medium shorter
2-20 membered fragments (32 of them sequenced) by a metabolic energy dependent
mechanism [36-38]. Further studies, when transformed myelomonocytes (WEHI-3)
and human erythroleukemia K562 cells were also shown to secrete to the supernatant
specific sets of peptides, confirmed the general nature of the phenomenon of peptide
release by individual animal cell cultures [38].

Biological Activity of Peptide Pool Components

Even cursory inspection of peptides collected in Table 2.1 provides compelling evi-
dence that the diversity of endogenous peptides is comprised of a much broader set
of components than traditional hormones, neuromodulators and antibiotics. In spite
of the availability of scattered data on the activity of selected pool components the
principal question on the biological role of peptide pools remains unanswered: does
the bulk of pool peptides represent transient products of protein substrate destruction
on their way to reusable amino acid building blocks? Or do these peptides perform a
useful regulatory function? The answer to these questions requires systematic study
of a large number of samples in adequate biological test systems.

We have chosen animal cell cultures for that purpose, bearing in mind the fol-
lowing advantages of such system: (i) the action of peptide results in a limited
number of integral responses, when a variety of biochemical mechanisms gives rise
to uniform effects, such as cell death or stimulation/inhibition of cell proliferation
rate; (ii) the test requires low, picomolar amounts of peptides; (iii) the results are
treated by simple and reliable statistic methods.

Over 300 peptides isolated in our laboratory were studied in one or more tumor
or normal cell cultures [39—44]. Part of the results obtained is summarized in Table
2.3. Over 75% of the peptides showed pronounced proliferative or antiproliferative
activity in at least one cell type (Fig. 2.3). As a rule, tumor cells are more sensitive
to peptide action. Besides the cell type, experimental conditions such as cell den-
sity or composition of the culture medium also affected the overall effect. In sev-
eral cases (13%, Fig. 2.3) even the sign of the effect was peptide concentration
dependent. Generally, experiments with cell cultures conform with the view that
the main physiological function of cell and tissue peptidomes is control of long
term processes and the homeostatic balance (i.e. cell differentiation, proliferation
and elimination). The overall effect of peptide pools is achieved by concerted
action of total sets of peptides rather than by single components. The molecular
mechanisms of peptide action in cells requires concrete study in each individual
case and are the subject of current research.
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Fig. 2.3 Classification of peptide pool components exhibiting different types of activity

Table 2.3 Activity of endogenous fragments of functional proteins in tumor and normal
fibroblasts. The peptides were tested for their impact on the number of cells after 24 h of
incubation in serum-deficient culture medium. The active peptides affect the cell number by
25% and more

Activity
Tumor Normal
# Sequence Protein precursor fibroblasts  fibroblasts
VLSPADKTNVKAAWGKVGAHAGEYG  o-globin (1-49) NA NT
AEALERMFLSFPTTKYFPHFDLS
2 VLSPADKTNVKAAWGKVGAHAGEYG  a-globin (1-37) + NT
AEALERMFLSFP
3 VLSPADKTNVKAAWGKVGAHAGEYG  a-globin (1-33) NA NT
AEALERMF
4 VLSPADKTNVKAAWGKVGAHAGEYG o-globin (1-32) +/— NT
AEALERM
5 VLSPADKTNVKAAWGKVGAHAGEY a-globin (1-31) +/— NT
GAEALER
6 VLSPADKTNVKAAWGKVGAHAGEY a-globin (1-29) NA NT
GAEAL
7 VLSPADKTNVKAAWGKVGAHAGEYG a-globin (1-25) NA NT
8 VLSPADKTNVKAAWGKV a-globin (1-17) — NT
9 AAWGKVGAHAGEYG a-globin (12-25) —/+ NT
10 AAWGKVGAHAGEY a-globin (12-24) —/+ NT
11 AAWGKVGAHAGE a-globin (12-23) NA NT
12 AWGKVGAHAGEYG a-globin (13-25) — NT
13 VGAHAGE a-globin (17-23) NA NT
14  LVTLAAHLPAEFTPAVHASLDKFLASV  a-globin + NT
TVLTSKYR (106-141)
15 VTLAAHLPAEFTPAVHASLDKFLASV a-globin NA NT
TVLTSKYR (107-141)
16 TLAAHLPAEFTPAVHASLDKFLASVT a-globin + NT
VLTSKYR (108-141)
17 AAHLPAEFTPAVHASLDKFLASVTVL a-globin + NT
TSKYR (110-141)
18  STVLTSKYR a-globin (133-141) + NT
19  TVLTSKYR a-globin (134-141) + +

(continued)



Table 2.3 (continued)

Activity
Tumor Normal
# Sequence Protein precursor fibroblasts fibroblasts
20  VLTSKYR a-globin (135-141) + NT
21 TSKYR a-globin (137-141) + +
22 TVLTSKY a-globin (134-140) + NT
23 STVLTS a-globin (133-138) + NT
24 TSKY a-globin (137-140) + NT
25 TS Multiple precursors + NT
26 ~ VHLTPEEKSAVTALWGKVNVDEVG -globin (1-47) NA NT
GEALGRLLVVYPWTQRFFESFGD
27  VHLTPEEKSAVTALWGKVNVDEVG B-globin (1-41) NA NT
GEALGRLLVVYPWTQRF

28  TALWGKVNV B-globin (12-20) — NT
29  TALWGKVN B-globin (12-19) — NT
30  LVVYPWTQRY B-globin (32-41) — NT
31 LVVYPWTQRF B-globin (32-41) — NT
32 LVVYPWTQR B-globin (32-40) — NT
33 LVVYPWTQ B-globin (32-39) — NT
34 LVVYPWT -globin (32-38) — NT
35  VVYPWTQRF B-globin (33-41) — NT
36  VVYPWTQR B-globin (33-40) —/+ NT
37  VVYPWTQ B-globin (33-39) — NA
38  VVYPWT B-globin (33-38) — NT
39  VYPWTQRF B-globin (34-41) — NT
40  YPWTQRF B-globin (35-41) — NT
41  LKYPIEHGIVINWDDMEKIWHHT B-actin-(67-89) — NT
42 IVINWDDMEKIWHHTF B-actin-(75-90) — NA
43 NWDDMEKIWHHT B-actin-(78-89) — NT
44  NWDDMEKIWHH B-actin-(78-88) — NT
45  NWDDMEKIWH B-actin-(78-87) — NA
46 ~ WDDMEKIWHHT B-actin-(79-89) — NA
47 ~ WDDMEKIWH B-actin-(79-87) — NT
48  DDMEKIWH B-actin-(80-87) — NT
49  YPIERGIVT B-actin-(69-77) — NA
50  EEEEG Multiple precursors — NA
51 DAE Multiple precursors — NA
52 EAE Multiple precursors — NT
53 EAD Multiple precursors — NT
54  EADQ Multiple precursors — NT
55 EADN Multiple precursors — NT
56  SQIFV Melastatin 1 NA NT

(319-408)
57  PYQYPALTPE Aldolase A (1-67) NA NT
58  SQIFE Melanophilin NA NT

(339-390)
59  SQIFXSL Carbonic anhydrase NA NT

X1 (278-327)
60  APIFVXT Cadherin EGF LAG NA NT

seven-pass G-

type receptor 2

(163-201)
p <0.01; NT — Not tested; NA — Not active; + — Proliferative effect; — — Antiproliferative effect;

+/- — Proliferative effect at higher concentration, antiproliferative effect at lower concentration; -/+
— Antiproliferative effect at higher concentration, proliferative effect at lower concentration
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Applied Aspects

As already mentioned in the introduction, composition of the peptidome undergoes
distinct shifts from the normal to the pathological state. Figure 2.4 shows the
hemoglobin derived peptides that change their relative content at various pathologies,
thereby lending themselves as new potential biomarkers. At present considerable
effort is being directed at exploitation of blood serum and plasma peptidomes for
development of early tumor diagnostics based on discovery of new peptide biomar-
kers [45-47]. In spite of formidable technical difficulties related to extensive ex
vivo peptide formation, tight binding of peptides by large excesses of albumin or
other blood proteins, etc. it is obvious that peptidomic studies hold considerable
promise for providing useful new tools in practical diagnostics.

As alogical step in studies of the antiproliferative action of pool components in
tumor cells we studied the antitumor activity of peptides in combination with
standard antitumor chemotherapeutic agents (vincristin, metatrexate, cis-platin,
epirubicin) [48].

Considerable synergism was found in the action of the two types of agents, both
in vitro and in vivo. Figure 2.5 shows the dramatic increase of epirubicin efficacy
in mice breast carcinoma in the presence of B-globin derived heptapeptide, the so
called VV-hemorphin-5. The data accumulated allow to consider endogenous
antiproliferative peptides or their synthetic derivatives as promising second line
pharmaceuticals for combined application with other drugs in cancer therapy.

100 1 VV-hemorphin-5/epirubicin
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Fig. 2.4 Survival of mice with the breast cancer subjected to treatment with test substances
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Fig. 2.5 Endogenous hemoglobin fragments responding by concentration changes in human tis-
sues to pathologies of different genesis. I — Alzheimer’s desease; II — lung carcinoma; III —
Hodgkin’s desease; IV — brain ischemia; V — lymphosarcoma
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Abstract There have been extensive advancements in structural genomics during
the last years, especially after the sequencing of the human genome. With the aug-
ment of computational power, the in silico systems afford detailed insights into the
structure-function relationships (SFR). The in silico analysis includes, prediction,
virtual-engineering and modeling of mechanism, stability, specificity, and protein-
protein and protein-drug (small molecule ligands) interactions as well as screening
of drug candidates, both in silico and in vitro. During the last two decades, in the
post-genomic era, the number of sequence-known proteins has increased rapidly.
Several of these are possible “druggable” targets. A large number of recent meth-
ods and tools for the structural bioinformatics and computational chemistry have
been published which provide the means to exploit the wealth of new informatics
in drug discovery approaches. Not surprisingly, the biopharmaceutical industry has
been quick to recognize the benefits of these new maturities and starting to accept
them. In this review, some of the recent methods discussed briefly concerning their
aspects of docking, virtual screening and virtual library design in drug discovery.
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Introduction

Large amounts of comprehensive genome sequences are motivating the terra-scale
bioinformatics, and structural and functional proteomics endeavours intended to
accelerate the identification and characterization of novel drug targets, which is a
critical pre-requisite for the development of new therapeutics. The number of
known 3D structures of protein is increasing very rapidly, which is considered as
valuable for accelerating the drug discovery processes [1, 2]. Moreover the
advancements in the sequencing of whole genome, high-throughput technologies,
robotics and bioinformatics in last couple of years have drastically renovated the
prospects. Many possible “druggable” targets, such as proteins, enzymes, receptors,
genes, DNAs, RNAs, etc., have been identified by genome analyses, and structur-
ally detected by X-ray diffraction or NMR spectroscopy [1, 3].

Protein-structure information has traditionally played only a supporting role in
many pharmaceutical drug discovery programs. With huge investments in “high-
throughput screening (HTS)” and combinatorial chemistry technologies, many
pharmaceutical companies aren’t willing to put structural information in front in the
drug discovery process. Proteins are among the most unpredictable molecules in
nature. As genes are translated into proteins, an essentially digital store of informa-
tion becomes a 3D language of folds and motifs, helices and sheets that we only
dimly understand [4].

In the early 1980s, the 3D structures of the relevant “drug targets” were not usu-
ally available directly from X-ray crystallography, and comparative models based
on homologues began to be exploited in lead optimization [5, 6]. A limited number
of the accessible protein sequences from the human genome has so far been solved
structurally regardless of the major developments in structural proteomics [7]. The
residual, inexplicable 3D structures of proteins of the human genome will hold an
affluence of information of significance meant for the appreciative of how cells
work and how we can treat diseases. One of the most central roles of computational
biology is to predict 3D structures of proteins by homology or comparative model-
ling to wrap the gap between the number of sequences and known 3D structures [7,
8]. Simple comparative modelling tools have been used for more than three decades
and are well established [6, 9, 10].

In the present report we are reviewing some aspects of structural bioinformatics,
some of its essential components, and their proper and efficient utilization on drug
discovery process to foster the speed.

Target Identification: From Genomics Efforts to Homology
Modelling

One of the key intentions of genomic researches is to discover and functionally
illustrate the protein constituents of the human organism, thus providing a valuable
basis for therapeutic intervention into pathophysiological mechanisms, currently
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unexploited by approved medicines. A putative disease-associated protein is either
identified by database-mining technologies (i.e. bioinformatics), or by protein pro-
filing of cells or tissues (i.e. proteomics). Until now all the molecules used clini-
cally or being in the shelf of pharmacies target about 500 proteins. So the search
for new target proteins for different clinically important diseases is the certainly the
dominant bottleneck of these days’ pharmaceutical interest. Different aspects of
genomics could be one major field of their interest. Structural and functional
genomics, has recently become a reality, and there are several worldwide initiatives
to define 3D structures of representative protein family members of several
genomes [3, 11-14]. Structures defined by these structural genomics initiatives are
useful not only as a basis for ligand design but also for homology recognition on
the basis of structural comparisons [3]. In general, the putative relatives are recog-
nized, the sequences aligned, and the 3D structures modelled. This is especially
helpful for predicting binding sites and molecular functions if key residues are
conserved [15, 16]. Up to now there are around 38,320 structures available in the
Protein Databank (www.rcsb.org/pdb/) [17]. Several important drug targets are
membrane proteins, and still only a few membrane proteins have been solved by
X-ray crystallography, and mainly from bacteria. Table 3.1 is showing some statis-
tical data of PDB at present.

Once a homologue of known structure has been identified, the targeted protein/
receptor can be modelled using a variety of comparative or homology modelling
procedures. Examples are:

e Fragment-assembly approach, such as Composer [18] or SWISS-MODEL [19]
» Restraint-based approach, such as Modeller [20]

These approaches typically provide high-quality models if the overall sequence
identity is >30%, but the accuracy falls off sharply when it is lower, mainly because
of the complications in acquiring superior alignments, in calculating shifts of core
residues and in building loops [21].

Figures 3.1 and 3.2 are showing the different steps of a discovery approach, with
the putative time duration. Figure 3.3 is showing a model of vibriolysin which is
typical example of a homology model generated by homology with thermolysin.

Table 3.1 Statistical data from the Protein Databank (PDB) at present [17]

Molecular types

Experimental Protein-nucleic
method Protein Nucleic acids acid complexes Others Total
X-ray 30,147 922 1,379 33 32,481
Electron 4,782 720 121 6 5,629

Microscopy
NMR 90 10 29 0 129
Other 74 4 3 0 81

Total 35,093 1,656 1,532 39 38,320
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Figure 3.4 is showing the modern drug discovery approaches using combined
approaches of in silico and in vitro sequentially.

The eventual significance of a prospective target protein can only be confirmed
by discriminatory modulation of its utility in subsequent disease models by either
knockout or antisense experimentations, or otherwise utilizing bioorganic methods
embracing tailor-made inhibitory or antagonistic ligands.

Target selection Lead discovery Lead improvement

Target s . . Lead
ﬁpﬂﬂmﬂon & creening Hit to lead optimization

Joint efforts on Structural biology,
genomics, Receptor-based especially for the
proteomics, screening 3D structures of

homology the target and lead

modelling, etc. both

Fig. 3.1 Steps involved in drug discovery approach — a typical example. Joint efforts of classical
genomics, proteomics, homology modelling, receptor- or structure-based screening approaches,
and finally the structural biology efforts to determine the 3D structures of target receptor and
receptor-ligand complex to get structural insight into their interactions

drug harm harm d work?

can inhibit  inhibit of the mols. tissue?
a disease- | tightly to For efficacy Acute &

related target D reach

human?
Acute &

Howuh

Fig. 3.2 A more detailed example of the different steps involved in a classical drug discovery
approach. Different steps, duration, and number of molecules involved are shown for comparison
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Fig. 3.3 A typical example of a homology model of vibriolysin. (A) Cartoon of the model, and
(B) the transparent vdw electro-potential surface of the model. (A) has been created with ICM
Pro™ (www.molsoft.com) and (B) has been created with DS visualizer™ (www.accelrys.com)
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Converstion of 2D to Addition of H, His and
3D; addition of H, charge; energy
charge, etc.; minimization; etc.

generation of
conformer; filtering
(MW, cLogP, etc.);
inclusion of
enantiomers, etc.

Virtual Screening

(Using AutoDock, ICM™
Glide™ , Flex™, etc.)

Scoring

{(Using DrugScrore,
XScore, etc.)

HIT(S)

In vitro screening
(enzyme andfor cell based,
etc.)

Lead optimization
(pKa, ADMET, dosing, efc.)

Fig. 3.4 Modern methods in drug discovery and development. The different in silico and in vitro
approaches have been combined in the figure
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Molecular Docking of Ligands Against Target Receptors

Once the 3D structures have been obtained, either by experimental studies or by
modelling, the target receptors (mostly protein, enzyme, etc.) are ready for in silico
studies against different ligands. These ligands can be found either by virtual high-
throughput screening (VHTS)/virtual ligand screening (VLS) or by experimental
in vitro screening to explain their possible molecular interactions with the receptors.
Molecular docking tries to envisage the structure of the intermolecular complex
formed between two or more constituent molecules. Understanding the ruling prin-
ciples whereby protein receptors recognize, interact, and associate with molecular
substrates and inhibitors is of the principal importance in drug discovery efforts
[22, 23]. These principles need to be included by the docking programs.

The protein-ligand docking endeavors to predict the affinity and rank the ligand
structure(s) based on the association between a given ligand and a target protein of
known 3D structure. Regardless of the huge progresses over the last decades and
the extensive appliances of docking procedures, there are still numerous drawbacks
to be solved. Especially, protein flexibility — a significant facet for a systematic
perceptive of the philosophy that direct ligand binding in proteins — is the key
impediment in present-day protein—ligand docking exertions that desires to be fur-
ther professionally accounted for [22]. From the preliminary efforts concerning the
docking of both protein and ligand as rigid bodies [24], protein—ligand docking has
evolved to a level where full or at least partial flexibility on the ligand is commonly
employed. Over the last years several important steps beyond this point have been
given [22, 25]. Table 3.2 is presenting some of the most commonly used molecular
docking programs.

The docking procedures can be expressed as a combination of a search algo-
rithm and a scoring function. Fairly large and continually growing number of
search algorithms and scoring functions are accessible. Rationally, the perfect reso-
Iution would be to merge the most excellent searching algorithm with the pre-
eminent scoring function [22]. Although most of the docking algorithms are
regarded highly unambiguous concerning both the binding site of the target protein
and the nature of the ligands [25], the nature of the molecular system must be taken
into account when choosing the docking tool(s) for the study [24, 26-31]. For supe-
rior accuracy it is better to compare the docking results using multiples tools.
Similar situation is also seen for the scoring functions.

Table 3.2 Most commonly used molecular docking programs [22]

ADAM DOCK FlexX Hammerhead  MCDOCK SANDOCK
AutoDock DockVision  FLOG ICM Prodock SFDock
DARWIN EUDOC FTDOCK  LIGIN PRO_LEADS Soft docking

DIVALI FlexE GOLD LUDI QXP
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Targeted Receptor-Based Virtual Ligand Screening

In spite of early pledge, high-throughput screening (HTS) procedures were not able
to deliver a foremost breakthrough in the effectiveness of drug discovery [32]. The
explanation for that this could be that, historically, HTS was focused on finding
drug-like compounds, rather than lead-like compounds [33-35]. Therefore, new
technologies are important to get new “Lead” molecule(s) in faster ways, and may
be without utilizing the HTS type physical, expensive and time consuming tech-
nologies. HTS remains the most widely used method for obtaining lead compounds,
and in parallel the newest technology called “virtual screening”, continues to gain
prominence and credibility as an alternative source of chemical starting points for
the drug discovery process [30, 36-38].

Virtual screening by molecular docking, using a protein with an experimentally
determined structure as a target, has become a recognized and well-known method for
lead discovery and for enhancing the competence in lead optimization. Simplifications
of the quantitative structure-activity relationship (QSAR) perception have led to
approaches for virtual screening in the absence of a protein target structure, instead
relying upon ligand-based models as surrogates of protein active sites. Recently
reported methods for ligand-based virtual screening can achieve similar enrichment
rates to those obtained using molecular docking [39]. Now there are number of mole-
cules whose advancements was profoundly influenced by or based on structure-based
design and screening strategies, such as HIV protease inhibitors [38].

Virtual combinatorial compound libraries can be constructed and docked against
the target [40—42]. This latter approach is likely to be more suitable for the frag-
ment-optimization phase of a project, when the virtual library can be constructed
around an initial fragment hit, with varying substitution patterns on pre-defined
attachment points. The compounds can then be docked either in an unrestrained
fashion, or, more usefully, using the 3D structure of the initial hit as a constraint or
restraint [35].

Fragment-based ligand screening can be a highly effective strategy for drug
discovery. In general, fragment hits interact efficiently with the target, and although
the potency of these small binders is often low, their optimization into potent leads
is tractable. For a hit optimization phase to take full advantage of a good quality
fragment binder, it is believed to be essential to obtain reliable structural data for
the hits [35].

Combinatorial Library Design

One of the key issues in VHTS is the design of the screening library. Libraries can
be two types: (a) targeted (or biased); and (b) general-purpose libraries.

Targeted libraries are developed from knowledge of natural substrates or known
inhibitors, which might venture to introduce some desirable physical properties [35].
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In contrast to targeted libraries, general-purpose libraries are intended for use
against a variety of protein active sites. For example, Fejzo et al. describe the
SHAPES methodology, which uses a small library of compounds containing only
common drug scaffolds and side chains. This library was screened using a ligand-
based NMR procedure, and the binders were used to select compounds from larger
libraries for enzymatic assaying [35, 43].

It is also possible to design and construct a customized virtual combinatorial
library (VCL) for virtual screening, using different template as scaffold that take
into account the effect one is looking for and the nature of the active site of the
targeted receptor. The advantage of constructing virtual combinatorial libraries, as
opposed to allowing the de novo design algorithm decide which groups are to be
added, is that the libraries can be built around known chemistry and available
reactants, making the synthesis of the selected compounds more tractable [35].

Concluding Remarks

During the recent years, considerable hi-tech advances have resulted in improved
VLS methods. These developments include advances made in conformational
searching, greater accuracy in prediction of protein-ligand binding affinity, the
generation and use of pharmacophore and interaction filters, and the inclusion of
binding site flexibility considerations [37, 39, 44, 45]. Validation of these methods
has been achieved through examinations of docking accuracy and enrichment of
known actives in random sets of drug-like compounds, and through in vitro
screening of VLS predicted hits. The validation has confirmed that these methods
represent a plausible alternative to high-throughput screening campaigns of large
compound libraries [23, 36, 46].

A major challenge in VLS is the appropriate treatment of ionization and tau-
tomerization statuses in the input data. Currently there are no software that is able to
deal the required corrections automatically [47]. Another utmost dispute remains
the simultaneous optimization of both binding affinity and pharmacokinetic proper-
ties [39, 46, 48].

Due to an increase in computational power and improved algorithms, protein—
ligand docking has undergone great changes over the past decades. Today, ligands
are commonly treated with partial or full flexibility, and the inclusion of some lev-
els of protein flexibility is becoming a reality. One might envision that in the near
future, the treatment of the receptor with full flexibility will be a routine procedure.
Despite the very promising picture drawn, docking still holds several hidden
drawbacks, and the so-called docking problem is far from being solved. The lack
of a suitable scoring function, able to efficiently combine both accuracy and speed,
is perhaps the most detrimental weakness. The results of a docking experiment
should therefore not be taken as the end result of a structural study, but rather as a
good starting point for a deeper and more accurate analysis [22, 25].

In near future, the handling of the receptor with full flexibility will be seen as
everyday approach [22, 25, 49]. The whole advancement harmonizes the evolution
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of currently pursued genomics projects in that the function of distinct members of
protein-superfamilies can be probed by small organic molecules, which are system-
atically derived from the toolbox of privileged ligand mimetics. This immensely
interdisciplinary perception attempts to provide an operational association between
the world of protein sequence data and the disease-relevance of biochemically
attractive target proteins.
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Chapter 4
Chemical and Biological Studies
with an Aconitum and a Delphinium Species

Ayhan Ulubelen and Ufak Kolak

Abstract Recently, we have investigated Aconitum cochleare Woroschin and
obtained three new alkaloids cochleareine, acoleareine from the aerial parts of the
plant and cochleareinine from the roots. Cochlearenine exhibited antioxidant activ-
ity against DPPH free radical scavenging assay. The cardio active effect of has also
have been studied on isolated heart preparations.

Two new norditerpene alkaloids linearilobin and linearilin were isolated from
Delphinium linearilobum (Trautv.) N. Busch. The antioxidant activity was estab-
lished by using DPPH and metal chelating activity tests.

Keywords Alkaloids, antioxidant activity, Aconitum cochleare, Delphinium
linearilobum, diterpen, norditerpen, spectroscopy

Introduction

There is a long history of the use of Aconitum, Delphinium and Consolida species
as the source of poisons and medicinals [1]. These three genera in Ranunculaceae
family yield diterpenoid and norditerpenoid alkaloids. The name Delphinium
derived from dolphine-delphine due to the shape of their flower buds [2]. Aconitum
has an evil reputation from the antiquity [3]. The plant was used as poison in old
Greece, also in north-west Pacific the natives used it to poison the whales and also
as arrow poison. In England in the ancient times the plant was used against wolves,
boars, tigers as well as against rodents, and it was also a homicide material [4].
The history of Delphinium is more peaceful, although, due to its poisinous prop-
erty it was used against mammals. Crushed seeds of Delphinium staphisagria L.
was used against body lice [5]. British army used the plant for this aim in Waterloo
war as well as in the Great War. Medicinal use of Aconitum and Delphinium spans
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many centuries [6]. Aconitum preparations have been used as cardiotonics,
febrifuges, and as sedative agents and anodynes [7]. Aconitum were also employed
in aphrodiasic preparations. Due to its toxic effects it contributed toward a sensation
of flying, therefore used by witches in potions [8]. The plant was used as anticancer
agent, but this value remains unproved [7]. Delphinium extracts have been
employed in analgesic balms. In the old days the name “King’s consound” was the
preparation of Consolida regalis or Delphinium consolida, this preparation was not
only analgesic but also sedative, emetic and antihelmintic [9]. The pharmacological
activities of a few individual alkaloids were given below:

OCH OCH, OCH

Aconitine (1) Lappaconitine (2) Talatisamine (3)

Aconitine (1): is highly toxic, when administered to anesthetized cats, it pro-
duced bradycardia, larger doses tachycardia and cardiac irregularities terminating
cardiac arrest [10].

Lappaconitine (2): this compound is 40 times less toxic than aconitine (1). In
anesthetized rabbits it induced cardiac arrhythmias, preceded by bradycardia and
fall in blood pressure [11].

Talatisamine (3): causes brief hypotention and intestinal contractions [11, 12].

Karakoline (4): induces muscular weakness and death from respiratory depres-
sion [12, 13].

Delsemine (5) is a neuromuscular blocker and a hypotensive agent [12, 14].

Lycoctonine (6): death occur in mice from respiratory paralysis, by loss of
motor control and convulsions [15].

OCH,
OCH,

OHT

Y
N-C ~C~CH,CONH,
H

Karakoline (4) Delsemine (5) Lycoctonine (6)
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We also have studied insect repellent activity of some selected alkaloids (29 of
them) against Tribolium casteneum adults [16]. Table 4.1 shows the results, venu-
luson (7) and hetisine (8) were found to be the most active alkaloids.

HO-._ (H
CH,

Venuluson (7) Hetisine (8)

The pharmacological activities of many more Delphinium alkaloids were studied
by various authors, but not included in this article.

Table 4.1 Insect repellent activity of some selected alkaloids

Substances Average repellency (%) Mean repellency class
14-Acetylneolin 53.12 I
14-Methylperegrin 46.87 I
Peregrine 53.12 1II
Delsoline 37.50 II
Condelphine 40.62 I
Karakoline 37.50 II
Ajaconine 53.12 I
Peregrine alcohol 37.50 I
N-Deacetyl lappaconit 50.00 111
Acorientinine 46.87 I
Benzoyldavisinol 46.87 III
Talatisamine 34.37 1
Orientinine 46.87 I
Hetisinone 37.50 II
14-Acetylvirescenine 43.75 111
Browniine 46.87 1
N-Deethyl-14-Me-pereg 40.62 I
Venulol 31.25 II
Venudelphine 40.62 111
Lycoctonine 46.87 I
Delphiguenerin 53.12 |
Lappaconitine 34.37 I
Venuluson 56.25 1II
Gigoktonine 43.75 I
Hetisine 59.12 I
Delsemin B 37.50 1T
14-Acetyltalatisamine 46.87 11T
3-Hydroxytalatisamine 53.12 I

14-Demethylajacine 40.62 111
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In Turkey there are about 31 Delphinium, 8 Consolida and only 4 Aconitum
species. So far we had studied 17 Delphinium, 7 Consolida and 3 Aconitum species.
From these studies we have obtained more than 100 alkaloids, about 50 of them
were new compounds [17].

Recently we have studied the fourth Turkish Aconitum species namely
A. cochleare Woroschin. The aerial parts and the roots were investigated sepa-
rately. From the aerial parts four alkaloids talatisamine, 14-acetyltalatisamine,
cochleareine (9) and acoleareine (10) were isolated [18].

In this study the alkaloids were separated by centrifugally accelerated radial
TLC (Chromatotron) using Al,O, plates (E. Merck Art 1092), and further cleaned
on preparative TLC plates. The structures were determined by 1D and 2D NMR
experiments including '"H-'"H COSY, HMQC, HMBC and NOESY. The new com-
pounds were cochleareine (9) C,; and the other acoleareine (10) C,, alkaloids.

The HRMS of cochleareine (9) indicated the molecular formula C,,H, NO,m/z
379.2658. *C NMR (DEPT and APT) findings showed the presence of 2 methyl
quartets, 11 methylene triplets,

Cochleareine (9) Acoleareine (10) Cochlearenine (11)

5 methine doublets and 4 quaternary C singlets, correlating with 22 C atoms in the
molecule. 'H and *C NMR data is given in Table 4.2.

The molecular formula of acoleareine (10) is C, H, NOgm/z 535.1045 as
observed from its HRMS and as correlated by *C NMR data, seven methyl quar-
tets, seven methylene triplets, ten methine doublets and five quaternary carbon
singlets. Table 4.3 gives the NMR data of acoleareine (10).

The roots of the same plant has yielded one new alkaloid together with two
known compounds lycoctonine and lappaconitine. The structure of the new alka-
loid (cochlearenine) (11) is quite similar to that of cochleareine (9). Due to this
resemblance the structure determination of the compound 11 was carried out not
only by spectral data but also by single-crystal x-ray diffraction studies [19].

'H and “C NMR connectivities were established by HMBC technique. Relative
stereo-chemistry of 11 was unambiguously assigned on the basis of x-ray diffrac-
tion studies. The antioxidant activity of compound 11 was established by DPPH
scavenging assay (IC, = 218.46 M) while standard antioxidant BHA had an IC,
=442 ¥ 0.2 uM (Figs. 4.3; 4.4).

Cochlearenine (11) was tested on isolated heart preparations and caused a dose-
dependent (0.3-3.0 mg/ml) fall in heart rate, while a mild increase in the atrial force
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Table 4.2 NMR data of cochleareine (9) (in CD,OD, J values (Hz) in parentheses)

BC H CcosY HMBC NOESY
1 3382¢  1.70m H-20
200 6738d  389dd(6.6,11.1) H-le,H-1§  C-10,C-4,C-5 H-220, H-3cx
3 4188¢  195m H-20 H-220, H-6cx
4 37745 -
58 3542d  1.70m H-60, H-6  C-18,C-6,C-9 H-115 H-128
6 3070¢ 130m H-58
7 2727t  125m H-60, H-6)3
8 4176d -
9 4298d  2.20d(4.9) H-11e, H-11J
10 52005 -
11 2130¢  135dd(80,17.3) H-9 H-12 H-218
12 4167d  206m H-11e, H-118
13 2319 122m H-14

134 m

14 2379:  230m H-13 c-12
150 8501d  393s
16 79405 -
17 66561  4.02d(115) H-17'
17’ 3.63d(11.5) H-17

18 24.96 q 0.79 s
19 51.32¢ 1.3m

20 57.05¢  2.50d(12.0) C-2,C6 H-20'

200 2.80 d (12.0) H-20

21 51.94¢  2.75dd (1.5, 13.8) H-22, H-110
21 2.96 dd (7.5, 13.8)

22 1142 ¢q 1.19 ¢ (7.0)

Table 4.3 NMR data of acoleareine (10) (in CDCl,, J values (Hz) in parentheses)

13C H Ccosy HMBC
18 84.0d 3.20 dd (10.0, 7.0) H-2c, H-2f C-6, C-17
2 2731 H-1B, H-3a
H-3p
3 3751 H-2c, H-2f3
4 34.1s
5B 56.4d 1.40 brs H-60
60 734d 5.271(7.0) H-58, H-7
7B 420d 2.62d(7.2) H-6a
8 78.5s
9 40.9 d C-10
10 459d C-9,C-12
11 48.4 s
12 2791 C-9, C-13
13 39.0d c-12
148 76.4 d 4.80 1 (4.5) H-13 C-16, C-10
15 3561 C-16
16a 83.9d C-15
17 63.8d 2.92d (2.0)

(continued)



44 A. Ulubelen, U. Kolak

Table 4.3 (continued)

C 'H COSY HMBC
18 80.1 ¢ 3.65 d (10.0)
18 3.50 d (10.0)
19 5741 3.04d (12.7)
19’ 2.59 d (12.7)
20 4851t 225m
21 13.4 g 0.831(7.0)
OMe-1 56.0 g 3.15s
OMe-8 479 q 329
OMe-16 564 g 3.19 s
OMe-18 59.2 q 329 s
OAc-6 171.0 s 1.99 s

2204
OAc-14 172.1 s 2.10s

2154

OCHj,

s QH OMe

N = “1110Me
\\ ? A
; o) \_Q _______
L/
' OH 1 OH
I OOH
| OH OMe
=0
N —c—ocH,
Linearilobin (12) Linearilin (13)

on contraction at the dose range 0.3—1.0 mg/ml, followed a suppressant effect at the
higher dose of 3.0 mg/ml (Fig. 4.1).

The data indicated that cochlearenine (11) exhibited dose dependent bradycardiac
effect along with mild positive inotropic effect followed by cardiac suppression at
higher dose, which is an interesting observation, as the drugs with bradycardiac effect
without accompanying negative effect is considered relatively safe for its use in
cardioactive disorders like hypertension, palpitations and ischemic heart disease.

The last Delphinium species we have investigated was D. linearilobum (Trautv.)
N.Busch [20], from this plant we have isolated six known and two new compounds.
Theknownalkaloids were lycoctonine, 14-acetyltalatisamine, browniine, cammaconine,
talatisamine and cochlearenine, the new alkaloids were named as linearilobin (12) and
linearilin (13).
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Fig. 4.1 Guinea-pig atria of Guinea-pig Atria
colchlearenine (11)
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Mass spectrum of compound 12 indicated a molecular ion peak at m/z 662.3200
for C,H,,N,O,. "C NMR findings correlated the given formula with 1 methyl, 2
methoxyl, 8 methylene, 17 methine and 9 quaternary C signals. Figure 4.2 shows
the fragmentation of linearilobin (12), indicating the presence of a complex side
chain, at m/z 603 [M-COOCH,]* (a), at m/z 454 [M-C, H, /NO,I* (b) and the peak
at m/z 569 showed the presence of a second aromatic ring m/z 569 [M-C H,O]* and
m/z 553 [M-C,H.O,]".

'"H and C NMR spectra correlated with the suggested structure of 12
(Table 4.4).

The second new compound linearilin (13) was an amorphous powder with [at] |
= + 18.35° The HRMS of the compound m/z 469.2669 and “C NMR with one
methyl, four methoxy, six methylene, nine methine and four quaternary carbon
atoms indicated the molecular formula C, H, NO,.

The compound has a lycoctonine type structure. It has six degrees of unsatura-
tion which accounted for its skeleton. The spectral data of linearilin is given in
Table 4.5.

The presence of a peroxy group was proven by iodine test, and its placement
was decided by the "C NMR values of C,, C, and C, atoms, when there is a
hydroxyl group at C, or at C, the chemical shift should be around 6 88-89 for C,
and 6 77-79 for C, respectively. In the *C NMR spectrum of linearilin (13) there
is a signal at 6 78.79 (s) indicating a hydroxy group at C, another signal at &
109.99 (s) for the peroxy group which could only be at C,. Another possible place
for the peroxy group could be at C, but the signal at 6 43.22 (d) shows the given

placement is correct.
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Fig. 4.2 Mass fragmentation of
linearilobin (12)

NHSCOOCH;

Table 4.4 'H (500 MHz) and "*C (125 MHz) NMR data of alkaloid 12 in CDCI,

d, (m, J Hz) 3. 8, (m, J Hz) S,
1 376 3) 7252 (d) 1-OMe - -
2 1.60 (m) 29.25(t) 6-OMe - -
1.58 (m) 14-OMe - -
3 1.85(m) 3143 () 16-OMe 3.56 (s) 57.40 (d)
1.64 (m) Ar-C=0 - 167.35 (s)
4 - 3760 (s) Ar-NH 11.4 (s) -
5 175, 8) 4322(d) ArNHC=0 - 169.00 (s)
6 1.79 (dd, 14,8) 2543 ()  COOCH, 3.60 (s) 51.0 (s)
1.56 (m) I - 114.72 (5)
7 242(d,8) 4816 (d) 2 - 151.87 (s)
8 - 8590 (s) 3 7.96 (dd, 8.5, 1.5) 116.35 (d)
9  2.10(dd,10.4,47) 4643 (d) & 7.48 (ddd, 8.5,7.5,1.5) 135.83 (d)
10 1.94 (m) 4428 (d) 5 7.04 (ddd, 8.5,7.5,1.5) 11688 (d)
1n - 4917 () 6 8.62 (dd, 7.5, 1.5) 130.62 (d)
12 2.05 (m) 27.76 (1) 1” - 148.06 (s)
1.62 (m) 2" - 151.02 (s)
13 234 (m) 4268 (d) 3" 7.17 (bd, 8.3) 11421 (d)
14 414 1, 5) 7632 (d) 4”7 7.45 (td, 8.3, 1.2) 121.30 (d)
15 2.15(dd, 15, 5) 43241 5 6.75 (td, 8.3, 1.2) 118.63 (d)
3.30 (dd, 15, 8.5) 6" 7.90 (dd, 8.3, 1.5) 114.26 (d)
16 3.25 (brd, 9) 82.63 (d) OH - -
17 271 (brs) 65.46 (d) OH - -
18 4.15(d, 11) 68.74 (1)
422 (d, 11)
19 270 (d, 13) 57.66 (1)
2.80 (d, 13)
20 2.54 (m) 48.61 (1)
2.48 (m)
21 132 45) 13.22 (¢)
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Table 4.5 'H (500 MHz) and "*C (125 MHz) NMR data of alkaloid 13 in CDCI,

6, (m, J Hz) o8 6, (m, J Hz) O

1 3.24 (dd, 10.5, 6.8) 84.74 (d) 1-OMe 3.27 (s) 56.56 (s)
2.34 (m) 29.94 (1) 6-OMe 3.29 (s) 59.33 (s)
1.88 (m) - 14-OMe 3.29 (s) 57.94 (s)

3 1.92 (m) 37.74 (1) 16-OMe 3.35(s) 57.59 (s)
1.62 (m) - OH 3.57 (brs) -

4 - 70.81 (s) OH 3.94 (brs)

5 2.40 (s) 44.17 (d)

6 3.97 (s) 90.63 (d)

7 - 109.99 (s)

8 - 78.79 (1)

9 2.20 (brt, 6.3) 45.27 (d)

10 1.85 (m) 37.93 (d)

11 - 49.43 (s)

12 1.95 (m) 30.77 (1)
1.65 (m) -

13 2.28 (m) 43.63 (d)

14 3.56 (t, 4.8) 84.74 (d)

15 2.54 (m) 33.76 (1)

16 3.35 (dd, 10, 4.6) 83.08 (d)

17 2.96 (s) 66.35 (d)

18 - -

19 2.80 (d, 12) 57.53 (1)
3.50 (d, 12)

20 2.88 (m) 49.62 (1)
2.60 (m)

21 1.05 (¢, 4.5) 14.22 (q)

DPPH Scavenging Effects (%)

Cochlearenine (11) BHT TOC

Fig. 4.3 Antioxidant activity by DPPH
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Fig. 4.4 Metal chelating activity test

The antioxidant activity of the alkaloids (linearilobin, lycoctonine, 14-
acetyl-talatizamine, browniine, cammaconine, talatizamine and cochlearenine)
of D. linearilobum was performed by DPPH [21] and by metal chelating
activity [22] assays cochlearenine and lycoctonine showed high activity (Figs.
4.3 and 4.4).
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Chapter 5
Novel Bioactive Natural Products from Marine
and Terrestrial Sources

Athar Ata

Abstract Recent chemical studies on the marine soft corals and terrestrial plants have
resulted in the isolation of several novel compounds. The soft corals, Pseudopterogorgia
elisabethae and Cladiella species yielded several novel terpenoids, exhibiting antimi-
crobial activities. New steroids were isolated from terrestrial fungi, Mucor plumbeus
and Coprinus micaceus. Phytochemical studies on the Buxus hyrcana, collected from
Iran, have yielded steroidal bases. This review describes the new natural products
exhibiting different bioactivities from the aforementioned sources.

Keywords Acetylcholinesterase inhibitory, antimicrobial activity, bioactivity,
Buxus hyrcana, Cladiella, Coprinus micaceus, coral, marine, Mucor plumbeus,
Pseudopterogorgia elisabethae, steroids, terpenoids, terrestrial

Antibacterial Diterpenoids from Pseudopterogorgia elisabethae

Marine soft corals have provided several novel natural products exhibiting various
promising bioactivities such as anti-inflammatory, anti-cancer, anti-tuberculosis,
and anti-bacterial activities [1, 2]. This attracted organic chemist to explore these
hidden resources. Pseudopterogorgia elisabethae is one of the soft corals. It is
abundant in the Caribbean region and is a rich source of useful biomedical agents.
For instance, most potent anti-inflammatory agents, pseudopterosins were purified
from P. elisabethae, collected from the Bahamas [3-5]. Novel anti-mycobacterial
diterpenes have also been isolated from this species [6-9]. A detailed chemical
studies on the methanolic extract of P. elisabethae resulted in the isolation of two
new anti-bacterial diterpenes, Pseudopterosin X and Y (1-2) along with known
pseudopterosins A-D and E (3-7) [6-9].
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Pseudopterosin X (1) was isolated as a yellow colored gum. The UV spectrum
of 1 showed maximum absorption at A 280 nm due to the presence of a highly
substituted benzene chromophore [10]. Its IR spectrum displayed intense absorp-
tion bands at 3,470 (OH), 2,904 (CH), 1,705 (C = 0), 1,595 (C = C) and 1,100
(C-O) cm™. The high-resolution electron-impact mass spectrum (HREIMS) of 1
showed M* at m/z 474.2622, and this mass provided molecular formula C27H3807,
indicating the presence of nine double bond equivalents in 1. The *C-NMR chemi-
cal shift assignments of 1 are shown around structure 1. On the basis of the detailed
NMR studies and comparison with the reported pseudopterosins in the literature
and L-xylose [3-5], structure 1 was proposed for this new natural product.

The second new compound, pseudopterosin Y (2) was also purified a yellow
gum. Its UV and IR spectra were identical to those of compound 1, indicating the
presence of same © system and functional groups in 2. The HREIMS of 2 showed
the M* at m/z 516.2420 corresponding to the molecular formula C,H, O,.
A combination of 'H-, BC-NMR, COSY, HSQC and HMBC spectral data revealed
that compound 2 was C-3” acetyl derivative of compound 1. Based on these spectral
data, structure 2 was assigned to this new compound.

Compounds 1 and 2 were tested for antibacterial activity against Streptococcus pyo-
genes (ATCC 19615), Staphylococcus aureus (ATCC 25923), Enterococcus faecalis
(ATCC 19433), Escherichia coli (ATCC 25933) and Pseudomonas aeruginosa (ATCC
27853) at a concentration of 25 pg/ml by using Kirby-bauer method [11]. Compounds
1 and 2 exhibited a promising anti-bacterial activity against Gram-positive bacteria,
S. pyogenes, S. aureus and E. faecalis. Both of these compounds were inactive against

O
R%
oR®
OH >

OR

_\\\Me

3PsA R'=R*=R°=H

4PsB R'=Ac, R?=R%=H
5PsC R®=Ac,R'=R°=H
6PsD R*=Ac,R'=R*°=H  OoH

1PsP R'=R?=R%=H,C-3'568.6
2PsQ R?=Ac, R'=R%=H,C-3' 5 74.1
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Table 5.1 Antibacterial activity date of compounds 1-8

S. pyogenes Staph. aureus Ent. faecalis

Diameter* Diameter* Diameter*

of inhibition MIC of inhibition MIC of inhibition MIC
Compound zone (mm) (ug/ml) zone (mm) (ug/ml) zone (mm) (pg/ml)
1 15 0.8 10 2.0 8 3.5
2 12 1.0 9 23 8 3.6.
3 15 0.8 11 2.1 9 34
4 13 1.0 10 23 8 32
5 16 1.0 11 2.0 8 3.7
6 17 1.0 9 2.3 9 3.8
7 12 1.0 8 23 8 3.6
8 14 1.0 9 2.1 8 34

225 pg/ml of test compounds were applied to 6 mm disc

Gram negative bacteria, E. coli, and P. aeruginosa at the same concentrations. To the
best of my knowledge, pseudopterosins were reported to exhibit potent anti-inflamma-
tory activity [3-5, 12] and did not find any report on anti-bacterial data for this class of
compounds. Therefore, it was decided to isolate all of the previously reported pseudop-
terosins from this crude extract and to evaluate them for anti-bacterial activity. However,
it could only be possible to isolate the known pseudopterosins A (3), B (4), C (5), D (6),
E (7), and K (8) from this extract. Their structures were established by comparing their
'H and BC-NMR data with those of previously reported in the literature [3-5].
Compounds 3-8 were found to be significantly active selectively against aforemen-
tioned Gram-positive bacteria at the same concentration and antibacterial data is sum-
marized in Table 5.1. In summary, it was discovered that pseudopterosins exhibited
strong anti-bacterial activity selectively against Gram positive bacteria. Previously,
these compounds were known to exhibit anti-inflammatory activity only and our current
studies resulted in the discovery of new bioactivity of pseudopterosins.

Bioactive Sesquiterpenoids from the Marine Soft Coral
of Genus Cladiella

The marine soft corals of genus Cladiella have provided a number of bioactive
eunicellane- and cembrane-type diterpenoids [13]. Cladiella species, collected
from Andaman Island, India, was extracted with methanol. A detailed chemical
analysis of this crude methanolic extract afforded two novel sesquiterpenoids,
cladioxazole (9) and cladidol (10). Compound 9 showed positive test with
Dragendroff’s reagent indicating the presence of nitrogen in it. This was further
confirmed from the HREIMS data, which showed the molecular ion peak at m/z
249.2089. This provided molecular formula C, ;H,NO and indicated the presence
of four degrees of unsaturation in 9. The UV spectrum of 9 showed the terminal
absorption suggesting the lack of m system in 9. Its IR spectrum exhibited intense
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absorption bands at 2,904 (CH) and 1,595 (C-N) cm™. The 'H-NMR spectrum
(CDCI,, 500 MHz) of 9 showed two 3H doublets at 5 0.86 and 0.91 (J = 6.5 Hz)
due to the C-13 and C-14 methyl protons. A 3H singlet at § 1.36 was ascribed to
the C-15 methyl protons. The C-3 methine protons resonated at § 3.65 (ddd, J = 10.2,
9.8 and 0.3 Hz) while C-2 appeared at 6 3.02 (ddd, J = 9.8, 9.6 and 3.4 Hz). The
downfield chemical shift values of H-3 and H-2 were due to the presence of geminal
oxygen and nitrogen moieties, respectively. Another downfield signal at 6 7.69 was
due to the C-1” olefinic proton. The COSY-45° spectrum indicated the presence of
two partial structures in 9. The "C-NMR spectrum (CDCl,, 125 MHz) of 9 showed
the resonance of all sixteen carbon atom and DEPT spectrum revealed the presence
of three methyl, six methylene and five methine carbon atoms. Subtraction of
DEPT spectrum from the broadband *C NMR spectrum suggested the presence of
one quaternary carbon atom in 9. A combination of 'H, *C-NMR, COSY, HSQC,
HMBC, NOESY and mass spectral data led to us to establish structure 9 for this
novel sesquiterpene.

Compound 9 was tested for antibacterial activity and found to exhibit moderate
antibacterial activity against E. coli at the does of 25 pg/ml.

Cladidiol (10) was also isolated as colorless gum. Its UV spectrum also showed
terminal absorption and IR spectrum showed the presence of a hydroxyl group
(3,410 cm™) and carbon-carbon double bond (1,602 cm™). The 'H- and *C-NMR
spectra of compound 10 were nearly identical to those of compound 9 with an excep-
tion that the 'H-NMR spectrum of 10 was lacking a signal at 6 7.69 (H-1"). This
compound also showed negative Dragendroff test indicating the absence of nitrogen
in 10. A combination of mass, 'H, *C-NMR and 2D-NMR (COSY, NOESY, HSQC
and HMBC) spectral data led us to propose structure 10 for this new sesquiterpene.'?
The *C-NMR chemical shift assignments of 10 are shown around structure 10.

Compound 10 was evaluated for anti-bacterial activity and acetylcholinesterase
(AChE) inhibitory activities. This compound was found to be inactive in antibacte-
rial assay and exhibited AChE inhibitory activity with an IC, value of 67 uM.
Acetylcholine serves as a neurotransmitter in the central and peripheral nervous
system. Acetylcholinesterase (AChE) stops the function of acetylcholine by its
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hydrolytic destruction [14]. Alzheimer’s disease is a progressive degenerative
neurologic disorder that results from the deficit of cholinergic function in brain
[14]. Enhancement of acetylcholine level in the brain is considered one of the most
promising approaches for treating Alzheimer’s disease [15]. The use of potent
inhibitors to inhibit AChE activity is one of the methods to enhance acetylcholine
level in brain to cure Alzheimer’s disease.

Bioactive Steroids from Mucor plumbeus and Coprnusmicaceus

Microbial natural product chemistry has generated a number of bioactive natural
products. For instance cyclosporine A FK506 and rapamycin are used as immuno-
suppressants [16]. Other examples of microbial metabolites, having potential bio-
medical application include antihyperlipidemics, lovastatin and guggulsterone [17,
18]. The crude extracts of Mucor plumbeus exhibited acetylcholinesterase (AChE)
enzyme inhibition activity. Our detailed chromatographic work on this crude
extract resulted in the isolation of mucoralactone A (11), a novel steroid containing
a lactone moeity incorporated in its structure.

Mucoralactone A (11) was purified as yellow colored gum. Its UV spectrum dis-
played maximum absorption at 241 nm indicating the presence of an o, -unsaturated
carbonyl group in 11 [19]. The IR spectrum displayed intense absorptions at 3,456 (OH),
2,900 (CH), 1,780 C = O) and 1,596 (C = C) cm™. Its high-resolution electron-impact
mass spectrum (HREIMS) showed molecular ion peak at m/z 398.2798, which corre-
sponded to the molecular formula C, H, O, (caled 398.2821). The '"H-NMR spectrum
(acetone-d,) of 11 displayed two 3H singlets at 6 0.73 and 1.07 due to the C-18 and C-19
methyl protons, respectively. A 3H doublet at § 0.95 (J,, ,, = 6.5 Hz) was assigned to the
C-21 methyl protons. The C-3 and C-16 methine protons appeared at § 3.82 and 4.99,
respectively. The downfield chemical shift values of C-3 and C-6 methine protons were
indicative of the presence of geminal oxygen functionalities. The C-6 resonated at 6 5.36
while the sp? hybridized C-28 methylene protons resonated as two singlets, integrating
for one proton each, at 6 5.56 and 6.06. A combination of 'H and *C-NMR spectral data
indicated to us that compound 11 has a steroidal skeleton. A detailed interpretation of
broad BC-NMR and DEPT spectra revealed the presence of three methyl, ten methylene,
eight methine and five quaternary carbon atoms in 11. The stereochemistry at various chiral
centers was established with the aid of NOESY spectrum.

Compound 11 showed AChE inhibitory activity with an IC,; 19 uM. and weak
antifungal activity against Candida albicans with a minimum inhibitory concentration
(MIC) value of 23 pg/ml.

Coprinus micaceus is abundant in the prairie region of Canada and is an edible
mushroom. The methanolic extract of C. micaceus exhibited anti-bacterial activity
against E. faecalis, S. aureus, Corynebacterium xerosis and E. coli at the concentration
of 250 pg/ml in a preliminary anti-bacterial screening assay. A chromatographic
fractionation of methanolic extract of this mushroom subsequently resulted in the
isolation of a new bioactive sterol, micaceol (12).
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Micaceol (12) was isolated as a light yellow amorphous solid. Its UV spectrum
showed maximum absorption at 246 nm indicating the presence of a conjugated «
system. The IR spectrum exhibited intense absorption bands at 3,425 (OH) and
1,601 (C = C) cm™. The Chemical Ionization Mass Spectrum (CI-MS) of 12
showed molecular ion peak at m/z 399 [M-H]* . The HREIMS of this compound
showed molecular ion peak at m/z 398.2392, which provided the molecular formula
C,H,O (caled = 398.2360) and indicated the presence of six degrees of unsatura-
tion in 12. These six double bond equivalents were accounted for by the steroidal
skeletons with two double bonds incorporated in its structure.

The 'H NMR spectrum (CDCl,, 500 MHz) of 12 showed two singlets (5 0.83 and
8 0.95), each integrating for three protons due to the C-18 and C-19 methyl protons.
Three 3H doublets at 6 0.78 (J = 6.5 Hz),  0.79 (J = 6.5 Hz) and 6 0.85 (/= 7.0 Hz)
were due to the secondary C-26, C-27 and C-21 methyl protons, respectively. The
C-3 methine proton resonated as a one-proton double doublet at 6 3.63 (J/=10.5 Hz
and J2= 3.5 Hz) and its downfield chemical shift value was indicative of the pres-
ence of a geminal hydroxyl functionality. A one-proton multiplet at & 5.21 was
ascribed to the C-6 olefinic proton. The C-28 exocyclic methylene protons appeared
as two broad singlets at 8 5.40 and 5.58. The *C-NMR spectrum (CDCl,, 125 MHz)
showed the resonance of all 28 carbon atoms. The combination of 'H and *C-NMR
data suggested that compound 12 has a sterol like structure as most of the 'H and
BC-NMR chemical shift values of 12 were similar to those of sterols reported in the
literature [19, 20]. The 'H and *C-NMR chemical shift values were assigned with
the aid of COSY-45°, HSQC and HMBC spectral data. Compound 12 was found to
have modest inhibitory activity against C. xerosis and S. aureus with minimal inhibitory
concentration values of 82.35 and 146 pg/ml, respectively.

134.0

CH, (12)

Bioactive Steroidal Alkaloids from Buxus hyrcana

Buxus alkaloids have a unique steroid-triterpenoid pregnane type skeleton with C-4
methyls, 9B, 10B cycloartenol system with a degraded C-20 side chain [21-33].
These alkaloids exhibit various biological activities including anti-HIV, anti-TB,
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anti-malarial, and enzyme inhibitory activities, etc. [26—33]. In the last two decades
over 90 steroidal alkaloids have been from different plants of genus Buxus [21].
The crude methanolic extract of Buxus hyrcana, collected from Iran, exhibited
acetylcholinesterase inhibitory activity in our bioassay with an IC, value of 45 pg/
ml. Our detailed phytochemical studies on this plant resulted in the isolation of two
new bioactive compounds, (+)-O%buxafurandiene (13) and (+)-7-deoxy-O°-bux-
afurandiene (14). Compounds 13 and 14 belong to the rarely-occurring class of
Buxus alkaloids having a tetrahydrofuran ring incorporated in their structures. To
the best of my knowledge, only five compounds of this series have so far been
reported in the literature [28, 29].

(+)-O%-buxafurandiene (13) was isolated as a colorless amorphous solid. Its UV
spectrum showed absorption maxima at 239 and 245 nm indicating the presence of
an 9(10—19) abeo diene system [23]. The IR spectrum displayed intense absorption
bands at 3,412 (OH), 1,710 (ester carbonyl), 1,644 (a,B-unsaturated amide carbonyl),
1,602 (C = C) and 1,100 (C-O) cm™. The Chemical Ionization Mass Spectrum
(CIMS) of 13 showed [M + H] * ion at m/z 593. The HREIMS of 13 exhibited
molecular ion peak at m/z 592.3519 corresponding to the molecular formula
C,;H,N,O, (calcd 592.3512) and this indicated the presence of 13 degrees of

357748

unsaturation in compound 13. The ion at m/z 577.3273 (C3 H 45N206, calcd
577.3278) was due to loss of a methyl group from the molecular ion. Another ion
at m/z 105 was due to loss of a benzoyl group. The compound 13 showed a base
peak at m/z 72 due to the loss of a trimethyl imminium cation and this indicated the
presence of an N, N-dimethyl amino group at C-20 [23].

The '"H NMR spectrum of 13 showed the resonance of three 3H singlets at & 0.92,
0.89 and 0.91 due to the tertiary C-18, C-30 and C-32 methyl protons, respectively.
A 3H doublet at 6 1.03 (d, J = 6.5 Hz) was ascribed to the C-21 secondary methyl
protons. The N, N-dimethyl protons, substituted at C-20, resonated as a six-proton
broad singlet at 6 2.27. Four downfield signals at § 3.54, 3.96, 4.08 and 5.00 were due
to the C-7, C-6, C-2 and C-16 methine protons, respectively. Their downfield chemi-
cal shift values were indicative of the presence of geminal oxygen functionalities at
C-2, C-6 and C-16, respectively. The C-3 methine proton, geminal to an amidic moi-
ety, resonated at 6 4.01. Two AB doublets, integrating for one-proton each, at & 3.86
and 4.06 (J = 11.0 Hz) were due to the C-31 methylene protons. The amidic NH
appeared as a doublet at § 5.99 (J = 9.5 Hz). Two olefinic signals at § 5.33 and 5.85
in the '"H NMR spectrum were assigned to the C-11 and C-19 methine protons,
respectively. The aromatic protons appeared as two sets of two- and three-proton
multiplets at & 7.26-7.69.

The *C NMR spectrum of 13 showed the resonances of all 35 carbon atoms.
A combination of broadband '*C-NMR and DEPT spectra indicated the presence of
7 methyl, 4 methylene, 16 methine and 8 quaternary carbon atoms in compound
13. Complete 13C-NMR chemical shift assignments of 13 are shown around structure
13. Based on these spectral data, structure 13 was established for this new compound.

7-dexoy-O°-buxafurandiene (14) was also isolated as a colorless amorphous
solid. A combination of mass, 'H, *C-NMR, COSY, HSQC, HMBC and NOESY
spectra suggested that compound 14 was 7-dexoyderivative of 13.
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During this phytochemical studies we have also isolated four known compounds,
benzoylbuxidienine (15), buxapapillinine (16), buxaquamarine (17) and irehine
(18) for the first time from B. hyrcana. The UV, IR, 'H NMR and mass spectra of
compound 15-18 were identical with those of benzoylbuxidienine, buxapapillinine,
buxaquamarine and irehine, respectively, as reported in the literature [29-32]. This
helped us to characterize compounds 15, 16, 17 and 18 as benzoylbuxidienine,
buxapapillinine, buxaquamarine and irehine, respectively. Previously, benzoylbuxi-
dienine (15), buxapapillinine (16), and buxaquamarine (17) and irehine (18) were
isolated from B. sempervirens and B. papillosa [29-33].

Compounds 13-18 were tested for acetylcholinesterase inhibition activity and it
was found that compounds 13 and 14 exhibited acetylcholinesterase inhibition activ-
ity with IC_ values (inhibition of enzyme activity by 50%) of 17 and 13 uM, respec-
tively. Compounds 15-18 showed moderate enzyme inhibition activity with IC,
values of 35, 80, 76, and 100 puM, respectively. This bioactivity data suggested that
the higher enzyme inhibition potency of compounds 13 and 14 may hypothesized due
to the presence of a tetrahydrofuran ring incorporated in their structures. Furthermore,
compounds 1 and 2 exhibited nearly the same bioactivity and this indicated that C-7
hydroxyl group does not play any role in enzyme inhibition activity.
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Chapter 6
Bioactive Turkish Plant Extracts
and Their Constituents

Giilacti Topcu!, Giillendam Tiimen?, Turgut Kili¢?, Ahmet C. Goren’,
Ash Barla*, Zeynep Tiirkmen*, and David G. I. Kingston®

Abstract Over 200 plant extracts were prepared from different family plants of
rich flora of Turkey, in a frame of international collaborative project “Bioactive
Turkish Plant Constituents”. The plants were chosen randomly and/or partly based
on their folkloric uses which belonged to 40 distinct families growing in Aegean
and Marmara region, and their extracts were screened for their DNA damaging
activity as well as for their human ovarian cytotoxic activity.

For this purpose, firstly, methanol extracts of the collected plants were prepared
and tested for their DNA damaging activity. Active extracts were diluted with water
and partitioned with hexane, dichloromethane and ethyl acetate, successively, and
the extracts were then tested for their activity. For DNA damaging activity, the
extracts were tested against three yeasts RS321INYCp50 grown on galactose,
RS321NpRADS52 on galactose, and RS321NpRADS2 on glucose, while A2780
human ovarian cell lines were used for cytotoxic activity tests. Among the all tested
extracts, four most active extracts were selected for further studies, which are Ajuga
postii, Laurus nobilis, Eucalyptus camaldulensis and Salvia hypargeia.

In this presentation, bioactivity-directed isolation and structure elucidation of
the active constituents will be given. Structures of the constituents, which form
namely terpenoids (sesqui, di- and triterpenoids) were based on spectroscopic tech-
niques, particularly intensive NMR and Mass spectroscopies.
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Keywords Ajuga postii, bioactive constituents, cytotoxic activity, DNA damaging
activity, Eucalyptus camaldulensis, Laurus nobilis, Salvia hypargeia, spectroscopy,
Turkish plants

Introduction

Contribution of higher plants to medicine and pharmaceutical industry due to
nature’s ability to present highly diverse chemicals [1] has prompted increasing
interest of researchers in searching of natural product sources. For this purpose,
various programs and methods have been developed to screen plants and/or other
natural sources through bioactivity-guided fractionation, isolation and structure
elucidation of active compounds [2]. Establishing a programme/method must have
significant impact, not only in high-throughput screening, but also in alternative
approaches to drug discovery. High-throughput screening is a way of innovation of
lead structures for medicinal chemistry and pharmaceutical industry. The feasibility
of a plant screening programme mainly depends on effective strategies. National
and/or international collaborations are preferred to obtain more feeding, supportive
and creative results with many benefits in different aspects of innovation of poten-
tial bioactive plants and their constituents.

Turkey is one of the unique countries in the world having three different
climates, namely continental, mediterrenean and oceanic climates [3]. Turkey is
also at the junction of three geographical regions for the plants, mainly Euro-
Siberian in North Anatolia, Irano-Turanian in Central and East Anatolia,
Mediterrenean in West and South Anatolia. All these properties contribute to the
richness and diversity of the flora in Turkey with over 10,000 taxa in 173 families
and 1,225 genera [4-7]. There are 15 endemic genera and over 2,650 endemic
species. Endemism ratio is around 30%, however it is higher in certain families,
such as Scrophulariaceae (52%), Campanulaceae (49%), Lamiaceae (=Labiatae)
(44%), Asteraceae (=Compositae) (38%), and even in some particular species,
the ratio reach 80-100%, such as Ebenus (100%), Verbascum (80%), Sideritis
(78%) [71.

Mediterranean region is the richest in endemic plants with 633 species,
followed by East Anatolia. Medicinal plants of Anatolia have been known since
ancient times, the history can be traced to the Asyrians and Hittites. In immortal
book of Dioscorides “Planta Medica”, written in the Ist century, information,
about over 500 medicinal plants growing in Mediterranean region and Anatolia,
was presented. Now, over 1,000 plant drugs are found to be used in folk medicine.
Since Mediterranean and Aegean regions of Turkey are rich in medicinal and
aromatic plants, we aimed to investigate the plants growing in these area including
Marmara region in the frame of an NSF-TUBITAK supported Project (INT-
0002071/TBAG-US53) on the basis of bio-assay directed isolation and structure
elucidation.
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Selection of Plants

About 200 plant species from 40 families were collected in small quantities, selec-
tion was made randomly as well as considering ethnobotanical information
obtained from Marmara, Aegean and Mediterranean regions of Turkey. Random
acquisition of available plant species is one approach. Maximum diversity in the
botanical and geographical sources of the plant samples collected is preferred
feature, and Turkey has an advantageous in this aspect [4-7].

Most of the plants, collected from Lamiaceae family, are aromatic and grown in
Aegean-Mediterranean regions (West-South Anatolia). These are Salvia, Sideritis,
Thymus, Origanum, Satureja, Stachys, Micromeria, Nepeta etc.

Mechanism-Based Isolation and Structures of Some Anticancer
Active Natural Products

Except the last decade, in the previous years, the evolution of anticancer natural
product drug discovery research is based on empirical searchs, in general for
general cytotoxic agents to a more mechanism-based approach. Screening is a cur-
sory look at many samples, not a in-depth investigation. An effective screening
enables to choose the extracts containing selectively active potential lead
compounds.

Our approach recently developed utilizes DNA repair- or recombination-deficient
mutants of the yeast Saccharomyces cerevisiae [8]. An important feature of many
tumor cells is that they have defects in their ability to repair damage to DNA as
compared with normal cells, suggesting that agents with selective toxicity towards
repair-deficient cells might be potential anticancer agents.

The mutant strain of Saccharomyces cerevisiae RS321NpRADS?2, and defi-
cient in recombination repair (RAD 52) and topoisomerase I was used in this
assay [8]. But the strain carries a plasmid containing the RAD 52 repair pathway
gene under the control of galactose promoter, will detect agents that specifically
cause cytotoxicity by the way of DNA damage. Any agent that was cytotoxic to
the yeasts in the RS321pRADS52 glucose and RS321NYCp50 galactose plates
(>65% inhibition) but was not cytotoxic in the RS321pRADS52 galactose plate
(<35% inhibition) will be considered a primary hit. Thus, an agent whose IC,;
gives a threefold difference in the concentration response assay will be consid-
ered a lead [8, 9].

However, most of screens can show up false positives. False positives may arise
from polyphenols, saponins, some pigments and fatty acids.
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Results and Discussion

Over 170 Turkish plant extracts were screened for their DNA damaging activity
(Table 6.1) using three yeasts, RS32INYCp50 grown on galactose (YCp50Gal),
RS321NpRADS52 grown on galactose (RAD52Gal) and RS321NpRADS52 on glu-
cose (RAD52Glu) [8, 9].

Table 6.1 DNA damaging assay against three yeasts* (dose 100 ug/mL)

Plant family name YCp50 RADS2 RADS52
No  Plant genus and species name Galactose Galactose Glucose
Anacardiaceae
1 Pistacia terebinthus L. ssp. terebinthus L. -16.5 -12.6 -23.0
Pistacia lentiscus L. -6.3 -10.1 -11.7
Apiaceae (Umbelliferae)
3 Angelica slyvestris L. var. slyvestris Velen. 27.5 54.3 49.9
(aerial parts)
4 Angelica slyvestris L. var. slyvestris Velen. -13.4 —-14.5 -9.3
(roots)
5  Coriandrum sativum L. 52 419 25.6
6 Echinophora tenufolia L. ssp.sibthorpiana 20.9 71.4 85.0
(Guss) Tutin
7 Ferula communis L. ssp. communis L. 1.7 26.7 25.5
Apocynaceae
8  Vinca major L. ssp. major L. -5.0 -10.7 -9.1
9 Amsonia orientalis Decne -13.7 4.4 -17.6
10 Araceae =17 23 -12.7
Arisarum vulgare Targ.-Tozz ssp. Targ.-Tozz
11 Araliaceae 2.0 16.5 29
Hedera helix
Asteraceae (Compositae)
12 Anthemis aciphylla Boiss. var. aciphylla Boiss. —68.8 -37.0 -68.3
13 Centaurea spinosa L. var spinosa L. -10.4 -9.7 -18.6
14 Onopordum tauricum Willd. -9.9 -11.7 -14.8
15 Pulicaria dysenterica (L.) Bernh. -3.3 1.9 -9.3
16 Tanacetum cadmium (Boiss.) Heywood ssp. 11.1 8.2 0.7
orientale Grierson
17 Tanacetum corymbosum (L.) Schultz Bip. var. 17.1 0.0 -3.6
cinereum (Gris.) Hayek
18 Tanacetum parthenium (L.) Schultz Bip. 433 38.6 8.3
19  Boraginaceae 0.7 26.4 9.5
Alkanna orientalis (L.) Boiss. var. orientalis (L.)
Boiss.
Brassicaceae (Cruciferae)
20 Alyssum saxatile L. -6.0 -7.8 -6.6
21 Cardaria draba (L.) Desv. ssp. draba (L.) Desv. -7.7 -12.8 -6.2
22 Malcolmia flexuoso (Sibth. & SM.) Sibth. & SM. 2.7 -3.8 -6.6
23 Matthiola fruticulosa L. (Maire) -5.7 —4.1 -7.3
24 Raphanus raphanistrum L. -6.7 -9.6 -9.8

(continued)
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Table 6.1 (continued)
Plant family name YCp50 RADS2 RADS52
No  Plant genus and species name Galactose Galactose Glucose
Buxaceae
25  Buxus sempervirens L. —4.0 5.2 -6.2
26 Spiraea hypericifolia L. 4.7 4.3 -3.6
Caprifoliaceae
27 Sambucus ebulus L. -3.3 -8.3 -12.1
Caryophyllaceae
28  Gyposophila arrostii Guss. -20.0 -30.9 -17.7
Chenopodiaceae
29 Ceratocarpus arenarius L. -1.5 -15.4 0.0
30  Petrosimonia brachiata (Pallas) Bunge -16.3 -154 -8.0
31  Chenopodium murale L. 98.0 98.7 99.0
32 Chenopodium vulvaria L. -3.0 -10.0 -1.3
33 Cyathobasis fruticulosa (Bunge) Aellen -0.7 -7.8 -6.6
(Aqueous MeOH ext.)
34 Cyathobasis fruticulosa (Bunge) Aellen 1.7 -5.8 -7.3
(CHCI, soluble part)
35  Cistaceae
Cistus salviifolius L. -9.0 2.6 0.7
36  Cucurbitaceae
Ecballium elaterium L. A. Rich -1.6 -18.4 -20.3
Cupressaceae
37 Juniperus excelsa Bieb. berries 28.7 34.0 4.13
38  Juniperus excelsa Bieb. leaves 56.0 85.9 73.66
Ericaceae
39  Arbutus unedo L. fruits 6.7 8.6 10.3
40  Arbutus unedo L. leaves -2.7 -4.6 -5.0
41  Erica arborea L. -11.0 0.0 -17.0
42 Rhododendron luteum Sweet =73 -12.5 -1.8
43 Equisetaceae -1.3 -9.6 -1.3
Equisetum arvense L.
44  Euphorbiaceae -11.3 -1.7 -10.9
Euphorbia platyphyllos L.
Fabaceae
45 Anthyllis hermanniae L. -1.6 19.4 4.4
46  Genista acanthoclada DC. 12.7 26.4 11.3
47  Lupinus micranthus Guss. 1.7 2.9 -5.1
48  Parkinsonia aculeate L. 1.1 -24 -6.6
49  Fagaceae
Quercus cerris L. var. cerris L. -9.0 -7.5 -9.5
Geraniaceae
50  Pelargonium odarassimum Agnew -4.0 0.3 -11.3
51  Pelargonium zonale (L.) L’herit -2.0 0.9 -11.3
52 Geranium lanuginosum Lam. -8.0 8.1 -7.6
53 Guttiferae
Hypericum retusum Aucher 5.3 54 0.08

(continued)
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Table 6.1 (continued)
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Plant family name YCp50 RADS52 RADS52
No Plant genus and species name Galactose Galactose Glucose
Iridaceae
54 Iris pallida Lam. -5.0 -8.7 -8.7
55  Iris persica L. -4.4 34.0 35.1
56  Juglandaceae 0.0 24.1 9.0
Juglans regia L.
Lamiaceae (Labiatae)
57  Ajuga bombycina Boiss. -214 49.0 28.4
58  Ajuga postii Briq. (Methanol ext.) 69.1 7.5 30.5
59 Ajuga postii Briq. (Acetone ext.) 40.2 2.3 3.51
60  Ajuga relicta P.H. -17.9 8.6 4.6
61  Ajuga salicifolia (L.) Schreber 7.4 10.5 15.9
62  Ballota nigra L. ssp. nigra L. (leaves) 3.0 2.4 5.0
63 Ballota nigra L. ssp. nigra L. (fruits) =177 -17.0 -159
64  Clinopodium vulgare L. ssp. vulgare L. -3.0 -10.0 -1.3
65  Cyclotrichium origanifolium (Labill.) 10.4 14.5 =22
Manden & Scheng
66  Lamium album L. 18.6 65.8 46.8
67  Lamium garganicum L. -17.6 -13.1 -23.6
68  Lamium purpureum L. ssp. purpureum -25.0 -4.1 11.9
69  Lavandula cariensis Boiss. -33 7.5 0.0
70  Lavandula stoechas L. ssp. cariensis (Boiss.) 0.0 -9.5 -4.0
Rozeira
71 Marrubium vulgare L. 12.8 7.2 4.0
72 Melissa officinalis L. ssp. officinalis L. -13.0 -9.7 -13.2
73 Melissa officinalis L. ssp. altissima (Sm.) 10.6 14.9 -39
Arcangeli
74 Mentha aquatica L. 18.7 26.6 26.4
75 Mentha longifolia (L.) Hudson ssp. longifolia L. 1.7 5.3 7.9
76 Mentha pulegium L. 23.6 30.5 17.8
77  Micromeria congesta 319 9.5 57.9
Boiss. & Hausskn. Ex Boiss.
78  Micromeria fruticosa (L.) Druce 23.0 10.5 17.2
79  Micromeria juliana (L.) Bentham ex Reichb. -8.9 49.8 18.8
80  Micromeria myrtifolia Boiss. & Hohen. 15.4 11 3.1
81  Nepeta fissa C.A. Meyer 54 47.3 24.3
82  Nepeta nuda L. ssp. glandulifera -28.6 449 344
Hub.-Mor. & Davis
83 Nepeta nuda L. ssp. albiflora (Boiss.) Gams -24 13.0 0
84  Nepeta sulfuriflora P.H. Davis 0.0 -27.2 -6.0
85  Origanum hypericifolium O. Schwarz & P.H. 22.3 1.5 0.4
Davis
86  Origanum majorana L. 7.7 5.5 5.6
87  Origanum onites L. 8.9 24 14.0
88  Origanum syriacum L. var. bevanii (Holmes) 1.6 28.5 10.9
Ietswaart
89 Origanum vulgare L. ssp. gracile (C. Koch) 22 14.3 23.3
Ietswaart
90  Origanum vulgare L. ssp. vulgare L. 4.0 3.1 4.0

(continued)
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Table 6.1 (continued)
Plant family name YCp50 RADS52 RADS52
No Plant genus and species name Galactose Galactose Glucose
91 Origanum vulgare L. ssp. hirtum (Link) 14.6 31.7 15.5
Ietswaart
92 Phlomis fruticosa L. -83 -7.2 -11.3
93  Prunella laciniata (L.) L. -3.7 -3.5 -7.1
94 Salvia amplexicaulis Lam. 0 -20.1 -10.9
95  Salvia blepharochlaena Hedge & Hub.-Mor. 51.8 64.6 48.1
96  Salvia cedronella Boiss. 7.3 20.7 -1.6
97  Salvia ceratophylla L. —-18.6 -6.0 27.8
98 Salvia cyanescens Boiss. & Bal. 37.5 36.2 26.1
99  Salvia eriophora Boiss. & Kotschy (roots) 41.8 50.0 43.3
100  Salvia eriophora Boiss. & Kotschy (aerial parts)  —13.7 -16.5 -23.0
101 Salvia kronenburgii Rech. Fil. -26.8 35.8 10.5
102 Salvia limbata C.A. Meyer -7.3 0 -18.6
103 Salvia staminea Montbret & Aucher ex Bentham 10.7 47.3 11.0
(Methanol extract)
104 Salvia staminea Montbret & Aucher ex Bentham —-41.8 -1.5 -17.6
(Acetone extract)
105  Salvia syriaca L. 79.7 47.3 48.1
106  Salvia tchihatcheffii (Fisch. & Mey.) 54 35.8 16.9
107 Salvia fruticosa Miller, Gard (syn: S. triloba L.) 98.4 98.5 97.6
108  Salvia yosgadensis Freyn & Bornm. -28.6 -39.1 -15.1
109 Satureja cilicica P.H. Davis 16.3 18.8 14.0
110  Satureja cuneifolia Ten. 35.7 7.0 -0.5
111 Satureja hortensis L. 7.0 2.4 7.3
112 Satureja pilosa Velen. 27.6 279 24.0
113 Sideritis albiflora Hub.-Mor. -6.5 3.9 7.8
114 Sideritis arguta Boiss. & Heldr. -89 0 22.5
115  Sideritis athoa Papanikolaou & Kokkini -7.1 -4.9 -8.7
116 Sideritis aytachii H. Duman & P. Sahin 49.7 54.9 92.4
117  Sideritis congesta P.H. Davis & Hub.-Mor. -3.7 -1.7 -1.3
118  Sideritis dichotoma Huter -42.9 -11.1 -10.5
119  Sideritis galatica Bornm -13.0 -11.0 0
120  Sideritis leptoclada O. Schwarz & P. H. Davis -8.9 39 18.6
121  Sideritis libanotica Labill. ssp. linearis 19.6 -4.1 0.9
(Bentham) Bornm.
122 Sideritis lycia Boiss. & Heldr. 9.1 7.0 10.6
123 Sideritis lycia Boiss. & Heldr. (Hexane ext.) 33.6 73.9 94.0
124  Sideritis lycia Boiss. & Heldr. (Acetone ext.) -2.0 -3.1 0.0
125  Sideritis perfoliata L. 2.7 -1.2 1.7
126  Sideritis pisidica Boiss. & Heldr. Apud Bentham —11.4 -39 -12.4
127 = Sideritis vuralii H. Duman & Baser -0.7 0.2 1.3
(Acetone ext)
128  Stachys annua (L) L. ssp. annua L. 22.8 33.3 -2.3
129  Stachys byzantina C. Koch 33 -10.4 -6.2
130  Stachys catonica Bhattacharjee & Hub.-Mor. -6.5 -11.0 -0.8
131 Stachys cretica L. ssp. cretica L. -18.7 -5.2 14.0
132 Stachys lavandufolia Vahl var. lavandulifolia 26.5 22.1 16.6

Gled.

(continued)
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Table 6.1 (continued)
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Plant family name YCp50 RADS52 RADS2
No Plant genus and species name Galactose Galactose Glucose
133 Teucrium chamaedrys L. ssp. chamaedrys Rech. 3.7 0.0 0.0
Fil.
134 Teucrium polium L. -154 -7.8 -3.1
135  Teucrium polium L. 11.7 10.3 8.9
136 Thymbra spicata L. var. spicata E. D. Clarke 39.8 56.4 67.4
137  Thymus atticus Celak -82.1 -21.4 -6.9
138  Thymus canoviridis Jalas 34.1 37.6 43.4
139 Thymus cariensis Hub.-Mor. & Jalas 44.6 66.7 45.3
140 Thymus fallax Fisch. & Mey. =55 -0.5 -7.1
141 Thymus sipyleus Boiss. ssp. sipyleus Boiss. 4.5 0.0 8.0
142 Thymus pseudopulegioides Klokov & Des.-Shost —13.0 -2.6 -5.4
143 Thymus pulvinatus Celak -6.5 4.5 -7.0
144 Ziziphora clinopodioides Lam. 7.0 0.2 6.0
145 Lauraceae 494 40.1 38.8
Laurus nobilis L.
Liliaceae
146  Allium subhirtum L. -7.0 -6.7 -9.8
147  Asphodelus fistulous L. 4.0 8.4 1.5
148  Ruscus aculeatus L. var. aculeatus L. -1.0 -2.3 11.3
149 Loranthaceae -1.7 1.2 2.3
Viscum album L. var. album L.
150 Malvaceae 0.0 -17 4.6
Malva neglecta Wallr.
151 Meliaceae -45 -229 -14.6
Melia azedarach L.
Moraceae
152 Ficus carica L. ssp. carica (All.) Schinz & Thell.  -3.3 -4.3 0.7
153 Maclura pomifera (Raf.) Schneid. (leaves) 3.0 -234 -13.7
154  Maclura pomifera (Raf.) Schneid. (fruits) -59 -7.0 -18.1
155 Myrtaceae 18.0 63.2 37.5
Eucalyptus camaldulensis Dehnh.
156 Oleaceae 13 55 =33
Forsythia viridissima Lindl.
157 Orobanchaceae ~132 -10.2 -137
Orobanche minor SM.
158 Plantaginaceae -4.4 -6.0 -26
Plantago major L.
159 Platanaceae 23.0 704 375
Platanus orientalis L.
Polygonaceae
160 Polygonum aviculare L. -5.2 -38.4 -20.3
161  Rumex crispus L. (seeds) 66.1 68.8 83.9
162 Rumex dentatus L. 8.9 2.0 -16.3
163 Resedaceae -14.8 -7.3 -159

Reseda lutea L.

(continued)
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Table 6.1 (continued)

Plant family name YCp50 RADS52 RADS52
No Plant genus and species name Galactose Galactose Glucose

164 Rosaceae

Sanguisorba minor Scop. -22 -15.4 -17.5
165 Rosa canina L. (leaves) -5.0 2.0 -6.9
166  Rosa canina L. (fruits) -5.7 —4.1 -8.7
Rubiaceae
167  Galium spurium L. ssp. spurium L. -5.0 -3.8 0.0
Scrophulariaceae
168  Bungea trifida (Vahl) C.A. Meyer (roots) -89 -17.4 -6.2
169 Bungea trifida (Vahl) C.A. Meyer (aerial parts) 3.7 4.0 -2.7
170 Verbascum bithynicum Boiss. -1.6 -17.0 -0.5
171 Verbascum speciosum Schrader -8.8 -15.0 -18.6
172 Zygophyllaceae 28.2 27.1 15.2

Peganum harmala L.

*The studied extracts rather than MeOH extract or/and whole plant are shown in parenthesis

Fig. 6.1 Reptoside

The crude methanol extract of Ajuga postii Briq. showed the highest DNA dam-
aging activity with IC,  values of 65.1 ug/mL against, >100 ug/mL against
RAD52Gal, and 69.0 pg/mL against RAD52Glu. It was thus selected for isolation
of its bioactive compounds. By bioassay-guided fractionation of the active metha-
nol extract of A. postii afforded [10] an iridoid glucoside reptoside (Fig. 6.1) which
was found to be responsible compound for the activity. Reptoside showed DNA
damaging activity with IC, values of 46.0 ug/mL against YCp50Gal, >100ug/mL
against RADS52 on galactose and 30.4 ug/mL against RAD52Glu similar to the
methanol extract of A. postii (Table 6.2). This result shows that reptoside has a
DNA damaging activity but it has no cytotoxic activity. The other pure compounds,
isolated from the direct acetone extract of Ajuga postii were two known triterpenic
compounds ursolic acid, a-amyrin and two steroidal compounds (245)-24-ethylc-
holesta-5,25-dien-3f3-ol and B-sitosterol did not show any DNA damaging activity
[10]. Although reptoside is a known iridoid glucoside, its structure was identified
based on 1D- and 2D NMR techniques, mass and other spectral data as well as
other known and new compounds isolated from other chemically investigated plant
extracts.
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Table 6.2 DNA damaging activity of reptoside and Ajuga postii Brig. (IC, (ug/mL)

Sample Ycp50Gal pRADS52Gal pRADS52GIu
MeOH extract 65.1 >100 69.0
CH,(CI, fraction 47.6 >100 62.6
Reptoside 46.0 >100 30.4
Camptothecin (positive control) - 100 0.6

OCOCH,

“,
s,
2,
%,

g HoOC,, 7
ajugalaevigatic acid (13S)-15-hydroxylabd -8(17)-en- 19 - oic acid
[ICso = 17.7 ug/mlL] [ICsy = 16.7 ug/mL]

Fig. 6.2 Diterpenes isolated from Ajuga chamaepytis ssp. laevigata

From another Ajuga species, A. chamaepytis ssp. laevigata, a new clerodane
diterpene ajugalaevigatic acid, and (13S)-15-hydroxylabd-8(17)-en-19-oic acid
(Fig. 6.2) which is the diastereomer of imbricatolic acid, and steroidal glucoside
3-O-B-D-glucopyranosylstigmasta-5,25 diene were evaluated in the yeast based
assay (Table 6.3), but none of them showed activity while the new diterpene aju-
galaevigatic acid showed only a weak A2780 ovarian cytotoxic activity [11] among
against a panel of cancer cell line tested.

A monotypic “single species/single genus” Cyathobasis fruticulosa (Bunge)
Aellen endemic plant for Turkey afforded a -carboline, a tryptamine and two phe-
nylethylamine derived alkaloids besides three simple aromatics [12]. Antifungal
activity for hordenine, N-methyltetrahydro--carboline, and N-methyl,N-formyl-4-
hydroxy-f-phenylethylamine (Fig. 6.3) was determined by a dose-dependent
microtiter assay against the three yeast strains (Table 6.3). Among them, only the
new alkaloid N-methyl, N-formyl-4-hydroxy-B-phenylethylamine showed marginal
antifungal activity against two genetically modified yeasts RS32INYCp50 and
RS321NpRADS2. Furthermore, the new alkaloid and hordenine were found to be
weakly active against A2780 mammalian ovarian cell line exhibiting only 38% and
39 inhibition, respectively, at a dose 50 ug/mL dose.
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Table 6.3 Inhibition (%) of the isolated compounds on the three yeasts (dose 100 pug/mL)
YCp50gal PRADS52gal PRADS52glu
Inhibition Inhibition Inhibition
No Compound name (%) (%) (%)
1 Oleanolic acid 0.0 1.4 4.18
2 Ursolic acid 4.0 23.1 0.0
3 Vergatic acid 0.0 0.0 0.0
4 20,3, 110-triacetoxy-urs-5,12-diene 56.0 68.9 51.0
5 1B,20.,3B,110-tetrahydroxy-urs-12-ene -28.6 -8.3 20.3
6 1B,20.,3B,110-tetrahydroxy-olean-12-ene 5.5 -1.5 -1.6
7 1B,20.,110-trihydroxy-3B-acetoxy-urs- -8.2 -2.9 -33
12-ene
8 Salvinemorol -12.6 -18.0 3.8
9 B-Sitosterol 22.0 30.1 6.0
10 Stigmasta-5,25-diene-3-D-glucoside 7.9 1.7 0.0
11 Microstegiol 0.0 0.0 4.18
12 Candidissiol 8.6 8.6 23.75
13 Cryptojaponol 16.5 0.0 0.0
14 Salvipisone 9.3 8.3 1.7
15 6-Hydroxysalvipisone 11.5 -17.3 -4.9
16 Ferruginol 6.0 20.9 4.9
17 Acetylroyleanone 20.3 34.0 4.9
18 1-Oxo-salvibretol -11.0 -4.4 0.5
19 Taxodione 39.6 66.5 62.5
20 3,12-Dihydroxysapriparaquinone 8.7 0.0 3.47
21 4,14-Dihydroxysapriparaquinone 20.5 12.5 10.05
22 Ajugalaevigatic acid 13.5 389 0.0
23 (13S)-15-hydroxylabd-8(17)-en-19-oic acid  15.7 15.5 0.0
24 Hordenin 6.0 0.0 4.16
25 N-methyl-tetrahydro S-carbolin 4.2 0.0 3.47
26 N-methyl,N-formyl-4-hydroxy-f-phe- 33.1 33.6 11.44
nylethylamine
27 Khellin 39.0 154 12.48
Fig. 6.3 N-methyl, N-formyl-4-hydroxy- CHj3
-phenylethylamine
N
1 \CHO

HO

Among Lamiaceae family plants, except Ajuga postii, none of the species gave
hit in the yeast based assay. However, a few Salvia species (S. triloba, S. blepharo-
chlaena, S. syriaca), and a few Sideritis species (S. aytachii, S. lycia) showed high
inhibition against at least one or two tested yeasts among the three yeasts used in
DNA damaging microtiter assay (Table 6.1).
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HOy,,

HO

‘s,
K2

1B.,20,,3B,110c-tetrahydroxy-urs-12-ene
[ICsp = 27.7 ug/mL]

WOH

HO 7 HO 7
%, %,
salvistamineol salvinemorol
[ICs50 = 21.0 pg/mL] [ICs50 = 8.6 pg/mL]

Fig. 6.4 Triterpenoids isolated from Salvia kronenburgii Rech

In Lamiaceae family plants, particularly in Salvia species, oleanolic, ursolic and
vergatic acids are common triterpenoids [13], however when they were evaluated
in the yeast based DNA damaging activity assay, almost no inhibition was observed.
A series highly hydroxylated terpenoids isolated from an endemic Salvia species
Salvia kronenburgii [14, 15] were tested against the three yeasts, but, none of them
showed higher inhibition than 50%, except diacetyl derivative of 3(,11c-
dihydroxy,20-acetoxyurs-5,12-diene (=20.,3f,110-triacetoxy-urs-5,12-diene) (Table 6.3).
Furthermore, the most abundant triterpenoid 1,20,,3p,110-tetrahydroxy-urs-12-
ene (Fig. 6.4) of S. kronenburgii extract, required by NSF for 60 cell line screening,
was found highly cytotoxic against non-small cell lung (EKVX), renal (RXF 393)
and breast (BT-549) [15] cancer cell lines, while it was not active against A2780
ovarian cytotoxic cell lines.

On the other hand, salvinemorol showed highest A2780 activity (IC,, = 8.6 ug/
mL) among a series triterpenes isolated from some Salvia species while the activity
is highly decreased in its epimer salvistamineol [17] (Fig. 6.4).

From Salvia staminea, isolated abietane diterpenoids ferruginol, taxodione,
cryptojaponol, microstegiol and 1-oxosalvibretol were tested against the three yeast
through DNA damaging microtiter assay, and only taxodione showed relatively
high inhibition, particularly against RADS52 galactose and glucose strains.



6 Bioactive Turkish Plant Extracts and Their Constituents

73

Since DNA damaging activity results didn’t give almost no hit except a few

extracts (Ajuga and Juniperus) (Table 6.4) we directed our bioactivity assay to

ovarian cytotoxic activity search.
Among almost 70 plant extracts (Table 6.5), seven-eight plants were found poten-

tial cytotoxic active, and their extracts were subjected for fractionation and isolation
of pure compounds, and then over 300 fractions and 35 pure compounds were
searched for ovarian cytotoxic activity against A2780 human ovarian cell lines.

Table 6.4 Yeast based DNA damaging microtiter assay (% inhibition)

IC50 Diff.  IC50 Diff.

Dose (100 ug/mL)  YCp50Gal pRAD52Gal  pRADS52Glu  GalGal GalGlu
Ajuga postii Briq.  69.1 30.5 2.99
Juniperus excelsa  28.7 4.1 1.0 1.0

Bieb. M.

(berries)
Juniperus excelsa  56.0 73.7 2.1 0.6

Bieb. M.

(leaves)

Table 6.5 Ovarian cytotoxic activity against A2780 human ovarian cell lines®

Inhibition  IC, (ug/

No Plant name Plant family (%) mL)
1 Pistacia lentiscus L. Anacardiaceae -36
Ferula communis L. ssp. Apiaceae = Umbelliferae =~ 52

communis L.

3 Conium maculatum L. Apiaceae -17

4 Vinca major L. ssp. major L. Apocynaceae 46

5 Arisarum vulgare Targ.-Tozz ssp. Araceae 35
vulgare Targ.-Tozz

6 Hedera helix L. Araliaceae 58

7 Anthemis aciphylla Boiss. var. Asteraceae (Compositae) -35
aciphylla Boiss.

8 Tanacetum balsamita L. ssp. Asteraceae -34
balsamitoides (Schultz Bip.)
Grierson (aerial EtOAc)

9 Alkanna orientalis (L.) Boiss. var.  Boraginaceae -59
orientalis (L.) Boiss.

10 Alyssum saxatile L. Brassicaceae = Cruciferae 42

11 Cardaria draba (L.) Desv. ssp. Brassicaceae 45
draba (L.) Desv.

12 Malcolmia flexuoso (Sibth. & SM.) Brassicaceae 46
Sibth & SM.

13 Matthiola fruticulosa L. (Maire) Brassicaceae —44

14 Raphanus raphanistrum L. Brassicaceae -48

15 Buxus sempervirens L. Buxaceae 48

(continued)
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Table 6.5 (continued)
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Inhibition IC, (ug/

No Plant name Plant family (%) mL)

16 Cyathobasis fruticulosa (Bunge) Chenopodiaceae 47
Aellen (water ext.)

17 Cyathobasis fruticulosa (Bunge) Chenopodiaceae 48
Aellen (CHCI, ext)

18  Cistus salviifolius L. Cistaceae -48

19 Juniperus excelsa Bieb. (leaves) Cupressaceae 54 17.7

20 Ephedra major Host. Ephedraceae 329

21 Erica arborea L. Ericaceae -39

22 Rhododendron luteum Sweet Ericaceae 35

23 Euphorbia platyphyllos Euphorbiaceae =34

24 Genista acanthoclada D.C. Fabaceae -42

25  Lupinus micranthus Guss. Fabaceae -48

26 Quercus cerries L. var. cerries L. Fagaceae —44

27  Geranium lanuginosum Lam. Geraniaceae 45

28  Pelargonium odarassimum Agnew  Geraniaceae 34

29 Pelargonium zonale (L.) L’herit Geraniaceae =53

30  [Iris pallida Lam. Iridaceae =50

31  Lavandula cariensis Boiss. Lamiaceae -46

32 Melissa officinalis L. ssp. altissima Lamiaceae -49
(SM.) Arcangeli

33 Phlomis fruticosa L. Lamiaceae =53

34 Salvia amplexicaulis Lam. (roots) Lamiaceae 59 21.0

35  Salvia aucheri Bentham var. aucheri Lamiaceae 55 39.6
Bentham (roots)

36  Salvia bracteata Banks & Sol. Lamiaceae 58 38.2
(roots)

37  Salvia candidissima Vahl ssp. Lamiaceae 63 31.9
candidissima Vahl. (roots)

38  Salvia cassia Samuelss. ex. Rech. Lamiaceae 64 29.4
Fil. (aerial parts)

39 Salvia eriophora Boiss. & Kotschy ~Lamiaceae - NA
(aerial parts)

40  Salvia heldreichiana Boiss. ex Lamiaceae 64 36.0
Bentham (roots)

41  Salvia hypargeia Fisch. & Mey. Lamiaceae 95 15.9
(Acetone root ext) (roots)

42 Salvia napifolia Jacq. (roots) Lamiaceae 65 35.6

43 Salvia pilifera Montbret & Aucher Lamiaceae 62 333
ex Bentham (aerial parts)

44 Salvia recognita Fisch. & Mey. Lamiaceae 85 29.7

45 Salvia staminea Montbret & Aucher Lamiaceae - 36.2
ex Bentham (MeOH ext. roots)

46  Salvia staminea Montbret & Aucher Lamiaceae - 38.8
ex Bentham (CH,CI, soluble
part- roots)

47  Salvia syriaca L. Lamiaceae 57 41.7

48  Salvia tomentosa Miller (roots) Lamiaceae 61 36.3

49  Salvia fruticosa Miller (=S. triloba) Lamiaceae 98 14.1

50  Salvia fruticosa Miller (=S. triloba) Lamiaceae 63 17.2

(CH,Cl, soluble part)

(continued)
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Table 6.5 (continued)

Inhibition IC, (ug/

No Plant name Plant family (%) mL)

51  Salvia fruticosa Miller (=S. triloba) Lamiaceae 38
(water soluble ext)

52 Sideritis lycia L. Lamiaceae 60 16.7

53 Sideritis niveotomentosa Hub.-Mor. Lamiaceae =23

54 Laurus nobilis L. (fruits) Lauraceae 98 17.3

55 Laurus nobilis L. (leaves) Lauraceae 38

56  Laurus nobilis L. (flowers) Lauraceae —41

57  Allium subhirsutum L. Liliaceae -38

58  Asphodelus fistulosus L. Liliaceae 43

59 Hyacinthus orientalis L. ssp. Liliaceae 35
orientalis L. (leaves)

60  Ruscus aculeatus L. var. aculeatus L. Liliaceae 49

61  Ficus carica L. ssp. carica (All.) Moraceae 28
Schinz & Thell.

62  Eucalyptus camaldulensis Dehnh. ~ Myrtaceae 91 17.5
(fruits)

63 Eucalyptus camaldulensis Dehnh. Myrtaceae 91 17.5
(fruits) (Hexane soluble part)

64 Eucalyptus camaldulensis Dehnh. Myrtaceae 97 17.2
(fruits) (CH,CI, soluble part)

65  Eucalyptus camaldulensis Dehnh. ~ Myrtaceae 85 19.3
(Aqueous MeOH part) (leaves)

66  Forsythia viridissima Lindl. Oleaceae 42

67  Satureja cuneifolia Ten. Oleaceae 58

68  Olea europea L. Oleaceae 58

69  Passiflora incarnata L. Passifloraceae -45

70  Platanus orientalis L. Platanaceae —44

71 Laurencia obtusa (Huds.) J.V. Rhodomelaceae 42
Lamour

72 Spireae hypericifolia L. Rosaceae =51

73 Rosa canina L. (leaves) Rosaceae =50

74 Rosa canina L. (fruits) Rosaceae 31

75 Galium spurium L. ssp. spurium L.  Rubiaceae -36

2The studied extracts rather than MeOH extract or/and whole plant are shown in parenthesis

Salvia hypargeia was found to be the most ovarian cytotoxic active plant extract
among the screened Salvia plants [18]. Isolated abietane diterpenoids have been
previously tested against a panel of cancer cell line, through collaborative work
with Professor Pezzuto’s group [19]. Particularly demethylcryptojaponol, 6-
hydroxysalvinolone and taxodione were found to be highly active against A2780
human ovarian cell lines, as observed in Fig. 6.5. It is noteworthy that cryptojaponol
was inactive while its natural demethylated analogue demethylcryptojaponol
showed the highest activity. In fact, 6-hydroxysalvinolone and taxodione have been
previously found to be active against different cancer cell lines [19]. As a result,
among investigated Salvia species, particularly the diterpenic constituents of
S. hypargeia, S. kronenburgii, and S. staminea showed promising ovarian cytotoxic
activity (Table 6.3).
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[ICs, = 18.8 ug/mL]

‘s
7/,
Yy

6,7,11-trihydroxy-12-oxo-abieta-5,7,9,13-tetraen

OH

6-hydroxysalvinolone (14-deoxycoleon U)
[ICsy = 3.9 ug/mL]
OH
HO HOOC
4 O

~ 9] P

% 2o OH
demethylcryptojaponol
[ICso = 1.2 ug/mlL]

OCH,

salvicanaric acid

[ICs9 = 15.0 pg/mL]

%,
e
cryptojaponol (5)
[ICso = 34.2 pug/mL]

taxodione (6)
species with cytotoxicity against the A2780 cell line

[ICs, = 9.0 pg/mL]

Fig. 6.5 Formulae of the isolated diterpenes from S. hypargeia and from some other Salvia
15.6 ug/mL).

A series ent-kaurane diterpenoids isolated from Sideritis species were tested

against A2780 ovarian cancer cell lines, and 7-epicandicandiol (Fig. 6.6) showed
the highest cytotoxic potential with IC,; = 9.0 ug/mL, and sidol followed it (IC =

G. Topgu et al
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O
6}
costunolide gazaniolide santamarine
[IC5=4.9 ug/mlL] [IC5p=4.2 ng/mlL] [IC50=9.4 ug/mlL]
OH
O
(0] (0]
6} O
11,13-dehydrosantonin reynosin spirafolide
[IC5y=6.6 ug/mL] [ICsy=13.5 ug/mlL] [IC50=4 png/mlL]

Fig. 6.7 Sesquiterpene lactones isolated from the fruits of Laurus nobilis L

Among all screened plant extracts against A2780 human ovarian cell lines, some
Salvia extracts above mentioned, Laurus nobilis fruit extract [20] and Eucalyptus
camaldulensis extracts showed meaningful activity (Table 6.5). Since the cytotoxic-
ity of these extracts were found to be more active against human ovarian cell lines
than the activity against the three yeasts through DNA damaging, the fractionation
and then isolation of pure compounds of the extracts were directed to A2780 ovar-
ian cytotoxic activity search [16].

From the fruits’ extracts of L. nobilis, costunolide, santamarin, reynosin, gaza-
niolide, 11,13-dehydrosantonin and spirafolide were isolated as known sesquiter-
pene lactones (Fig. 6.7). The dichloromethane fraction also afforded a new
sesquiterpene, named lauroxepine, which had oxepine type sesquiterpene structure
as an derivative of spirafolide [20]. However, its activity was the least (IC, = 34.6
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Fig. 6.8 Euglobal Ia, (IC, = 11.0 ug/mL)

ug/mL) while its lactone analogue spirafolide (IC, ) = 4 ug/mL) showed the highest
activity. It should be considered that the lack of lactone moiety caused a decrease
in the potential cytotoxic activity of the compound.

From Eucalyptus camaldulensis Dehnh. hexane and dichloromethane extracts, a
series macrocarpals (phloroglucinol derivatives), several triterpenoids and a few
sesquiterpenes have been isolated, they almost all showed moderate ovarian cyto-
toxic activity [21]. Structure elucidation studies on the isolated macrocarpals are
going to be completed, Euglobal Ia, (Fig. 6.8) appeared as the most abundant mac-
rocarpal in the extract. It has been previously isolated as one of granulation-inhibiting
principles of Eucalyptus globulus Labill. [22].

Experimental

Bioactivity-Guided Fractionation, Isolation and Purification
of the Compounds from Plants

Considering sustainability of the environment, only 100-200 g of each plant was
collected in their flowering season, mostly in May—August, and they were dried.
Their voucher specimen were deposited in either Herbarium of Faculty of Pharmacy,
Anadolu University or deposited in special collection of Dr. Tuncay Dirmenci,
Faculty of Art and Sciences, Balikesir University, Turkey. In general, their direct
methanol extracts were prepared by maceration. Occasionally, some plants are
treated with dichloromethane or acetone, directly, instead of methanol. After prepa-
ration of the extracts, they were screened for their DNA damaging activity potential
(Table 6.1). The assays were carried out against three yeasts, namely RS321NYCp50
grown on galactose (YCp50Gal), RS321NpRADS52 grown on galactose (RAD52Gal)
and RS321NpRADS5?2 on glucose (RAD52Glu).

If the crude methanol extracts were found active, they immediately re-collected
from the same location in larger amounts. Their methanol extracts were screened
once again, and active ones were dissolved in a small volume of MeOH-H,0O (1:1)
and partitioned against hexane and then dichloromethane (in some cases, final
partition was carried out with either ethylacetate or buthanol).
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Chromatographic and Instrumental Analyses

Optical rotations were determined on a Opt. Act. Ltd. AA-5 polarimeter. The IR
spectra were recorded on Perkin Elmer 983 (in CHCl,), and UV on a Varian DMS
90 or Shimadzu-1601 spectrophotometers (in MeOH or CHCI,), in general. The
NMR ('H, "*C BB, APT, DEPT, HETCOR, COLOC, HMQC, HMBC) spectra were
recorded on either a Bruker 200 MHz or a Varian 400 MHz, or Jeol Eclipse 500
MHz NMR spectrometer and mostly in CDCI,. In some cases, especially some 2D
NMR experiments were carried out by using different NMR spectrometers in
Turkey or USA (Virginia Polytechnic Institute and State University, Department of
Chemistry, NMR Labs). TMS was used as an internal standard and chemical shifts
were given as & (ppm), and the coupling constants (J) were reported as Hz. The
mass measurements were carried out either USA or Turkey by using different spec-
trometers, especially in MRC at TUBITAK, Gebze. Column chromatography (CC)
was carried out on Silica gel (Kieselgel 60, 0063—0.200 mm, Art. 7734, Merck) and
Sephadex LH-20 (Pharmacia) filled columns, for flash chromatography Silica gel
Merck 660 (230—400 mesh), for preparative TLC, Kieselgel 60 F,., (0.5 mm thickness,
Art. 5554, Merck) plates were used, and visualized with UV light and sprayed with
seric sulphate reagent [serium (IV) sulphate in aqueous methanol] and heated.

DNA Damaging Assay

The yeast based dose response microtiter assay, was carried out according to
McBrien et al. [16]. The bioactivity of the samples was evaluated throughout the
fractionation using RS321N, pRADS52 and RS321NYCp50 genetically engineered
Saccharomyces cerevisae yeast strains. Growth inhibition was determined using a
microplate assay in which the RS321NpRADS?2 strain was seeded individually in
minimal media (Difco) plus glucose and galactose (respectively),and RS32 INYCp50
was seeded in minimal media plus galactose. Samples were dissolved in 10%
DMSO and transferred to the seeded microtiter wells at a 1:10 dilution, for a final
testing concentration of 100 ug/mL. Microtiter plates were incubated at 28°C for
48-72 hours, or until an optimum optical density of 0.15-0.25 was reached. Growth
inhibition was elucidated using a linear regression analysis of the dose response
scheme, and activity was reported in terms of an ICSO value, which is the concentra-
tion (ug/mL) necessary to produce 50% cell inhibition. Streptonigrin at 0.001 pg/
mL and etoposide at 20 pug/mL were both used as positive controls for the
RS321NpRADS52 and RS321NYCp50 strains.

A2780 Ovarian Cancer Cytotoxicity Assay
It was carried out according to Schwikkard et al. [9] and Actinomycin D was used

as a positive control [16]. Cytotoxicity was determined against A2780 human ovarian
cancer cells, using a microtiter plate assay. The plates were seeded with cells and
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the compounds (dissolved in 1:1 DMSO:H,0) were added to the cells at specific
concentrations. The plates were incubated at 37°C and 5% CO, for 48 hours. Then
Alamar Blue (Biosource International) was added to the cells and the plates were
incubated for 3 hours. During this time the Alamar Blue is taken up by the live cells
and reduced. The reduced form of Alamar Blue is stable and fluorescent. The
fluorescence of each well in the plate was measured. The fluorescence is directly
proportional to the percent inhibition of the growth of the cells. The IC, value is
determined by plotting the data on a dose response curve of percent inhibition
versus concentration. The IC, value is defined as the concentration of sample nec-
essary to produce 50% inhibition of the growth of the cells. The smaller the IC,,
value the more active the compound.

Conclusions

Application of a mechanism-based anticancer bioassay employing DNA repair- or
recombination-deficient mutants of the yeast Saccharomyces cerevisiae for
screening and subsequent bioassay-guided fractionation of bioactive higher plants
led to the isolation of a variety of natural products with potential anticancer
activity, but with a limited number extracts and compounds, namely Ajuga postii
extract and its iridoid glycoside reptoside along with Juniperus excelsa, Laurus
nobilis and Eucalyptus camaldulensis and a few Salvia extracts including
S. hypargeia, S. kronenburgii, S. staminea, S. triloba. It can conclude that, this
DNA damaging assay may need modification technically to be in place for
following up primary screen hits and for selecting extracts as candidates for
fractionation, isolation and structure elucidation of active compounds. Among the
tested extracts, Salvia triloba L. and Chenopodium murale L. methanol extracts
showed high inhibition percentages, almost 100% against all the three yeasts
(over 98%) indicating that both plant extracts are promising antifungal agents,
and additional tests are necessary to prove this action. Their fractionation and
isolation studies are initiated, but have not been yet completed. Besides the DNA
damaging microtiter assay, the extracts were subjected to screen of their ovarian
cytotoxic activity. Interestingly, only several extracts were found to be active in
both tests and most of them didn’t showed any meaningful DNA damaging activity,
therefore the phenomenone of this assay is reconsidered and might be modified.
A2780 human ovarian cytotoxicity assays resulted in finding more than 15 active
compounds, the most active ones being two abietane diterpenes demethylcrypto-
japonol and 6-hydroxysalvinolone (=14-deoxycoleon U) and a few sesquiterpene
lactones spirafolide, costunolide and gazaniolide.
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Chapter 7
Chamomile Biodiversity of the Essential Oil
Qualitative-Quantitative Characteristics

Ivan Salamon

Abstract Biosynthesis of the special metabolite in ecological system is presented
the unique and specific metabolite process, which is placed under general biomass
production periodicity of plant. Each plant species has own specific limiting bound-
aries. There are presented its tolerance to influence of eco-physiological conditions.
Extend of this tolerance is called the species ecological amplitude. Chamomile
plants, Matricaria recutita L., have very wide ecological amplitude and this spe-
cies geographical occurrence in practical all over the world. Plant habitat and the
creation of secondary metabolites in plants are depended on the endogenous and
exogenous factors, which can be divided in two groups: (a) morpho-ontogenetic
variability, (b) genetic variability respectively genetic determination [1]. In chamo-
mile plant habitat (diploid) is not possible to determinate any principal differences
among plants. Impulse for the totally new valuation of the research and development
has become if the identification of four chief chemical types of chamomile different
by the qualitative — quantitative composition of chemical compounds (sesquiterpe-
nes) in the essential oil was carried out [2]. This very important fact was referred
to chamomile biodiversity. This biodiversity was created during long time process
(evolution) in regard to influence of eco-physiological conditions (biotic- and abi-
otic- factors) on the concrete place of chamomile population growth. Contribution
presents the results of the chamomile essential oil qualitative-quantitative charac-
teristics of chemo types which are originated from various geographical parts of the
world (Slovakia, Ukraine, Poland, Egypt, Malta and Crimea). Nowadays the centre
of attention is being devoted to cultivation, breeding (tetraploid plants) and seed
production of this special crop [3].

Keywords Biodiversity, /-/-a-bisabolol, /-/-a-bisabololoxide A and B, chamazu-
lene, chamomile, chemo types, essential oil, sesquiterpenes
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Introduction

Chamomile, Matricaria recutita L., is generally known as a weed — a weed with
curative power. A medicinal plant, with a history going back to the time of Egyptian
pharaohs, is used in phytotherapy today and unequivocally will be used tomorrow.

Chamomile is the most favorite and most used medicinal plant species in
Slovakia. A very old folk saying in Slovakia says: “An individual should always bow
before the curative powers of the chamomile flower tea”. This respect resulted from
hundreds of years experience in using it as a cure in folk medicine in this country.

About 120 chemical constituents have been identified in chamomile as secondary
metabolites, including 28 terpenoids, 36 flavonoids and 52 additional compounds
[4]. A substantial part of drug effects are determined by the essential oil content.
Oil is collected from flower heads, either by steam distillation or solvent extraction,
for yields of 0.24-1.90% of fresh or dry plant tissue. Among the essential oil constit-
uents the most active are /-/-a-bisabolol and chamazulene. /-/-a-bisabolol has
demonstrated anti-inflammatory, antispasmodic, antimicrobial, antiulcer, sedative
and CNS activity. Chamazulene is also anti-inflammatory. Topical applications of
chamomile preparation have shown benefit in the treatment of eczema, dermatitis and
ulceration [5].

Material and Methods

Plants. Plant material, chamomile anthodia (42 different samples), was collected
from natural sites (together 30 localities) in the East-Slovakian Lowland during
four years (1995, 1996, 1997 and 1998). The dry flower heads were obtained from
additional localities (Ukraine, Poland, Egypt, and Malta abroad Crimea) abroad in
1995, 1997, 1998, 2002, 2004 and 2005.

Flower chamomile drug (Chamomilae Flos) were dried in shielded room under
laboratory standard temperature.

Steam distillation. Chamomile essential oil was isolated by steam distillation.
Hydro distillation lasted for 2 h into n-hexane, sample weights were 2 g of dry
drug matter. The modified distillation apparatus by Coocking and Middleton was
used [6].

Chromatography. Compounds of essential oil were determined by the means
HEWLETT —PACKARD 5890 Series II system, with capillary column HP-5, FID
detector, Split-split less system for injection and automatic injector HP 7673.

The operating conditions were: injection temperature 150°C, detector temperature
250°C, carrier gas nitrogen. Sample sizes were used 1.0 pl and manual type of injection.

Composition of Chamomile essential oil was determined by capillary GC analysis:
Hewlett-Packard 5890 Series II with FID and Split-split less system for injection.
The column was used HP-5 (50 m long x 0.20 mm i.d.). The following temperature
program was used: 90°C (0 min), then 10°C min"'-150°C (5 min), then 5°C min'-
180°C (3 min), then 7°C min™ to finally isothermal 280°C for 25 min; nitrogen was
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used as carrier gas. Detector temperature 250°C, carrier gas nitrogen (flow velocity
274 mm s7), auxiliary gases were nitrogen (30 ml min), hydrogen (30 ml min™),
air (400 ml min™).

Peak areas and retention times were measured by electronic integration with a
Hewlett-Packard 3396 Series II integrator.

Compound identification. Determination of major components of essential oil
was realized on the basis of use of standard compounds (/-/-a-bisabolol, chamazu-
lene, cis-/trans-en-in-dicycloether and /-/-a-bisabololoxide A and B). Qualitative
identification of selected components was carried out by the comparison the reten-
tion times of all detected components with retention time of standard compounds.

Results are presented in the percentage. Percentage of single chromatographic
peak areas was measured on the basis of area of the single peaks to the total peak
area ratio. Selected results were statistically evaluated using a t-test at the 0.05
level. The intervals of significance are presented in tables.

Results and Discussion

In a natural ecosystem, plant species separated on the basis of their secondary product
contribute to the development or modification of the existing ecological balance. However,
for a full understanding of their production processes, a detail analysis of the occurrences,
and the possible exact circumscription of their role in the phytocenosis, as revealed by
studies on geographical distribution of the secondary products, is required [7].

One part of production of the Slovak chamomile is collecting of the free growing
plants originated approximately till the half of the 1950s, when large-scale cultiva-
tion began to be introduced. Chamomile can be found in the secondary plant com-
munities in the East-Slovakian Lowland, such as trodden societies on dry and moist
soils, weed and dump societies. There was large — scale monitoring of chamomile
gene pool realized from the species identification of wild — grown population
chemo types in 1995-1998 in the East Slovakian Lowland.

The percentage of essential oil content in dry chamomile flower-heads and its quali-
tative and quantitative characteristics, which were determined by the GC-analysis are pre-
sented in comprehensive Table 7.1. Percentage contents of the essential oil from
chamomile flower anthodia were ranging 0.63 = 0.19 over the whole examined samples.

Table 7.1 presents essential oil composition of dry chamomile flowers from indi-
vidual natural sites and years of their collection in the East-Slovakian Lowland.

The highest contents of /-/-a-bisabololoxide A (39.9 + 7.5%) and /-/-a-bisabo-
loloxide B (9.75 + 4.20%) are typical for chamomile plants, which flower anthodia
were collected in various places in the East-Slovakian Lowland. In regard to fol-
lowing sesquiterpenes, the chamomile anthodia contain /-/-a-bisabolol (5.09 +
1.55%) and chamazulene (7.65 = 3.90%).

Chamomile widely spread in the Ukrainian Carpathians, is a popularly known
medicinal herb. In nature, it is predominantly found in fields, meadows, gardens,
along the roads growing as weeds, and sometimes forming dense stands. This
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Table 7.1 Essential oil content and its composition of dry chamomile flowers from natural sites
in the East-Slovakian Lowland

Localities on the East- Essential Basic composition of essential oil (%)
Slovakian Lowland Oil (%) Fa Bo Ch BoA
Michalovce 0.55-0.91 1.2-6.1 2.6-6.8 6.3-7.5 28.9-40.4
(°95,796,97,98)
Vojany (95, ‘96, 0.40-0.71 5.3-10.5 3.4-6.1 5.0-9.1 39.8-48.4
97, ‘98)
Vysokd n/Uhom 0.75-0.96 8.1-13.2 4.4-6.8 4.4-10.1 38.5-48.9
(95, ‘96, ‘97)
Vybuchanec (95, ‘96)  0.52-0.97 6.0-6.1 6,6-6,7 54-5.5 43.1-43.6
Trebisov (‘96,"97) 0.50-0.60 11.7-13.6 2.9-3.0 10.1-10.2  36.1-42.5
Vel’ké Raskovce (‘97,°98) 0.65-0.70 4.2-18.0 3.2-3.5 6.9-10.1 33.1-37.8
KriSovska Lieskova 0.53-0.90 4.0-12.2 2.5-6.6 3.8-4.0 36.7-42.2
(96,'98)
Bajany (95, ‘98) 0.60-0.74 1.5-3.2 3.8-5.1 4.7-7.4 32.8-52.9
Nizny Hrabovec (‘95) 0.61 3.8 4.9 10.8 34.6
Vranov nad Topl'ou (‘95) 0.82 4.1 5.2 7.6 48.3
Moravany (‘95) 0.93 4.6 9.6 9.9 37.9
Sirnik (‘95) 0.86 4.0 6.2 10.6 40.0
Malé Raskovce (‘96) 0.63 9.9 4.8 10.2 36.2
Rakovec nad Ondavou 0.92 8.0 5.0 11.0 42.3
(°96)
Cierne Pole (‘96) 0.72 8.3 4.5 9.8 43.8
Tibava (96) 0.85 12.6 5.1 9.0 36.8
Stretava (‘96) 0.60 2.9 7.7 10.8 45.6
Besa (‘96) 0.62 74 6.0 8.3 45.3
Velké KapusSany (‘96) 0.55 7.9 6.9 6.9 48.7
Zaluzice (‘97) 0.75 15.5 5.2 4.4 33.9
Pavlovce nad 0.60 15.2 6.8 6.3 41.6
Uhom (‘97)
Pozdisovce (‘97) 0.30 17.2 6.8 5.8 26.6
Bracovce (‘97) 0.74 16.1 4.7 6.9 36.2
Malcice (‘97) 0.82 15.9 24 8.9 30.2
Trhoviste (‘97) 0.90 15.7 5.1 6.2 38.6
Vojcice (‘98) 0.97 2.10 5,1 7.6 42.8
Novosad (‘98) 0.70 1.5 4.0 12.0 39.9
Hran (‘98 ) 0.60 2.9 5.5 9.5 35.8
Zemplinska Bran¢ (‘98) 0.50 0.4 32 7.7 49.2

Fa — farnesene, Bo — /-/-a-bisabolol, Ch — chamazulene, BoA — /-/-a-bisabololoxide A

plant species grows very frequently at abandoned disposal tips, from where the
local population usually collects it for medicinal purposes. In Transcarpathia, it
comes into flower in the 20th of May — beginning of June; mass flowering and,
consequently, bulk collection takes place in the 1st half of June.

Flowers have a highest /-/-a-bisabololoxide A content, about 41% (Table 7.2).
The pharmaceutically effective components (/-/-a-bisabolol and chamazulene) have
a lower representation.

Chamomile has long been one of the very important medicinal plants collected
and cultivated in Poland. A comparison of essential oil yields from the four Polish
samples indicates the lowest essential oil content, about 0.3%, in the chamomile
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Table 7.2 Quality of essential oil from the chamomile population in
Transcarpathia region

Fa BoB BnA Bo Ch BoA Dc

Beregovo Rajon
(locality, 2005) % in essential oil -cis -trans

Velikaja Bakta 29 134 6.1 75 103 415 73 22

Fa — trans-f-farnesene, BoB — /-/-a-bisabololoxide B, BnA — /-/-0i-bisabolon-
oxide A, Bo —/-/-0i- bisabolol, Ch — chamazulene, BoA — /-/-o-bisabololoxide
A, Dc — en-in-dicycloethers

Table 7.3 Contents (%) of main components in chamomile anthodia from Poland
Areas near Lublin (Poland, 2004)

Composition of

essential oil (%) Sample no. 1 Sample no. 2 Sample no. 3 Sample no. 4
/-/-o-bisabolol 171 202 171 181
Chamazulene 15«1 16 +2 15«1 17+1
/-I-o-bisabololoxide A 15+ 1 162 15+2 17+1
/-/-o-bisabololoxide B 25 +2 28+2 23+2 272
En-in-dicycloethers 3+0.5 2+0.5 25+05 1,5+0.5
B-farnesene 101 10+1 101 10+1

Table 7.4 Quality of essential oil from the Egyptian chamomile
cultivation (1997/1998)

E . Fa BoB BnA Bo Ch BoA Dc
gyptian
localities % in essential oil -cis  -trans

El Fayoum 18.2 49 9.8 55 20 40.1 97 13
Beni Suef 5.1 2.7 8.7 24 1.7 507 87 15

El Tahrir 3.5 24 7.3 11.2 2.0 51.1 59 21

Sahra

ElGiza 24 1.6 27 36 26 682 7.6 1.8

Fa — trans-B-farnesene, BoB — /-/-0- bisabololoxide B, BnA — /-/-a-
bisabolonoxide A, Bo — /-/-0i- bisabolol, Ch — chamazulene, BoA — /-
/-o-bisabololoxide A, Dc — en-in-dicycloethers

tubular flowers. One of the reasons is certainly ontogenetically stage of flower
development. The flower heads were in full bloom with a beginning of seed crea-
tion. The high content of /-/- a-bisabololoxide B and A is characteristic to the
Polish chamomile samples (Table 7.3). The higher part of chamazulene among
other components is given a value for this raw material. The high content of chama-
zulene in the essential oil (15-20%) was presented by Seidler-Lozykowska [8].
One from very important exporter in the world of the chamomile flowers is
Egypt. The possibility to visit some chamomile production areas in this African
country occured several times in 1997 and 1998. Chamomile flowers from different
Egyptian areas have a highest /-/-o-bisabololoxide content, from 40.1% to 68.2%
(Table 7.4). The pharmaceutically effective components (/-/-a-bisabolol and
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chamazulene) have very low representation. It is great pity that a cultivar or variety
with the high content of bisabolol and chamazulene has not been yet introduced and
a claim “for the future it is important to use selected seeds that yield flowers with
a high percentage of azule” [9] remains in force a very long time.

In regard to the sesquiterpenes, original forms mostly show bisabololoxides.
A form rich in /-/-a-bisabolol could be found in Spain /Catalonia/. The first time this
proclamation was given was in 1973 [10], much earlier. Unfortunately the sufficient
documentation material or scientific paper is not enduring. It is not suitable to com-
ment at this time. The endemically, local and isolate chamomile population could be
a type rich in /-/-a-bisabolol. The evidence is presented in Table 7.5. The chamomile
genetically investigations are clear: /-/-a-bisabolol is inherited recessively and the
formation of /-/-a-bisabololoxide A and B is dominant over one [11].

Impulse for the valuation of the chamomile collection has become if the identi-
fication of four chemical types of this plant species different by the qualitative —
quantitative composition of chemical compounds in the essential oil was carried out
by Schilcher in 1987 (Table 7.6). This very important fact was referred to chamo-
mile biodiversity. This biodiversity was created during long time process (evolu-
tion)inregardtoinfluenceofeco-physiological conditions (biotic-and abiotic-factors)
on the concrete place of chamomile population growth.

The results of qualitative-quantitative characteristics of chamomile essential oil
from Slovakia, Ukraine and Egypt are showed there is the chemo type B of chamo-
mile population. The results of two chamomile essential oil samples without any

Table 7.5 The /-/-a- bisabolol chamomile from two European Isles

Fa BoB BnA Bo Ch BoA Dc

% in essential oil -cis  -trans

Malta/1995/ 6.3 1.1  Trace 673 09 1.1 88 13
Crimea/2002/ 43 1.2 Trace 686 18 12 79 1.7

Fa — Trans-a-farnesene, BoB — /-/-a-bisabololoxide B, BnA — /-/-o-
bisabolonoxide A, Bo — /-/- - bisabolol, Ch — chamazulene, BoA — /-/-
a-bisabololoxide A, Dc — en-in-dicycloethers

Table 7.6 Four basic chemotypes of chamomile in regard to composition of main components
(%) in essential oil [12]

Type A Type B Type C  Type D
o-bisabololoxide A 4.74-15.68 31.07-52.25 2.13-18.50 9.62-25.83
o-bisabolol 4.37-15.41 8.81-12.92 24.18-77.21  8.49-19.58
o-bisabololoxide B 22.43-58.85 5.27-8.79 3.17-34.46 10.43-24.20
En-yn-dicycloethers 2.61-11.27 4.08-9.90 1.92-12.00 5.51-10.68
Chamazulene 2.70-17.69 5.40-7.95 1.45-14.90 1.91-7.89
Type A a-bisabololoxide B >a-bisabololoxide A >a-bisabolol
Type B a-bisabololoxide A >a-bisabololoxide B >a-bisabolol
Type C a-bisabolol >a-bisabololoxide B >a-bisabololoxide A

Type D a-bisabololoxide B ~a-bisabololoxide A =a.-bisabolol
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color are determined the chemo type C on islands: Malta and Crimea. The Polish
chamomile belongs to chemo type D.

The chemo type A is typical for chamomile with a high /-/-a-bisabololoxide B
content of Argentine origin [13].

This fact was very important in these parts of the world where parts diploid
chamomile population characterised by high content of bisabololoxide constituents
occurred in large quantities. In regard to this observation began very intensive plant
breeding program considering the flower anthodia yield, essential oil production
and chamazulene and /-/-a-bisabolol content (an active components with the most
precious pharmacological characteristics). Nowadays the centre of attention is
being devoted to cultivation, breeding (tetraploid plants) and seed production of this
special crop [3].

Chamomile is a very tolerant plant. It grows on areas with different soil and
climate characteristics. The plants prefer a light and need intensive sunlight for
their growth. They usually have a short vegetation period (90-100 days). Plant
habitat is depended on the endogenous and exogenous factors, which can be
divided in two groups: (a) morpho-ontogenetic variability, (b) genetic variabil-
ity respectively genetic determination in order to diploid or tetraploid plants
[1]. The evident range of ecological amplitude of chamomile species gives to
the chamomile property to adapt to the less sufficient soil-climatic conditions
[14]. Morphological variability is very extensive in the chamomile species. The
morphological characteristics of chamomile plants are not stable and have
direct connection to physio-ecological background of the plant grow. Therefore
this plant represents suitable material for the study of variability and morpho-
logical variability of features such as plant highness, plant diversity, and bio-
mass production of roots, stems, leaves, flower anthodia and number of the
flower anthodia [15].

Conclusions

Chamomile plants, Matricaria recutita L., have very wide ecological ampli-
tude. Plant habitat and the creation of secondary metabolites (natural products)
in plants are depended on the endogenous and exogenous factors. Impulse for
the totally new valuation of the chamomile research and development has
become if the identification of four chief chemical types of chamomile differ-
ences by the qualitative — quantitative composition of chemical compounds in
the essential oil was carried out in 1973. This very important fact is referred to
chamomile biodiversity. This biodiversity was created during long time process
(evolution) in regard to influence of eco-physiological conditions (biotic- and
abiotic-factors) on the concrete place of chamomile population grows.
Chamomile is a very tolerant plant. The exogenous morphological characteris-
tics of chamomile plants are not stable and have direct connection to physio-
ecological background of the plant growth.
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Chapter 8
Recent Progress on Bioactivity Studies
on Turkish Lycopodium clavatum L.

Ilkay Orhan and Bilge Sener

Abstract In the current presentation, our latest results performed on Lycopodium
clavatum L. the most common species in Turkey, are given in terms of biological
activity, which include antibacterial, antifungal, antiviral, cytotoxic, antioxidant,
anti-inflammatory and immunomodulatory activities of this fern. Antioxidant activity
of the plant was assessed on the basis of the radical scavenging effect of the stable
1,1-diphenyl-2-picrylhydrazyl radical (DPPH) using ELISA microplate reader.
However, all of the extracts had insignificant antiradical effect towards DPPH. For
determination of antibacterial activity, standard and the isolated strains of a number
of bacteria along with standard strains of Candida albicans, and C. parapsilosis for
determination of antifungal activity were employed. All of the extracts possessed
noteworthy activity against ATCC strain of Streptomyces aureus (4 ug/ml), while
the LC extracts showed reasonable antifungal effect. In order to establish the antivi-
ral activity, Herpes simplex virus (HSV) and Parainfluenza-3 virus (PI-3) were used
and maximum cytopathogenic effect (CPE) concentrations as the indicator of anti-
viral activity of the LC extracts were determined. However, we found out that only
the chloroform extract was active against HSV (16-8 ug/ml), while the petroleum
ether and the alkaloid extracts inhibited potently PI-3 (16—4 ug/ml and 32—4 ug/ml,
respectively). Moreover, anti-inflammatory potential of the plant was determined
using acetic acid-induced increase in capillary permeability assessment in mice and
the chloroform extract and the alkaloid fraction displayed marked anti-inflamma-
tory effect at dose of 500 mg/kg. Gas chromatographic-mass spectrophotometric
(GC-MS) analysis of the active fraction pointed out to lycopodine (84.5%) as the
major component.

Keywords Biological activity, clubmoss, Lycopodiaceae, Lycopodium clavatum
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Introduction

From ancient to modern history, traditional plant-based medicines have played an
important role in health care. Traditional medicine has maintained its popularity in
developing countries and has been becoming fashionable in industrialized countries
as well. The Lycopodium genus (Lycopodiaceae) in Turkey is represented by five
species, namely L. alpinum L., L. annotinum L., L. clavatum L., L. complanatum
ssp. chamaecyparissus (A. Br.) Doll, and L. selago L. [1].

Among these species, L. clavatum L. is the most common one in Anatolia,
which has been reported to have a healing effect on wounds and dermatological
diseases including rush in babies in Anatolia and, therefore, called “belly powder”
[2]. In fact, another species of Lycopodium, L. serratum (syn. Huperzia serrata
(Thunb.) Trev.), has been quite reputed in the world for its promising effect against
Alzheimer’s Disease by inhibiting the enzyme called acetylcholinesterase [3, 4].

On this purpose, we aimed to investigate anti-inflammatory, antioxidant, anti-
bacterial, antifungal, and antiviral properties of petroleum ether, chloroform, ethyl
acetate and methanol extracts as well as the alkaloid fraction of Lycopodium clava-
tum L. (LC) from Lycopodiaceae growing in Turkey.

Materials and Methods

Plant Material

The plant material was collected from two different localities in northern Anatolia,
firstly from the vicinity of Oymalitepe village, Yomra town, Trabzon at 600 m alti-
tude (coded as LC-T) and secondly from Bagirankaya plataeu, Ikizdere town, Rize
at 2,000 m altitude (coded as LC-R) in 2001. The identification of the plant samples
was carried out by Dr. Salih Terzioglu from the Department of Forest Botany,
Faculty of Forestry, Karadeniz Technical University, Trabzon, Turkey. The voucher
specimen (GUE 2216) has been deposited at the Herbarium of the Faculty of
Pharmacy of Gazi University, Ankara, Turkey.

Assessment of In Vivo Anti-inflammatory Activity

Effect of the extracts on the increased vascular permeability induced by acetic acid
in mice was determined according to Whittle method with some modifications [5].
Each test sample was administered orally to a group of ten mice, which were male
Swiss albino mice (20-25 g) were purchased from the animal breeding laboratories
of Refik Saydam Central Institute of Health (Ankara, Turkey), in 0.2 m1/20 g body
weight. Thirty minutes after the administration each mice was injected with 0.1 ml
of 4% Evans blue (Sigma, St. Louis, Missouri, USA) in saline solution (i.v.) at the
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tail. Then, 10 min after the i.v. injection of the dye solution, 0.4 ml of 0.5% (v/v)
AcOH was injected i.p. After 20 min, the mice were killed by dislocation of the
neck, and the viscera were exposed and irrigated with distilled water, which was
then poured into 10 ml volumetric flasks through glass wool. Each flask was made
up to 10 ml with distilled water, 0.1 ml of 0.1 N NaOH solution was added to the
flask, and the absorption of the final solution was measured at 590 nm (Beckmann
Dual Spectrometer). In control animals, a mixture of distilled water and 0.5% CMC
were given orally, and they were treated in the same manner as described above.
Indomethacin (CAS 53-86-1) was used as the reference drug.

Bioassay-Guided Fractionation of the Alkaloid Fraction of LC

The alkaloid extract of LC (LC-alk. — 10.7 g), which has been found to be active in
the bioactivity experiment, was firstly applied to silica gel column chromatography
eluting with chloroform (100%), followed by the gradient mixtures of chloroform/
methanol (95:5, 85:15, 70:30, 60:40, 50:50), and chloroform/methanol/water mix-
ture (50:50:10), which afforded 16 fractions in total and then, classified into 5 sub-
fractions (SGa.1&2, SGa.3-11, SGa.12&13, SGa.14, and SGa.15&16). By Whittle
method, SGa.14 and SGa.15&16 were found to be significantly effective (27.3%
and 30.3% inhibition, respectively), which led to further fractionation. SGa.14 (0.5
g) was then submitted to Sephadex LH-20 column which yielded ten fractions and
three subfractions (LHa.1-6, LHa.7-9, and LHa.10). Among them, LHa.7-9 was
found to be active displaying 21.3% inhibition. Sequentially, SGa.15&16 (1.4 g)
was also rechromatographied on Sephadex LH-20 which gave 13 fractions and later
classified into 3 subfractions as LHb.1-5, LHb.6—-8 and LHb.9-13. Out of them,
LHb.6-8 (700 mg), which exhibited 27.5% inhibition, was applied on silica gel
column eluting with chloroform (100%), followed by gradient mixtures of chloro-
form:methanol (90:10, 80:20, 75:25, 70:30, 60:40) and finally ethanol (100%).
Forty-two fractions, which were later combined into 12 subfractions as SGb.1-4,
SGb.5-7, SGb.8, SGb.9-14, SGb.15-23, SGb.24-29, and SGb.39-42, were col-
lected. Among them, SGb.9—-14 exerted significant anti-inflammatory activity with
29.7% inhibition. Consequently, LHa.7-9 obtained from SGa.14 and LHb.9-13
gathered from SGa.15&16 were checked by TLC using the solvent system consist-
ing of chloroform/methanol/water (7:3:0.3) and similar components were identified
in both subfractions.

Statistical Analysis

Data obtained from animal experiments were expressed as mean standard error
(=SEM). Statistical differences between the treatments and the control were
evaluated by ANOVA and Students-Newman-Keuls post-hoc tests. p < 0.05 was
considered to be significant (* p < 0.05; ** p < 0.01; *** p < 0.001).
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Conditions of Gas Chromatography-Mass Spectrometry
(GC-MS) Analysis

Chromatographic analysis was carried out on Agilent 6890N Network GC system
combined with Agilent 5973 Network Mass Selective Detector (GC-MS). The cap-
illary column used was an Agilent 19091N-136 (HP Innowax Capillary; 60.0 m x
0.25 mm x 0.25 wm). Helium was used as carrier gas at a flow rate of 2.4 ml/min
for MS and 2.3 ml/min for FID columns with 1 ul injection volume. Samples were
analyzed with the column started initially 150°C, then increased to 250°C with
5°C/min heating ramp and kept at 250°C for 15 min. The injection was performed
in split mode (20:1). Detector and injector temperatures were 250°C and 250°C,
respectively. Run time was 35 min. MS interface temperature was 280°C. MS scan
range was (m/z): 15-450 atomic mass units (AMU) under electron impact (EI)
ionization (70 eV).

DPPH Free Radical-Scavenging Assay

Antiradical activity of the plant extracts and the reference were assessed on the
basis of the radical scavenging effect of the stable 1,1-diphenyl-2-picrylhydrazyl
radical (DPPH) free radical [6]. The concentration of DPPH was kept as 300 uM.
The extracts and reference were dissolved in DMSO, while the DPPH solution was
prepared in ethanol. Ten microliters of each extract and reference was allowed to
react with 200 ul of stable free radical DPPH at 37°C for 30 min in a 96-well micro-
titer plate. After incubation, decrease in absorption for each solution was measured
at 515 nm using ELISA microplate reader (Spectra MAX-340 Molecular Devices,
USA). The corresponding blank readings were also taken and the remaining DPPH
was calculated. Percent radical scavenging activity by samples was determined in
comparison with a DMSO treated control group. BHA was used as reference.
Inhibition of free radical DPPH in percent (I1%) was calculated in following way:

1% = (1 - Asample/Ablank) x 100, where A is the absorbance of the control reac-
tion (containing all reagents except the test sample), and A is the absorbance of
the extracts/reference.

pls

Microbiological Studies

All of the LC extracts were dissolved in ethanol:hexane (1:1) by using 1% Tween
80 solution at a final concentration of 1,024 ug/ml and sterilized by filtration using
0.22 um Millipore (MA 01730, USA) and used as the stock solutions. Standard
antibacterial powders of ampicillin (AMP, Fako), ofloxacin (OFX, Hoechst Marion
Roussel), and also standard antifungal powders of ketoconazole (KET, Bilim) and
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fluconazole (FLU, Pfizer), were obtained from their respective manufacturers and
dissolved in phosphate buffer solution (AMP, pH: 8.0, 0.1 mol/l), DMSO (KET), in
water (FLU and OFX). The stock solutions of the agents were prepared in medium
according to the NCCLS recommendations [7].

Microorganisms

Standard and the isolated strains of the following bacteria, namely Escherichia coli
(ATCC 35218), Pseudomonas aeruginosa (ATCC 10145), Proteus mirabilis
(ATCC 7002), Klebsiella pneumoniae (RSKK 574), Acinetobacter baumannii
(RSKK 02026), Staphylococcus aureus (ATCC 25923), and Enterococcus faecalis
(ATCC 29212) for determination of antibacterial activity, along with standard
strains of Candida albicans (ATCC 10231) and C. parapsilosis (ATCC 22019)
were used for determination of antifungal activity.

Inoculum Preparation

Mueller-Hinton Broth (Difco) and Mueller-Hinton Agar (Oxoid) were applied for
growing and diluting of the bacteria. Sabouraud liquid medium (Oxoid) and
Sabouraud dextrose agar (SDA) (Oxoid) were applied for growing and diluting of
the fungi. The medium RPMI-1640 with L-glutamine was buffered pH: 7 with
3-[N-morpholino]-propansulfonic acid (MOPS). Prior to the tests, strains of bacteria
and fungi were cultured on media and passaged at least twice to ensure purity and
viability at 35°C for 24-48 h. Culture suspensions were prepared according to the
NCCLS M27-A [11, 12] . The bacterial suspensions used for inoculation were pre-
pared at 10° cfu/ml by diluting fresh cultures at McFarland 0.5 density (108 cfu/ml).
The fungi suspension was prepared by the spectrophotometric method of inoculum
preparation at a final culture suspension of 2.5 x 10* cfu/ml [8].

Antimicrobial Tests

The microdilution method was employed for antibacterial and antifungal activity
tests. Media were placed into each well of the 96 well-microplate. Extract solutions
at 1,024 ug/ml were added into first raw of microplates and twofold dilutions of the
compounds (512-0.25 ng/ml) were made by dispensing the solutions to the remain-
ing wells. Ten microliters of culture suspensions were inoculated into all the wells.
The sealed microplates were incubated at 35°C for 24 and 48 h in humid chamber.
The lowest concentration of the extracts that completely inhibit macroscopic
growth was determined and minimum inhibitory concentrations (MICs) were
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reported. Antimicrobial activity of the oils was tested against two Gram-positive,
five Gram-negative bacteria and two yeast-like fungi, using AMP, OFX, KET, and
FLU as the standards [8-10].

Cytotoxicity and Antiviral Tests

Cell Line and Growth Condition

African green monkey kidney (Vero cell line) and Madin-Darby bovine kidney
(MDBK) used in this study were obtained from Department of Virology, Faculty of
Veterinary, Ankara University (Turkey). The culture of the cells was grown in
Eagle’s Minimal Essential Medium (EMEM) enriched with 10% fetal calf serum
(FCS) (Biochrom, Germany), 100 mg/ml of streptomycin and 100 IU/ml of penicil-
lin in a humidified atmosphere of 5% CO, at 37°C. The cells were harvested using
trypsin solution (Bipco Life Technologies, UK).

Test Viruses

In order to establish the antiviral activity, Herpes simplex virus (HSV) and Para-
influenza-3 virus (PI-3) were used. The test viruses were obtained from Department
of Virology, Faculty of Veterinary, Ankara University (Turkey).

Antiviral Activity

Media (EMEM) were placed into each 96 wells of the microplates (Greiner®,
Germany). Stock solutions of the extracts were added into first raw of microplates
and twofold dilutions of the extracts (512-0.25 ug/ml) were made by dispensing
the solutions to the remaining wells. Twofold dilutions of each material were
obtained according to Log, on the microplates. Acyclovir (Biofarma) and osel-
tamivir (Roche) were used as the references. Strains of HSV and PIV titers were
calculated by the Frey and Liess method as TCID, [11]. They were inoculated
into all the wells. The sealed microplates were incubated in 5% CO, at 37°C for
2 h to detect the possible antiviral activities of the samples. After incubation, 50
ul of the cell suspension of 300,000 cells/ml which were prepared in EMEM +
5% fetal bovine serum was put in each well and the plates were incubated in 5%
CO2 at 37°C for 48 h. After the end of this time, the cells were evaluated using
cell culture microscope (X400), comparing with treated-untreated control cul-
tures and with acyclovir and oseltamivir. Consequently, maximum cytopatho-
genic effect (CPE) concentrations as the indicator of antiviral activities of the
extracts were determined [12].
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Cytotoxicity

The maximum non-toxic concentration (MNTC) of each sample was determined
according to the method described elsewhere based on cellular morphologic altera-
tion [12]. Several concentrations of each sample were placed in contact with con-
fluent cell monolayer and incubated in 5% CO, at 37°C for 48 h. MNTC values
were determined by comparing treated and controlling untreated cultures.

Results and Discussion

Effects of different fractions obtained from LC after solvent partition of the crude
extract on capillary permeability induced by acetic acid in mice are shown in Tables
8.1 and 8.2.

Among the extracts studied, the LC-CHCI, and LC-alk. (the alkaloid fraction) at
500 mg/kg dose provided 24.3% and 32.1% inhibition, respectively. Successive
fractionation of the alkaloid fraction (LC-alk.) by silica gel and Sephadex columns,
the best anti-inflammatory effect was observed in three subfractions as LHb.6-8

Table 8.1 Effect of extracts from LC on increased vascular permeability induced by
acetic acid in mice

Evans blue concentration

Material Dose (mg/kg) (ug/ml) + SEM Inhibition (%)
Control 9.0396 + 0.48

LC-PE 500 7.6667 £ 0.65 152
LC-CHCI, 500 6.8445 + 0.46 24.3*
LC-CHCI, -alk. 500 6.1338 = 0.34 32.1*
LC-EtOAc 500 6.9618 + 0.37 229
LC-MeOH 500 8.1046 + 0.68 10.3
Indomethacin 10 5.0041 £ 0.29 44.6%+*

*p 5 0.05; **p ; 0.01; ***p ; 0.001 significant from control

Table 8.2 Effect of subfractions from LC-CHCI,-alk. on increased vascular
permeability induced by acetic acid in mice

Evans blue concentration

Material Dose (mg/kg)  (ug/ml) + SEM Inhibition (%)
Control 8.3519 £ 0.53

SGa.14 55 6.0692 + 0.48 27.3%
SGa.15&16 156.2 5.8217 £ 0.38 30.3*
LHa.7-9 44.78 6.5766 + 0.04 21.3%
LHb.6-8 196.6 6.0526 + 0.03 27.5%
SGb.9-14 84.88 5.9184 +0.28 29.2%

*p 5 0.05; **p ; 0.01; ***p ; 0.001 significant from control
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and LHa.7-9 and the final one coded as SGb.9-14 were checked by TLC and
analogous components were identified in these subfractions, which were considered
probably to be in charge for the anti-inflammatory activity of the extract (Table
8.2). The prominent components were considered to be alkaloids as they were
turned to orange-color on TLC analysis after being exposed to Dragendorff reagent,
a specific revelator for alkaloids. GC-MS analysis of the active subfraction that we
obtained from the alkaloid fraction of LC demonstrated that lycopodine, an alkaloid
isolated from a few Lycopodium species, was the major alkaloid (84.5%).

Nevertheless, all of the extracts revealed to exhibit of no consequence antioxi-
dant property against DPPH radical at 0.2 mg/ml with the highest inhibition of
44.1% from LC-CHC13-A1k, when compared to BHA, whose inhibition was 92.7%
(Table 8.3).

Results of the antibacterial and antifungal tests are given in Table 8.4. According
to data we obtained from the antibacterial assay, all of the extracts belonging to LC
displayed inhibition against each bacterium used at the same MIC values ranging
between 4-64 ug/ml, whereas to they were observed to be more susceptible against
isolated bacterium strains. The extracts seemed to the most active towards the
ATCC strain of S. aureus (4 ug/ml), while they showed inhibition against the stand-
ard strains of P. mirabilis, K. pneumoniae, A. baumannii, and E. faecalis, as well as
the isolated strain of S. aureus (16 ug/ml).

As for the antifungal tests, LC-CHC13-A1k, LC-EtOAc, and LC-MeOH inhibited
C. albicans and C. parapsilosis (16 ug/ml) moderately but better than LC-PE and
LC-CHCI, (32 ug/ml) (Table 8.4). On the other hand, LC-CHCI, extract exerted
good antiviral effect towards the DNA virus HSV (16-8 ug/ml) with the MNTC of
16 ug/ml, similar to that of acyclovir (16 to <0.25 ug/ml), except for its therapeutic
range of LC-CHCI, was narrower (Table 8.5). As to PI-3, LC-PE and LC-alk exhib-
ited some inhibition (16—4 and 32—4 ug/ml, respectively). In particular, the alkaloid
fraction of LC showed quite similar anti-PI-3 effect and MNTC value to that of
oseltamivir (32 to <0.25 ug/ml). Additionally, LC-PE and LC-CHCI, were more
cytotoxic (32 and 16 ug/ml) as compared to the rest of the extracts. However, LC-
CHCI, and LC-EtOAc were rather cytotoxic on Vero cells (8 ug/ml).

Table 8.3 Antioxidant activity of the LC extracts
against DPPH radical at 0.2 mg/ml

Extracts Inhibition (%)
LC-PE 11.3 + 1.64%%*
LC-CHC], _
LC-CHCI,-Alk 44.1 + 5.94%%*
LC-EtOAc 26.6 = 0.70%**
LC-MeOH 30.3 £ 0.15%**
BHA 92.7+0.21

—: No activity observed
*p 0.05; **p 0.01; ***p 0.001 Significant from control
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Table 8.5 Antiviral assessment of the LC extracts against MDBK and Vero cell lines

MDBK: cells Vero® cells
(ug/ml) (ug/ml)

CPE inhibitory CPE inhibitory

concentration concentration
MNTC HSV MNTC PI-3

Extracts (ug/ml) Maximum  Minimum (ug/ml)  Maximum Minimum

LC-PE 32 - - 16 16 4
LC-CHCI, 16 16 8 8 - -
LC-CHCI-Alk 64 - - 32 32 4
LC-EtOAc 64 - - 8 - -
LC-MeOH 64 - - 64 - -
Acyclovir 16 16 <0.25 - - -

Oseltamivir - - - 32 32 <0.25

MNTC: maximum non-toxic concentration, "CPE: cytopathogenic effect

—: No activity observed

Fig. 8.1 Chemical structure of lycopodine

On the other hand, despite of the divergent bioactivities of plant medicines
against various diseases, active component(s) of the most plant extracts have not
been elucidated well, due to their complex mixtures containing up to hundreds of
different ingredients. Amongst them, alkaloids in assorted skeletal types based on
pyridine ring system have been presented with striking anti-inflammatory activity.
As the Lycopodium genus, from which no anti-inflammatory effect have been
beforehand reported, is known to contain a number of quinolizidine alkaloids,
which have been shown to possess anti-inflammatory activity in several studies
[13—15]. Accordingly, these experimental results point out that the anti-inflamma-
tory activity of the alkaloid fraction of the aerial parts of LC are primarily due to
the alkaloidal components, which might most probably be lycopodine as the
responsible compound (Fig. 8.1).
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L. clavatum was formerly reported to contain various phenolic acids such as
dihydrocaffeic, vanillic, p-hydroxy-benzoic, syringic, p-coumaric, and ferulic acids
[16] and phenolic acids are known to display antimicrobial activity against a variety
of microorganisms [17, 18]. For that reason, the presence of these compounds in
this plant may explain their antibacterial activity. In continuation of this study, we
investigated the LC-alk extract by gas chromatography-mass spectrometry (GC-MS)
in order to elucidate its main alkaloidal constituents of Turkish species of L. clavatum.
Our GC-MS analysis demonstrated that LC-CHCI,-Alk consisted of lycopodine
(mlz 247, 89.7 £ 0.02%), as the major alkaloid, along with dihydrolycopodine (m/z
249, 7.6 £ 0.08%), and lycodine (m/z 242, 2.7 + 0.09%). Existence of all the three
alkaloids were previously reported from L. clavatum of different origins, which is
in consistence with our data [19].

Conclusions

Plant extracts are known to have a quite complex mixture comprised of structurally
diverse components and therefore, high probability of competing or synergistic
interactions within the same extract may exist for any biological activity, which
leads to a starting point for an activity-guided search for active metabolites. In this
case, LC-CHCI,-Alk extract might be considered worthy of advance phytochemical
investigation to find out the active component(s) for its antiviral activity, although
lycopodine, the major alkaloid, seems to be possibly responsible, which needs to be
confirmed. To best of our knowledge, for the first time, we have reported anti-
inflammatory, antioxidant, antibacterial, antifungal, and antiviral activities of
L. clavatum L. and also explaining the alkaloidal content of the Turkish counterpart
of the plant [20-21].
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Chapter 9
Separation and Characterization of the Vanillin
Compound from Soda Lignin

Mohamad Nasir Mohamad Ibrahim', M. Y. Nor Nadiah',
M. S. Norliyana!, and S. Shuib?

Abstract The separation of vanillin from soda lignin that was extracted from black
liquor of oil palm empty fruit bunches (EFB) using 20% sulfuric acid is presented
in this paper. The degradation of soda lignin using alkaline nitrobenzene oxidation
was carried out at 165°C for 3 hours in a2 M NaOH and nitrobenzene solution. One
of the major products obtained from the breakdown of lignin is vanillin. The crys-
tallization process was used as a method to separate vanillin from other compounds.
Based on the solubility of vanillin in acetone, 15 mL of acetone was added to the
residue of the oxidized products. The mixture was slowly heated to 40-50°C for
15 minutes until the vanillin crystalline precipitated. A yield of about 1.6% vanillin
was isolated from 50 mg sample of lignin. The isolated compound was analyzed
utilizing high performance liquid chromatography, Fourier transform infrared spec-
trophotometry (FTIR) and nuclear magnetic resonance ('"H-NMR). The results of
the characterization studies proved that the isolated compound was vanillin.

Keywords Black liquor, crystallization process, oil palm empty fruit bunches,
soda lignin, vanillin

Introduction

The Elaesis guineensis or commonly known as the oil palm was introduced to various
parts of the tropics for its oil producing fruit. It is estimated that 2.28 million
hectares of land is being cultivated with oil palm trees in Malaysia [1]. Besides
producing palm oil, the oil palm industry also generates massive amounts of ligno-
cellulosic residues such as trunks, fronds and empty fruit bunches (EFB). EFB has
been recognized as potentially being an alternative raw material for the paper and
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pulp industry [2—4]. The general objective of this project is to identify a more
efficient way of managing the disposal of lignocellulosic residue and at the same
time transforming the residue into useful products such as lignin.

The main source of lignin in Malaysia is from abroad where it was originally
extracted from pine and acacia trees as a byproduct of the wood and pulp industry.
However, this method is less effective due to foreign currency exchange lost in
importing foreign product [5]. There is a need to search for alternative sources of
lignin that can be derived from waste material and at the same time help to preserve
natural treasures for future generations. One such source is the oil palm empty fruit
bunch (EFB). This is because large amounts of EFB are collected every day at more
than the 300 palm oil processing mills scattered throughout Malaysia.

Lignin is an amorphous polyphenolic material arising from an enzyme-mediated
dehydrogenates polymerization of three major phenylpropanoid monomers, which
are coniferyl, sinapyl and p-coumaryl alcohol [6]. The lignin structural elements are
linked by carbon-carbon and ether bonds to form tri-dimensional network associ-
ated with the hemicelluloses polysaccharides inside the cell wall [7]. Lignin is usu-
ally insoluble in all solvents and can only be degraded by physical or chemical
pulping process at high-temperature and high pressure. The delignification reac-
tions involved the cleavage of non-phenolic 3-O-4 linkage, phenolic a-O-4 linkage
and releasing from the associated by the polysaccharide /8, 9].

Due to the high macromolecular complexity of lignin, lignin need to be degraded
via the oxidation process to monomers, which have lower molecular weight before
they are analyzed. Nitrobenzene oxidation was used as a method to break down the
lignin into monomers before identifying them using high performance liquid chro-
matography (HPLC) analysis.

A previous study [10] reported that eight components were found in degraded
lignin. They are vanillin, syringaldehyde, 4-hydroxybenzaldehyde, syringic acid,
4-hydroxybenzoic acid, vanillic acid, p-coumaric acid and ferulic acid. Among these
8 compounds, vanillin was found to be the major component of soda lignin. Vanillin,
a major component of vanilla, is widely used as an ingredient in food flavors, in
pharmaceuticals and as a fragrance in perfumes and odor-masking products [11].

In this study the percentage of vanillin present in the soda lignin sample will be
determined. Next, the vanillin compound will be separated from soda lignin via
crystallization technique.

Experimental

Material

The oil palm empty fruit bunches (EFB) raw material in this study was supplied by
Sabutek (M) Sdn. Bhd., Teluk Intan, Malaysia, a local company specializing in the
recycling of EFB. The black liquor of EFB was supplied by the School of
Technological Industry, Universiti Sains Malaysia (USM). This study was conducted
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from May 2005 until March 2006 at the School of Chemical Sciences, Universiti
Sains Malaysia (USM).

Extraction of Lignin

The pH of the obtained black liquor was 12.45 and its density 1.02 g/mL. The soda
lignin was then precipitated from the concentrated black liquor by acidifying it to
pH 2 using 20% concentrated sulfuric acid (H,SO,). The precipitated lignin was then
filtered and washed with water adjusted to pH 2 using H,SO,. Then, the soda lignin
was dried in a vacuum oven at 55°C for 24 hours prior to further analysis [12].

Nitrobenzene Oxidation

Nitrobenzene oxidation was carried out by adding 50 mg of dry soda lignin into a
mixture of 7 mL of 2 M NaOH and 4 mL of nitrobenzene in a 15 mL steel autoclave.
Then, the autoclave was heated to 165°C for 3 hours in a preheated thermostat oil
bath. After the autoclave was cooled to room temperature, the mixture was then trans-
ferred to a liquid-liquid extractor for continuous extraction with chloroform (5 x 20 mL)
in order to remove any nitrobenzene reduction product and excess nitrobenzene. The
oxidation mixture was then acidified by concentrated HCI to pH 3—4 and further
extracted with chloroform (5 x 15 mL). The solvent from the second chloroform solu-
tion was then removed using a rotary evaporator at 40°C under reduced pressure in
order to obtain the nitrobenzene oxidation mixture. The mixture was then dissolved
into dicloromethane and made up to 10 mL. This mixture was then used as a stock
solution for high performance liquid chromatography (HPLC) analysis [6].

The nitrobenzene oxidation mixture was analyzed using the HPLC method. 0.2 mL
of the stock solution was pipetted into a 25 mL volumetric flask and acetonitril-
water (1:2 v/v) was added to it. About 20 pL of the sample solution was next injected
into the HPLC system (Shimatzu) equipped with a Hypersil bond C , column (particle
size 5 puL, 25 x 4.6 mm i.d.) to quantitatively determine the vanillin component
while another component was determined qualitatively. Acetonitril-water (1:8) con-
taining 1% acetic acid was used as an eluent with a flow rate of 2 mL/min. The eluent
was then monitored with an UV (ultraviolet) detector at 280 nm [6].

Crystallization Process

The nitrobenzene oxidation product was used in this process [13]. The mixture was
dissolved into acetone and made up to 10 mL. Next, the mixture was heated to 60°C
for 10 minutes using a hot plate. The precipitate was then filtered and washed using
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acetone. Then, the precipitate was analyzed using Fourier transform infra-red
(FT-IR), nucleus magnetic resonance (‘H-NMR) and high performance liquid
chromatography (HPLC).

Results and Discussion

Percentage of Vanillin

The components of lignin obtained are listed in Table 9.1 and labeled alphabetically
in Fig. 9.1. The standard solution for each expected component to be present in
lignin was injected into three different concentrations, 10, 100 and 1,000 ppm. This
was done to ensure that the solution for each similar component at different con-
centrations had the same retention time. From the HPLC chromatogram, six com-
ponents were detected in the soda lignin. They are vanillin, syringaldehyde,
4-hydroxybenzaldehyde, 4-hydroxybenzoic acid, vanillic acid and syringic acid.
From the analysis we found that the concentration of vanillin in 50 mg lignin is
0.8032 ppm or equivalent to 1.6%. Even though there is only a low percentage of
vanillin present in lignin, it is adequate as the research utilize lignin samples from
industrial waste, which is black liquor. Moreover, the research is aimed at produc-
ing new products from items which are commonly treated as a waste.

Separation process via crystallization technique was used to separate vanillin from
other components present in the lignin. The precipitate obtained from this process

Table 9.1 Oxide peak identification in the lignin sample

Peak Retention time (R) Oxide component
A = 8.750 4-Hydroxybenzoic
B =10.383 Vanillic acid
C =10.983 Syringic acid
D =13.192 4-Hydroxybenzaldehyde
E =~16.592 Vanillin
F =19.883 Syringaldehyde
Detecter A (280nm)
00033 o i i o ' oo
Foooe
$ §
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Fig. 9.1 Chromatogram sample of lignin sample
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released an odor akin of the same kind to vanillin. Analysis was done in order to
determine whether the precipitate obtained was vanillin. This involved the use of infra
red (IR) spectrometry analysis in order to determine the functional groups present in
the precipitate. This approach was selected as the precipitate easily formed pellets and
was not destroyed when IR analysis was performed on it. The peaks formed from the
IR analysis were also easier to be traced and observed. Characterization of the functional
for the precipitate sample was performed on the 4,000-400 cm™! frequency range.
The IR spectrum clearly shows the characterization of several main functioning
groups in the vanillin structure. A typical IR spectrum of precipitate sample from the
crystallization process is shown in Fig. 9.2. The strong and broad band at 3,471.25
cm™ is the characteristic of the OH group or the phenolic compound. A part from
this, C-H stretching of the aromatic ring was at the 3,230.12 cm™ band. Yet, the frequency
does not show a very obvious peak. The band at 1,636.19 cm™ corresponds to that
of the carbonyl group (C = O). Stretching bands at 1,399.83cm™ and 1,338.6 cm™ are
characteristic of C-H vibration on the methyl group. While the vibration for C = C
on the aromatic ring is at 692.77 cm™ band [14]. Figure 9.3 depicts the structure of
vanillin (4-hydroxy-3-methoxybenzaldehyde). Thus, the spectrum of precipitate

%T

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Fig. 9.2 IR spectrum of the precipitate sample (believe to be vanillin) from the crystallization
process

OCH;
OH

Fig. 9.3 Structure of vanillin
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product from crystallization was identified as vanillin as the main functioning
groups of the vanillin structure were revealed through the IR analysis.

The precipitate was then analyzed using high performance liquid chromatography
(HPLC) to reaffirm the results as characterized by the IR analysis. The precipitate
was collected and dissolved in an acetone solution with water (1:2 v/v) acting as
the solvent before the analysis was done. Finally, the 1.0 ppm concentrated sample
was injected into a HPLC machine. The chromatogram shows a peak at the reten-
tion time (R ) which is almost the same as the retention time of standard vanillin
with the same concentration. Figure 9.4 presents the HPLC chromatograms of the
vanillin sample and the standard vanillin.

The "H-FT-NMR spectra were obtained from a Bruker Avance 300 operating in
the FT mode at 400 MHz under total proton decoupled conditions. The spectra
were recorded at 40°C from 200 mg sample vanillin dissolved in 1 mL CDCI, after
3,000 scans. A 90° pulse flipping angle, a 26.6 ps pulse width and a 1.74 s acquisi-
tion time were employed. There was no significant difference in the structure of
vanillin precipitated from crystallization process and standard vanillin based on
"H-NMR analysis (Fig. 9.5). Incomplete dissolution of the sample may because of
the unexpected high signal/noise ratio. The peaks show that the chemical shifts for
both of vanillins are very similar.

In conclusion, the HPLC, FT-IR and '"H-FT-NMR analyses confirmed that the
precipitate obtained via the crystallization process was vanillin.

T-0.0004

0.0002

Vaolts.

0.0000

T T T T T T T T T — T
00 25 50 15 100 125 150 175 200 25 250 75 300
Minutes

Precipitate from the crystallization process (1 ppm)

0.0050 - +0,0050
g ] 00025 =
2 00025+ % r
asoo +———fl- -0.0000
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Standard vanillin (1ppm)

Fig. 9.4 The HPLC chromatograms of precipitate from the crystallization process and the stand-
ard vanillin (1 ppm)
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T T T T T T T 1
10 S 8 Z 8 5 4 3 2 1 ppm

Standard vanillin

Precipitate from the crystallization process

Fig. 9.5 1H-NMR spectrums for standard vanillin and sample vanillin percipitate from crystal-
lization process
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Chapter 10

Recent Development of Ring Closing Metathesis
Approach to Bioactive Heterocycles: Synthesis
of Nakadomarin A, Quinolines, and Indoles

Masako Nakagawa!, Mitsuhiro Arisawa?, and Atsushi Nishida®

Abstract Asymmetric total synthesis of marine natural product, nakadomarin A,
is described and as further extension, a novel synthesis of quinoline and indole ring
system by ring closing metathesis is also described.

Keywords Bioactive heterocycles, indols, nakadomarin A, quinolines

Asymmetric Total Synthesis of (-)-Nakadomarin A Route A [1]

We have been interested in the synthesis of nakadomarin A 1 [2], which belongs to
manzamine alkaloids [3] by two different routes (Routes A and B).

We envisioned that if functional group conversions of the key intermediate 1 for
manzamine A to the new tricyclic system 2 followed by oxidative cleavage of the
double bond could take place, then the resulting dialdehyde most probably under-
goes aldol cyclization to form unsaturated aldehyde 3. From 3 the furan ring could
be constructed to give ABCD ring, an advanced key intermediate for nakadomarin A.
Subsequent construction of both 8- and 15-membered azacycles could be performed
by ring-closing metathesis (RCM) (Scheme 10.1).

The key chiral intermediate 4, highly functionalized hydroisoquinoline, was
obtained by a Diels-Alder reaction between siloxydiene 5 and chiral dienophile 6
which was prepared from L-serine [4]. Ruche reduction of enone 4 gave allyl alco-
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Retrosyntesis of Natural Nakadomarin A
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|
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Scheme 10.1 Synthesis of nakadomarin A by Route A

hol 7. When 7 was treated with 6N HCI, spontaneous cyclization took place to give
the desired tricyclic alcohol 8. The stereochemistry of 8 was unambiguously deter-
mined by X-ray crystallographic analysis. Deprotection and protection of 8 gave
the key intermediate 9 for the ring cleavage.

Oxidative cleavage of the double bond of 9 with ozone provided the expected
dialdehyde which was unstable and readily underwent expected aldol condensa-
tion to give the desired aldehyde 10 when treated with N-methylanilinium trif-
luoroacetate [5].

Wittig reaction of 10 with pentyl phosphonium salt in the presence of NaH gave
Z-olefin 11 selectively. Dye-sensitized photooxygenation of 11 proceeded exclu-
sively to give the endoperoxides 12a and 12b in almost quantitative yield as a
roughly 1:1 mixture of two diastereomers.

Both cyclic peroxides 12a and 12b transformed successfully into the furan
derivative 13 in excellent yield when treated with +-BuOK followed by treatment
with 6N HCI [6]. Thus, stereoselective construction of chiral ABCD-ring system,
the central core system of (-)-nakadomarin A was achieved.

Next step is the construction of 8- and 15-membered ring systems by sequen-
tial RCM [7]. Tetracyclic alcohol 13 was converted to 14 by sequential oxida-
tion and Peterson olefination followed by deprotection of the TMS group. After
protection of the amine with a Boc group, the imide carbonyl group was



10 Recent Development of Ring Closing Metathesis Approach 113

reduced to give 15 by sequential reduction with DIBAH and St,SiH/BF, Et,0
[8]. Deprotection of the benzenesulfonyl group of 15 followed by N-acylation
with hexenoyl chloride gave dienyne 17, a precursor for RCM to synthesize
the azocine ring. The RCM of 17 was successfully carried out to give azocine
lactam 18 when the acetylene group was protected as a Cobalt complex and the
second generation Grubbs catalyst was used. On the other hand, the precursor
for the final 15-membered azacycle 21 derived from 19 in three steps was sub-
jected to the final RCM and the desired frame work was readily constructed to
give dilactam (Z)-21 in 26% yield, together with the (E)-isomer. Reduction of
(2)-21 with Red-Al completed the first asymmetric synthesis of (-)-nakad-
omarin A [1] (Scheme 10.1).

The First Total Synthesis of Nakadomarin A Route B [9]

On the other hand, we also planned alternative completely new approach (Route B)
to Nakadomarin A, which involves the spirolactam followed by coupling reaction
with furan derivative and subsequent intramolecular electrophilic substitution reac-
tion of an iminium cation generated from an aminal to give highly functionalized
tetracyclic core system (Scheme 10.3).

For this purpose, the chiral acid (R)-(—)-22 was chosen as the starting material
and converted to the spirolactam 25. Condensation with benzylamine followed by
catalytic dihydroxylation and oxidation gave aldehyde 23.

Wittig olefination of 23 followed by intramolecular Michael addition with DBU
gave the desired spirolactam 25 which was reduced to the alcohol 26 in 54% yield
in eight steps from (R)-22. Deprotection of the ketal 26 with 70% HCIO,, followed
by protection of 27 with THP gave 28, which was readily converted to the enol tri-
flate 29. Suzuki-Miyaura coupling reaction of the enol triflate 29 was carried out
with substituted furan-3-boronic ester 30 to gave the highly functionalized spirol-
actam which was selectively hydrogenated to give 31 as expected from our previ-
ous model study [10].

To construct the ring B, 31 was converted to aminal 34 which was subjected to
our previous model reaction conditions [11]. Thus, treatment of 34 with p-TsOH
followed by deprotection of the THP group gave the expected tetracyclic core product
35, a key intermediate having 3-acetoxypropyl group required for the construction
of 15-membered ring and the hydroxyethyl group for the construction of 8-
membered ring.

The alcohol 35 was converted to 36 by selenation and oxidation and the BOC
group of 36 was in turn replaced with hexenoyl group to give the new diene 37.
Ring closing metathesis of 37 with the second generation Grubbs catalyst 38
provided the expected azocine lactam 39 in 70% yield. Sequential hydrolysis,
oxidation, and Wittig reaction of 39 gave 40 whose structure was unambiguously
confirmed by X-ray crystallography.
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Scheme 10.3 Synthesis of nakadomarin A by Route B

Deprotection followed by N-acylation of 40 gave highly advanced diene 41
which was subjected to the final RCM with 42 and the desired dilactam (-)-(24Z2)-
43 was isolated from the mixture of geometrical isomers (Z/E = ca. 2:3). Reduction
of 43 with Red-Al resulted in the first total synthesis of ent-(+)-nakadomarin A
from the readily available chiral acid 22. The absolute configuration of natural
nakadomarin A was assigned to be R (Scheme 10.4) [9].

<
<

Scheme 10.2 Asymmetric total synthesis of (—)-1.(a) 5 (3.0 eq) neat, 180°C, 1 h, then TFA,
CH,CL,, rt, 52% (diastereomer 35%); (b) NaBH,, CeCl,»7H,0, CH,Cl,/MeOH, -78°C, 98% (dr =
2: l) (c) 6N HCI, benzene, reflux, 1 h, 70%; (d) TBDPSC] 1m1dazole (e) Na/anthracene, DME,
-65°C, 74% (two steps); () O,, CH,Cl,, -78°C, then Me,S, rt; (g) N-methylanilinium trifluoroac-
etate, THF, reflux, 75% (two steps) (h) IPh,PCH,CH, CH CCTMS, NaH, THF, —-78°C to rt, 76%;
(i) O,, halogen lamp, Rose Bengal, CH, Cl /MeOH O°C quant. (12a:12b = 1.2:1); (j) BuOK,
THF, —78°C then 6N HCL, rt, 88% (from 123) tBuOK, THF, —-30°C, then 6N HCI, rt, 69% (from
12b); (k) Dess-Martin oxid., 90%; (1) TMSCH,MgCl, Et,0, rt, 83% (dr = 2:1); (m) BF,*Et,0,
CH,CL, rt; (n) K,CO,, MeOH, 81% (two steps); (0) BocO DMAP, EtN, CH,Cl,, 93%; (p)
DIBAH toluene, —78°C (9) Et,SiH, BF*Et,0, CH,Cl,, 78°C 84% (two qteps) (r) Na/naphthalene
DME, -65°C; (s) 5- hexenoyl chlorlde Et N, CH Cl 92% (two steps); () Co,(CO),, CH,CL,,

91%; (u) Grubbs catalyst A (25 mol%), 1 0 mM CH Cl reflux, 1.5 h, 83%; (v) nBu, SnH ben—
zene, 65°C, 75%; (w) TFA, CH,Cl;; (x) 5-hexenoyl chlorldc EtN, CH,CL,, 92% (two steps); (y)
Grubbs catalyst B (20 mol%), 0 5 mM CH,CL,, reflux, 24 h, Z isomer 26% E isomer 46%; (z)
Red-Al®, toluene, reflux, 92%. TFA = trlfluoroacetlc acid, TBDPS = tert-butyldiphenylsilyl,
DME = 1,2-dimethoxyethane, TMS = trimethylsilyl, Boc = tert-butoxycarbonyl, DMAP = 4-
dimethylaminopyridine, DIBAH = diisobutylaluminium hydride, Red-Al® = sodium bis(2-
methoxyethoxy)aluminium hydride
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Novel Synthesis of Quinolines and Indoles Using Ring
Closing Metathesis

We have been investigating the feasibility of using metathesis to prepare heterocy-
clic compounds such as quinolines and indoles [12] (Scheme 10.5) and its applica-
tion to the synthesis of bioactive natural products [13].

Recently, we found that N-allyl-o-vinylaniline 44 gave 1,2-dihydroquinoline 45 by
normal RCM and developed silyl enol ether-ene metathesis for the novel synthesis
of 4-siloxy-1,2-dihydroquinoline and demonstrated a convenient entry to quinolines
and 1,2,3,4-tetrahydroquinoline [13]. We also have found a novel selective isomeri-
zation of terminal olefin to give the corresponding enamide 46 using ruthenium
carbene catalyst [Ru] and silyl enol ether [14], which represented a new synthetic
route to a series of substituted indoles 47 [12]. We also succeeded an unambiguous
characterization of ruthenium hydride complex [RuH] with N-heterocyclic carbene

2
3 x/ N

Quinolines P
ﬂ Isomerization

c R

RCM
’d e
| | | | | nn
X/ N S N 3 S N_//

p A

Indoles P

Scheme 10.5 Retrosynthesis of quinoline and indole

<

Scheme 10.4 (a) BnNH,, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSC)*HCI, HOBt,
DMF, 91%; (b) cat. OsO,, NMO aq. THF, rt; (¢) NalO,, CH,CL,:H,0 (2:1), rt; (d) Ph,P=CHCO,Et,
CH,Cl,, reflux; (e) DBU EtOH; (f) 2 N NaOH, MeOH (g) AcCl EtOH, 54% (elght steps); (h)
L1BH MeOH, THF, 99%; (i) 70% HCIO,, CH,CL,, rt, 91%; (j) DHP, cat. CSA, 91%; (k) (i)
L1N(TMS) THF, -78°C, (ii) PhNTf,, 87%; (l) 30, PdCl ,(dppf), K,PO,, 80°C, 3 h, 95%; () (i) H,,

10% Pd-C, MeOH, rt, 1.5 h, 71% (Sa H: 8b-H = 1:5.7), (ii) PPTS EtOH (iii) separation of dias-
tereomers, (iv) DHP, cat. CSA, 69%; (n) LiBH,, MeOH, THF, 99%; (o) Li, liq. NH,; (p) PhSO,Cl,
aq. NaHCO,, 80% (two steps); (q) (Boc),0, EtN cat. DMAP, 98%; (r) DIBALH CH/CL, tolu-
ene; (s) Ac, O pyridine, 80% (two steps); (t) p- TsOH CH,Cl;; (u) 1 NHCI, THF, 87% (two steps)
(V) 2- mtrophenylselenocyanate n-Bu,P; (w) mCPBA, aq. K HPO,; (x) TFA, CH,Cl,; (y) 5-hexe-
noic acid, WSCHCI, HOBt, 73% (four steps); (z) 38(20 mol%), CH,CL,, 2 mM, 50°C, 1.5 h; (aa)
2 NNaOH, MeOH, rt, 1.5 h, 64% (two steps); (bb) Dess-Martin periodinane, 80%; (cc) Ph,P=CH,,
72%; (dd) Na, naphthalene; (ee) 5-hexenoic acid, WSC*HCI, HOBt, 77% (two steps); (ff) 42(15
mol%), CH,CL,, 0.5 mM, 50°C, 24 h, 26% (24Z), 44% (24E); (gg) Red-Al, toluene, reflux
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Scheme 10.6 New synthetic route to a series of substituted indoles

(NHC) ligand, which is generated from a second-generation Grubbs catalyst [Ru]
and vinyloxytrimethylsilane and the actual active species for these nonmetathetic
reactions, isomerization of a terminal olefin (Scheme 10.6) [15].

References

—

Ono, K., Nakagawa, M. and Nishida, A., 2004, Angew. Chem. Int.Ed., 43, 2020-2023.

2. Watanabe, D., Tsuda, M. and Kobayashi, J., 1998, J. Nat. Prod., 61, 689—-692.

o

(a), Magnier, E. and Langlois, Y., 1998, Tetrahedron, 54, 6201-6258.

(b) Nishida, A., Nagata, T.and Nakagawa, M., 2006, Top Heterocyl. Chem., 5, 255-280.

Nakagawa, M., Uchida, H., Ono, K., Kimura, Y., Yamabe, M., Watanabe, R., Tsuji, R., Akiba,

M., Terada, Y., Nagaki, D., Ban, S., Miyashita, N., Kano, T., Theeradanonm, C., Hatakeyama,

K., Arisawa, M. and Nishida, A., 2003, Heterocycles, 59, 721.

Gras, J.-L., 1978, Tetrahedron Lett., 19,2111-2114.

Kondo, K. and Matsumoto, M., 1976, Tetrahedron Lett., 17, 4363-4366.

(a) Furstner, A., 2000, Angew. Chem. Int. Ed. Engl., 39, 3012-3043.

(b) Trunka, T. M. and Grubbs, R. H., 2001, Acc. Chem. Res., 34, 18.

(c) Connon, S. J. and Blechert, S.,2003 , Angew. Chem. Int. Ed. Engl., 42, 1900-1923.

(d) Deiters, A. and Martin, S. F., 2004, Chem. Rev., 104, 2199-2238.

(e) Grubbs, R. H., 2004, Tetrahedron, 60, 7117-7140.

(f) Gradillas, A. and Perez-Castells, J., 2006, Angew. Chem. Int. Ed. Engl., 45, 6086-6101.

(g) Handbook of Metathesis (Grubbs, R.H. ed.), 2003, Wily-VCH, Weinheim, Germany, Vols. 1-3.

(a) Hosaka, T., Torisawa, M. and Nakagawa, M. 1997, Tetrahedron Lett., 38, 3535-3538.

(b) Pedregal, C., Ezquerra, J., Escribano, A., Carreno, M. C. and Ruano, J. L. G., 1994, Tetrahedon
Lett., 35, 2053-2056.

Nagata, T., Nakagawa, M. and Nishida, A., 2003, J. Am. Chem. Soc., 125, 7484-7485.



10 Recent Development of Ring Closing Metathesis Approach 119

10. Nagata, T., Nishida, A. and Nakagawa, M., 2001, Tetrahedron Lett., 42, 8345-8349.
11. (a) Miyaura, N. and Suzuki, A., 1995, Chem. Rev., 95, 2457-2483.
(b) Suzuki, A., 1994, Pure Appl. Chem., 66, 213-222.
12.(a) Arisawa, M., Terada, Y., Nakagawa, M. and Nishida, A., 2002, Angew. Chem. Int. Ed.
Engl., 41, 4732-4734.
(b) Arisawa, M., Nishida, A. and Nakagawa, M., 2006, J. Organomet. Chem., 691, 5109-5121.
13. (a) Arisawa, M., Kato, C., Kaneko, H., Nishida, A. and Nakagawa, M., 2000, J. Chem. Soc.,
Perkin Trans., 1, 1873-1876.
(b) Arisawa, M., Theeraladanon, C. H., Nishida, A. and Nakagawa, M., 2001, Tetrahedron Lett.,
42, 8029-8033.
(c) Arisawa, M., Kaneko, H., Nishida, A. and Nakagawa, M., 2002, Perkin Trans., 1, 959-964.
(d) Theeraladanon, C., Arisawa, M., Nishida, A. and Nakagawa, M., 2004, Tetrahedron, 60,
3017-3035.
(e) Theeraladanon, C., Arisawa, M., Nakagawa, M. and Nishida, A., 2005, Tetrahedron Asymm.,
16, 827-831.
14. Arisawa, M., Theeraladanon, C., Nishida, A. and Nakagawa, M., 2001, Tetrahedron Lett., 42,
8029-8033.
15. Arisawa, M., Terada, Y., Nakagawa, M. and Nishida, A., 2006, J. Org. Chem., 71, 4255-4261.



Chapter 11
Effect of Molecular Structure on Polymorphic
Nucleation of BPT Derivatives

Mitsutaka Kitamura and Takayuki Hara

Abstract The effect of the molecular structure in the polymorphic crystallization
was investigated by the rapid cooling method in ethanol solutions using BPT
methyl ester (Me-est: Methyl 2-(3-Cyano-4-(2-methylpropoxy)-phenyl)-4-methyl-
thiazole-5-carboxylate) and BPT propyl ester (Pr-est: Propyl 2-(3-Cyano-4-
(2-methylpropoxy)-phenyl)-4-methyl-thiazole-5-carboxylate). The crystallization
of Me-est resulted in only one crystal form at every initial concentration. On the
other hand, in the crystallization of Pr-est at high initial concentrations, meta-stable
A form first appeared, and after then, the stable B form nucleated and the solution-
mediated transformation occurred. At low initial concentrations the stable form
directly crystallized. Crystallographic analysis indicated that the Me-est crystal is
constructed by stacking the flat sheet of the molecules that are formed by the two
hydrogen bonding between a couple of molecules. Both of the stable and meta-
stable forms of Pr-est are constructed also by stacking the sheet structures of the
molecules. In the meta-stable form no hydrogen bonding was observed in the
crystal, however, the structure of the stable form is stabilized by the hydrogen
bonding through nitrile and carbonyl group. These results indicate that even the
small change in molecular structure give rise to the large difference of the poly-
morphic nucleation behavior and crystal structure. The solvent effect on the
polymorphic nucleation behavior of the Pr-est was also examined. From c-Hxn
solution two polymorphs appeared and the same transformation was observed as
that in EtOH. However, from MeCN solution the stable form directly crystallized.

Keywords BPT derivatives, crystallization, crystallographic analysis, molecular
structure, polymorphic nucleation
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Introduction

Polymorphs and solvated crystals is generally observed in pharmaceutical industry
[1]. The bioavailability, stability, solubility, and morphology of the pharmaceutical
products are very influenced by polymorphs [2-7], therefore the control of the
polymorphic crystallization is very important. The crystallization process of poly-
morphs and solvated crystals is composed of competitive nucleation, growth, and
transformation from a meta-stable form to a stable form [4]. Furthermore, the crys-
tallization behavior is influenced by various controlling factors such as tempera-
ture, supersaturation, additives and solvents [8]. In order to perform the selective
crystallization of the polymorphs, the mechanism of each elementary step in
the crystallization process and the key controlling factor needs to be elucidated [8].
On the other hand, we reported for L-Glutamic acid and L-Histidine system previously
[4] that the nucleation and transformation behaviors of polymorphs depend on the
molecular structures. If the relationship between molecular structure and polymorphic
crystallization behavior is known, the prediction of the polymorphism may become
to be possible for the related compound. However, detail in such relationship is not
clearly understood.

We reported in the previous papers [8, 9] that the effect of the operational factors
such as temperature and solvents on the polymorphic crystallization of a thiazole
derivative —2-(3-Cyano-4-(2-methylpropoxy)-phenyl)-4-methyl-thiazole-5-car-
boxylic acid (BPT) — which is an enzyme inhibitor. In this paper, we synthesized
the esters of BPT and studied the effect of the molecular structure on polymorphic
nucleation systemically, and at the same time we also examined the solvent effect
on the polymorphic nucleation of the ester.

Experimental

Methyl ester (Me-est: Methyl 2-(3-Cyano-4-(2-metylpropoxy)-phenyl)- 4-methyl-
thiazole-5-carboxylate) and propyl ester (Pr-est; Propyl 2-(3-Cyano-4-(2-methyl-
propoxy)-phenyl)-4-methyl-thiazole-5-carboxylate) were synthesized (Fig. 11.1)

N-{ 0-CHj N~{  0-CH,CH,CH3

BPT-methyl ester (Me-est) BPT-propyl ester (Pr-est)

Fig. 11.1 Structure of BPT esters
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and the influence of molecular structure on polymorphic crystallization behaviors
was investigated.

Crystallization was carried out by the rapid cooling method in ethanol (EtOH)
solutions. Various amounts of Me-est and Pr-est crystals were dissolved in ethanol
at 323 K. After the crystals completely dissolved, the solution was rapidly cooled
to 298 K to perform the crystallization. The slurry was sampled at constant intervals
and filtered to separate the crystals from the solution. The concentration of the solution
was measured by a UV spectroscopic method. After drying the separated crystal,
the crystal structure was examined by powder X-ray diffraction (XRD) using the
RINT2200 (Rigaku). The crystal structures were analyzed with a single crystal, by
a Rigaku R-AXIS with Cu-Ka radiation.

The solvent effect was also investigated by the same method using cyclohexane
(c-Hxn) and acetonitrile (MeCN) as solvents.

Results and Discussion

Crystallization Behavior of Me-est from EtOH Solutions

Rapid cooling crystallization of Me-est from ethanol solutions was carried out at
the various initial concentrations. Figure 11.2 shows the changes in the concentration
of the solution during each run. After a decrease in the concentration due to the
crystallization, the concentration attained a constant value. In the case of crystalli-
zation at low initial concentrations, the concentration change was gentler than that

14 Me-ester / EtOH

1
50 100 150 200 250

0.6 !
0
Time[min]

Fig. 11.2 Changes in the concentration of Me-est from ethanol solutions using the rapid cooling
crystallization method
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Fig. 11.3 XRD pattern of a Me-est crystal

in the case of high initial concentrations. This result indicates that the crystalliza-
tion rate at low initial concentrations is lower than that at high initial concentra-
tions. The crystals were analyzed by XRD measurement (Fig. 11.3) and it indicated
that the XRD patterns of the crystals obtained in different initial concentrations are
identical. Thus, no polymorphs were formed in the crystallization of Me-est from
ethanol solutions at every initial concentration.

Crystal Structure of Me-est

The X-ray analysis of a single crystal obtained from an ethanol solution was
performed.

The following data were obtained: space group is triclinic (P-1); a, 6.959(14) A;
b, 7.253(12) A; ¢, 17.90(3) A; a, 81.96(11)°, B, 82.81(7)°; and v, 72.86(9)°. Figure
11.4 shows molecular arrangement (a) and crystal structure (b) of the Me-est. It was
found that the crystal is constructed by stacking sheets of molecules (phenyl and
thiazole rings, and the ester group lie on the same plane). With regard to a couple
of molecules, two hydrogen bondings were observed in the same plane between an
oxygen atom of the carbonyl group and a hydrogen atom in the phenyl ring of
another molecule as shown in Fig. 11.4a (the distance between the two atoms was
observed to be 2.45 A). On this account, nitrile group in the phenyl ring and methyl
groups of the ester and thiazole ring are oriented to outside from a couple of mole-
cules to avoid the repulsion of the groups in each molecules. This results in the cis
position of the methyl groups of the ester and thiazole ring. This hydrogen bond
appears to stabilize the conformation that the methyl group of the ester and the thiazole
ring are located on the same side. Therefore, the crystal is constructed by stacking
a pair of molecules; further, the phenyl and thiazole rings were stacked between the
sheet structures due to the m-m interaction.
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Fig. 11.4 Crystal structure of a Me-est: (a) a coupled molecules; (b) crystal structure

Crystallization Behavior of Pr-est from EtOH Solutions

The crystallization was carried out in EtOH solutions at various initial concentra-
tions. Figure 11.5 shows the changes in the concentration of the solution during
each run. With regard to the crystallization at initial concentrations of 23.3 and 26.0
mmol/l, the two staged concentration decrease was observed. The XRD measure-
ment was done for the crystals sampled at 180 min and 1,250 min (Fig. 11.6a and b).
These results indicate that two polymorphs were crystallized from the EtOH solution.
The two stages in the concentration changes are considered to be due to the
solution-mediated transformation from the meta-stable to the stable form. Thus, the
crystals obtained at 180 min is the meta-stable form, while the crystals obtained at
1,250 min is a stable form. We refer to the meta-stable form as the A form and the
stable one as the B form. At these conditions only the meta-stable A form crystal-
lizes initially, and after then the stable B form nucleates and the solution-mediated
transformation proceeds, i.e. the Ostwald step rule is established. It can be observed
that the A form has the needle-like morphology and the B form has the prismatic
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Fig. 11.5 Changes in the concentration of Pr-est from ethanol solutions using the rapid cooling
crystallization method

4000

E z

- ]

§

k| 2000 g

2000
100 200 300 100 200 300
201 ] 201 ]
a b

Fig. 11.6 XRD pattern of Pr-est crystal: (a) sampled for 180 min (b) sampled for 1,250 min; (at
initial concentrations of 23.3 and 26.0 mmol/l)

shape. Furthermore, the constant concentration value at 18.1 mmol/l shows that the
dissolving rate of the A form is faster than the precipitation rate of the B form.
Therefore, the concentration attained after the first decrease in the concentration
change (18.1 mmol/l) is considered as the solubility of the A form. On the other
hand, the concentration finally attained is the solubility of the B form in EtOH at
298 K (11.6 mmol/l). In the case of crystallization at initial concentrations of 20.2
and 21.2 mmol/l, only the stable form is directly crystallized. This may indicate that
the supersaturation is very influential on the polymorphic crystallization in EtOH
solutions.
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Crystal Structure of Pr-est (A form)

The X-ray analysis of a single crystal with the A form was performed. The following
data was obtained: space group is Cmca; a, 7.1146(8) 10\; b, 33.901(13) 10\; and c,
16.253(3) A. Figure 11.7 shows the molecular conformation (a) and crystal struc-
ture (b) of the A form. In this crystal, the molecules line up on the same plane to
form a sheet structure in the bc face, and the crystal is constructed by stacking the
sheet structures as well as the B form. In the sheet structure, there is no hydrogen
bonding. With regard to the interaction of the inter-sheet structures, the ©-m interaction
seems to exist. However, hydrogen bonding for inter-sheet structures is not
observed. From these results, the A form is formed mainly by the n-m interaction
between the sheet structures.

Crystal Structure of Pr-est (B form)

The X-ray analysis of a single crystal of B form was performed. The following data
was obtained: space group is P2 /a; a, 8.1526(9) A; b, 19.637(3) A; ¢, 12.2979(17)
A; and B, 100.117(5)°.

Figure 11.8 shows the molecular conformation (a) crystal structure (b) of Pr-est
(B form). It is found that the crystal is constructed by stacking the sheets of molecules.
In the same plane, two hydrogen bondings are formed between a couple of

— ;"‘7_"
B = N
'TJ/‘V.-‘_{ ‘-—f)-‘\‘

CW

4
Valalss s 3|

b

Fig. 11.7 Crystal structure of Pr-est (A form): (a) molecular conformation; (b) crystal structure
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Fig. 11.8 Crystal structure of Pr-est (B form): (a) molecules in sheet structure; (b) crystal structure

molecules through the nitrogen atom of the nitrile group and a hydrogen atom in
the phenyl ring of another molecule. In addition, hydrogen bonding between an
oxygen atom of the carbonyl group and a hydrogen atom of the phenyl ring is also
observed in the same plane. Hence, the pairs of molecules are connected with each
other to form the sheet structure. These sheet structures stack due to the n-n interac-
tion. Thus, this crystal is constructed by the hydrogen bonding in the sheet structure
and the - interaction between the sheet structures.

Solvent Effect on the Nucleation Behavior of Pr-est

As described previously in the crystallization from ethanol (EtOH) solutions
A and B polymorphs appeared. However, with kinds of the solvent the polymorphic
nucleation behavior may change. In this section the solvent effect in the nucleation
behavior of Pr-est is shown.

Crystallization of Pr-est from c-Hxn Solutions

Crystallization was carried out from cyclohexane (c-Hxn) solutions. Figure 11.9
shows the concentration changes of the solution during each run. With regard to the
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Fig. 11.9 Change in concentration of Pr-est in the crystallization from c-Hxn solutions

crystallization at high initial concentration (24.3 mmol/l), the two staged concentra-
tion decrease was observed. On the other hand, in the case of crystallization at
lower initial concentrations, the concentration decreased simply. This behavior is
similar to that in EtOH solutions. The XRD measurements of the crystals obtained
at the initial concentration of 24.3 mmol/l indicated that the crystals crystallized at
500 min corresponds to the A form, and that at 1,300 min corresponds to the B
form. This result also indicates that the solution-mediated transformation from A to
B form occurs during the crystallization in the same manner with that in EtOH
solutions. On the other hand, in the case of crystallization at low initial concentra-
tions only the stable form crystallized directly.

Crystallization of Pr-est from MeCN Solutions

Figure 11.10 shows the changes of the Pr-est concentration in acetonitrile (MeCN)
solutions during each run. In this case the simple decrease was observed in the
concentration change and it reached constant values. It was found that the diffraction
patterns of the crystals obtained in all conditions were the same with that of the
stable B form (Fig. 11.6b). Thus, the crystallizations of Pr-est from MeCN solutions
resulted in the same crystal form at every initial concentration.



130 M. Kitamura, T. Hara

6.0

MeCN

1 1 1 1 1 1

0 200 400 600 800 1000 1200

Time [min]

Fig. 11.10 Change in concentration of Pr-est in the crystallization from MeCN solutions

Discussion

In the crystallization of Me-est, only one crystal form crystallized at every initial
condition, while the two forms appeared in the case of Pr-est dependently on the
initial super saturations. The appearance of the two polymorphs in the Pr-est may be
due to the greater conformational flexibility of the propyl group as compared to the
methyl group. In the case of Me-est, strong hydrogen bonding between the carbonyl
group and hydrogen atom in phenyl ring results in a pair molecule. The nitrile group
in the phenyl ring, methyl group in the thiazole ring, and the methyl group in ester
take the positions outside of the pair molecules to avoid the contact. In the case of
Pr-est, the steric hindrance due to the propyl group of ester becomes larger than
Me-est, this may result the trans geometry between the methyl group in the thiazole
ring and the alkyl group in the ester. In the meta-stable form, a nitrile group and a
methyl group on the thiazole ring are located in the cis-position. On the other hand,
in the stable form, these groups are in the trans-position. The structure of the stable
form is stabilized by the hydrogen bonding through nitrile and carbonyl group.

In c-Hxn solutions the nucleation behavior is similar to that in EtOH solutions.
It is presumed that the concentrations of conformer regarding to the A and B form
are competitive and the nucleation process of the polymorph is determined by the
supersaturation and the kinetic process. On the other hand in MeCN solutions only
the stable form nucleates. In MeCN solution it is considered that the thermodynamic
stability of the meta-stable form is extremely low due to the large solvent-solute
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interaction. This may correspond to the low concentration of the conformer regard-
ing to the meta-stable form. Even if the meta-stable form nucleates, it should
quickly transform to the stable form by the solution-mediated mechanism.

Conclusion

In the crystallization of Me-est, only one crystal form appeared at every initial con-
centration. The crystal is constructed by stacking the flat sheet of the molecules that
are formed by the two hydrogen bonding between a couple of molecules. In the
crystallization of Pr-est at high initial concentrations, two polymorphs appeared,
and the solution-mediated transformation occurred. At low initial concentrations,
the B form was obtained directly. Both of the stable and meta-stable forms of Pr-est
are constructed also by stacking the sheet structures of the molecules. In the meta-
stable form no hydrogen bonding was observed in the crystal, however, the struc-
ture of the stable form is stabilized by the hydrogen bonding through nitrile and
carbonyl group. These results indicate that even the small change in molecular
structure give rise to the large difference of the polymorphic nucleation behavior
and crystal structure. The solvent effect on the polymorphic nucleation behavior of
the Pr-est was also examined. From c-Hxn solution two polymorphs appeared and the
same transformation was observed as that in EtOH. However, from MeCN solution the
stable form directly crystallized.
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Chapter 12
The Golden Ratio in the Creations of Nature
Arises in the Architecture of Atoms and Ions

Raji Heyrovska

Abstract The Golden ratio, ¢ = a/b = (a + b)/a, where a and b are the Golden
sections of their sum, has long been known to operate in a variety of the creations
of Nature, ranging from the mollusks in the oceans to the spiral galaxies in the
Universe. Recently, while researching for the exact values of ionic radii and for the
significance of the ionization potential (I, = e/2Ka,) of hydrogen, it was found that
a,, the Bohr radius has two Golden sections pertaining to the electron and proton.
Further, ¢ was also found to be the ratio of the anionic to cationic radii of an atom
(A), their sum being the covalent bond length, d(AA). With these radii many bond
lengths were shown to be sums of the covalent and or ionic radii, whether partially
or fully ionic or covalent. For example, the crystal ionic distances of all alkali halides
were shown to be sums of the ¢-based ionic radii. When the ion-water distances
were plotted against the above ¢-based ionic radii, linear relations were found. This
enabled the assignment of exact ionic radii in water, and to show that the hydration
bond lengths of O (oxygen coordination bond) with cations and of H (hydrogen
bond) with anions are constants. Simple integral multiples of the cationic radius,
d(H*) = d(HH)/¢?, and the covalent radius of H, were found to quantitatively
account for the lengths of the hydrogen bonds in many inorganic and biochemical
groups.

Keywords Covalent and ionic radii, Golden ratio, hydrogen bond length

Introduction

A proper understanding of the properties of solutions of electrolytes begins with
that of sodium chloride, the common salt. It is a typical example of a strong elec-
trolyte and its characteristics in the solid state and in the dissolved state in aqueous
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solutions are explained here from a new point of view developed recently for atoms
and ions [1]. The crystal ionic radii of Na* and CI~ and ions of other alkali halides
(MX) are found to be [1] the Golden sections, dMM)/¢? and d(XX)/d, of the metal-metal
and halogen-halogen inter-atomic distances, respectively, where ¢ = (1 + 52)/2
= 1.618, is the Golden ratio. The latter is a mathematical constant, which operates
in the geometry of many inorganic, organic and biological creations of Nature, and
hence is also called the Divine ratio [2a, b]. The ¢-based ionic radii show that the
bond lengths d(AB) between many atoms or ions are sums of the atomic/ionic radii
[1, 3] and that the partial/complete ionic character is due to either/both A and B
being ionic.

More recently, the ion-water distances, d(i...w) [4—6] of various ions in solu-
tions were found to increase linearly [7] with the covalent radii [8] d(A) of the cor-
responding atoms, taken as half the inter-atomic distances [8, 9], d(AA). The ionic
radii in aqueous solutions were calculated as d(i):lq = kd(A) using the slopes (k) of
these lines. It was found [7] that k is a function of ¢ and that it depends on the
valencies of the ions. The intercepts gave the hydration lengths, d(--O) for cations
and anions. The halide ions were found to form a hydrogen bond of constant length,
d(-H) = d(H) + d(H*) = 0.65 A, where d(H) is the covalent radius of H and d(H*)
= d(HH)/¢? is the radius of the proton taken as the cationic radius of H (italics
denotes that it is a vacant distance). To ascertain whether the result is meaningful,
the lengths of the hydrogen bonds in many other inorganic and biochemical groups
were analyzed and it was found [10] that, in general, d(-H) = nd(H*) + md(H),
where n =1 or 2 and m =0, 1, 2 or 3, depending on the chemical context of the
hydrogen bond.

This paper starts with a brief description of the Golden ratio and the ¢-based
crystal ionic radii and is then followed by the ¢-based aqueous ionic radii and
hydration lengths. The role of ¢ in the sizes of the ions in the crystal and in aqueous
solutions and their hydration bonds with water can be seen in Fig. 12.3 for Na* and
CI ions (used as the examples).

The Golden Ratio, Golden Point and Golden Sections

The Golden Ratio, ¢ = (1 + 52)/2 = 1.618..., is the positive root of the quadratic
equation, ¢ — ¢ — 1 = 0. It is also the ratio of two quantities (e.g., segments of a cir-
cle or of a line) a and b, which are such that

ab=(a+b)a=bla—b)=0;1(a+b)=(1/b)—(1/a) (12.1a,b)

¢ has the unique property of forming a power series,..., 1/¢*, 1/¢, 1/0, 1, ¢, ¢?,
¢?,..., which is also a Fibonacci series (0, 1, 1, 2, 3, 5, 8, 13,..., where every number
is the sum of the previous two). The ratio of any Fibonacci number to its previous
one oscillates around ¢ as the numbers increase and becomes closer to ¢ as the
numbers become large. Many growth processes in Nature which originate as
Fibonacci series also ultimately reach the Golden ratio.
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AP=d(A") = 2d(A)/¢

+— d(A)cov ,,"

A

BP= d(A*)
= 2d(A)/¢?

AP = (bBP = AB/q)

Fig. 12.1 The Golden point (P) on a line (AB). For any atom A, if AB = 2BC = d(AA), then AP =
d(A") and BP = d(A*) are the Golden sections denoting the anionic and cationic radii of A

A fascinating account of the occurrence of the Golden ratio in the various crea-
tions of Nature can be found in [2a—c]. Geometrically, ¢ is the ratio of a diagonal
to a side in a regular pentagon (e.g., in the 12 pentagons in fullerenes [2b]). The
ratio ¢/2 = cos 36°, where 36° is the central angle in a regular decagon (e.g., cross
section of the DNA double helix [2b]). The number 1 = ¢ — (1/9) = ¢*> — ¢ = (1/0)
+ (1/¢?%), where the last two terms are the Golden sections of 1. Note: ¢ + (1/¢) =
572 (1/0) — (1/¢%) = (1/¢%) = 52 =2 = 0.236 and that T ~ (6/5)0” (area of five circles
of radii r ~ area of six squares of sides r¢!).

Any line AB can be divided at the Golden point P (see Fig. 12.1) by erecting a
perpendicular BC = AB/2 at B, marking the distance CB’ = CB on the hypotenuse
AC and locating P on AB such that AB’ = AP. The Golden sections, AP = AB/¢ =
(AB/2)(1 + ¢%) and BP = AB/¢? = (AB/2)(1 — ¢3).

The Golden Sections of the Ground State Bohr Radius
Jor Hydrogen

For a hydrogen atom, the ionization potential, I, = e/(2xa,) = (Ip + )2 =
(e/2K)[(1/ap) —(1/a)], where Ip = e/Kap and I, = —e/xa_ pertain to the proton (p*) and
electron (e), respectively [1], and a, =a +a, is the Bohr radius. Therefore,
relations similar to Egs. 12.1a, b are valid:
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(1/a,) = (1/ap) —(1/a); (aeap)2 - (ae/ap) -1=0;¢= (ae/ap) (12.2a, b, ¢)

where, a_=a /¢ and a_= a /¢, respectively, are the distances of p* and e from the
Golden point P of electrical neutrality, and are the Golden sections of a,. In Fig.
12.1,if AB = a, thenBP—a —aB/¢2 AP =a_ =ay /¢ and (a, —a)=AP-BP=
a,/¢* = 0.236a,. Thus, an atom is a unique constructlon of Nature'

For hydrogen it was shown [11] that (g, - g)/(g, + g,) = 2/¢° = (360/¢?) — o,
where g, and g_are the g-factors (arising from the magnetic moment anomalies) for
the proton and electron, respectively, o is the fine structure constant and (360/¢?) is
a Golden section of a circle. Since A B the de Broglie wavelength, is the circumfer-
ence (2ma,) of the circle with the Bohr radius, A also has two Golden sections
proportional to (360/¢?) and (360/0), see Fig. 1 in [11].

Ionic Radii as the Golden Sections of Inter-Atomic Distances

The inter-atomic distance in a molecule of hydrogen [8], d(HH) = 2"%a, = 0.74 A
is also divided into the two Golden sections [1], d(HH) = d(HH)/¢*> + d(HH)/$ =
d(H") + d(H"), since a, is divided into the Golden sections. In this case, P is the
Golden point if AB = d(HH) in Fig. 12.1. The Golden section, BP = d(H*) = 0.28
A is the radius of the cation of hydrogen, see [1, 3].

On looking into the literature to see whether this value of d(H*) = 0.28 A is
meaningful, it was found [1] that this is the value suggested by Pauling [8] to
account for the radius of H in the partially ionic bonds in hydrogen halides and in
alkali metal hydrides! The author then used this value of d(H*) = 0.28 A to estimate
the radii of alkali metal ions from the observed bond distances d(MH) , in the
metal hydrides, MH. It was a pleasant surprise to find that,

d(MH)_, — d(H*) = LIMM)/¢* = d(MM)¢* = d(M") (12.3)

dMX)  —dM") =dX) = dXX)/d (12.4)

obs
where L(MM) in Eq. 12.3 is the lattice edge length equal to the inter-atomic
distance d(MM) in alkali metals. The cationic radius d(M) is thus a Golden section
of d(IMM). Eq. 12.4 shows that on subtracting the value of d(M*) obtained in Eq.
12.3 from the observed inter-ionic distances d(MX) , in alkali halide crystals, one
obtains the anionic radii, d(X") as the Golden section of d(XX). Thus, the calculated
sum, d(MX)_, (based on ¢)

dMX)_, = d(M?) + d(X) = dMM)/0? + d(XX)/0 (12.5)

was found to reproduce the observed sum, d(MX)obs, for all the alkali halides [1],
without the use of the suggested radius ratio corrections in [8].

This showed that, in general, for any atom (A) the inter-atomic distance d(AA)
can be divided into two Golden sections, which give the anionic and cationic radii,
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d(A") = d(AA)/¢ and d(A*) = d(AA)/? respectively. In Fig. 12.1, if AB = d(AA)
then BC = d(A) and AP = d(A") > BP = d(A*). Thus, the anionic radius of any atom
is greater than its cationic radius, as is known [8].

The Golden Ratio, Aqueous Ionic Radii and the Hydration Bonds

The dissolved state of the electrolytes in water has long been of great interest. More
than a century ago, Mendelejew [12] suggested that sulphuric acid forms hydrates,
and Arrhenius [13] put forward the theory of partial dissociation of electrolytes,
both in the same Journal. These pioneering ideas have eventually proved to be cor-
rect [14] for electrolyte solutions from zero to saturation.

Another important topic of interest has been the interpretation of the observed
ion-water distances d(i...w) , [4-6] in terms of the ionic radii in solutions and the
radii of water molecules. The present author made the surprising observation
recently [7] that d(i...w)_ increases linearly with the covalent radius d(A) of the
atom [9], for many ions according to the equation,

d(i...w),, = kd(A) + d(- O); d(i), = kd(A) (12a, b)

where k is the slope, d(—O) is the intercept and d(i)aq is the ionic radius in water.
The values of k for alkali metal and halogen ions were found to be 0.81 = ¢/2 and
1.57 = 2/$'2, respectively. These values of k are geometrically described by the tri-
angle in Fig. 12.2 and compared with the crystal ionic radii in Fig. 12.3.

The hydration bond length d(—O) = 0.64 A for the cations [7] is the distance
between the point of contact P(i/w) at the periphery of the cations and the center
of the oxygen of water (see Fig. 12.3). For anions, this distance was found to be
larger since d(—O) = d(-H) + d(OH) = 1.60 A (+/- 0.04), where d(OH) = 0.97 A

AC=

I
<

BC=1

A E B
AB = ¢1/2
Keat = d(M"),q/ d(M) = DC/BC = ¢/ 2; Ky = d(X ),/ d(X) = BC/BE = 2/¢'
Fig. 12.2 The ratio of radii, k (=ionic radius/covalent radius), for alkali metal cations (M*) and

halide anions (X°) in aqueous solutions (Eqs. 12.6a, b). In the right angled triangle, ABC, E and
D are the mid points of AB and AC
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d(--0) = d(OH) + d(--H) = 1.62 A
d(--0) = 0.64 A d(-H) = d(H) + d(H") = 0.65 A

Na (cov) Na®(aq) Na*(crys) Cl (cov) CI(crys) CI” (aq)
d(MM)/2 > dMM)o/4 > d(MM)/¢* d(XX)/2 < dXX)/¢ < d(XX)/o"
215 > 174 > 1.64(A) 095 < 117 < 149 (A)

Fig. 12.3 The covalent radii and ionic radii in NaCl crystals and in aqueous solutions, the hydra-
tion bond lengths, d(-O) from the ion/water point of contact, P(i/w) to the center of O of water and
the length of the hydrogen bon, d(-—H) with CI

is the covalent bond length of the OH bond in water and d(--H) = d(H) + d(H*) =
0.65 A is the length of the hydrogen bond. Note that d(H*) = d(HH)/¢? = 0.28 A,
the radius of the proton, is the cationic radius of H. Fig. 12.3 for Na* and CI ions
shows a comparison of the covalent radii with the ionic radii in the crystal and in
aqueous solutions. The results for many other ions (including Lanthanides) can be
found in [7].

The Golden Ratio and the Length of the Hydrogen
Bond: in General

In general, in a group XH...Y, where X and Y are the H-donor and H-acceptor
respectively, it was found [10] that the length of the hydrogen bond, d(--H) = md(H)
+ nd(H*), where d(H) is the covalent radius of H, d(H*) = d(HH)/¢* = 0.28 A n=
lor2and m=0, 1,2 or 3. Six values were found [11] for d(-H) (in A): 0.28
(FH...F in KHF)), 0.65 (FH...F in aqueous solutions, HF solid and gas), 1.02
(OH...O, in ice and NH...O in DNA), 1.30 (CH...O, PH...P), 1.39 (OH...O in
water and NH...N, DNA) and 1.67 (NH...N in ammonia crystal).
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Chapter 13

Interaction of Thioamides, Selenoamides
and Amides with Di-iodine: A Study of the
Mechanism of Action of Anti-thyroid Drugs

Sotiris K. Hadjikakou and Nick Hadjiliadis

Abstract This presentation is a brief review on the results of our work on iodine
interaction with thioamides, selenoamides and amides. The thioamides, benzothia-
zole-2-thione (BZT) (1), 6-n-propyl-2-thiouracil (PTU) (2), 5-chloro-2-mercap-
tobenzothiazole (CMBZT) (3), N-methyl-benzothiazole-2-thione (NMBZT) (4),
benzimidazole-2-thione (BZIM) (5), thiazolidine-2-thione (TZD) (6), 2-mercapto-
pyridine (PYSH) (7), 2-mercapto-nicotinic acid (MNA) (8), 2-mercapto-benzoic
acid (MBA) (9) and 2-mercapto-pyrimidine (PMT) (10) react with I, producing
three type of complexes of formulae: {[(HL)L](L,) } (HL= thioamide and n= 0, 1),
{[(HL),I*](1,7]} and {[(HL-L)]*[1,]}. The interaction of seleno-amides, derived
from, 6-n-propyl-2-thiouracil (RSeU) (R= Me- (11), Et- (12), n-Pr- (13) and
i-Pr- (14)) with I, have also been studied and produced the complexes [(RSeU)L ]
of “spoke” structure. These complexes are stable in non-polar solvents, but they
decompose in polar solvents, producing dimeric diselenide compounds or under-
take deselenation.

All these results are well correlated with the mechanism of action of anti-thyroid
drugs.

Finally the amides pyridone-2-one (PYOH) (15) and 2-hydroxy-pyrimidine
(PMOH,* CI) (16) react with I, and produce the complexes {[(PYOH),[(PYOH)]*1;"},
{(PYOH)[(PYOH), J**- ((1/2)I')-((3/2)L,)-(1,)} and {[PMOH,]*CI'L }. The structures
of all these compounds are discussed.

Keywords Anti-thyroid drugs, amides, iodine interaction, selenoamides, thioamides
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Introduction

When di-iodine reacts with heterocycles like thioamides or selonoamides new
“charge transfer” complexes containing iodine are obtained [1-10]. Various types
of such complexes have been obtained thus far, including so called “spoke” or
“extended spoke” structures (DS-I, or DS-L,-) (D is the ligand donor) [/]. Also
iodine coordinated to two thioamides to form “iodonium salts” ([DS-I-DS]*-(1,)")
[6] and monocations of formulae ([DS-SDH](I,)) [4] (DS or D=S, a thioamide
ligand donor).

The interest in studying I, interaction with thioamides and selenoamides arise
from their application in both biological chemistry and material sciences. Thus:

(i) Thioamides, like 6-n-propyl-thiouracil (PTU), N-methyl-imidazoline-2-thione
(methimazole, MMI), 3-methyl-2-thioxo-4-imidazoline-1-carboxylate (carbi-
mazole) (CBZ), are known anti-thyroid drugs [11] against hyperthyroidism
(Grave’s disease), a disease characterized by the overproduction of T4 and T3
hormones.

(i1) Iodine chemistry is recently proving to be of considerable interest, also in
material sciences because of the discovery of low-temperature, semi- and super-
conducting polyiodides [12]. The ability of iodine to catenate, leads to the formation
of polyiodides of various structures reviewed recently by P.D. Boyle et al., P. Deplano
et al. and P. Svensson et al. [12—-14].

In this paper, we briefly review the results of our work on the iodine interaction
with the thioamides: benzothiazole-2-thione (BZT) (1), 6-n-propyl-2-thiouracil
(PTU) (2), 5-chloro-2-mercaptobenzothiazole (CMBZT) (3), N-methyl-benzothia-
zole-2-thione (NMBZT) (4), benzimidazole-2-thione (BZIM) (5), thiazolidine-2-thione
(TZD) (6), 2-mercapto-pyridine (PYSH) (7), 2-mercapto-nicotinic acid (MNA) (8),
2-mercapto-benzoic acid (MBA) (9) and 2-mercapto-pyrimidine (PMT) (10), selenoa-
mides, derived from 6-n-propyl-2-thiouracil (RSeU) (R= Me- (11), Et- (12), n-Pr- (13)
and i-Pr- (14)) and amides 2-hydroxy-pyridine (PYOH) (15) and 2-hydroxy-pyrimidine
(PMOH,* CI') (16).

Synthesis of Thioamide-Diiodine Complexes

Charge Transfer Complexes with “Spoke” or ‘“Extended Spoke” Structures

Reactions between di-iodine and the thioamides (1)—(5) lead to the formation of
charge transfer (c.t.) complexes with the so called “spoke” or “extended spoke”
structures (DS-I, or DS-1,---1,) according to the general reaction shown in Scheme
13.1 [10].

Thus, reaction of di-iodine with (1), (2), (3) or (4) in a molar ratio 1:1 (I,:L)
results to the formation of c.t. complexes of formulae [(BZT)L] (17) [1], [(PTU)L]
(18) [3], [(CBZD)L,] (19) [3] and [(NMBZT)L] (20) [6] with spoke structures.
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Scheme 13.1 Synthesis of thioamide-diiodine complexes [14]

Reactions of di-iodine with (1) or (5) in 2:1 (I,:L) molar ratio form c.t. complexes
of extended spoke structures with formulae [(BZT)I, 1] (21) [1] and [(BZIM)L, I,
H,0] (22) [1]. )

The I-I bond distances are varying from 2.79 A, in case of complexes with weak
IS interaction, to 3.08 A, as a result of a strong I-S interaction. The corresponding
I-I bond is subsequently elongated with respect to the corresponding distance in
free I-1 in the solid state (2.717 A at 110 K). Bigoli et al. [10] has classified iodine
adducts of sulfur donors into three classes, depending on I-I bond order (n). When
n>0.6 and d(I-]) < 2.85 A the adduct is type A and when n < 0.4 and d(I-I) > 3.01
A it is type C. Compounds with intermediate values were classified as type B.
Thus, compounds (18) and (20) are classified to A type, compounds (19), (21) and
(22) to B type, whereas compound (17) is of C type.

The S-I-I group has a linear structure with an angle of almost 180°. The N-C-S-I
torsion angle is also found almost equal to 180° indicating an almost co-planar
arrangement of the I, towards >C=S bond except the case of [(PTU)L] complex,
where it is found to be —95.93°. In fact [(PTU)I,] complex is the first c.t. complex
with perpendicular arrangement of I, towards >C=S characterized by X-ray crystal-
lography [3].

Iodonium Salt Complexes

Reaction between di-iodine and thioamides such as BZIM (5) or TZD (6) leads
to the formation of iodonium salt complexes of [{(TZD),I*}-1,-21,] (23)
and {[(BZIM),I'}-L{-[(BZIM)L,]} (24) formulae according to the reaction in
Scheme 13.1 [10].
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The two I-S bond distances are 2.654(6) A in (23) and in case of (24) they are
2.597(4) and 2.702(4) A respectlvely The I-I bond distance in I,” counter anions are
found to be equal (I-I= 2.9195(14) A) in case of (23). In case of (24) two types of
I~ counter anions are observed, one is symmetric with I(1)-I(2)= 2.9300(12) A
while the other is not since it participates in hydrogen bonding (I(1A)-I(2A)=
2.880(6) and I(1A)-I(3A)=3.058(5) A respectively) and better described as I', inter-
acting with I, (I...1,) [10]. The two hydrogen bonding interactions taking place
between the I* and the hydrogen atoms of the amide nitrogen atoms (H[N]---I=
2.9336(6) A) in case of (23) and I(11)...H-N(11) ” of 3.20 A in case of (24). Ab
initio quantum mechanical methods and Density Functional Theory (DFT) tech-
niques applied on the iodonium part of (24) suggested that the conformations
obtained in the crystalline state result from an intermolecular electrostatic interac-
tion between the positively charged iodine and the negatively charged NH group
(total group (NH) charges calculated -0.005 e for N(11)”, -0.014 e for N(21)”, -0.004
e for N(13)” and -0.012e for N(23)” [6].

When (NMBZT) (4), reacts with di-iodine in the presence of FeCl, in a molar
ratio of 3:6:1 (NMBZT: I: FeCl,), complex {[(NMBZT),I]"}- [FeCl 1"} (25)
together with {[((NMBZT), I*} [L]- were formed [6]. The I-S bond dlstances are
I-S= 2.5961(15) and 26596(14) A, respectively, with an almost linear S-I*-S
arrangement (S-1-S= 177.77(5)°)

Monocationic and Neutral Disulfides

The reaction of 2-mercaptopyridine (PYSH) (7), with di-iodine in a molar ratio of
1:2 led to the oxidation and dimerization of the ligand and produced {(PYS-PYSH)"1,"}
(26). The structure of the compound consists of two residues, one cationic (PYS-
PYSH)*, containing the S-S bond linking the two 2-mercapto-pyridine molecules
one of which is protonated and I, as a counter anion. In the crystal lattice there are
four symmetry-independent catlon anion pairs. There are only a few crystal struc-
tures reported in the literature containing open chain stable cations of DS-SD dim-
ers, such as the monocationic: {[(C,HN,S-SN.C H,),}*"(I,)«(L;)} [15]. The two
I-I bond distances of the I,” in the four components of complex (26) are 2.887(4)
and 2944(3) A in component a, 2. 874(4) and 2.957(3) A in b, 2.968(3) and
2.862(3) A in ¢ and 2.855(4) and 2.927(3) A in d, respectively, indicating a slight
asymmetry of I~ in this complex (covalent linear asymmetric).

Moreover, when MNA (8), MBA (9) or PMT (10) react with di-iodine under the
same experimental conditions as in the case of the preparation of complex (7) (see
above), neutral disulfides were produced with formulae [(MNA),] (27), [(MBA),]
(28) and [(PMT),] (29) according to the reaction shown in Scheme 13.1.

Complex (24) isolated from the reaction of (5) and I, reveals the co-crystalliza-
tion of both a “spoke” structure and an iodonium salt structure. This leads to the
conclusion that an equilibrium as shown in Scheme 13.2, is established in
solution.
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Scheme 13.2 Equilibrium between “Spoke” D=S-I,
strucutre and iodonium salt in solution +, (i)
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Scheme 13.3 Di-iodine - thione interactions detected by conductivity titrations

It has also been shown that the disproportionation reaction, with the generation
of the ionic compound from thioamide-iodine complexes, exhibits pressure depend-
ence [2]. A pressure increase, leads to the ionic iodonium salt (iii) from (ii) (Scheme
13.2). The favouring of {[MBZIM),I]* [L]"} (24a) formation, is also proven by
computational studies, based on energetic grounds [6].

The conductivity measurements indicate that when di-iodine is added to a solu-
tion of BZIM (5) (D=S), initially both the neutral (I) and the ionic (IIa) compounds
are formed as it is shown in Scheme 13.3A. Further addition of di-iodine results to
the ionic complex (Ila). In the case of NMBZT (Scheme 13.3B) a cocrystallization
of both the spoke and iodonium complexes takes place producing only the iodo-
nium complex, in excess of L.

For the mechanism of action of anti-thyroid drugs the reaction scheme shown in
Scheme 13.4 is followed.

Our results strongly indicate that the antithyroid drugs PTU (2) and N-Methyl-
2-mercapto-imidazoline (MMI) have a different way of action. Thus, (2) together
with NMBZT (4) forming weak S-I c.t. complexes (Table 13.1) may interfere either
by inhibiting TPO activity or by inhibiting Deiodinase (ID-1) enzyme which is
responsible for the formation of T3 from T4 hormone.

MMI, TZD (6), PYSH (7), PMT (10), MNA (8) and MBA (9) on the other hand
that strongly bind to I, or are oxidized to disulfides [15] most probably interfere in
the formation of mono-iodotyrosine (MIT), di-iodotyrosine (DIT) by the tyrosine
residues of thyroglobuline Tyr(TG), competing with active iodine.
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Scheme 13.4 General reaction scheme for the mechanism of action of anti-thyroid drugs

Table 13.1 d(S-I) vs d(I-I) data of some D-12 “spoke” or D-12-12 “extended
spoke” complexes.

Thioamide (D)  d(S-I) d(I-I) Bond order (n)  type
BZT 2.5870 2.9690 0.4449 B
BZT 2.7280 3.0770 0.3320 C
BZIM 2.5710 2.9890 0.4214 B
BZIM 2.6700 2.8869 0.5557 B
PTU 2.7805 2.8264 0.6546 A
CBZT 2.6337 2.9205 0.5073 B
NMBZT 2.8080 2.7912 0.7201 A

Synthesis of Selenoamide-Diiodine Complexes

Since thyroid de-iodinase contains selenocysteine [16], the seleno-analog of PTU
(PSeU) is expected to exhibit a higher antithyroid activity than PTU, because of the
easier formation of the Enzyme-Se-Se-PSeU species, than Enzyme-Se-S-PTU due
to the higher nucleophilicity of Se. To examine this possibility we have extended
our studies to the interaction of I, with selenoamides.

Reactions of alkyl-selenoamides with diiodine in a 1:1 molar ratio in dichlo-
romethane solutions result in the formation of [(RSeU)L] [R= methyl-, ethyl-,
n-propyl- and i-propyl-]. Complex [(n-PrSeU)L] (30) was found to be a chatrge
transfer complex with a Se-I bond. The I-I interatomic distance of 2.8928(10) A is
longer than that in either the gas phase (2.677 A) or crystalline diiodine (2.717 A
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at 110 K) presumably owing to the Se---I interaction. It is, however, the shortest
such distance measured for a diiodine-selenoamide complexes suggesting a mini-
mal perturbation resulting from the Se---I contact, which is the longest measured
thus far [7].

The diselenides [N-(6-Et-4-pyrimidone)(6-Et-SeU),] (31) and [N-(6-n-Pr-4-
pyrimidone)(6-n-Pr-SeU),] (32) were produced upon re-crystallization of [(n-
PrSeU)L,] (30) and [(n-EtSeU)L ] (33) from acetone, as oxidation products. On the
other hand deselenation with the formation of 6-n-propyl-2-uracil (n-Pr-U) (34) was
observed when (30) was re-crystallized from methanol/acetonitrile solutions [7].

In conclusion, while 6-alkyl-2-selenouracil compounds (RSeU) are stable in
various solvents, including water and other polar or non-polar solvents, “spoke” c.t.
complexes of formulae [(RSeU)L, ] are formed in dichloromethane solutions, but are
unstable in methanol/acetonitrile and/or acetone solutions. [(RSeU)L] is trans-
formed to 6-alkyl-2-uracil in methanolic/acetonitrile solutions. Upon re-crystalliza-
tion in acetone the diselenides are formed possibly through the formation of a
substituted selenouracil as indicated by 'H, *C NMR spectra and ESI-MS spectra.
The whole process may be hydrolytic (Scheme 13.5).

0
-
.
R™ONH s’
CHCl,
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o
CH,CI .
NH 22 NH 0 MeOH/MeCN
i e N
R NH Sge 2 R NH >S¢ <
R NH YO
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n-Pr- (13), i-Pr- (14) n-Pr- (30), i-Pr- R= n-Pr- (34)

0
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O N
N/KN R
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R N\{/NJ

o
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Scheme 13.5 Reactions of alkyl-selenoamides with diiodine
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Scheme 13.6 Reactions of 2-pyridone (PYOH) with di-iodine

Synthesis of Amide-Diiodine Complexes

The reaction of 2-pyridone (PYOH) (15) with di-iodine in a molar ratio of 2:1 and
1:2 respectively resulted to the formation of {[(PYOH),[(PYOH)]*I,7} (35) and
{(PYOH),-[(PYOH),]**-((1/2)I")-((3/2)L,)-(I,)} (36) complexes (Scheme 13.6). In
case of complex (36) the counter anions form a poly-iodine network.

The reaction of 2-pyrimidone (PMOH,* CI) (15) with di-iodine in a molar ratio
of 1:1 resulted to the formation of {{[LOH]*CI'L,} (37) complex.

In conclusion, structures containing polyiodide anions, with cationic aromatic
ligands as counter parts of formulae {[(L)(HL*)]-(I ")} are known to be synthesized
by the treatment of the appropriate amide with HI [26-28]. In contrast, the com-
plexes with PYOH, in the present case, were formed by the direct reaction of
2-hydroxypyridine with di-iodine in a molar ratio of 2:1 and 1:2. This is a redox
reaction, where 2-hydroxy-pyridine firstly is oxidized to pyridinone-2 radical cat-
ion. In the case of 2-hydroxy-pyridine however, peroxide structures are not formed
like disulphides in the case of PYSH. Polyiodide anions are simultaneously pro-
duced in this case This should be a consequence of redox differences between —SH
and OH groups and may be proven a useful pathway for the synthesis of polyiodide
materials.
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Chapter 14
Catalytic Properties of Polyamido Dendrimers

Metin Tiilii and Mehmet Senel

Abstract PAMAM types polyether based dendrimers were synthesized from three
branched Jeffamines®. Synthesized compounds bears metylester/fert-butylester,
carboxylic acid or amine groups. In the synthesis iterative Micheal type of reaction
paths were followed. Catalytic properties of the molecules were studied in homog-
enous phase.

Keywords Catalysis, dendrimer, dendritic Jeffamines, Micheal addition, PAMAM

Introduction

The Jeffamines® brand polyoxyalkyleneamines are a part of an ever-expanding
family of Industrial chemistry. They contain primary amino groups attached to the
terminus of a polyether backbone. They are thus “polyether amines.” The polyether
backbone is based either on propylene oxide (PO), ethylene oxide (EO), or mixed
EO/PO. The Jeffamines® product family consists of monoamines, diamines, and
triamines, which are available in a variety of molecular weights, ranging up to
5,000 g\mol. The wide range of molecular weights, amine functionality, oxide type
and distribution provides flexibility in synthetic design of compounds made from
Jeffamines® products. They are generally low viscos liquids, exhibiting low vapor
pressure [1]. It is well known that poly(oxyethylene) POE or poly(oxypropylene)
(POP) backbone incorporates with different materials so that new structure can
change their properties [2] such as solubility, biocompatibility and kinetics.
Moreover, polyethers having different molecular weight and bearing different func-
tional groups such as amine or metal coordinated carboxylic groups can improve
their conductivity and thermal stability [3]. Jeffamine® undergoes reactions [4]
typical of primary amines. For example epoxy reactions occur by the non-catalyzed
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Table 14.1 Catalytic activities of synthesized products

Press. Todine Cat. eff.

Products Mw (H2, psi) Free NH2 number (%)

SFO 0 0 0 154.82 0.00
SFO 0 2 0 154.82 0.00
SFO+0 3,000 2 0.25 144.67 6.56
SFO + 1 3,606 2 0.00 152.28 1.64
SFO + 2 3,522 2 0.00 152.28 1.64
SFO+3 3,774 2 0.40 142.13 8.20
SFO +4 4,986 2 0.00 150.34 2.89
SFO + 5 4818 2 0.00 150.35 2.89
SFO+6 5322 2 0.56 139.22 10.07
SFO + 7 7,768 2 0.00 148.64 3.99
SFO + 8 7,432 2 0.00 148.64 3.99
SFO+9 8,440 2 0.71 137.10 11.44

addition of epoxides to Jeffamines® amines so that it alkoxylates each NH function-
ality to produce aminoalcohols, one another example is polyurea [5] linkages which
are formed from the rapid uncatalyzed reaction of Jeffamines® amines with polyiso-
cyanates. Substituted ureas are formed by heating Jeffamines® amines with urea at
temperatures of 125-175C. while removing ammonia. Dendritic effects of
Jeffamines® was also be studied [6]. The T-series products are propylene oxide
based tri-amines which are prepared [7] by reaction of PO with a triol initiator,
followed by amination of the terminal hydroxyl groups. This character is appropriate
for the dendritic construction as a core.

In this work as a starting material, Jeffamine® which bears three terminal amino
groups were selected, since it has great interior void and flexible terminal group
with hydrophilic character. This group could be modified with methylacrylate and
then hydrolyzed from the esteric groups so that it was aimed to coordinate with
metals. By using excess amount of ethylene diamine esteric hyperbranched mole-
cules converted again to amine terminated dendrimer. This step was repeated several
times to obtain up to third generation esteric, acidic and amine functionalized
dendrimer. After purification and characterizations of new macromolecules via
NMR and FT-IR catalytically studies were performed (Table 14.1).

Experimental

Methylacrylate and ethylenediamine were obtained from the Merck. Jeffamine®
T-3000 was purchased from Texaco Chemical Company. Other chemicals were used
as obtained from the Fluka without further purification unless otherwise noted.
Solvents were dried and distilled according to literature procedures prior to use.
Reactions were controlled by thin layer chromatography (TLC) on silica gel 60 F254
and spots were detected either by UV-visible light or by charging with I, vapor.
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Instrumentations

'"H NMR and *C NMR spectra were recorded on a NMR using an Inova 500 MHz
Varian system spectrometer for solutions in CDCI,. Multiplicities are described
using the following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet,
m = multiplet, br = broad and bs = broad singlet. FT-IR spectra were recorded on
Mattson Satellite spectrophotometer in the range of 400-4,000 cm™ (abbreviations:
m, s, br and w). Some of the important spectra were given behind the procedure as
a numeric value and full spectrum were given at appendices.

Synthesis of Jeff-Hexacarboxylate 1

The way for the synthesis of dendritic product 1 from Jeffamine® was outlined in
Scheme 14.1 and abbreviated as Jeff-(CO,Me),. It was synthesized by Micheal
addition reaction under mild condition [8] modified from [9] (Scheme 14.1). After
the purification it was hydrolyzed in the presence of formic acid to generate the
jellowish oil Jeff-hexacarboxylic acid [10] Jeff-(CO,H), with a yield of 98%, con-
firmed by the appearance of the typical IR band of hydroxyl group at 3,480 cm™
and disappearance of *C NMR resonance methyl peaks at J 55.2. Jeff-hexamine
Jeff-(CONH(CH,),NH,), [11] 3 was synthesized from the 1 by using tenfold excess
amount of ethylene diamine under mild conditions at relative high yield (93%).
Formation of first generation pamam dendrimers (Scheme 14.2) was confirmed
with the appearance of new broad amine peak at 3,347 cm™ in the FT-IR spectra.
This result was also correlated with *C NMR by again appearance of methyl amine
at 41.0 ppm.

By applying general procedure A. B and C three class nine different dendrimers
(1,2, 3,4 [12], 5 [13], 6 [14], 7 [15], 8 [16], 9 [17]) were synthesized. Each class
of molecules we came up to third generation (Scheme 14.3) and characterized.

OMe OMe
NH,

O%\L fo
H\E o 0 (% o}
O MeO O OMe
| OMe
H,N NH, N\ef\ /\ﬁfN
\fT/\O . 0/\T9; MeOH MeO—{(_/ o). VO T2 \-—>_
[¢] (0]

X+y+z = 47

OMe

1
1HCOOH
Jeffamine, 0 2: JEFF-(COOH)g

Scheme 14.1 Acrylation of Jeffamine and corresponding acid (Jeff-(CO,Me), and Jeff-(CO,H),)
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Scheme 14.2 Synthesis of first generation PAMAM 3 from the 1

Yield optimization of the all kinds of products through from 1 to 9 required high
temperatures and long reaction times. Naturally with increasing the generation the
nucleophilicity of amines or acrylic groups were decreased, this could be explained
according to three main reasons: (i) effect of steric hindrance, (ii) the presence of
methyl substitution next to the amine in PPO might have negative effect on reactivity
comparative to simple aliphatic amines, and finally (iii) intra and intermolecules
interactions caused by hydrogen bond formation. Since all the chains contain ether
group, namely strong H-acceptor could be also responsible for the decrease of the
amine nucleophilicity.

Catalytical Studies

Catalytical studies of synthesized products were tested according to the Hanus
Method [18]. Since Triglycerides (fats and oils) are esters of glycerol with three
fatty acids. These long chain fatty acids may contain one or more double bonds.
With no double bonds, the fatty acid is termed saturated (with hydrogen), and with
double bonds, it is termed unsaturated. The iodine number is an indication of the
degree of unsaturation of the oil (Scheme 14.4).

In this work, halogens were added across the double bonds of unsaturated fatty
acids (commercial available sunflower oil) to form addition compounds and the
degree of uptake was measured. A measured excess of iodine monobromide (IBr)
was allowed to react with the oil in the dark. At the end of a timed period, an excess
of KI was added to convert the remaining IBr to 1. The I, formed was then titrated
with standard thiosulfate. This was a back-titration method. A back-titration blank
was also required, where the sample was omitted. The uptake of iodine was calculated
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Scheme 14.3 Compounds derived from the Jeffamine® T-3000

from the difference between the blank and the back-titration volumes. We have
noted that the titrant did not react directly with the analyte. This was an indirect
Iodine method. I, was generated from excess reagent in the second step and this I,
was titrated by the standard thiosulfate solution in the third step. The Iodine number
is defined as the number of grams of iodine taken up by 100 g oil (g I/100 g oil).
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Fig. 14.1 The relationship between free amines and catalytical efficiency

Application

In order to prepare Hanus-iodine solution, 13.2 g of iodine was dissolved in 1,000 ml
of glacial acetic acid the solution was gently heated to dissolve completely, then
cooled to room temperature. To determine the iodine content 25,00 ml portion of
solution was titrated with 0.1 N sodiumthiosulfate, later added to the remainder of the
solution a quantity of bromine equivalent to that of iodine present, and entire solution
was kept in dark. According to procedure [11] described above the iodine number of
oil solution was determined before and after using polyamido dendrimers as catalysts.
In order to test the catalytic effect of dendrimers, equal amount of Jeffamine® and the
products 1, 2, 3,4, 5, 6, 7, 8, 9 were used separately. Two hundred and fifty milli-
grams of each products were mixed with 5 g of sun flower oil in DCM, then under 2
psi of H, atmosphere the solution was stirred in rector for 2 h. The degree of unsatura-
tion results were listed in Table 14.1 and figured out in Fig. 14.1

Conclusion

We have described a straightforward method for the synthesis of three directional
ester, carboxylic acid and amine terminated Dendritic molecules from Jeffamine®
all of the products were soluble in most of the organic solvents, In addition,
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carboxylic acid and amine terminated products were water soluble. This physical
property has provided a great advantage in the purification. All the products and
sunflower oil were soluble in dichloromethane that’s why catalytical studies were
quite facile in homogenous phase. The progress of hydrogenation process was
strongly dependent on the number of free amines. From Table 14.1 it was clearly
seen that only the free primary amine groups has been involved into catalytic activi-
ties, and there is a liner relationship between increasing the free amino groups and
catalytical efficiency up to third generation. However, there was a slight deviation
from linear curve after the second generation (Fig. 14.1), it was expected that this
deviation would be greater with increasing the generations, it could be explained
with respect to the steric hindrance.
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9. Beezer, A. E., King, A. S. H., Martin, I. K., Mitchel, J. C., Twyman, L. J. and Wain, C. F,,
Tetrahedron, 2003, 59, 3873-3880.

10. General Procedure B (converting the ester to the acid) 2: A solution of 1 (3.5 g, 0.1 mmol)

in formic acid (20 ml) was stirred for 12 h. The formic acid and hydrolyzed esteric groups

were removed by rotary evaporator; The aqueous solution of 2 was dialysed (3 D, MWCO

membrane). The oily product was obtained quantitatively (3.45 g, 98%). '"H NMR (CDCl,, 9),

1.11 (g, OCH,CH,0), 2.65 (m, NCH,CH,COO, 6H and NCH,CH,COO, 6H), 8.18 (s, CO H,

6H). ”CNMR(CDCI ), 17. ll(OCH CH ,0),31.30(NCH, CH COO) 50.40(NCH,CH COO)

171.00 (COOH). IR (neat) cm™: 3, 480 (br OH), 1,730 (ac1d C 0).

Al

®© o
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11. General Procedure C (PAMAM formation) 3: Ethylenediamine (1 g, 18 mmol) was mixed
with 20 ml of methanol and a 50% (w/w) methanol solution of 1 (1 g, 0.3 mmol) was added
with stirring. The reaction was allowed to proceed under a nitrogen atmosphere at room tem-
perature for 5 days, followed by heating at 50°C for 5 h. Excess ethylenediamine and methanol
were removed by rotary evaporation. The remaining ethylenediamine was removed by azeo-
troping mixture using a 3/1 toluene/methanol. The product 3 as a viscous yellow oil was
obtained after removing volatiles by high vacuum and dialyzing with membrane filter,
MWCO of 3.0 D in water (13 g, 93% yield). '"H NMR (CDCl,, §), 1.09 (q, OCH,CH,0), 2.31
(m, NCH,CH,CO, 12H), 2.63 (m, NHCH,CH N, 12H), 276 (t, NCH,CH, CO 12H), 3.23
(t, NHCH CH N, 12H), 4.79 (bs, NH,, 12H) 7.02 (bs, CONHCH,, 6H). 13C NMR (CDCl,, 9),
17.30 (OCHZCHZO), 35.00 (NCHZCH CO), 41.00 (NHCH, CH ,N), 44.00 (NCH,CH CO),
46.00 (NCH,CH,CO), 173.00 (CONH). IR (neat) cm™': 3,347 (br, NH), 1,571 (amide C=O).

12. The product 4 was synthesized according to General Procedure A except reactiontime: A 50
wt% methanol solution of methyl acrylate (34 g, 0.4 mol) was added to the methanolic solu-
tion of 3 (92.5 g, 0.025 mol). This reaction was allowed to stir at room temperature under a
nitrogen atmosphere for 5 days. The reaction was then heated to 50°C for 1 more day. Rotary
evaporator was used to remove methanol and excess methyl acrylate. The product was
obtained as a yellow viscous oil after removing volatiles by high vacuum and dialyzing with
molecular weight cutoff, 3,500 (MWCO=3.5 D) in methanol, the purity of product was corre-
lated via TLC (6 g, 88% yield. 'H NMR (CDCI,, 9): 1.09 (q, OCH,CH,0), 2.40
(t, NCH,CH,CO. 30H), 2.50 (t, NHCH,CH,N 12H), 2 72 (n, NCH,CH, CO 3OH) 3.23
(t, NHCH CH N, 12H), 3.63 (s, OCH,, 36H) 7.15 (bs, CONHCH, 6H). 13C NMR (CDCL,, 9):
17.4 (OCH CH ,0), 32.6 (NCH, CH ,CO), 49 (NHCH,CH,N), 51 .5 (NCH,CH,CO), 522
(OCH,), 172.9 (COCH ). IR (neat) cm*' 3,440 (NH), 1 728 (ester C=0), 1 663 (amlde C=0),
1,102 (ester C-0).

13. The product 5 was synthesized according to General Procedure B. A solution of 4 (4.7 g, 0.1
mmol) in formic acid (30 ml) was stirred for 12 h. After removing formic acid and methanol
by rotary evaporator oily product was dialyzed with MWCO of 3.5 D in water and obtained
quantitatively (4.4 g, 100%). 'HNMR (CDCl,, 6): 1.05 (q, OCH,CH,0), 2.6 (m, NCH,CH,CO,
30H and NHCH,CH,N, 12H), 2.75 (u, NCH, CH CO, 30H). 3. 10 (t, NHCH CH)N, 12H) 8 16
(bs, CONHCH,, 6H) 9.97 (s, CO,H, 12H). ‘3C NMR (CDCl,, 9): 16.95 (OCH CH,0), 29.55
(NCH,CH CO) 49.00 (NHCH, CH ,N), 52.00 (NCH,CH,CO), 172.00 (COOH). IR (neat) cm™:
3,438 (br, NH and OH), 1,731 (a01d C=0), 1,664 (amlde C=0).

14. The product 6 was synthesized according to General Procedure C: Ethylenediamine (1 g, 18
mmol) was mixed with 20 ml of methanol and a 50% (w/w) methanol solution of 4 (2 g, 0.04
mmol). The reaction was allowed to proceed under a nitrogen atmosphere at room temperature
for 10 days, followed by heating at 50°C for 2 days. Excess ethylenediamine and methanol were
removed by rotary evaporator. The remaining ethylenediamine was removed by azeotrping using
a 3/1 toluene/methanol mixture. The oily product was dialyzed with membrane filter of MWCO
of 5D in water (1.8 g, 84%). '"H NMR (CDCl,, 9): 1.11 (g, OCH,CH,0), 2.34 (m, NCH,CH,CO,
36H), 2.64 (m, NHCH,CH,N. 36H), 2.78 (t, NCH CH,CO, 36H), 3 26 (t, NHCH,CH, N 36H)
4.87 (bs, NH, 24H), 7.02 (be CONHCH,, 18H). ”C NMR (CDCl,, §): 17.30 (OCH CH,0),
34.30 (NCH, CH ,CO), 44.00 (NHCH, CH ,N), 45.00 (NCH,CH CO) 46.30 (NCH, CH CO)
173.00 (CONH) IR (neat) cm™: 3,360 (NH) 1,644, 1,559 (amlde C=0).

15. The product T was synthesized according to General Procedure A except reaction time: A 50%
(wt/w) methanol solution of methyl acrylate (17 g, 0.2 mol) was added to the methanolic solu-
tion of 6 (21 g, 42 mmol). This reaction was allowed to stir at room temperature under a nitrogen
atmosphere for 2 weeks. The reaction was then heated to 50°C for 2 days. Rotary evaporation
under vacuum was used to remove methanol and excess methyl acrylate. The oily product was
dialyzed with membrane filter of MWCO of 5 D in water (8 g, 88%). 'H NMR (CDCl,, 6): 1.11
(g, OCH,CH)0), 2.42 (t, NCH,CH,CO, 84H), 2.52 (t, NHCH,CH,N. 36H), 2 74 (m,
NCH,CH, CO 84H), 3.26 (m, NHCH CH ,N, 36H). 3.65 (s, OCH,. 72H) 7 15 (bs, CONHCH,,
18H). 13C NMR (CDCl,, 8): 17.20 (OCH CH ,0), 32.50 (NCH, CH ,CO), 49.00 (NHCH,CH N)
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16.

17.

18.

51.00 (NCH,CH,CO), 52.00 (OCH,), 172.00 (COCH,), 174.00 (CONH). IR (neat) cm™": 3,308
(NH), 1,735 (ester C=0), 1,653 and 1,543 (for two amides C= 0), 1,045 (ester C-0O).

The product 8 was synthesized according to general procedure B: A solution of 6 (7.1 g, 0.1
mmol) in formic acid (20 ml) was stirred for 12 h. After removing formic acid and methanol
by rotary evaporator The oily product was dialyzed with membrane filter of MWCO of 5 D
in water (6.8 g, 95%). '"HNMR (CDCl,, §): 1.11 (g, OCH,CH,0), 2.50 (t, NCH,CH,CO, 84H),
2.66 (t, NHCH,CH N, 36H), 2.85 (m, NCH CH,CO, 84H) 3. 33 (m, NHCH, CH LN, 36H) 8.23
(bs, CONHCH 18H), 8.31 (s, CO,H, 24H). 13C NMR (CDCl,, §): 17.00 (OCH CH,0), 31.50
(NCH,CH CO) 49.00 (NHCH, CH ,N), 51.00 (NCH,CH CO), 172.00 (COOH) 173.00
(CONH) IR (neat) cm™': 3,426 (br NH and OH), 1,726 (a01d C=0), 1,660 and 1,588 (for two
amide C=0).

The product 9 was synthesized according to General Procedure C: Ethylenediamine (1 g, 18
mmol) was mixed with 20 ml of methanol and a 50% (w/w) methanol solution of 7 (2 g, 0.03
mmol). The reaction was allowed to proceed under a nitrogen atmosphere at room temperature
for 14 days, followed by heating at 50°C for 2 days. Excess ethylenediamine and methanol
were removed by rotary evaporation under vacuum. The remaining ethylenediamine was
removed by dialysis (Spectra/Por MWCO of 5D) and The product was a viscous yellow oil
(1.5 g, 70% yield). "H NMR (CDCl,, 6): 1.11 (g, OCH,CH,0), 2.33 (m, NCH,CH,CO, 84H),
2.63 (m, NHCH,CH,N, 84H), 2.78 (t NCH,CH,CO, 84H) 3.25 (t, NHCH, CH N, 84H), 7.02
(bs, CONHCH,, 18H) "C NMR (CDCl,, 9): 17 30 (OCH,CH,0), 34. 00 (NCH CH,CO),
41.00 (NHCH, CH ,N), 44.00 (NCH,CH CO) 49.00 (NCH, CH CO), 173.00 (CONH) IR
(neat) cm™: 3, 347 (NH ), 1,643 and 1, 566 (for two amides C=0).

M.,Yasuda J. Bio. Chem., 1931, 401-409.



Chapter 15

Swell Ratio Parameter for Prediction

of Chemically Crosslinked Low Density
Polyethylene Foam Expansion Characteristics

Coswald Stephan Sipaut! and Geoff L. A. Sims?

Abstract Chemically crosslinked Low Density Polyethylene (LDPE) foam
formation with traditional crosslinking system using Dicumyl Peroxide (DCP)
alone and with the introduction of polyfunctional monomer, triallycynurate (TAC)
is investigated. Samples were characterized as a function of relative concentration
of DCP and DCP with TAC in solid and foamed states. It is shown that the introduc-
tion of TAC monomer in the crosslinking system provides higher crosslinking level
than DCP alone. The addition of TAC monomer also showed significant reduction
in DCP concentration to obtain similar crosslinking level. Foam density indicates
that traditional parameter i.e. gel content to predict foam expansion is not suitable
parameter when polyfunctional monomer is introduced into the system. Swell ratio
which is crosslink density dependent is more suitable parameter to predict LDPE
foam expansion characteristics. The results also showed that at a similar value of
swell ratio either using DCP alone or with the addition of TAC into the system, give
similar foam expansion characteristics i.e. similar foam density, cell size and foam
mechanical properties.

Keywords Crosslinked, foam formation, low density polyethylene, swell ratio
parameter

Introduction

In the manufacturing of crosslinked polyolefin foam, the foam expansion and cell
stabilization highly dependent on the degree of crosslinking. It has been reported
that at higher crosslinking level the foam produce have higher density [1, 2].
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2Manchester Materials Science Centre, UMIST and University of Manchester, Grosvenor Street,
Manchester M1 7HS, UK
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Mechanical properties of the based polymer and cell structure which includes cell
size, cell shape also play a significantly roles in foam properties [3—5]. The proper-
ties of crosslinked material can be varied with the degree of crosslinking [1-4, 6].
The assessment of the degree of crosslinking formed in the polymeric system is
important to predict or correlate with the foam properties (i.e. foam density). There
are a few methods to assess the crosslinking level in the polymer depending on the
type of the polymer. For polyolefin base materials, the measurement of gel content
and melt modulus are often employed to predict the foam density [1, 7, 8]. The
principle of determination of degree of crosslinking involves of controlling the
process and rating the quality of final product. Gel content determination is the one
of the normally used method for measuring the content of gel (insoluble fraction)
produced in crosslinked ethylene plastic after extracting with solvent [6, 8]. Another
method to determine the degree of crosslinking in a polymer (i.e. composite) is swell
ratio measurements. In this method, the correlation between gel content and
network density can be predicted with the determination of swell ratio of the
crosslinked composite in hot p-xylene [9]. So far the correlation between swell ratio
and foam expansion characteristic is not yet been conducted. It has been reported
that triallylcyanurate (TAC), have the propensity to promote crosslinking. However,
the foam produced using TAC system compared to traditional system i.e. using
peroxide alone did not give similar foam density at similar gel content [6].
Therefore this paper investigates the effect of incorporating TAC in DCP-based
crosslinking system over a broader range of formulations as a function gel content
melt modulus and swell ratio in an attempt to find a suitable physical parameter to
better judge foam density and correlate with foaming behaviour.

Experimental

Materials

Base polymer used was LDPE Stamylan 1808 supplied by DSM with a density of
918 kg m™ and melt flow index of 8 dg min™'. Dicumyl peroxide (DCP) was
selected as crosslinking agent. Formulations were investigated using a range of
DCP concentrations up to 1.0 phr (parts per hundred resin). Polyfunctional mono-
mers used was triallyl cyanurate (TAC) supplied by Degussa. Concentrations in the
range 0.025-5.0 phr were used. The chemical blowing agent used was DP45/1,
manufactured by Bayer AG at a fixed concentration of 8.0 phr.

Sample Preparation

Mixing was conducted on a thermostatically controlled, electrically heated two-roll
mill. Compounding temperature and time mixing of component of LDPE, DCP,
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TAC and DP45/1 as detailed in previous paper [6]. Crosslinked matrix samples
were prepared by compression moulded of 45 g of compounded samples in a square
plate with a thickness of 1.5 mm for 20 min. The mould was then water-cooled to
30°C under pressure. Foaming was carried out by a two stage heat and chill process
using pre-heated 10 mm deep mould. After compounding, the foamable samples
were compression moulded at 14 MPa for 20 min at 165°C and cooled under pres-
sure to 30°C. The partially expanded moulding was then immediately transferred to
a circulating hot air oven at 130°C for 20 min to gradually complete the
expansion.

Solid Matrix Characterisations

Gel content was determined by refluxing in a stainless-steel mesh cage in boiling
xylene for 24 h according to ASTM D2765-01. Melt tensile behaviour of the solid
crosslinked matrix was performed in an Instron tensile testing machine fitted with
an environmental chamber at 130°C (the final expansion temperature in the heat and
chill process) to assess expansion resistance. The gauge length was set at 30 mm
and the crosshead speed at 20 mm min™' where sample were conditioned for 10 min
before commencing the test. Swell ratios were determined in accordance with
standard procedure detailed in ASTM D2765-01.

Foam Characterisations

Foam density was determined from the weight and volume of regular parallelepiped
samples (50 x 50 x 20 mm) free of skin, voids or other irregularities: Cell size
determination was conducted using Scanning Electron Microscope (SEM) images.
The mean apparent cell size was obtained from SEM images by a modified cell
count per unit length method described elsewhere [3]. Foam compression proper-
ties were performed using Instron Universal Testing Machine fitted with a compres-
sion cage at a crosshead speed of 20 mm min™' and compressing the samples to 80%
of their original thickness. Parallelepiped specimens (free of defects and skins)
50x50 mm with an average thickness of 20 mm were cut from bulk foamed
samples.

Results and Discussion

Various workers [2, 7] suggested that increasing either gel content (above 50%,
which is typical for foam manufactures) or melt modulus results in increased in
foam density. Figures 15.1 and 15.2 for systems containing DCP alone and in the
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Fig. 15.2 Dependence of foam density on gel content and melt modulus for samples containing
varying concentrations of DCP and a TAC concentration fixed at 0.5 phr

presence of a fixed 0.5 phr TAC (i.e. increasing DCP concentration) respectively.
The results indicated that foam density have an approximately linear relationship
with gel content and melt modulus. Increasing gel content or melt modulus resulted
in increased in foam density. This suggested that increasing degree of crosslinking
resulted in increased resistance to expansion by increase in melt strength of the
polymer matrix, which is line with the work by other researcher [4, 7]. However,
they also claimed that either gel content or melt modulus could be used to defined
foam density using system containing LDPE crosslinked with DCP. Both this
parameters were investigated separately.
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Foam Density of Similar Gel Content

Foam densities in a range of formulations (with and without polyfunctional mono-
mer, TAC) giving gel contents of approximately 62%, 70% and 77.5% is shown in
Fig. 15.3. Generally, within the limits of experimental error, at any specific gel
content, the higher the TAC concentration, the higher the foam density. The results
also showed that when using DCP alone or with 0.5 phr TAC, an approximately
linear response was observed between foam density and gel content. In the presence
of 2.0 phr TAC, the slope of the curve up to approximately 70% gel content is simi-
lar to DCP alone. However, at higher gel contents, the slope appears to divergently
increase (compared with DCP alone).

This suggested that gel content is not a suitable parameter to define foam behav-
iour when TAC is introduced into the system. The foam density increases with
increasing TAC tends to suggest increasing TAC at any specific DCP concentration
seemed to give higher crosslink density. This in turn would explain the increases in
melt modulus (restricting cell expansion and limiting foam density reduction) with
increasing TAC concentration as indicated in Fig. 15.4.

Foam Density Against Melt Modulus

Figure 15.5 gives a wealth of information. It is important to understand that each
series of three separate results at each nominal gel content represents an adjustment
in DCP concentration to give the nominal gel content in the presence of 0, 0.5 and
2.0 phr TAC (increasing TAC concentration produces progressive increase in melt
modulus and foam density). Result positively indicates that gel content is not a
suitable indicator to predict foam density (as previously suggested). However, if all
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Fig. 15.3 The effect of formulation on foam density at similar gel content
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data points could be considered as part of a mastercurve then the Mahapatro theory
[7] appears to hold some validity.

However, when experimental errors are taken into account, three separate curves
are strongly suggested. It appears that the Mahapatro theory may be valid in the
presence of TAC but only at a specific gel content. Overall, however, the incorpora-
tion of TAC in the crosslinking system seems to invalidate general application of
the Mahapatro theory. In order to explain these phenomena, an attempt was made
to estimate crosslink density using the standard characterisation technique of equi-
librium swelling i.e. swell ratio. It is reported elsewhere that higher swell ratios
indicate lower crosslink density and the lower the swell ratio the higher the
crosslink density [9].
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The Effect of Gel Content on Swell Ratio

The effects of formulations containing similar gel content on swell ratio are shown
in Fig. 15.6. The results show that at any specific gel content, the swell ratio
reduces with increasing TAC concentration. This confirms the earlier hypothesis
that higher TAC concentrations in the crosslinking system produce higher crosslink
density. The results are also in accordance with melt properties where the higher
the TAC concentration, the higher the melt modulus.

Moreover, the curves of 2.0 and 5.0 phr TAC, have a more linear relationship
compared with those crosslinked with DCP alone or in the presence of 0.5 phr TAC.
This strongly suggested that at higher TAC concentrations, a more rigid network
was present which restricted the ability of samples to swell. The results also give
further evidence that gel content is not really a suitable parameter to evaluate solid
properties when using TAC in the crosslinking system.

Effect of Swell Ratio on Foaming Behaviour

The relationship between swell ratio and foam properties was initially established
for LDPE crosslinked by DCP alone. Figure 15.7 shows that an increase in swell
ratio is accompanied by a decrease in foam density and an increase in mean cell
size. The higher swell ratios are associated with a more loosely crosslinked network
(i.e. lower crosslink density) that has a greater ability to expand and hence lowers
the foam density.

Of considerable interest, is foam density dependence on swell ratio of various
crosslinking system formulations including those containing up to 2.0 phr TAC
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Fig. 15.6 Effect of gel content on swell ratio



168 C.S. Sipaut, G.L.A. Sims

70 - - 0.35
. | I
l& 65 ' 0.3
o L 0.2
= 60 [ 02 E
2> o2
@ s -
k5 H015 @

50 4 I @
§ I 01 O
L 459 L 0.05

40 + T T T T T T T T T T 0

10 20 30 40 50 60 70

Swell ratio

—=&— Foam density - -4 -- Cell size

Fig. 15.7 The effect of swell ratio on foam density and mean cell size for DCP crosslinked LDPE
foam

~N
o O
B

Foam density / kg m-3
a g o o N
o o1 O 01 O

0 10 20 30 40 50 60 70
Swell ratio

— & 0.25,0.5, 0.75, 1.0 phr DCP (0.0 phr TAC)
5-- 0.10,0.15, 0.25, 0.5 phr DCP ( 0.5 phr TAC)
A~ 0.10,0.15, 0.20, 0.25 phr DCP (2.0 phr TAC)
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(Fig. 15.8). There is a positive indication that all data points may approximate to a
mastercurve more conclusively than those seen with melt modulus results (Fig.
15.5). The results suggested that swell ratio (itself related to crosslink density)
might be a useful parameter upon which to base prediction of foaming behaviour.

Therefore an attempt was made to investigate similar swell ratios of approxi-
mately 39, 22 and 17 (equivalent to crosslinking with DCP alone at concentrations
of 0.5, 0.75 and 1.0 phr respectively) independent of formulations. Table 15.1
indicates that formulations of similar swell ratio give approximately similar foam
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Table 15.1 Effect of formulation on foam properties at similar swell ratios

Foam density =~ Compression Average cell size

DCP (phr)  TAC (phr) Swell ratio (kg m™) modulus (MPa) (mm)

0.500 None 39.1 + 1.1 563+1.2 1.17 £ 0.06 0.169 + 0.012
0.125 0.5 38014  573x09 1.19 £ 0.05 0.157 £ 0.010
0.750 None 22.0+0.5 61.6 1.7 1.52 £ 0.07 0.135 +0.010
0.200 0.5 22.0+0.8 62.2+09 1.60 £+ 0.06 0.126 = 0.009
0.100 2.0 20.8 0.9 620+ 1.4 1.55 +0.04 0.130 +£0.011
1.000 None 17206  66.6+1.6 1.81 £0.08 0.115 = 0.009
0.250 0.5 16.6 +0.8 68.0+1.1 1.95 +0.09 0.108 = 0.011
0.150 2.0 172 +0.5 66.0+1.2 1.90 + 0.08 0.102 £ 0.012

density, compression modulus and mean cell size. This suggested that all selected
formulations of similar swell ratio had similar expansion characteristics and pre-
sumably, similar matrix properties. A further consideration is that swell ratio is
based on volume whereas melt modulus measurements consider only uniaxial
stress which may explain why swell ratio has a more universal applicability.

The most important finding is, however, that swell ratio appeared to be able to
define expansion characteristics not only of traditional crosslinking systems but
also those containing crosslinking promoter.

Conclusions

When foaming traditional DCP/LDPE systems, the foam density appeared to be
controlled by gel content and/or the melt modulus (above 50% gel fraction). It was
concluded that either gel content or melt modulus was inadequate to define foaming
behaviour when TAC is included in the crosslinking system. Moreover, that swell
ratio (crosslink density related) was a more universal parameter to predict foaming
behaviour than either gel content or melt modulus independent of formulation.
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Chapter 16

Ruthenium Tris-bypyridine/Zeolite-Y/Titanium
Dioxide Nano-Assembly: ‘Ship-in-a-Bottle’
Synthesis and Application in Heterogeneous
Photodegradation of 2,4-xylidine

Leon M. Jr. Payawan!, Eva Marie Ratilla', and Stefan Bossmann?

Abstract The synthetic route followed in the encapsulation of [Ru(bpy),]** in
ZeoliteY is referred to as “ship-in-a-bottle” synthesis due to non-extractability of
the [Ru(bpy),]** complex, once encapsulation has taken place within the cages of
the zeolite Y. Nanoparticles of TiO, was then introduced through TiCl, in ethylene
glycol mixture under argon, with sintering at 200°C. Spectroscopic, surface, and
electrochemical characterization confirmed the presence of [Ru(bpy),]** complex
within the cages of zeolite Y, and nanoparticles of TiO, in its cages.

The amount of TiO, was varied, and the assembly was tested for its photocata-
Iytic activity using degradation of 2,4-xylidine as test reaction probe. The
decrease in the concentration of xylidine and the corresponding increase in
oxalate concentration were monitored through HPLC. A pseudo-first order kinetics
was observed in the photodegradation process based on the Langmuir-Hinshelwood
mechanism. An inverse correlation was observed between the kinetic rate
constant and the obtained Light-Induced Optoacoustic Spectroscopy (LIOAS)
frequency maxima.

Enhanced rate of photodegradation observed with the use of new and efficient
photocatalyst such as [Ru(bpy),]**/TiO2 co-doped Zeolite Y may pave the way for
development of large-scale advanced oxidation processes for other pollutant
system.

Keywords Photodegradation, Ruthenium tris-bypyridine, Synthesis, Titanium
Dioxide, 2,4-xylidine, Zeolite-Y
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Ship-in-a-Bottle Synthesis

The synthetic route followed in the encapsulation of [Ru(bpy),]** in ZeoliteY is
referred as “ship-in-a-bottle” synthesis due to non-extractability of the [Ru(bpy),]**
complex, once encapsulation has taken place within the cages of the zeolite
Y. Nanoparticles of TiO, was then introduced through TiCl, in ethylene glycol
mixture under argon, with sintering at 200°C. A schematic diagram of the synthesis
is shown in Fig. 16.1 [1].

The amount of TiO, was varied, and the assembly was tested for its photocata-
Iytic activity using degradation of 2,4-xylidine as test reaction probe. Results show
that the maximum catalytic efficiency was obtained at 52% TiO, loading. The
material’s experimentally determined kinetic rate constant was correlated with the
obtained Light-Induced Optoacoustic Spectroscopy (LIOAS) frequency at different
%TiO, loading in the figure below Fig. 16.1 superimposed with the measured
kinetic rate constant plot at various TiO, loading. It may be surmised that the
molecular non-radiative relaxation of the material may be directly correlated with
its catalytic efficiency as measured by the first-order rate constant.

The photodegradation mechanism of 2,4-xylidine to a mineralized form, oxalate
was deduced from GC-MS trace detection of reaction intermediates. A summary of
the proposed degradation path is shown in Fig. 16.2. The presence of some of these
intermediates are supported by GC and HPLC data [2].
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Fig. 16.1 (A) Calculated 1st order rate constant, and (B) LIOAS frequency in relation to %TiO,
loaded in the zeoliteY/[Ru(bpy),]**/TiO,
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Fig. 16.2 Proposed degradation pathway of 2,4-xylidine to oxalic acid. Intermediates A to I have

been identified through GC-MS analysis
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Chapter 17
Infrared Spectroelectrochemical Analysis

of the Binuclear Rhenium Complex
of the Form, [Re(CO),Cl],(tpbq)

Arnie R. de Leon!, Girlie Naomi N. Sison?, and Stacey J. Borg®

Abstract A number of transition metal complexes have been investigated as
potential electrocatalysts for CO, reduction, including rhenium monometallic
complexes, which exhibited unique activity towards CO, reduction. Further development
of multimetallic systems is also gaining interest, attributed to its likelihood
in increasing the selectivity of converting CO, into highly reduced products.
In this study, the binuclear rhenium complex of the form [Re(CO),Cl],(tpbq),
where tpbq = 2,2’,3,3’-tetra-2-pyridyl-6,6’-biquinoxaline, has been synthesized
and characterized in our laboratory. Typical yield for the synthesis is about 45%.
Characterization was done using UV-Vis spectroscopy, FTIR spectroscopy, and
cyclic voltammetry. The results of the characterization procedure have been
compared and found very similar to analogous complexes of rhenium such as the
monometallic Re(bpy)(CO),Cl where bpy = 2,2’-bipyridine. Tandem infrared spec-
troelectrochemical analysis confirmed the reversibility of the reduction processes at
—0.50 V and at —0.90 V versus SCE.

Keywords CO, reduction, cyclic voltammetry, polymetallic complexes, rhenium
polypyridyl, spectroelectrochemical analysis

Introduction

The conversion of carbon dioxide into carbon feedstock for the manufacture of
fuels and chemicals is an important area of research. It has the advantage of lower
cost, due to the abundant supply of CO,, and has the environmental benefit of
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aiding in the reduction of CO, levels in the atmosphere believed to cause the
‘greenhouse effect’. The continued search for energy efficient electrocatalysts has
been the focus of this research field in which inorganic complexes have played a
major role. Rhenium monometallic complexes, among others, had shown unique
activity towards CO, reduction. The development of multimetallic systems in their
capability to store multiple equivalents of electrons is showing great promise in
increasing the selectivity of the CO, conversion processes toward highly reduced
products.

Infrared spectroelectrochemical technique proved to be an excellent method to
look at time and potential dependent changes of various types of chemical species.
The employment of this technique will surely be significant on the mechanistic
study of electron-transfer reactions of rhenium complexes.

The main goals of this research are: (1) to characterize polynuclear rhenium
complexes which are capable of multielectron transfer reactions (2) to come up
with appropriate conclusions on the redox-initiated transformations of this syn-
thetic analog through the use of a new design of spectroelectrochemical cell; and
(3) propose possible systems or investigations where infrared spectroelectrochemi-
stry can be very useful.

Background

Investigations concerning the development of carbon dioxide as a potential alter-
nate carbon source for commercial fuels have grown enormously with time. One
reason is its potential for use in reversing the “greenhouse effect” attributed to CO,
accumulation in the atmosphere. Several transition metal complexes have been
investigated as electrocatalysts for CO, reduction [1]. Unique properties of metal
polypyridyl complexes, such as the ability of the polypyridyl ligands to act as “elec-
tron reservoirs” by utilizing vacant ©* orbitals and to stabilize metals in a large
number of oxidation states, lead to several investigations on these systems as elec-
trocatalysts for CO, reduction [2-7]. In addition, these complexes can also be used
as light absorbing moieties for photoinitiated processes [8—16].
Jac-[Re(bpy)(CO),Cl] and related complexes had been found to be highly selective
for the conversion of CO, to CO (98% current efficiency) in aprotic solvents both
photochemically and electrochemically (-1.25 V vs. NHE) [5-7]. Its reactivity was
associated with the rapid reaction of the complex with CO, followed by the dissociation
of the chloride ligand. The chloride ligand was labilized upon initial one-electron
reduction of the complex [3, 4]. Similar reactivity was also observed with
[Re(CO),(dmbpy)Cl] [8]. The catalytic activity of the complex was found to
involve a sesqui-coordinated bipyridine intermediate which allowed coordination
of CO, to the empty coordination site generated on the rhenium.
Spectroelectrochemical methods refer to spectroscopically probing unique
chemical species that are generated in situ during redox reactions at or near electrode
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surfaces [17]. Spectroelectrochemical techniques present a significant extension to
electrochemical studies, providing detailed insights into the chemical and structural
changes following electron transfer reactions. A wide range of spectroscopic tech-
niques has been interfaced with electrochemical techniques to generate varieties of
hybrid techniques [18]. Infrared spectroscopy is well suited to spectroelectrochemical
experiments because they provide results that are sensitive to the molecular struc-
ture of the compound under study. The high sensitivity and specificity obtained
from IR-spectroelectrochemical measurements make it particularly valuable for the
study of electrogenerated chemical species near the electrode surface and in the
bulk solution [18]. Consequentially, the sample size and electrode geometry needed
for such measurements are compatible with that required for electrochemical inves-
tigation [19].

Various designs of spectroelectrochemical cell have been developed that use
optically transparent or perforated electrodes for transmission measurements and
reflective electrodes for use in reflection/absorption experiments [20-25].
Transmission electrochemical cells, using perforated and minigrid electrodes,
measure the IR features of the electrochemical species in the bulk solution. In con-
trast, most reflectance methods measure the IR features of electrochemical species
near or on the electrode surface, with either totally reflective or transparent elec-
trodes [20]. Borg et al. designed a reflection/absorption spectroelectrochemical cell
capable of operation at gas pressures O—1 Mpa [19]. It can also operate at low solu-
tion volumes (~100 pL) and collect good-quality electrochemical results from the
solution under spectroscopic study due to the multi-electrode assembly. This
advancement in spectroelectrochemical design greatly facilitates the study of
highly air-sensitive samples particularly in cases where sample quantity is a limit-
ing factor [19].

Experimental

Materials and Reagents

All reagents (analytical grade) were used without further purification, unless oth-
erwise specified. The transition metal precursor, Re(CO),Cl and the ligand pre-
cursors 1,2,4,5-benzenetetraamine tetrahydrochloride, 3,3’-diaminobenzidine,
and 2,2’-pyirdyl were all purchased from Aldrich Chemical Company. Absolute
ethanol, diethyl ether, n-pentane and dichloromethane were all purchased from
Merck. Triethylamine and acetonitrile (both AR and HPLC grades) were acquired
from J.T. Baker. The supporting electrolyte, tetrabutylammonium hexafluoro-
phosphate (TBAHP), used for the electrochemical experiments was prepared by
the metathesis of tetrabutylammonium bromide (SIGMA) with potassium hex-
afluorophosphate (SIGMA), recrystallized several times from hot ethanol and
vacuum dried.



178 A.R. de Leon et al.

Syntheses

Synthesis of the Bridging Ligand 2,2°,3,3’-tetra-2-pyridyl-6,6’-biquinoxaline,
tpbq

The synthesis of tpbq was adopted from the procedure published by Rillema et al.
[26]. 3,3’-diaminobenzidine (0.5 g, 2.34 mmol) and 2,2’-pyridyl (1.0 g, 4.67 mmol)
were placed in a round bottom flask. Then 50 mL of absolute ethanol was added
into the flask, stirred, and heated under reflux for 5 hours, where a brownish-yellow
precipitate formed. The product was filtered, washed with small portions of cold
ethanol, followed by ether, then vacuum-dried, and stored in a desiccator. A typical
yield is ~45%; m/z 567.8; UV-Vis (nm): 367.5, 281; FTIR (cm™): 3,060.5, 3,010.4,
1,999.2, 1,613.2-1,570.8, 1,474, 1,281-999.61, 891.54-710.15, 663.

Synthesis of [Re(CO),Cl],(tpbq)

The binuclear rhenium(I) complex was synthesized according to the procedure by
Wrighton and Morse [27] but with some modifications. Stoichiometric amounts of
Re(CO),CI and tpbq (in 1:2 mmol ratios BL:metal salt) were mixed in 50 mL
benzene. The resulting mixture was stirred and heated under reflux for 5 hours at
60°C. The product was filtered under vacuum then recrystallized by dissolving in
dicholoromethane and recrystallizing in n-pentane. The purified complex was filtered
again under vacuum and air-dried. The brownish precipitate was obtained with a
typical yield of ~78%. UV-Vis (nm): 383.8 and 292.6; FTIR (cm™): 3,087.6 (broad),
999.61 — 1,092.2, 1,196.1 — 1,130.8, 717.86 — 833.65, 1,532.2 — 1,613.2, 1,474.3,
1,358.5,532.8 — 609.8; CV datain E, _ (V vs. Ag/AgCl): + 1.49, -0.565, —1.051.

12

Characterization
Infrared Spectroscopy

The infrared spectra of the bridging ligands and the complexes were obtained in
peak view mode using a Bio-Rad FTS-40A FTIR Spectrophotometer using a tung-
sten halogen lamp as light source and a cryogenic MCT as detector. Samples were
oven-dried and kept in a vacuum desiccator prior to analyses. These were prepared
as pellets in KBr matrix.

Electronic Absorption Spectroscopy

The electronic absorption spectra of the complexes were obtained at room tempera-
ture using a Shimadzu UV-3101PC UV-VIS-NIR Scanning Spectrophotometer
with 2 nm resolution. The wavelength range is between 200 and 900 nm.
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Electrochemistry

Cyclic voltammetry was conducted using a Powerlab ADI Potentiostat interfaced
to a computer. A typical three electrode system was used for the analysis: Ag/AgCl
electrode (2.0 mm) as reference electrode; Pt disc (2.0 mm) as working electrode;
and Pt rod (2.0 mm) as auxiliary electrode. The supporting electrolyte used was a
TBAHP/acetonitrile electrolyte-solvent system. The instrument was preset using a
Metrohm 693 VA Processor. Potential sweep rate was 200 mV/s using a scan range
of —1,800 to 1,800 mV.

Infrared-Spectroelectrochemical Analysis of [Re(CO),CI],(tpbq)

The synthesized complex was sent to the Department of Chemistry at University of
Melbourne in Australia and the infrared-spectroelectrochemical (IR-SEC) experi-
ments were done at Dr. Stephen Best’s laboratory. The following procedure was
conducted.

Solvents were purified and dried by standard methods [28] and distilled under
an atmosphere of nitrogen immediately prior to use. Solutions used for electro-
chemical or spectroscopic analyses were prepared under an atmosphere of nitrogen
or argon using either standard Schlenk techniques or with the aid of a vacuum
atmospheres glovebox. High purity Ar, N,, and CO were obtained from BOC gases.
The tetra-n-butylammonium perchlorate (TBA[CIO,]) or tetra-n-butylammonium
hexafluorophosphate (TBA[PF,]), used as supporting electrolyte, were prepared
and purified using standard procedures [29]. CAUTION! Perchlorate salts are
potentially explosive. Solutions containing TBA[CIO,] as a supporting electrolyte
should not be allowed to evaporate to dryness.

Cyclic voltammetry experiments were controlled using a Powerlab 4/20
interface and PAR model 362 scanning potentiostat with EChem software (v1.5.2,
ADInstruments) and were carried out using a | mm diameter vitreous carbon working
electrode, platinum counter electrode, and 2 mm silver wire reference electrode.
The potential of the reference electrode was determined using the ferrocenium/
ferrocene (Fc*/Fc) couple, and all potentials are quoted relative to the SCE refer-
ence electrode. Against this reference, the Fc*/Fc couple occurs at +0.38 V in
acetonitrile and +0.53 V in THF [30, 31].

A PAR model 362 scanning potentiostat was used for the SEC experiments, and
these were conducted using a purpose-built reflection/absorption cell capable of
operating at moderate gas pressures (1 MPa). The design and operation of the high-
pressure SEC cell has been previously described [32]. The current response of the
SEC cell was monitored using a Powerlab 4/20 interface and recorded with Chart
4 software (AD Instruments). The solution under spectroscopic investigation is
comprised of a 10-30 um layer of solution trapped between the multielectrode and
a CaF, window. The thickness of the layer was adjusted under micrometer control
and its value estimated using the extinction coefficients of absorptions due to the
solvent [33, 34].
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Infrared spectra were collected using a Biorad FT175C FTIR spectrometer uti-
lizing a Ge/KBr beam splitter and a narrow-band MCT detector. The IR-SEC spectra
were collected in single beam mode, and differential absorbance spectra were
calculated from these using the spectrum recorded immediately prior to the applica-
tion of the potential step as the reference. Spectra for the individual reduced species
were obtained by spectral subtraction using Grams/32 Al software (Galactic).

Results and Discussion

The binuclear rhenium(I) complex was obtained at very reasonable yield (Fig.
17.1). The metal salt [Re(CO), Cl] incorporated with the bridging ligand was added
in slight excess to ensure the attachment to the BL. The chelating nature of the tpbq,
which has four bidentate sites allows them to form stable polymetallic complexes
with rhenium(I) (Fig. 17.2). The two nitrogen (N) atoms in the pyridyl and pyrazyl
groups of the BL’s allow for the attachment of one rhenium(I) center. The number
of coordinated metal centers formed actually depends on the molar ratio of the
starting materials.

The basic features of the electronic absorption spectra of the synthesized
rhenium(I) complex which were also found in analogous complexes, such as

Fig. 17.2 Structure of tpbq
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Re(CO)3XC1 [X =5-Y-1,10-phenanthroline (Y = H, CHB, Cl, Br, NOZ), 4,7-diphenyl-1,
10-phenanthroline-5,6-dione, and 2,2’-biquinoline] [35] include the appearance of
low energy absorption bands between 352-416 nm arising from metal-to-ligand
charge transfer (MLCT) transitions from the dm orbitals of Re(I) to the ©* orbitals
of the BL’s, and that of a higher energy absorption band at around ~275 nm arising
from a ligand-localized ® — 7* transition in the BL’s. The molar absorptivity (€) of
the complex confirm the occurrence of a MLCT transition, which has € values 10°-
10° while ligand based transitions have magnitudes greater than 103,

The complex exhibited characteristic group absorptions corresponding to C-H,
C-N, and C-C stretching vibrations. The metal salt precursor, Re(CO)SCI exhib-
ited characteristic group vibrations attributed to Re-Cl and C-O stretching
vibrations. The characteristic group absorptions are similar, but not identical to
those of the precursors, Re(CO),Cl and the BL tpbq. The peaks alone correspond-
ing to the C-O stretch immediately confirms the attachment of Re(I) metal center.
The C-O stretching frequencies are a bit lower compared to that of their precursor
metal complex, largely due to the presence of strongly m-accepting bridging lig-
and. Broad bands in the C-O region of the spectra may indicate the overlap of
numerous peaks, another indication of binding of more than one Re(I) metal cent-
ers to the tpbq (Fig. 17.3).

Distinct peaks at the positive (+) and negative (-) regions of the voltammogram
(Fig. 17.4), are observed. The cyclic voltammogram of [Re(CO),Cl],tpbq is domi-
nated by metal-localized oxidation and ligand-localized reductions, as observed in
analogous complexes. Reduction in the complexes may be attributed to the BL/BL~
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Fig. 17.3 FTIR spectrum of [Re(CO),Cl],tpbq in KBr matrix
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Fig. 17.4 Cyclic Voltammogram of 5 mM solution of [Re(CO),Cl],tbpq on 1 mm Pt wire, in SEC
cell (0.2 M TBAPF/CH,CN)

and BL/BL*, i.e. tpbq/tpbq™ and tbpq/tpbg> reductive couples. The oxidation is
attributed to Re(I)/Re(II) couple. A more positive value for oxidation and reduction
generally implies greater ease of oxidation of the Re(I) metal centers and easier
reduction of the BL’s. It can be observed experimentally that as more metal centers
are bound to the BL’s, the more difficult it is to reduce the BL’s, meaning the more
Re(I) metal is attached to the BL, the more “localized” the electrons become, thus
hindering the oxidative ability of the BL.

Figure 17.5 shows the IR-SEC spectra of [Re(CO),Cl],tbpq complex: the first
oxidized species (at 600 mV), neutral, first reduced species (at —500 mV), second
reduced species (at ~900 mV). The IR-SEC measurements of [Re(CO),Cl],tpbqg
were done at potentials referring to the peaks of its cyclic voltammogram. The first
oxidized species (taken at 600 mV) showed an IR spectrum with the C-O stretching
bands occurring at higher frequency compared with that of the neutral species. As
the complex is reduced, the C-O stretching frequency is lowered which is consistent
with the increased electron density in the CO ©* orbitals. All of these species are
fairly stable and exist in the solution even in the absence of applied potential. Figure
17.6 and the cyclic voltammogram (Fig. 17.4) show that the first reduction is
reversible, recovering almost all the neutral species upon reoxidation at +100mV.
On the other hand, the second reduction is quasi-reversible in the CV, but has rea-
sonable chemical reversibility, recovering about 80-90% of the neutal species upon
reoxidation.
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Fig. 17.5 IR-SEC spectra of [Re(CO),Cl],tbpq under 40 psi Ar. All potentials are versus the bare
Ag wire in our system

Fig. 17.6 IR-SEC spectra of [Re(CO),Cl],tbpq under 40 psi Ar. All potentials are versus the bare
Ag wire in our system

Conclusion

The bimetallic complex [Re(CO),Cl],tbpq synthesized in this work showed the
typical spectroscopic and electrochemical behavior based on analogous polypyridyl
complexes of rhenium(I). Re(I) dn — tpbq n* charge transfer transition and ligand-
field m—n* transitions are observed. Typical redox behavior of this system consists
of Re'/Re oxidation and tpbg/tpbq” reduction. Such electrochemical activity, par-
ticularly in the reductive region, is found ideal for catalytic processes such as CO,
reduction. IR-SEC studies have shown that the reduction process occurring at —0.50
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V is reversible where the complex is recovered completely after re-oxidation. The
second reduction at —0.90 V has relatively good chemical reversibility. In this
region, the complex is expected to undergo some chemical transformations such as
a probable loss of Cl ligand which subsequently opens up a coordination site for
any substrate molecule.

Further studies on this system will include IR-SEC experiments under an atmos-
phere of CO, to verify its catalytic activity for CO, reduction and to aid in formulating
a mechanism for the reaction. Other multimetallic systems used as CO, reduction
catalysts such as ruthenium-, iridium-, and cobalt-based complexes, or metal clusters
used as models in the active sites of biological systems, many of which have
complex redox behavior can also be investigated using the IR-SEC technique.
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Chapter 18

Microbial Synthesis of Poly
(3-Hydroxybutyrate-co-4-Hydroxybutyrate)
by Cupriavidus sp. USMAA1020 Isolated
from Malaysian Environment

Amirul A. Abdullah!, Ahmad R. M. Yahya!, Kumar Sudesh!,
Mohd N. M. Azizan', and Mohd I. A. Majid>

Abstract A locally isolated Gram negative bacterium designated as USMAA1020
was able to produce poly(3-hydroxybutyrate-co-4-hydroxybutyrate) [P(3HB-
co-4HB)] when grown on y-butyrolactone as the sole carbon source. The polyester
was purified from freeze-dried cells and analyzed by nuclear magnetic resonance
(NMR) spectroscopy. 'H and *C NMR results confirmed the presence of 3HB
and 4HB monomers. USMAA1020 are able to grow and produce 67 wt%
P(3BHB-co-8mol%4HB) of the dry cell weight in a one-step cultivation process
using y-butyrolactone as the sole carbon source. It accumulated P(3HB-co-4HB)
copolyesters with higher 4HB fraction in nitrogen-free mineral medium containing
various carbon sources such as y-butyrolactone, 1,4-butanediol and 4-hydroxybu-
tyric acid through a two-step cultivation process. The two-step cultivation process
produced significantly higher 4HB fraction in the copolyester and the composition
of copolyesters varied from 19 to 43 mol% 4HB, depending on the carbon sources
supplied. Biochemical characterization, 16S rRNA sequence analysis, cellular fatty
acids analysis and DNA base ratio determination revealed that strain USMAA1020
may represent a strain of a new species within the genus Cupriavidus.

Keywords Bacteria, biosynthesis, copolyesters, Cupriavidus, Malaysian environment

Introduction

Polyhydroxyalkanoate (PHA) is a biodegradable and biocompatible thermoplastic that
can be synthesized in many microorganisms from almost all genera of the microbial
kingdom. Many microorganisms synthesize polyhydroxyalkanoates (PHAs) as intrac-
ellular carbon and energy reserve materials [1]. These microbial polyesters materials
are thermoplastics with biodegradable properties [2]. PHAs are usually accumulated
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within cells when growth is limited by the depletion of nutrients such as nitrogen,
oxygen, and other essential elements but have an excess of carbon source.
Microorganisms are able to accumulate various types of PHAs in the form of
homopolyesters, copolyesters, or polyester blends [3]. More than 150 different mono-
mer units are known to be incorporated into the polyester chain [4]. Accordingly,
various kinds of copolyesters are expected when a bacterium is grown on mixtures of
different precursors [5]. One of these polyesters, poly(3-hydroxybutyrate-co-4-
hydroxybutyrate) [P(3HB-co-4HB)] has been found to exhibit particular useful mate-
rial properties relative to other PHAs. Generally, P(3HB-co-4HB) is produced by
feeding precursor carbon sources such as 4-hydroxybutyric acid, 1,4-butanediol and
v-butyrolactone. Doi and coworkers were the first to report that Ralstonia eutropha and
Alcaligenes latus can produce PHA containing 4HB monomers [6-8]. In 1994, they
described another bacteria, Comamonas acidovarans which is a wild type microorgan-
ism with suitable metabolic pathways for the production of P(3HB-co-4HB) [9].
Among the various monomer constituents, the incorporation of 4HB has resulted in
PHAs with a wide range of physical properties [2]. With an increase in the 4HB
fraction, this copolyester shows properties that range from being highly crystalline
thermoplastic to strong elastomeric rubber-like material [9]. Among these microorgan-
isms, R. eutropha has been reported to produce P(3HB-co-4HB) with various 4HB
fractions (0—100 mol%) and has been studied most extensively due to its easy growth
and ability to accumulate large amount of polymers from simple carbon sources [10].

Poly(4-hydroxybutyrate) [P(4HB)] is a highly ductile, flexible polymer withstanding
an extension of around 1,000% before breaking, compared to P(3HB), which can only
extend to less than 10% before breaking. Combining these different monomers to form
copolymers, as in P(3HB-co-4HB), been described as one of the most useful PHAs by
Sudesh et al. [5], produces a family of materials with mechanical properties that can be
tailored to specific needs. P(3HB-co-4HB) has been found to have desirable mechanical
properties for applications in the medical and pharmaceutical field [11]. The biocompat-
ibility and bioabsorbable nature of P(3HB-co-4HB) makes it the most valuable type of
biopolymer among the vast number of different PHAs synthesized by microorganisms.
To date, five wild-type bacteria, which can produce P(3HB-co-4HB), i.e. R. eutropha
[71, Alcaligenes latus [8, 12], Comamonas acidovorans [9, 13], Comamonas testostero-
nii [14] and Hydrogenphaga pseudoflava [15] have been reported. In the present study,
we report the biosynthesis of P(3HB-co-4HB) by Cupriavidus sp. USMAA1020 that
was isolated from Malaysian environment.

Materials and Methods

Isolation and Identification of P(3HB-co-4HB) Producer

Samples from environments such as soil, sludge and water in Peninsular Malaysia
were screened for PHA producers. Samples were enriched with mineral salts
medium (MSM) containing y-butyrolactone as the sole carbon source (0.7% v/v)
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but with limited nitrogen source to maintain the C/N ratio at 20. After overnight
incubating, cultures then diluted in sterile distilled water and plated on solid min-
eral salts medium containing y-butyrolactone and Nile red stain (5 pg/mL) [16].
Colonies that formed following incubation were replicated onto a fresh medium.
The original plate then exposed to ultraviolet (320 nm) illumination to identify
PHA producers. In addition, biochemical characterization, 16 S rRNA sequencing,
DNA base composition and fatty acids analysis were performed to determine the
identity of the isolate, USMAA1020.

P(3HB-co-4HB) Accumulation

P(3HB-co-4HB) accumulation was carried out in a two-step batch cultivation proc-
ess. The microorganisms were grown in 150 mL of nutrient broth (NB) for 20 to 22
hours. The cells were then harvested by centrifugation (10,000 g), washed with ster-
ile distilled water, and transferred (1 g/L) into nitrogen-free MSM. The second-step
culture medium consists of 3.70 g/L. KH,PO,, 5.80 ¢/L K HPO,, 0.2 ¢/ MgSO,.7H,0
and 1.0 mL/L microelements solution (2.78 g/L FeSO 4.7H20, 1.98 g/L MnC12'4H20,
and 2.81 g/L CoSO, 7H,0, 1.67 g/L. CaCl, 2H,0, 0.17 g/LL CuCl,.2H,0 and 0.29 g/L
ZnS0O,.7H,0/L of 0.1 M HCI). The medium was added with filter-sterilized y-buty-
rolactone, 1,4-butanediol and 4-hydroxybutyric acid at a concentration 0.56% (wt)
carbon as the sole carbon source to promote PHA synthesis.

Observation of PHA Granules

Intracellular PHA granules in the microbial cells were observed using phase con-
trast light microscopy. The granules appeared distinct and light refractive inclusion
bodies in the cell cytoplasm. These granules can also be stained by the oxazine dye,
Nile red which results in pink or orange fluorescence when exposed to UV light
[16]. In addition, morphology of the isolate was examined by transmission electron
microscopy (TEM) according to standard methods.

Gas Chromatography and Nuclear Magnetic
Resonance Analysis of PHA

PHA content and composition in the lyophilized cell material were determined
using gas chromatography (GC) and nuclear magnetic resonance (NMR) analyses.
For GC analysis [17], approximately 15 mg of lyophilized cell was subjected to
methanolysis in the presence of methanol and sulfuric acid [85%:15% (v/v)]. The
reaction mixture was incubated at 100°C for 3 hours. The organic layer containing
the reaction products was separated, dried over Na, SO,, and analyzed by GC. For
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NMR analysis, the PHA was extracted from freeze-dried cells. For this purpose,
1.0 g freeze-dried cells were stirred in 200 mL of chloroform for 24 hours at 30°C.
The extract was filtered to remove cells debris, and the chloroform was concen-
trated to a volume of about 15 mL using rotary evaporator. The concentrated
solution was then added drop-wise to 150 mL of rapidly stirred methanol to
precipitate the dissolved PHA.The precipitated PHA was then recovered by filtra-
tion using a 0.45 um PTFE membrane and dried overnight at room temperature.
The purified PHA was dissolved in deuterated chloroform (CDCIl,) and subjected
to 'H and *C NMR analyses.

Results and Discussion

Isolation of P(3HB-co-4HB) Producer

In total of 663 isolates were isolated from various samples from Peninsular Malaysia.
One hundred nineteen out of the 663 isolates were identified as possible PHA produc-
ers based on Nile red staining methods. All the 119 PHA producers emitted pink
fluorescence when grown on solid MSM containing Nile red and exposed to UV
light. The isolates obtained in this study were cultivated in MSM containing
v-butyrolactone as carbon source. GC analysis confirmed that 95 out of the 119 iso-
lates were PHA producers. Among the 95 positive isolates, 77 isolates produced only
P(3HB) homopolymer and 18 isolates produced PHA containing 3-hydroxybutyrate
(3HB) and 4-hydroxybutyrate (4HB) monomers. Among these 18 isolates,
USMAA1020 was screened as the best P(3HB-co-4HB) producer. For further confir-
mation, PHA was extracted from the latter isolate and analyzed by GC as well as
NMR. Results from both analyses confirmed that the isolate USMAA 1020 was capa-
ble of producing PHA containing (3HB) and (4HB). Figure 18.1 shows the *C-NMR
spectra of P(3HB-co-4HB) copolymer sample purified from USMAA 1020 in chloro-
form together with the *C chemical assignments. The six *C resonances at 15-70
ppm could be assigned to specific carbon species in the 3HB and 4HB units [18].

Identification of Isolate USMAA1020

Morphological and biochemical tests were performed on USMAA1020. The fol-
lowing characteristics were present: cells are Gram-negative, aerobic, non-spore
forming, motile, and rod-shaped (0.7-0.9 x 1.5-3.0 um). Colonies on NB agar are
circular, convex, opaque, and creamy. Growth is observed at 30°C and 37°C but not
at 42°C. No indole production or production of acid from glucose occurs. Gelatin,
aesculin and arginine are not hydrolysed. Nitrate is not reduced to nitrite. Assimilates
p-hydroxy-benzoate, mesaconate, trans-aconitate, D/L-tartrate, citrate, malate,
adipate, caprate and gluconate but not D-galactose, D-fucose, D-xylose, glucose,
arabinose, mannose, mannit and maltose. The DNA G + C content is 62.3%. The
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Fig. 18.1 "“C-NMR spectrum of PHA purified from USMAA1020. Inset shows the chemical
structure of P(3HB-co-4HB) copolyester. Numbers 1 to 8 refer to the peak assignments in the
NMR spectrum

profile of the cellular fatty acids is typical for the genus Cupriavidus. These results
suggested that USMAA1020 belong to the genus Cupriavidus [19]. This was further
supported by the 16S rRNA sequence analysis (results not shown). The complete
16S rRNA gene sequence of strain USMAAI1020 (GenBank accession no.
DQ351699) shows highest similarity of 98.4% with Cupriavidus pauculus. Based
on these results, strongly suggested that the isolate USMA1020 may represent a
strain of a new species within the genus Cupriavidus.

Growth Characteristics and P(3HB-co-4HB) Accumulation
of Cupriavidus sp. USMAA1020 Using 7y-Butyrolactone

Figure 18.2 shows that the growth profile and PHA content of Cupriavidus sp.
USMAA1020 on MSM containing y-butyrolactone [0.74% (v/v)] as the sole carbon
source. A period of 72 hours was required for maximum growth of the strain and
P(3HB-co-4HB) copolymer was produced at maximally 67 wt% of dry cell weight
using y-butyrolactone as the sole carbon source. The molar carbon to nitrogen (C/N)
ratio of 20 in the medium led to higher accumulation of PHA during the steady-
state growth. GC analysis shows that Cupriavidus sp. USMAA1020 is capable of
producing P(3HB-co-4HB) using single-stage cultivation process and the 4HB
content was 8 mol%. Cells that were grown in conditions that do not promote PHA
biosynthesis and do promote PHA biosynthesis were subjected to morphological
examination using transmission electron microscopy (TEM). Transmission electron
micrograph of Cupriavidus sp. USMAA1020 are shown in Fig. 18.3a and b.
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Fig. 18.2 Growth and P(3HB-co-4HB) accumulation of Cupriavidus sp. USMAA1020 on MSM
containing y-butyrolactone as the sole carbon source in a one-step cultivation process. The one-step
culture medium is same as two-step culture medium but contains 1.1 g/L (NH,),SO, as nitrogen
source

a b

Fig. 18.3 Transmission electron micrograph of USMAA1020. (a) Morphology of cell with no
PHA accumulation. (b) Morphology of cell with PHA granules in the cell cytoplasm. PHA gran-
ules appear as translucent bodies

The presence of translucent bodies in cell cytoplasm is a clear indication of PHA
accumulation. It can be seen that the accumulated PHA occupies a very significant
portion of the cell volume. The number of PHA granules in the cells ranged from
one to two and their sizes ranged from 300 to 500 nm.

Biosynthesis of P(3HB-co-4HB) in a Two-Step Cultivation

PHAs are usually accumulated within microbial cells when growth is limited by the
depletion of nutrients such as nitrogen, oxygen, and other essential elements but
have an excess of carbon source. Therefore, two-step cultivation is applied, whereby
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cell biomass from the nutrient broth is transferred to a second-step in which the
medium is usually nitrogen-limited or nitrogen-free [21]. This medium is added
with suitable carbon sources to promote the biosynthesis of a particular type of
PHA. In this study, we have tested y-butyrolactone, 1,4-butanediol and 4-hydroxy-
butyric acid that are known to promote the biosynthesis of PHAs containing 4HB
monomers. Table 18.1 summarizes the results obtained when different carbon
sources were added to the second-step cultivation. All carbon sources resulted in
the accumulation of P(3HB-co-4HB) with 4HB content ranged from 19 to 43 mol%
when a two-step cultivation used. The molar fraction of 4HB was highest
(43 mol%) when 4-hydroxybutyric acid used as the carbon source. y-butyrolactone
resulted in the accumulation of 45 wt% of the dry cell weight P(3HB-co-4HB) and
also resulted in fairly high contents of 4HB in the copolymer (37 mol%). A random
copolymer of 3HB and 4HB was produced even when 4-hydroxybutyric acid was
used as sole carbon source for Cupriavidus sp. USMAA1020. According to Doi
[2], 4-hydroxybutyryl-CoA is first formed from these carbon sources in the cells. A
portion of the 4-hydroxybutyryl-CoA is then metabolized into D(-)-3-hydroxybu-
tyryl-CoA via a complex metabolic pathway. A random copolyester of 3HB and
4HB units is then produced by the copolymerization of D(-)-3-hydroxybutyryl-
CoA with 4-hydroxybutyryl-CoA under the action of PHA synthase. The expanded
spectra of carbonyl carbon resonances at 163—173 ppm are shown in Fig. 18.4. The
carbonyl resonances are resolved into four groups of peaks that arise from the dif-
ferent dyad sequences of connected 3HB and 4HB units. The dyad 3*3 (3HB-
3HB), 3*4 (3HB-4HB), 4*3 (4HB-3HB), 4*4 (4HB-4HB) fractions are determined
from the well-resolved peaks of carbonyl resonance. Assuming that these are
statistically random copolymers that can be described by Bernoullian statistics, the
dyad fractions, F,,, F,,, F ., F,, can be expressed with mole fraction of the 4HB unit

3327 347 7 43°

in the polymer, F, as follows [20]:
F33=(1—F4)2F34=F43=F4(1—F4)F44=F42
The expression of randomness in sequence distribution is as follows:
D= F?? F44/F34 F43

Table 18.1 Polyester accumulation by Cupriavidus sp. USMAA 1020 on nitrogen-free MSM
containing various carbon sources in a two-step cultivation®

PHA composition

Carbon source Cell dry (mol%)*

(0.56% (wt) carbon) weight (g/L) PHA content (wt %)* 3HB 4HB D¢
y-Butyrolactone 263+0.10 45=x1 63+1 371 1.6
4-Hydroxybutyric ~ 2.10 + 0.08 311 57+2 43 +2 1.8

acid
1,4-Butanediol 292+0.12  49=x2 81 =1 191 1.3

2The cells were harvested after 48 hours *Calculated from GC analysis “Calculated from GC analysis
and 'H-NMR spectra D = F_F, /F. F

337 447 347 43
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Fig.18.4 Expanded *C-NMR spectrum of carbonyl carbon resonances in P(3HB-co-38mol%4HB)
sample

where if D is nearly equal to 1, then the copolymer is a typical copolymer and if D
is too larger than 1, then the copolymer is a block or blend. As shown in Table 18.1,
the D values of the samples were close to 1.0, suggesting that the samples had a
random distribution of 3HB and 4HB units.

Conclusion

In this study, we have isolated a bacterium belongs to genus Cupriavidus from
Peninsular Malaysia that is capable of growing and accumulating P(3HB-co-4HB)
copolyesters using y—butyrolactone as the sole carbon source. This isolate was able
synthesized random copolyesters with 19-43 mol% 4HB when cultured in nitro-
gen-free MSM containing various carbon sources such as y-butyrolactone, 1,4-
butanediol and 4-hydroxybutyric acid. P(3HB-co-4HB) is a biodegradable and
biocompatible copolyester with great potential in the medical and pharmaceutical
fields. The ability to produce these copolyesters from y-butyrolactone is an added
advantage because this carbon source is cheaper and more readily available. Further
studies are ongoing to produce P(3HB-co-4HB) with various 4HB contents.
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Chapter 19
Rust Phase Transformation in the Presence
of Mangrove Tannins

Afidah A. Rahim!, Noor Hamdah Musa!, Rohana Adnan', M. Jain Kassim!,
E. Rocca?, and J. Steinmetz?

Abstract The transformation of rust in the presence of 5 g L' tannins extracted
from mangrove barks was studied. Pre-rusted samples prepared resulted in the
formation of predominantly lepidocrocite and magnetite. Partial transformation of
rust components, particularly lepidocrocite in the presence of mangrove tannins
was found to occur when observed via infrared spectroscopy, X-ray diffraction and
SEM analysis. The anti-corrosive properties of the mangrove bark extracts seem to
be related to the tannins which are capable of chelating with Fe** giving a highly
stable, and insoluble ferric-tannate complexes. A molecular modeling study of the
reaction of catechin, a flavanoid of mangrove tannins with Fe** to form a ferric-
tannate complex was performed to explain the adsorption mechanism of tannins on
iron. The correlation between the electronic density of the catechin molecule and
the inhibiting properties is reported.

Keywords Mangrove barks, molecular modeling, phase transformation, rust,
spectroscopy, tannin, transformation.

Introduction

The known hazardous effects of most synthetic corrosion inhibitors are the rea-
sons for the search of safer and environmentally friendly natural products. Plant
extracts are viewed as an incredibly rich source of naturally synthesized chemical
compounds that can be extracted at low costs. Naturally occurring substances
such as vanillin [1], Opuntia extracts [2], lawsonia extract [3], natural honey [4]
and extracts of chamomile, halfabar, black cumin and kidney bean [5] are some
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of the recent studies on corrosion inhibition for different metals in various
environments.

Tannins are polyphenols that occur only in vascular plants such as leaves, nee-
dles, barks heartwood, seeds and flowers. Tannins exist primarily in condensed and
hydrolysable forms. Natural tannin extracts have been employed since the turn of
the last century in leather industry. Recent development of their industrial uses as
adhesives, flocculants, depressants, viscosity modifier agents and more recently as
corrosion inhibitors reflects their importance as industrial raw materials.
Electrochemical studies have shown that tannins extracted from the barks of man-
grove trees are excellent corrosion inhibitors of steel at very low pH. The mecha-
nism of inhibition at this pH was due to the chemisorption of tannin molecules
while at higher pH, inhibition was achieved via formation of ferric-tannates [6].

Contradictory opinions have been referred to in the literature particularly on the
nature of the iron-tannate and its interaction with the rusted steel due to the diver-
sity of the material used in different studies. Studies have included the use of tannic
acid [7-10], gallic acid [11], oak tannin [12, 13], pine tannin [14] and mimosa tan-
nin [15]. In order to establish the correlation between the ferric-tannate formation
and the low inhibition efficiency observed at high pH from the electrochemical
studies, phase transformations of pre-rusted steels in the presence of tannins were
evaluated. In this work the quantum chemical calculations are conducted to analyse
the relationship between the molecular structure and properties of ferric-tannate
complex and its inhibitory mechanism.

Experimental

Phase Transformation Studies

Mild steel plates obtained from ARCELOR, France were washed with distilled
water and ethanol prior to sample treatments. Pre-rusted samples were prepared by
subjecting the mild steel plates to the salt spray chamber according to the ASTM B
117 [16] standard procedure (6 hours exposure in 5% (w/v) NaCl at 98% humidity,
1.0 mL hour! spray rate, 1.0 kg cm™ of pressure and followed by drying in an oven
at 40°C)

The pre-rusted plates were immersed in 5 g L' mangrove tannin solution at pH
4.0 for 24 hours. The changes in the rust structures were observed via X-ray dif-
fractions, SEM and FTIR analyses. The SEM analysis was carried out using SEM
S-2500 Hitachi Thermo NORAN equipped with an energy-dispersive X-ray spec-
trometer and prior to the SEM studies the surface was gold or carbon-coated using
a vacuum evaporator Edwards Auto 306. A Perkin Elmer System One spectrometer
was used to obtain the FTIR spectrums while a Goniometre C diffractometer, incor-
porating a cobalt radiation (A = 1.78892 A) was used to obtain the X-ray diffraction
patterns.
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Computational Details

For calibration purposes, computations were performed in two steps. Initial calcula-
tion was performed using MOPAC available in CAChe version 5.0 program. The
semi empirical AM1 [17] method was first used to generate various stable struc-
tures of lowest energy conformations. This is represented as a function of three
dihedral angles: ZFeOCC (+90.0, 180.0, —90.0) at A, B and C rings. These binding
sites are denoted as A, A, B,B,C, and B B, (between two phenolics) and the
atomic numbering for catechin molecule are as shown in Fig. 19.1. PRECISE key-
word was used to ensure stable geometry.

In the second step, single point energy calculations were performed on each of
the optimized structures derived from the semi empirical calculation using the
hybrid Becke3 exchange functional and Perdew and Wang correlation functional
(B3PW91 method) [18] using 6-31G** basis set, available in Gaussian03, to com-
pute more accurate energy values and other quantum properties. The verification of
the structures as a minimum on the potential energy surface, PES was carried out
using FREQ that yielded all positive frequencies.

Results and Discussion

Transformation Studies

From the X-ray diffraction, XRD pattern in Fig. 19.2, the pre-rusted sample was
found to consist of mainly lepidocrocite and magnetite and traces of geothite. The
XRD pattern indicated the reduction of several lepidocrocite peaks in favour of fer-
ric-tannate formation after the addition of mangrove tannins.

Similarly the FTIR spectrum in Fig. 19.3 exhibited the presence of lepidocrocite
(1,022, 891 and 474 cm™), goethite (800 cm™) and magnetite (571 cm™) in the

Hao
249 H1ﬁ Hﬁ
| \Cf 0
H 10 12
13y *Ca’ﬁw—“og Hg
[l A (;l C O| e
1 4, &—-HzCm H2?
~ T e e
Oy G 03 CH 1
LTI
33 14 24 22
Hﬁ/ * | 5 cl:':ﬁ
Fe between tvo (ub% Has
Bl . phenalics Hsz’
a b

Fig. 19.1 (a) The labeling of phenolic positions. (b) Atomic numbering for catechin molecule
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Fig. 19.3 FTIR spectrum of (a) bare rust and (b) converted rust samples: FT-ferric-tannate,
G-geothite, L-lepidocrocite, M-magnetite

untreated pre-rusted sample. Upon treatment of tannins, ferric-tannate peaks at
1,163, 1,104, 1,054 and 811 cm™' were evident. A reduction in the intensity of the
lepidocrocite peak was also observed. The principal magnetite peak at 571 cm™
may have been superimposed by the broad 626 cm™' peak.

Figure 19.4 shows the SEM micrographs of the rust surfaces before and after
immersion in the mangrove tannin solution at pH 4.0. The pre-rusted sample shows
basically coral-like structures distributed in a random manner. This structure disap-
peared with the tannin treated samples and was replaced by a coarse layer with
cracks of irregular shapes. A closer inspection of the surface of each crack revealed
tiny flowered-like structures stacked on top of one another. Unconverted rust
structures were observed underneath the transformed tannins.



19 Rust Phase Transformation in the Presence of Mangrove Tannins 201

200884 12KV

Fig. 19.4 SEM micrographs of pre-rusted steel surface (a) before tannin immersion and (b) after
tannin immersion

The above results indicated that partial transformations of rust into ferric-tan-
nates without other oxide or oxyhydroxides as reaction products. Depolymerisation
of mangrove tannins in the presence of phloroglucinol nucleophiles in acidic etha-
nol followed by the separation of flavan-3-ols and their phloroglucinol adducts
using reversed phase high performance liquid chromatography resulted in the iden-
tification of four major flavanoids namely catechin, epicatechin, epicatechin gallate
and epigallocatechin [19]. The proximity of hydroxyl groups on the aromatic rings
of the flavanoid monomers enables the mangrove tannin to chelate the iron (II) and
iron (III) ions forming iron-tannates. In the presence of oxygen, Fe (II) tannate is
oxidized to the Fe (III) form, a blue-black insoluble complex, which impedes steel
corrosion. However the lack of adhesion of tannates as shown from SEM micro-
graphs inferred a physical adsorption of deposits and the cracked morphology of
deposits provided easy penetration of moisture into the cracks leading to the forma-
tion of new rust. This resulted in a low protective behaviour. Hence the correlation
between ferric-tannate formation and the low inhibition efficiency observed at high
pH from the electrochemical studies was established.

Molecular Modeling

The energy calculated using both the AM1 semi empirical method and B3PW91/6—
31G** calculations of the optimized complexes for each phenolic position indicated
that position C, with Fe-O-C-C dihedral angle of +90° has the lowest total energy,
followed by binding at position B B, (£FeOCC -90°). At C, (£FeOCC + 90°) posi-
tion, the breaking of two bonds was observed, namely between C9 and C10 as well as
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Fig. 19.5 The most stable ferric-tannate complex with B B, conformation

between O, and H,, which was ccznﬁrmed by bond order calculations. Whilst, a new
bond between Fe’* and H,, (1.56 A) was formed (bond order of 0.983).

At B B, position and dihedral angle of —90°, Fe’* forms bonds with two oxygen
atoms i.e. O, and O,,. The bond length of Fe, O, and Fe, O,, are 1.965 and 1.9058
A respectively, both within the normal experimental Fe-O distance (1.875-2.042 A).
Apparently, binding at this site is due to the electron-donating properties of the
phenolic oxygen and the electron-deficient Fe**. The lengthening and shortening of
bonds are also observed, and are consistent with the electron transfer from catechin
to the metal ion. Bond order calculations showed that the interaction between Fe**
with O31 and O3 , resulted in a value of 0.653 and 0.650 each, indicating a weak sin-
gle bond being formed.

The HOMO-LUMO energy gap, AE, . im0 ©f Fe’*-tannate shows that the
binding at B B, has the largest energy gap indicating the stability of the complex.
The structure of this stable complex is as shown in Fig. 19.5. Conversely, the
HOMO-LUMO smaller energy gap value for C, ring signifies a less stable com-
plex. The results from the energy calculations and AE . o Values show that
this B B, conformation is the most stable form of ferric-tannate compared to the
other OH positions while binding at position C, is unlikely to form a ferric-tannate

complex.

Conclusion

Partial transformation of rust into ferric-tannates was found to occur with the addi-
tion of mangrove tannins leading to a low inhibitive behaviour. The mechanism of
adsorption of catechin onto the iron surface has been established via theoretical
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calculation using both semi empirical and density functional theory. The most prob-
able position of adsorption occurs on the B ring of the two phenolic positions fol-
lowing the electron donating properties of the phenolic OH groups in catechin.
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Chapter 20
Treatment of OQil-Water Mixture Using Illite
Clay Mineral

Fatma Turak and Hiiseyin Afsar

Abstract The aim of this work was to study the simultaneous effect of amount
of clay, activation temperature, contact time, pH, and size of the adsorbent on the
retention of oil-grease thermally activated illite by adsorption. The values obtained
for the percentage of oil-grease removed ranged from 93.87% for 110°C up to
66.73% for 900°C. The adsorption experiment showed surface that the stronger
heat treatment the most effective adsorption of oil-grease.

Keywords Adsorption, clay, illite, x-ray diffraction

Introduction

Oil-grease effluent is produced in municipal sewer, petroleum refineries, petro-
chemical plants, steel mills workshops, food-processing plants, and in the textile
industry.

Oil-grease must be removed from wastewater since these materials interfere
with other processes (particularly gravity settling) and may accumulate in unwanted
areas of the treatment system causing a performance problem. Furthermore, if oil-
grease will pass through to a receiving body of water, it composes a oil layer and
this layer causes a significant pollution problem in the form of reduced light pene-
tration and photosynthesis. In addition, it hinders oxygen transfer from atmosphere
to water medium. Consequently, amount of dissolved oxygen in the bottom layer of
water will be decreased. This situation affects survival of aquatic life in water. The
removal of oil-grease from wastewater can be accomplished by the use of several
well-known and widely accepted techniques. Conventionally, gravity separation,
dissolved air flotation, chemical coagulation, filtration, membrane processes,
biological processes, adsorption are used for the removal of oil-grease.

Yildiz Technical University, Faculty of Science and Art, Department of Chemistry, Davutpasa,
34220 istanbul, Turkey
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Adsorption techniques have been successful in removing oil-grease. Clay miner-
als have been the most widely used absorbent because its cost is low and they can
be reached easily. Oil-grease adsorption on various sorbents has been studied by
many researchers [1-6].

Materials and Methods

The illite sample was supplied from Marmara region (Canakkale, Can) in Turkey
for ceramic industries. The clay samples air dried and sieved from 425 pm sieve.
Chemical composition of the clay samples were determined by X-ray diffraction.
The results are given in Table 20.1.

Surface area measurements of natural and thermal activated clay minerals were
made and the results are given Table 20.2.

Figure 20.1 show as an example the thermogravimetric curve (TG) obtained for
the natural illite. A continuous weight loss can be seen between 150°C and 980°C the
differential thermogravimetric curve (DTG) showing two endothermic effects. The
first one is centered at 150°C which corresponds to loss of illite water. The second
one is centered about 580°C and is mainly associated to the loss of structural water.

Experimental

Natural clay samples were heated from 110°C to 900°C for 1 hour to obtain thermal
activated clay samples. Then samples put in a desiccator containing dried silica gel.
Adsorption experiments were carried out in a cylindrical vessel (2.4 L). The constant
initial concentrations of 800-920 mg/L of engine oil (SAE 40) were dispersed in
250 mL drinking water by stirring for 5 minutes (synthetically wastewater). Mixing

Table 20.1 Chemical composition of clay sample

Moisture ~ Weight of
(%) loss (%) Constituent and percentage present

2.29 10.07 Si0, ALO, Fe0, TiO, CaO0 MgO KO MaO SO,

5713 2361 4.02 104 0.4 060 274 004 0.10

Table 20.2 Surface areas of clay sample

Type of clay minerals Surface area (m*/g)
N 30.0
TA (110°C) 24.5
TA (900°C) 21.0

N: natural clay sample; TA: thermal activated clay
sample
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Fig. 20.1 TG and DTG curves obtained for the illite clay sample

was provided by a stainless-steel stirrer while maintaining the stirring speed at
round 1,400 rpm. Then the clay sample of 5 g (optimum amount of clay) was added
into this mixture and stirred again for 12 minutes (optimum contact time). At the
end of adsorption period, the supernatant was centrifuged for 10 minutes at 2,000
rpm. The concentration of oil-grease in the supernatant solution was determined by
using UV spectrophotometer. The supernatant solution (acidify with HCI to pH 1)
was extracted with 30 mL (three times) of trichloroethylene (Merck 958) separatory
funnel. The oil content of investigated oil-in water dispersions were completely
removed by using trichloroethylene extractions. Residual concentration of engine
oil was calculated with the help of a calibration plot obtained by measuring the
absorbance at 274 nm. The amount of adsorbed oil was calculated with the help of
the following mass balance equation:

Amount of adsorbed oil (mg g™!) = [(Co-Ce)/u].V

Where Co and Ce are the initial and equilibrium concentrations (mg mL™") of oil
solution, respectively, V is volume of oil-in water dispersions (mL) and m the
amount of adsorbent in gram.

Results and Discussion

Effect of Temperature

The studies relating the effect of temperature on adsorption was carried out at eight
different temperatures (natural illite clay, 110°C, 200°C, 350°C, 450°C, 550°C,
750°C, 900°C) with a oil-grease concentration of 1,000 mg L' and 5 g of illite clay
sample, keeping the other parameters constants. Figure 20.2 shows oil-grease
adsorption as a function of temperature.
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Fig. 20.2 Effect of temperature on percentage adsorption of oil at natural and thermal activate
illite clay minerals

Table 20.3 Effect of particle size on adsorption
of oil thermal activated illite mineral

Particle size Oil adsorption (%)
710-600 88.97
600425 88.61
425-355 88.67
355-150 87.76
150-75 87.34
<75 88.46

Effect of Particle Size

Adsorption of oil- grease for seven different particle sizes on thermally activated
illite clay (>710 pm; 710-600 pm; 600—425 pm; 425-355 um; 355-150 pum; 150—
75 um; <75 um) was studied keeping the other parameters as constant. The result
of variation of this particle sizes on oil-grease adsorption show in Table 20.3.

Effect of pH

pH is one of the important parameters controlling of pH on the adsorption capacity
of thermally activated illite, experiments were carried out using various pH
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solutions starting from 2 to 11 for the 250 mL volume of oil-grease concentration
1,000 mg L™ and 5 g adsorbent. The result is shown in Fig. 20.3.

Effect of Adsorbent Mass

Figure 20.4 shows the removal of oil-grease by thermally activated illite at different
adsorbent doses (0.3-6 g) for the volume of 250 mL at the oil concentration 1,000
mg mL~". To study the effect of an increase in the adsorbent dose on removal of
oil-grease, experiments were conducted employing adsorbent doses ranging from
0.3 to 6 g/250 mL. The results are presented in Fig. 20.4, where it can be seen that
oil-grease adsorption is high for higher dosages.

Effect of Contact Time

Figure 20.5 shows the effect of contact time and percentage adsorption oil-grease
on the removal by thermally activated illite.

Conclusion

The adsorption capacity of thermal activated illite is increased as 5.5% according
to natural illite mineral. It has seen that there is on significant loss of adsorption
capacity of illite at about 550°C. The capacity of oil — grease adsorption is
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Fig. 20.3 Effect of adsorption on adsorption of oil
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Fig. 20.5 Effect of contact time on adsorption of oil grease

decreased with the temperatures more than 600°C. It can be observed that as the
particle size decreases and increases, the adsorption of the oil-grease not effected.
The uptake of oil-grease at pH 2 was minimum and the maximum observed at pH
7.1t is evident from the Fig. 20.4 that as the mass of the adsorbent dosage increases,
the percentage of oil-grease removal also increases. Complete removal of oil-grease
was observed at a particular mass in the case, this is due to the increase in surface
area with a high dosage of the adsorbent. The adsorption oil-grease at 5 g was
the maximum. The adsorption of oil-grease occurred quickly from the beginning of
the experiment and as the time progresses the adsorption was not drastically
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increased. It can be seen from the graph that maximum adsorption took place at 12
minutes for thermally activated illite. After this time; percentage adsorption was
slow leading to a single, smooth and continuous saturation curve. The values
obtained for the percentage of oil-grease removed ranged from 93.87% for 110°C
up to 66.73% for 900°C. The adsorption experiment showed surface that the
stronger heat treatment the most effective adsorption of oil-grease.
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Chapter 21

Removal of Catechol and Resorcinol from
Aqueous Solution by Adsorption onto High
Area Activated Carbon Cloth

Numan Hoda*, Edip Bayram, and Erol Ayranci

Abstract Removal of catechol and resorcinol from aqueous solutions by adsorption
onto high area activated carbon cloth (ACC) was investigated. Kinetics of adsorp-
tion was followed by in-situ uv-spectroscopy and the data were treated according
to pseudo-first-order, pseudo-second-order and intraparticle diffusion models.
It was found that the adsorption process of these compounds onto ACC follows
pseudo-second-order model. Furthermore, intraparticle diffusion is effective in rate
of adsorption processes of these compounds. Adsorption isotherms were derived
at 25°C on the basis of batch analysis. Isotherm data were treated according to
Langmuir and Freundlich models. The fits of experimental data to these equations
were examined.

Keywords Activated carbon cloth, adsorption isotherm, adsorption Kkinetic,
catechol, resorcinol

Introduction

Phenolic compounds and their derivatives are major pollutants for environment
because of being widely used in pharmaceutical, plastics, steel, paint, leather industries
and oil refineries. Most of these compounds are recognized as toxic and carcin-
ogens. There are some proposed methods to remove phenols from waste effluents
such as chemical oxidation, coagulation, solvent extraction, liquid membrane
permeation and adsorption [1]. Among these methods, adsorption is an effective
method to remove relatively low molecular weight organic compounds with moderate and
low concentrations. Activated carbon is the most widely used adsorbent material for
adsorption because of its efficiency [1]. Utilization of activated carbon can be in the
form of powder, granular and fiber or cloth form. Activated carbon cloth (ACC)
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having very high specific surface area, adsorption capacity, uniform pore size and
mechanical strength has attracted more attention in recent years.

The aims of this study are to investigate the removability of resorcinol and catechol
from aqueous solutions by adsorption onto ACC in relation to waste water purification
and to determine kinetic and equilibrium adsorption models.

Materials and Methods

Materials

ACC used in the present work was provided by Spectra Corp. (MA, USA) coded as
Spectracarb 2225. The chemicals studied catechol and resorcinol were purchased
from Sigma and Merck respectively. The chemical structures of these compounds
are given in Fig. 21.1. Deionized water was used in adsorption experiments.

Treatment of ACC

It was found by Ayranci and Conway that ACC material provides spontaneously a
small but significant quantity of ions into the conductivity water, probably due to
its complex structure originating from its somewhat unknown proprietary prepara-
tion procedure [2]. A deionization cleaning procedure was therefore applied, as
described previously [2, 3] to avoid desorption of ions during the adsorption
measurements. In this procedure, ACC sample was placed in a flow-through washing
cup and eluted with 5 L of warm (60°C) conductivity water in a kind of successive
batch operations for 2 days with N, bubbling in order to avoid possible adsorption
of CO, that might have been dissolved in water. The out-flow water from each
batch was tested conductometrically for completeness of the washing procedure.
The washed ACC modules were then dried under vacuum at 120°C, cut to desired
dimensions (about 1.0 x 1.5 cm), weighed accurately and kept in a desiccator for
further use.

Hof\

H
: /
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)

HOQ

Catechol Resorcinol

Fig. 21.1 The chemical structures of catechol and resorcinol
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Characterization of ACC

Prior to nitrogen adsorption experiment to determine surface properties, ACC sample
was degassed at 130°C under vacuum (up to 107° torr) for 12 h. The N, adsorption
data were obtained at the Central Laboratory of Middle East Technical University
(METU) with a Quantachrome Autosorb-1-C/MS apparatus over a relative pressure
ranging from 107 to 1. The BET specific surface area, S, total pore volume, V.o
micropore volume, V. iro» MESOpOTE volume, V... and pore size distribution, PSD,
of ACC were yielded by using the software of the apparatus.

The pH_,, value of washed ACC which is the pH of the solution when the net
charge on ACC piece dipped into it is zero, was determined in our previous work
[4] using batch equilibrium method described by Babic¢ et al. [5].

Adsorption Cell

A specially designed cell was used to carry out the adsorption studies and simulta-
neously to perform in situ concentration measurements by means of UV absorption
spectrophotometry. This cell, described in detail including a diagram in our previous
works [2, 3], was V-shaped with one arm containing ACC attached to a short Pt
wire sealed to a glass rod and the other arm containing a thin glass tube through
which N, gas was passed for the purposes of mixing and eliminating any dissolved
CO,. The two arms were connected to a glass joint leading to a vacuum pump at the
upper part of the V-shaped cell in order to provide the opportunity for initial outgas-
sing of the carbon adsorbent. A quartz spectrophotometer cuvette was sealed to the
bottom of the adsorption cell.

Optical Absorbance Measurements

A Varian Cary 100 model Uv/vis spectrophotometer was used for optical absorbance
measurements. The absorbance measurements were conducted in situ for the study
of the kinetics of adsorption process. In all experiments, the size and mass of ACC
was kept as constant as possible (about 18.0 + 0.1 mg). Weighed ACC pieces were
pre-wetted by leaving in water for 24 h before use. The idea of using pre-wetted
ACC originates from previous findings that pre-wetting enhances the adsorption
process [2, 6]. A pre-wetted ACC piece was dipped into the adsorption cell initially
containing only water and vacuum was applied to remove all air in the pores of
ACC. Then wetted and degassed ACC piece was removed from the cell for a short
time and water in the cell was replaced with a known volume of sample solution
(20 mL). The sliding door of the sample compartment of the spectrophotometer
was left half-open and the quartz cuvette fixed at the bottom of the adsorption cell
(which now contained the sample solution) was inserted into the front sample
compartment. A teflon tube connected to the tip of a thin N -bubbling glass tube
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was lowered from one arm of the adsorption cell down the UV cell to a level just
above the light path to provide effective mixing. Finally, the ACC piece which was
removed temporarily after wetting and degassing was inserted from the other arm
of the adsorption cell into the solution. Then, quickly, an opaque curtain was spread
above the sample compartment of the spectrophotometer, over the cell, to prevent
interference from external light. The temperature of the adsorbate solution was kept
constant at 25 + 1°C during the adsorption process using a termostated cell holder
in the sample compartment of the spectrophotometer.

The program for monitoring the absorbance at a specific wavelength of maximum
absorbance pre-determined by taking the whole spectrum of each adsorbate was
then run on the software of the spectrophotometer. Absorbance data were recorded
in programmed time intervals of 2 min until the equilibrium is reached. Then these
data were converted into concentration data using calibration relations pre-
determined at the wavelength of interest for each adsorbate.

Determination of Adsorption Isotherms

The adsorption isotherms of catechol and resorcinol onto ACC were determined on the
basis of batch analysis. ACC pieces of varying weights were allowed to equilibrate with
adsorbate solutions of constant initial concentration at 25°C for 48 h. The initial
concentration was 7.5 x 107 M for catechol 7.6 x 107 M for resorcinol. Preliminary tests
showed that the concentration of adsorbates solutions remained unchanged after 18-24
contact with ACC depending on the type of adsorbate. So, the allowed contact time of
48 h ensures the equilibration for two adsorbates. The equilibrium concentrations
of adsorbate solutions were measured spectrophotometrically. The amount of adsorbate
adsorbed per unit mass of ACC at equilibrium, g,, was calculated by Eq. 21.1,

V., —c,)

9. m (21.1)
where V is the volume of adsorbate solution in liter, c, and c, are the initial and
equilibrium concentrations, respectively, of the adsorbate solutions in moles per
liter and p is the mass of ACC in grams. Eq. 21.1 gives g, as mole adsorbate
adsorbed per gram of ACC.

Results and Discussion

Characteristics of ACC

The specific surface area of ACC (S,.,) was calculated according to Brunauer,
Emmet, Teller method using the linear part of the nitrogen adsorption isotherm
shown in Fig. 21.2. S, was determined as 1,870 m* g™'. The total volume of pores,
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Fig. 21.2 Nitrogen adsorption isotherm at 77.4 K for ACC studied
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Fig. 21.3 Pore size distribution of ACC according to DFT theory

V., was calculated as 0.827 cm® g™! using the volume value at the relative pressure

tot”

of 0.995 from Fig. 21.2.
The pore size distribution (PSD) for mesopores and micropores were calculated

using DFT (Density Functional Theory) method and the resulting distribution
curves are given in Fig. 21.3. Total mesopore volume (V ) was determined as
0.022 cm’® g™" and total micropore volume (V. ) was determined as 0.709 cm® g™
from the corresponding method. The ACC consists of pores mainly in micro character
(<20 A) as seen both from Fig. 21.3. The pH,,, value of ACC used in this study had
been previously found to be 7.4 [4].
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Adsorption Kinetics

Absorption properties and calibration data were studied and the calibration curves
of each adsorbate were obtained. Adsorption of adsorbates onto ACC was monitored
spectrophotometrically by the procedure described above. Absorbance data,
obtained in 2-min intervals until equilibrium, were converted into concentration
data using the corresponding calibration relations which were evaluated for catechol
at 275 nm and for resorcinol at 274 nm, and then plotted as a function of time in
Fig. 21.4 for each adsorbate. Adsorption process of resorcinol was followed during
the period of 850 min and of catechol was followed during the time period of 1,042
min which were the times considered the equilibrium reached or near equilibrium.
In order to compare adsorption behaviors of adsorbates, the initial concentrations
(5.7 x 107 M), volumes (20 mL) of adsorbate solutions and the mass of ACC (18.0
+ 0.1 mg) were taken to be the same during the whole adsorption studies. As seen
in Fig. 21.4, concentration vs time curves of adsorbates catechol and resorcinol, at
the initial stages of adsorption processes, resorcinol is more adsorbed than catechol.
At the later stages their adsorption rate almost overlapped. Concentrations of
adsorbates catechol and resorcinol in solution decreased to 4.4 x 10 and 4.2 x 107,
respectively, all from the same initial concentration of 5.7 x 10 M, by adsorption
onto ACC during the course of adsorption. In other words, concentrations of
adsorbates in aqueous solution were reduced by a factor of approximately 13 for
catechol, 13.5 for resorcinol over the periods of their adsorption.

Three kinetic models were applied to adsorption kinetic data in order to investi-
gate the behavior of adsorption process of adsorbates catechol and resorcinol onto
ACC. These models are the pseudo-first-order, the pseudo-second-order and the
intraparticle diffusion models. Linear form of pseudo-first-order model can be
formulated as

In(g, —g,)=1n(q,) -kt (21.2)
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Fig. 21.4 Adsorption behaviors of catechol (a) and resorcinol (b) from aqueous solutions onto ACC
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where g, (mol g™) and ¢, (mol g™") are the amount of adsorbate adsorbed at equilib-
rium and at time ¢, respectively, and k[ (min™) is the rate constant. k[ values were
evaluated from the linear regression of In (¢ -¢ ) vs t data for each adsorbate and are
tabulated in Table 21.1. In this table the experimental g, values calculated using
initial and equilibrium concentrations (Fig. 21.4) of each adsorbate according to
Eq. 21.1 and g, values from the intercept of linear regression analysis according
to the model (Eq. 21.2) are also given.
The linear form of pseudo-second-order equation can be formulated as

—= +—1 (21.3)
g, kaq, q,

where k, (g mol min™) is the second-order rate constant. The linear plot of #/gt as a
function of ¢ provided not only the rate constant ,, but also an independent evalua-
tion of g . The results are given in Table 21.1. The fit of experimental data to the
pseudo-first-order and the pseudo-second-order equations seemed to be quite good
when correlation coefficients (r) obtained from linear regression analysis were
examined (r values are not given but all are greater than 0.9). However, it is very dif-
ficult to decide which model represents the experimental data best just on the basis
of regression coefficients. A better criterion to find the best model for the experimental
data is a parameter known as normalized percent deviation [1] or in some literature
percent relative deviation modulus, P, defined by the following equation [7]

pP= (100 / N)z( |qt(sxpl) - qt(pl‘ed) |/qt(expl)) (214)

where Diexpry is the experimental ¢, at any ¢, g, (o) is the corresponding predicted g,
according to the equation under study with best fitted parameters, N is the number of
data points. It is clear that the lower the P value, the better is the fit. When the P values
given in Table 21.1 are examined, it can be seen that they are much smaller for the
second-order model than for the first-order model leading to a conclusion that the
kinetic data of adsorption of catechol and resorcinol onto ACC fit to the second-order
model better than the first-order model. This is also evident that in differences in
experimental (g (expt)) and calculated (g (cal)) values which are given in Table 21.1.
Calculated g, values are much closer for second-order model than that for first-order
model. Other researchers have investigated the kinetics of adsorption of catechol and
resorcinol onto different polymers within first 80 min. They applied their experimental

Table 21.1 Experimental and calculated q, values, rate constants of pseudo-first-order, pseudo-
second-order and intraparticle diffusion models

q, k P q, k, P q, k, P
Adsorbate (Experimental) (Calculated) (Calculated)
Resorcinol 6.1 x 10™  2.28 x 2375 26X 2554 249 63x 450x  1.29
1073 107 107 107

Catechol 59x10™* 5.60x 10.69 4.2x 22.07 2.88 6.4x 479x  1.17
1073 107 107 10°
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data first-order kinetic model and found that &, values of resorcinol were higher than
that of catechol. At the early stages of adsorption process, generally, adsorption data
fit to first-order kinetic model as can be concluded from literature; Adsorption of
inorganic S-containing anions [2], ethyl xanthate and thiocyanate [6, 8], phenol, phe-
noxide and chlorophenols [9], some aromatic heterocyclic compounds [10] pyridine,
aniline and bipyridyls [11, 12] metribuzin, bromacil, 2,4-D, atrazine, bentazon and
propanil [3, 13]. In our work, if the adsorption kinetic data of adsorbates were fitted
to first-order kinetic model at the initial stages of adsorption, it could be obtained that
adsorption processes of these adsorbates fit to first-order model well and resorcinol
has higher k, value that that of catechol (Fig. 21.4).

Kinetic data of adsorption of catechol and resorcinol were also tested according
to intraparticle diffusion model which can be formulated as

g =kt +1 (21.5)

where k, (mol g' min"'?) is the intraparticle diffusion rate constant and 7 (mol g™')
is a constant. g, vs ' plots may present multi-linearity indicating that two or
more stages occur. The first linear portion is the instantaneous adsorption stage
or external surface adsorption while second portion is the gradual adsorption
stage where intraparticle diffusion is rate limiting and third one is the final equi-
librium stage where the intraparticle starts to slow down due to extremely low
adsorbate concentrations left in the solution. The value of / provides information
about the thickness of the boundary layer, i.e. the larger intercept is the higher
external resistance [14]. From Figs. 21.5 and 21.6, it can be observed that the

0.002 4

0.001 4

qe (mol.g™)

0 L) L
0 0.0002 0.0004

ce (M)

Fig. 21.5 The fit of experimental adsorption data (&) to Freundlich (—) and Langmuir (---) mod-
els for catechol
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Fig. 21.6 The fit of experimental adsorption data (A) to Freundlich (—) and Langmuir (---) mod-
els for resorcinol

straight line does not pass through the origin indicating that the intraparticle dif-
fusion is not only the rate controlling step [15—17]. As can be seen in Table 21.1
the second portion shows a well linearity with high P values and also there can
seen that kl. value of catechol is higher than that of resorcinol. Therefore, it can
be concluded that intraparticle diffusion appears to be rate limiting step in the
adsorption of catechol and resorcinol onto ACC from aqueous solutions.

Adsorption Isotherms

Adsorption isotherms of catechol and resorcinol were determined on the basis of
batch analysis at 25°C using a series of adsorbate solutions at fixed concentration
and volume in contact with ACC pieces of varying masses. Adsorption isotherm
data of catechol and resorcinol were fitted to well-known and widely applied isotherm
models of Langmuir and Freundlich. The Langmuir isotherm is based on the assumption
that adsorption takes place at specific homogeneous sites within the adsorbent and
there is no significant interaction among adsorbed species and that the adsorbent
is saturated after one layer of adsorbate molecules formed on the adsorbent surface.
The linearized Langmuir isotherm equation can be written as follows

Lo - L& (21.6)
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Table 21.2 The parameters of Langmuir and Freundlich isotherm equations for the
adsorption of catechol and resorcinol

Langmuir Freundlich
Adsorbate q,(mol g7 b (L mol™) P K (mol'=0/m L1 o1y 1/p P
Resorcinol ~ 2.11 x 107 15,728 525 1.35x107 0.25 1.37
Catechol 224 x 107 29,686 793 1.47x107 0.23 1.25

where g, (mol g™') is the amount of solute adsorbed per unit mass of adsorbent, c,
(mol L™) is the equilibrium concentration of solute, g, (mol g™') is the maximum
amount of adsorbent to form a complete monolayer on the surface, b (L mol™) is a
constant related to the heat of adsorption. When ¢ /g, is plotted against ¢, and the
data are regressed linearly, g and b constants can be calculated from the slope and
the intercept.

The Freundlich isotherm model takes the multilayer and heterogeneous adsorp-
tion into account. Its linearized form can be given as follows

1
Ing, = InK +—1Inc, (21.7)
n

where g, and ¢, have the same definitions as in Langmuir equation above. Freundlich
constant, K (mol'"m L ¢71) ig related to the adsorption capacity of ACC and 1/n
is another constant related to the surface heterogeneity. When Ing, is plotted against
Inc, and the data are treated by linear regression analysis, 1/n and K constants are
determined from the slope and intercept. The value of 1/n is known as the hetero-
geneity factor and ranges between 0 and 1; the more heterogeneous the surface, the
closer 1/n value is to O [18].

The Langmuir and Freundlich isotherm parameters for the adsorption of cate-
chol and resorcinol onto ACC are given in Table 21.2. Experimental isotherm data
for these adsorbates are given in Figs. 21.5 and 21.6 where the fitted Langmuir and
Freundlich isotherm curves are also shown. As in the case of examining the goodness
of fit of kinetic models to experimental data, the regression coefficients alone were
insufficient in determining the best isotherm model to represent the experimental
data because they were mostly greater than 0.9 for both models. So, again a P
parameter defined by an equation similar to Eq. 21.4 with g, terms replaced by g,
terms was used as a criterion in finding the best isotherm model to fit the experi-
mental data. These P values are included in Table 21.2. In general, it is accepted
that when the P value is less than 5, the fit of data to the model is considered to be
excellent. The P values for Freundlich model are much less than 5 for catechol and
resorcinol. So, it can be concluded that Freundlich model is good for representing
the adsorption isotherm data of the adsorbates studied.
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Chapter 22

Removal of Metobromuron Pesticide from
Aqueous Solutions by Adsorption at High Area
Activated Carbon Cloth

Numan Hoda*, Edip Bayram, and Erol Ayranci

Abstract Removal of the pesticide metobromuron from aqueous solutions by
adsorption at the high area activated carbon cloth was investigated. Kinetics of
adsorption was followed and adsorption isotherms of the pesticide was also be
determined. In kinetic studies a special V-shaped cell with an UV cuvette attached
to it was used for adsorption processes. With this cell it was possible to follow the
concentration of pesticide molecule by in situ UV spectroscopy as it is adsorbed at
the activated carbon cloth. The obtained absorbance vs time data were converted
into concentration vs time data and these data were treated according to pseudo-
first-order and pseudo-second-order kinetic models. Adsorption of that pesticide
was found to follow second-order kinetic model with k, 87.35 g mol™' min™.
Adsorption isotherms were derived at 25°C on the basis of batch analysis. Isotherm
data were treated according to Langmuir and Freundlich models. The fits of experi-
mental data to these equations were examined and founded that the adsorption
isotherm was well represented by Freundlich model.

Keywords Activated carbon, isotherm, kinetics, metobromuron, pesticide

Introduction

Pesticides are chemicals, which are commonly used in agriculture to protect crops
from pest organisms including insects, plants, fungi, rodents and nematodes.
Pollution of surface and ground waters because of extensive application of pesti-
cides causes risk to human health during their cycles. Before offering drinking
waters to public use they should be treated to remove such pollutants. Adsorption
is one of the most frequently applied methods. The most commonly used adsorbent
in adsorption processes is activated carbon [1-5]. Utilization of activated carbon
can be in the form of powder, granular and fiber or cloth. Activated carbon cloth
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(ACC) having very high specific surface area, adsorption capacity and mechanical
strength, has gained increasing in studies of the removal of many pollutants from
waste water by adsorption in recent years [5, 6—13].

The purpose of the present study was to investigate the adsorption behavior of
the metobromuron (3-(4-bromophenyl)-1-methoxy-1-methylurea) at the high area
ACC from aqueous solutions and thus the possibility of removal of that pesticide
from waters.

Materials and Methods

Materials

Activated carbon cloth ACC used in the present work was provided by Spectra
Corp. (MA, USA) coded as Spectracarb 2225. The pesticide metobromuron was
obtained from Riedel de Héden. The chemical structure of that pesticide is given in
Fig. 22.1. Deionized water was used in adsorption experiments.

Methods

The commercial ACC was washed by the procedure, especially ions, described in our
previous works [6, 14] to remove impurities remaining in its structure from the activa-
tion process. In this procedure, ACC sample was placed in a flow-through washing
cup and eluted with 5 L of warm (60°C) conductivity water in a kind of successive
batch operations for 2 days with N, bubbling in order to avoid possible adsorption of
CO, that might have been dissolved in water. The out-flow water from each batch was
tested conductometrically for completeness of the washing procedure. The washed
ACC modules were then dried under vacuum at 120°C, cut to desired dimensions
(about 1.0 x 1.5 cm), weighed accurately and kept in a desiccator for further use.

Surface characterization of washed ACC was already described in our previous
works [15, 16]. The results of chemical and physical characteristics of ACC are
summarized in Table 22.1.

CHs —N N—& }—Br

,o
-~
CH,

Fig. 22.1 Chemical structure of metobromuron
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Table 22.1 Chemical, physical and surface properties of

washed ACC

Specific surface area 1,870 m? g!
Total pore volume 0.827 cm® g!
Micropore volume 0.709 cm® g!
Mesopore volume 0.082 cm® g!
Average fiber diameter 17 um
Carbon content 95.14%
Hydrogen content 0.37%
Oxygen content 4.49%
Nitrogen and Sulfur content 0%

pH 7.4

Total acidic group content 0.25 meq g'
Total basic group content 0.28 meq g™

A specially designed cell was used to carry out the adsorption studies and simul-
taneously to perform in situ concentration measurements by means of UV absorp-
tion spectrophotometry. This cell, described in detail, including a diagram, in our
previous works [6, 9] was V-shaped with one arm containing ACC attached to a
short Pt wire sealed to a glass rod and the other arm containing a thin glass tube
through which N, gas was passed for the purposes of mixing and eliminating any
dissolved CO,. The two arms were connected to a glass joint leading to a vacuum
pump at the upper part of the V-shaped cell in order to provide the opportunity for
initial outgassing of the carbon adsorbent. A quartz spectrophotometer cuvette was
sealed to the bottom of the adsorption cell.

A Varian Cary 100 model UV/vis spectrophotometer was used for optical
absorbance measurements. The absorbance measurements were conducted in situ
for the study of the kinetics of adsorption process. In all experiments, the size and
mass of ACC was kept as constant as possible (about 18.0 + 0.1 mg). Weighed ACC
pieces were pre-wetted by leaving in water for 24 h before use. The idea of using
pre-wetted ACC originates from previous findings that pre-wetting enhances the
adsorption process [9, 11].

A pre-wetted ACC piece was dipped into the adsorption cell initially containing
only water and vacuum was applied to remove all air in the pores of ACC. Then
wetted and degassed ACC piece was removed from the cell for a short time and
water in the cell was replaced with a known volume of sample solution (20 mL).
The sliding door of the sample compartment of the spectrophotometer was left half-
open and the quartz cuvette fixed at the bottom of the adsorption cell (which now
contained the sample solution) was inserted into the front sample compartment.
A Teflon tube connected to the tip of a thin N,-bubbling glass tube was lowered
from one arm of the adsorption cell down the UV cell to a level just above the light
path to provide effective mixing. Finally, the ACC piece removed temporarily after
wetting and degassing was reinserted from the other arm of the adsorption cell into
the solution. Then, quickly, an opaque curtain was spread above the sample com-
partment of the spectrophotometer, over the cell, to prevent interference from
external light. The temperature of the adsorbate solution was kept constant at 25 +
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1°C during the adsorption process using a termostated cell holder in the sample
compartment of the spectrophotometer.

The program for monitoring the absorbance at a specific wavelength of maximum
absorbance (244 nm) pre-determined by taking the whole spectrum of metobro-
muron was then run on the software of the spectrophotometer. Absorbance data were
recorded in programmed time intervals of 1 min until the equilibrium is reached.
Absorbance data were converted into concentration data using calibration relations
pre-determined at the wavelength of interest for pesticide metobromuron.

The adsorption isotherms of metobromuron onto ACC were determined on the
basis of batch analysis. ACC pieces of varying weights were allowed to equilibrate
with metobromuron solutions each having the same initial concentration of 1.05 X
10 M at 25°C for 48 h. Preliminary tests showed that the concentration of pesti-
cide solution remained unchanged after about 19 h contact with ACC. So, the
allowed contact time of 48 h ensures the equilibration for metobromuron. The equi-
librium concentrations of pesticide solutions were measured spectrophotometri-
cally. The amount of pesticide adsorbed per unit mass of ACC at equilibrium, g,
was calculated by Eq. 22.1,

V.(c,—c,)
m (22.1)

e

where V is the volume of pesticide solution in liter, c, and c, are the initial and
equilibrium concentrations, respectively, of the pesticide solution in moles per liter
and p is the mass of ACC in grams. Eq. 22.1 gives g, as mole pesticide adsorbed
per gram of ACC.

Results and Discussion

In order to obtain the calibration curve of pesticide metobromuron, absorbances
were measured at the corresponding A as a function of concentration and the data
were fitted to Lambert—Beer law by the method of least square analysis. The result-
ing correlation coefficient (R% 1.0000) show that the fit to Lambert—Beer law is
excellent. The obtained calibration equation was used to convert absorbances into
concentrations in kinetic and equilibrium studies.

Adsorption of metobromuron onto ACC was monitored spectrophotometrically
at 244 nm by the procedure described above. Absorbance data, obtained in 1-min
intervals until equilibrium, were converted into concentration data using the corre-
sponding calibration relation and then plotted as a function of time in Fig. 22.2.
Initial concentration of pesticide in the solution was 7.64 x 10> M and adsorption
equilibrium time using 18 mg ACC, determined as the time after which the concen-
tration of the pesticide solution remained unchanged during the course of adsorp-
tion process, was 1,156 min. The decrease in concentration of pesticide is fast at the
early stages, while it slows down toward the end of adsorption period. Concentration
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Fig. 22.2 Adsorption behaviors of pesticide metobromuron from aqueous solutions onto ACC

of pesticide solution decreased to 1.35 x 10 M from the initial concentration of
7.64 x 10° M, by adsorption onto ACC until its equilibrium time. In other words,
concentrations of pesticide in aqueous solution were reduced by a factor of approxi-
mately 57 over the course of adsorption.

Kinetic data presented in Fig. 22.2 for the adsorption of metobromuron were fit-
ted to the pseudo-first-order and the pseudo-second-order rate laws. Linear form of
pseudo-first-order model can be formulated as

In(q.-q,) =1In(q,) -kt (22.2)

where q_ (mol g™') and g, (mol g™') are the amount of pesticide adsorbed at equilib-
rium and at time t, respectively, and k| (min™) is the rate constant. k, value was
evaluated from the linear regression of In (q—q,) vs t data for pesticide.
The linear form of pseudo-second-order equation can be formulated as
o Lz +1 (22.3)
9  ka. q.

where k, (g mol™' min™') is the second-order rate constant. The linear plot of t/q, vs
t provided not only the rate constant k,, but also an independent evaluation of q_.
The results of applied kinetics model are given in Table 22.2. In this table the
experimental g, values calculated using initial and equilibrium concentrations (Fig. 22.1)
of the pesticide according to Eq. 22.1 and q, values from the intercept of linear
regression analysis according to the model (Eq. 22.2) are also given. The fit of
experimental data to the pseudo-first-order and the pseudo-second-order equations
seem to be quite good when correlation coefficients (R?) obtained from linear
regression analysis are examined. However when the experimental and calculated
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Table 22.2 Rate constants and correlation coefficients obtained from
treatment of adsorption data according to the two kinetic models

First-order

q, (mol g™) (calculated) k, (min™) R?
1.50 x 107 1.77 x 103 0.9980
Second-order

q, (mol g™) (calculated) k,, (g mol™ min™") R?
9.35x 10°¢ 87.35 0.9992

q, values obtained from these models are compared, it can be seen that q_ value cal-
culated from second-order model is closer to the experimental q, value of 8.4 x 10~
than that calculated from the first order model. So, it can be concluded that adsorp-
tion of metobromuron onto ACC follows pseudo-second-order kinetics.

Adsorption isotherm of metobromuron was determined on the basis of batch
analysis at 25°C using a series of pesticide solutions at a fixed concentration of 1.05
x 10 M and a volume of 50 mL in contact with ACC pieces of varying masses
covering the range from 6.0 to 34.0 mg. Adsorption isotherm data of pesticide were
fitted to well-known isotherm models of Langmuir and Freundlich. The Langmuir
isotherm is based on the assumption that adsorption takes place at specific homo-
geneous sites within the adsorbent and there is no significant interaction among
adsorbed species and that the adsorbent is saturated after one layer of adsorbate
molecules formed on the adsorbent surface. The linearized Langmuir isotherm
equation can be written as follows

C_ 1 _c (22.4)

q. bag, q,

where g, (mol g") is the amount of solute adsorbed per unit mass of adsorbent, c,
(mol L) is the equilibrium concentration of solute, q  (mol g) is the maximum
amount of adsorbent to form a complete monolayer on the surface, b (L mol”) is a
constant related to the heat of adsorption. When ¢ /q_ is plotted against ¢, and the
data are regressed linearly, q and b constants can be calculated from the slope and
the intercept.

The Freundlich isotherm model takes the multilayer and heterogeneous adsorp-
tion into account. Its linearized form can be given as follows

Inq, = InK + llnce (22.5)

n
where q_and c¢_have the same definitions as in Langmuir equation above. Freundlich
constant, K (mol""™ L g-1) is related to the adsorption capacity of ACC and 1/n
is another constant related to the surface heterogeneity. When Inq_ is plotted against
Inc_ and the data are treated by linear regression analysis, 1/n and K constants are
determined from the slope and intercept. The value of 1/n is known as the heterogeneity
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factor and ranges between 0 and 1; the more heterogeneous the surface, the closer
1/n value is to 0 [17].

The Langmuir and Freundlich isotherm parameters for the adsorption of pesti-
cide studied onto ACC are given in Table 22.3. Experimental isotherm data for the
pesticide are given in Fig. 22.3 where the fitted Langmuir and Freundlich isotherm
curves are also shown. The correlation coefficients, R?, given in Table 22.3 for fit-
ting the experimental data points to the linear forms of the two equations can be
considered as a measure of goodness of fit. It is seen that Freundlich model having
R? greater than that of Langmuir model, is successful in representing experimental
isotherm data. According to the ITUPAC classification metobromuron adsorption
isotherm exhibits a type I isotherm which is for microporous adsorbents.
Furthermore, the S, and PSD data of this adsorbent described above also support
this suggestion.

According to another system of classification of solution adsorption isotherms
by Giles et al. [18] the main classes are S, L, H and C isotherms. These workers
indicated that L curves occur in probably the majority of cases of adsorption from

Table 22.3 The parameters of Langmuir and
Freundlich isotherm equations for the adsorp-
tion of metobromuron

Langmuir parameters

q,, (mol g™) 1.01 x 1073
b (L mol™) 298,900
R? 0.9219
Freundlich parameters

K (mol="m L1 o-1) 0.426

I/n 0.542

R? 0.9901

q.(x10°%)

e (x10)

Fig. 22.3 The fit of experimental adsorption data (A) to Langmuir (—) and Freundlich (---)
models for metobromuron
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dilute solutions. Indeed, the shape of isotherm of metobromuron obtained in the
present work fall into L class isotherm. In this type of isotherm the initial curvature
shows that as more sites on the surface are filled it becomes increasingly difficult
for a bombarding of solute molecule to find a vacant site available. One more impli-
cation of this is that there is no strong competition from the solvent [18].

Conclusions

Adsorption kinetic and adsorption isotherm of pesticide metobromuron at the high
area ACC were investigated in relation to water treatment. The ACC used in this
study seems to be quite effective in adsorption of metobromuron from aqueous
solutions. Adsorption of that pesticide was found to follow second-order kinetic
model and the adsorption isotherm is well represented by Freundlich model.
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Chapter 23

Effects of Thermal Treatment and Storage
on Hydroxymethylfurfural (HMF) Content
and Diastase Activity of Honeys Collected
from Middle Anatolia in Turkey

Kadir Turhan

Abstracts The composition and properties of honey are dependent on floral
origins utilized by the bees and the climatic conditions of the area from which
honey is harvested. Honey is a complex mixture, mainly composed of water,
sugars (glucose, fructose, sucrose, maltose, and higher sugars), gluconic acid,
lactone, nitrogenous compounds, minerals, and some vitamins. Novel studies on
physical and chemical properties of the types of honey produced in different countries
have been reported by many scientists. Hydroxymethylfurfural (HMF) is a cyclic
aldehyde that is produced by degradation of sugars.

Several factors influence the formation of HMF in honey: temperature and time
of heating; storage conditions; use of metallic containers and the chemical properties
of honey, which are related to the floral source from which the honey has been
extracted, these indicate pH, total acidity, mineral content; however, no information on
the correlation between chemical characteristics and HMF level of the honey is available.

This study has two goals: The first one is to investigate the effects of storage on
HMF formation and diastase activity of honey. Second one is to determine HMF
level and formation kinetics of honey after heating process. For this purpose 40
samples of honey were collected from Middle Anatolia and surrounding areas. The
physicochemical properties of honey collected were determined. The obtained data
were compared with results of other researchers.

Keywords Anatolia, diastase activity, honey, hydroxymethylfurfural

Introduction

The composition and properties of honey are dependent on floral origins utilized by
the bees and the climatic conditions of the area from which honey is harvested [/, 2].
Honey is a complex mixture, mainly composed of water, sugars (glucose, fructose,
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sucrose, maltose, and higher sugars), gluconic acid, lactone, nitrogenous compounds,
minerals, and some vitamins [3]. Novel studies on physical and chemical properties
of the types of honey produced in different countries have been reported by many
scientists [4]. Hydroxymethyl-furfural (HMF) is a cyclic aldehyde that is produced
by degradation of sugars [3].

HMF levels and diastase testing, for measuring honey quality have been in use
for over 75 years. A detailed description of the step-by-step process in using these
tests, as well as a criticism of diastase as a quality index, has been reported [5].
Based on the assumption that an index for excessive storage and/or heat exposure
should be: (1) easily measurable, (2) virtually absent in the fresh honey, (3) respon-
sive in a predictable way to heating and storage, (4) independent of honey type or
composition in its response, White proposed the HMF level as the only reliable
heating/storage index in honey.

It is well known that heating of honey results in HMF, which is formed during
acid-catalysed dehydration of hexoses [6]. The presence in honey of simple sugars
(glucose and fructose) and many acids is a favourable condition for the production
of this substance.

Several factors influence the formation of HMF in honey: temperature and time
of heating [7]; storage conditions; use of metallic containers [8] and the chemical
properties of honey, which are related to the floral source from which the honey has
been extracted, these indicate pH, total acidity, mineral content [9]; however, no
information on the correlation between chemical characteristics and HMF level of
the honey is available.

This study has two goals: The first one is to investigate the effects of storage on
HMF formation and diastase activity of honey. Second one is to determine HMF
level and formation kinetics of honey after heating process. For this purpose 40
samples of honey were collected from Middle Anatolia and surrounding areas. The
physicochemical properties of honey collected were determined. The obtained data
were compared with results of other researchers.

Materials and Methods

Honey Samples

Forty natural liquid honey samples from Middle Anatolia and surrounding areas,
marked as a red circle in the map of Turkey (Fig. 23.1), were collected directly from
different beekeepers during the months of January and February in 2003. The
honey samples, stored in glass jars, were kept in the dark at room temperature until
analyzed. Moisture was determined by measuring the refractive indices at 200°C
with a refractometer (Abbe Refractometer NAR2T) and the corresponding moisture
content (%) was calculated according to AOAC method [10].
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Physicochemical Analysis

5-hydroxymethylfurfural (HMF) and diastase activity were determined according
to Standard Methods of the Association of Official Analytical Chemists (AOAC)
[10, 11].

Diastase number was measured using a buffered solution of starch according to
AOAC [10]. HMF was determined colorimetrically after dilution with distilled
water and addition of p-toluidine solution. Absorbance of the solution was deter-
mined at 550 nm using a spectrophotometer (HP 8450A UV/VIS). Three replicate
analyzes were performed from each sample for data reliability.

Thermal treatment, applied to honey, may destroy vitamins and bionutrients, and
produce a simultaneous decrease in diastase activity and an increase in HMF content.
Honey treatment temperature and time must be limited when pasteurising and
stabilising it; both diastase activity and HMF content are national and international
parameters used as controls so as to limit thermal treatment application. HMF can
be formed by hexose dehydration in acid media or by the Maillard reaction [11, 12].
According to Ibarz et al., HMF formation can be described by a second order kinetics
(auto-catalytic), with the following equation as expression model [13]:

1
1 [H], + [HMF] —[HMF],
[H], +[HMF], | ([H], +[HMF], )[HMF],

[HMF]| =

[kat]

where:

[HMF], = HMF final concentration at time t

[HMF], = HMF initial concentration

[H], = Hexose initial concentration

t = Thermal treatment time

k, = Velocity constant for autocatalytic kinetics of second order (s™')

Considering that the total hexose concentration in honey is higher than the HMF
concentration normally present in honey, HMFO, the HMF formation could follow
a first order kinetics, the expression of which is:

[HMF] =[HMF] ")
where:
k, = Reaction rate constant of first order kinetics (s™')

On the other hand, as the reaction rate constant k1 is a temperature (T) function,
it is feasible to correlate it with T by means of an Arrhenius from equation:
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q

E
k= Kf e[R(T+273QC)]
) .

where
T = Honey temperature (°C)
t = Honey treatment time
K, = Frequency constant (s—')
E, = Activation energy (kJ/mol)
R = Gas constant (kJ/mol K)

During heating, two stages can be identified: the transitory or transient stage,
which corresponds to an increase in temperature, starting from its initial value and
reaching the treatment temperature, followed by the isothermal stage, in which
temperature remains constant at the obtained value. There exists a definite time for
each of these stages. In the transient stage, time is characteristic and depends on the
system properties and heat flow. In the isothermal stage, time is generally fixed
according to test targets [14].

Results and Discussion

Figure 23.2 shows the experimental values, expressed as HMF_ and the adjustment
exponential curves corresponding to the isothermal heating stage. The resulting
HMF values are due to the isothermal treatment effect only. The HMF formed as
consequence of the transient stage, was discounted from the values obtained at the
end of the complete transient-isothermal treatment. Table 23.1 shows the origin
ordinates, first order reaction pseudo rate constant and the regression coefficients.
The use of thermal treatments for technological purposes, such as the elimination of
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Fig. 23.2 HMF relative concentration variation as function of time and temperature of the
isothermal heating stage is constant and equal to 15 s
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Table 23.1 HMF formation kinetics
in isothermal heating as a function of
treatment temperature, first order
reaction pseudo rate constant and
regression coefficients

T (°C) k, 10% (s™) P
90 1.84 0.98
105 2.06 0.98
120 2.4 0.97
135 2.87 0.99
150 3.38 0.97
165 3.95 0.98

HMEF, hydroxymethylfurfural content

crystallization or pasteurization, can increase the HMF content. Therefore, treatment
time at a given temperature must be as short as possible. If temperatures are higher
that 135°C, even for short times, HMF increase reaches values above these accepted
by international standards. Figure 23.2 shows that a 100 s at 135°C treatment pro-
duces approximately the same HMF increase as a 40 s at 150°C. The HMF contents
and diastase activity of fresh and stored honey samples are shown in Table 23.1. The
mean diastase numbers in the honey samples following one year storage (20 + 5°C)
decreased from 14.6 to 10.7. Thrasyvoulou found that the average decrease in
diastase number for 20 samples stored for one year at 25 + 4°C was 40%, while
Sancho et al. reported [15] a decrease of 33% in 115 samples after one year storage
at 15-25°C. Yilmaz and Kiifrevioglu [16] found that the average decrease in diastase
number for 45 samples stored for one year at 20 = 5°C was 27%. In the present
study, the 30% average decrease in diastase number found after storage was lower
than those found for other honeys in the research above (Table 23.2).

Upon storage for up to 12 months at 25 + 1°C, the HMF in all honey samples
increased progressively with four samples showing the least HMF level. With the
exception of two samples, all other honey samples were either very close or have
exceeded the maximum allowed level of HMF of 40 mg/kg in the Turkish
Alimentarus Codex [17]. This is a clear indication that at such a high storage tem-
perature, honey should not be kept for more than eight months.

The storage temperature of honey should be carefully controlled to preserve its
quality. At its best, honey should be consumed within six months following its
harvesting.

The initial HMF content in all honey samples was lower than the allowed maxi-
mum limit of 40 mg/kg as recommended by Turkish Alimentarus Codex [17], for
honey in general. These results contradict the observation made by some authors
that the types of honey produced in subtropical climates have high HMF exceeding
40 mg/kg [18]. However, the European Union council directive also allows for a
maximum of 80 mg/kg for honey from tropical climates. The HMF level in honey
is said to depend on the type of sugar present in honey and the fructose: glucose
ratio [19]. The HMF formation results from the acid catalyzed dehydration of hexose
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Table 23.2 Diastase number and HMF content of fresh and stored honey
samples collected in Middle Anatolia and surrounding areas

Analytical values Number of samples Mean Min. Max.
HMF* (mg kg™") 40 4.5 0.0 19.4
HMPF*(mg kg™) 25.6 9.3 39.5
Diastase number® 16.3 10.4 29.1
Diastase number® 11.4 7.7 19.8

“Fresh honey * Stored honey

sugars with fructose being particularly susceptible. Fructose has been reported to
be unstable at pH 4.6 and is five times more reactive than glucose [20]. Low levels
of initial HMF observed in all honey samples may also be attributed to low pH
values, ranging from 3.70—4.60.
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Chapter 24
The Degradation Kinetics of Phenol Solutions
with Ozone

Kadir Turhan and Siiheyla Uzman

Abstract Aromatic compounds are extensively used in several of industries and
can cause pollution in water sources. This work aims are to examine the degrad-
ability by cleavage of phenol in aqueous solutions using ozone, and to determine
the kinetics of those cleavage reactions. Phenol has been prepared in four differ-
ent concentrations and the flow rate of ozone supplied for each solution has been
selected. The reaction of ozone with phenol was investigated at several conditions,
such as different phenol and ozone concentrations, and contact times. Total Organic
Carbon (TOC) and UV analysis of the aromatic by-products formed during and
after the ozonation reaction were employed. The reaction rates calculated from
TOC analysis were investigated.

Keywords Degradation kinetics, ozone, phenol, pollution

Introduction

Many industries use phenolic materials in their manufacturing processes. Phenol is
also used in the production of drugs, weed killers, and synthetic resins. Phenol and
its derivatives are present in the wastewaters of industries such as cooking, pulp
mills, paint and dyes, wine distilleries, oil and gasoline, synthetic rubber, textiles,
pharmaceuticals, solvent, manufacture of pesticides, paper, and wood etc. [1].
With the rapid increase in the number of chemical industries, a great deal of waste-
water is produced, which causes pollution and degrades the environment. Many of
these industrial wastewaters, particularly the ones, containing phenolic compounds,
are well known to be characterized by higher salinity, acidity, chemical oxygen
demand (COD) value and low biodegradability, which means that the effluent cannot
be treated by the conventional process [2, 3]. An alternative method of treating such
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wastewater is Advanced Oxidation Processes (AOPs), where highly reactive free
radicals, especially hydroxyl radicals, are mostly utilized to destroy the pollutants in
wastewater. These processes involve the following main sub-processes: Direct 0zo-
nation, Wet Air Oxidation (WAO), Hydrogen peroxide oxidation, UV photolysis etc.
[4]. Ozonation is widely employed in water treatment for disinfection.

In this study, synthetic aqueous solutions of phenol were treated with ozone. The
reaction of ozone with phenol was investigated at several conditions, such as differ-
ent phenol and ozone concentrations, and contact times. Total Organic Carbon
(TOC) and UV analysis of the aromatic by-products formed during and after the
ozonation reaction were employed. The reaction rates calculated from TOC analysis
were investigated.

Materials and Methods

Phenol solution was prepared from pure standard (Merck, 99.9% of purity) with
distilled water. The concentrations of phenol solutions were 25, 50, 75 and 100
mg/L, respectively. The ozonization reaction was carried out in the system which
was shown in Fig. 24.1. The reactor capacity was 3,000 mL. Ozonation experi-
ments were performed in a 2,000 mL capacity ozone bubble column between 0 and
2 h in semi-batch supplied with counter current recirculation of the liquid to the gas
flow. Fischer 502 model ozone generator was used for the production of ozone from
dry oxygen (99.9% of purity). The oxygen flow rate to the generator was adjusted
at 120 L/h and monitored with a rotameter incorporated into the ozone generator.
The ozone stream was continuously introduced in the sample through a porous
sparger as microbubbles at the bottom of the ozone contactor. The diffusion rates
of the ozone/oxygen mixture, introduced from the bottom of the reactor through a

Exit
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Fig. 24.1 Scheme of ozonization
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sintered glass diffusing plate, were 2, 4 and 6 g/L h. Excess ozone was passed into
gas absorption bottle containing KI solution (2% wt). The excess amount of ozone
was determined by titration of the solutions in the bubblers using sodium thiosul-
phate and starch as indicator, and calibration curve was established [5]. All tubing
and the fittings from the ozone generator to the reactor and the gas absorption bot-
tles were made of glass and teflone. The dosages of ozone consumed in medium
were calculated for all the experiments, which were performed at ambient tempera-
ture at 20 + 10°C. Rate of mechanical stirrer was adjusted to 2,100 rpm, and circu-
lation rate of pump between reactor and reaction column adjusted 1,875 mL/min.
Seventy-five milliliters of samples were collected from reaction column upper end
at different time intervals during the ozonation reaction for the determination of the by
products. Ozonation of phenol was carried out at four different initial concentrations,
25, 50, 75 and 100 mg/L, with three different ozone concentrations 2, 4 and 6 g/L h.

Results and Discussion

In this study, the degradability of phenol in aqueous solutions was investigated with
using ozone. Additionally, decomposition kinetic of phenol in the presence of
ozone was calculated using maximum rate constants, from graphics of concentra-
tion versus time.

The UV absorbance is used for the preliminary control of the degree of decom-
position. The GC/MS and HPLC analysis are used to identify intermediate and final
products formed during ozonation. It was found that reaction of ozone with phenol
at pH 9, in addition to catechol (C) and hydroquinone (HQ) are likely primary oxi-
dation products, p-benzoquinone (PBQ) and o-benzoquinone (OBQ), the others are
more oxidized species, and CO, and water the final oxidation products. The
detected degradation products are shown in Scheme 24.1.

OH
©/OH EIO [COZH
OH 0 CO.H

©) (0BQ) (MA)
CO, + H,O
OH o
(P) HO Io
o) OH
OH 0
(HQ) (PBQ) (OA)

Scheme 24.1 Reaction pathway in the phenol degradation
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This initial attack of the ozone molecule leads first to the formation of ortho- and
para-hydroxylated by-products. These hydroxylated compounds are highly suscep-
tible to further ozonation. The compounds lead to the formation of quinoid and, due
to the opening of the aromatic cycle, to the formation of aliphatic products with
carbonyl and carboxyl functions. The nucleophilic reaction is found locally on
molecular sites showing an electronic deficit and, more frequently, on carbons car-
rying electron acceptor groups. In summary, the molecular ozone reactions are
extremely selective and limited to unsaturated aromatic and aliphatic compounds as
well as to specific functional groups.

TOC and phenol concentration decreased same trend and the forming of by
product was determined by mass spectrum. It was shown that formed by product
was not stabile, whereas it immediately decomposes to different products. It was
also determined that the amounts of ozone were sufficient for phenol decomposing.
As a result of kinetic investigation of phenol, decomposition reaction was found
first order because of obtaining almost constant k values (Fig. 24.2a—f). As expected
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Fig. 24.2(a—f) Changing of phenol concentration (A) with ozone concentration (O) versus time
A: 50 mg/L, O: 2 g/h L (a), O: 4 g/lh L (b), O: 6 g/h L (c), respectively. A: 75 mg/L, O: 2 g/h L
(a), O: 4 g/h L (b), O: 6 g/lh L (), respectively.
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that, R values increased with the increasing O, concentration especially for two
phenol concentrations (50 and 75 mg/L). Decomposition kinetic of phenol in the
presence of ozone was calculated using maximum rate constants, from graphics of
concentration versus time. Maximum R value was found as 409.55 mg/L h for
phenol. According to all obtained results, it was found that phenol decomposition
occurs in the using of enough ozone, and the decomposition reaction follows first
order reaction kinetics [6].
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Chapter 25

Determination of Some Trace Metals in Edible
Mushrooms Samples Using Atomic Absorption
Spectrometry

Kadir Turhan

Abstract Trace metal levels in ten different mushroom species, Lactarius
decipiens Quel., Lactarius piperatus, Lactarius resimus Fr., Lactarius valemus
Fr., Lactarius vietus (Fr.) Fr., Laccaria lacceta, Agaricus bisporus, Agaricus sil-
vicola, Lentinula edodes and Morchella deliciosa obtained from different areas
of the middle Black Sea region of Turkey were determined by flame and graphite
furnace atomic adsorption spectrometry after microwave digestion. The contents
of trace metals in the mushroom samples were found in the ranges 74.21-127.70,
23,444-49,880, 69.51-99.93, 46.23-129.38, 3.69-27.51, 0.71-3.11, 0.41-1.57,
16.35-27.92, 3.54-29.87, 759-1,200, 0.24-1.41, 8.69-22.41and 0.13-0.54 pg/g
for Na, K, Ca, Fe, Cu, Pb, Cd, Zn, Mn, Mg, Cr, Ni, and Co, respectively. Results
obtained are in agreement with trace data reported in the literature.

Keywords Atomic absorption, Black Sea, mushrooms, trace metals

Introduction

Mushrooms are important in the ecosystem because they are able to biodegrade the
substrate and therefore use the wastes of agricultural production [1]. Mushrooms
have also been reported as therapeutic foods, useful in preventing diseases such
as hypertension, hypercholesterolemia, and cancer. These functional characteristics
are mainly due to their chemical composition [2]. Heavy metal concentrations in
mushroom are considerably higher than those in agricultural crop plants, vegetables
and fruit. This suggests that mushrooms possess a very effective mechanism that
enables them readily to take up some heavy metals from the ecosystem.

The concentrations of trace elements in the fruiting bodies of fungi are primarily
species-dependent. The concentrations were found to depend on the physiology of
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the species and particularly on its ecosystem pattern. It has proven rather difficult
to determine the effects of environmental factors on the heavy metals [3].

Mushrooms are valuable health foods, low in calories, high in vegetable pro-
teins, iron, zinc, chitin, vitamins and minerals. In general, their fruiting bodies, on
a dry weight basis, contain about 39.9% carbohydrate, 17.5% protein and 2.9% fats
with the rest constituting the minerals [4, 5]. Wild-growing macrofungus have been
a favorite delicacy in many countries. Some people collect macrofungus to make a
substantial contribution to food intake. Therefore, it is necessary to know the levels
of toxic and essential elements in edible mushrooms [6].

Turkey has a large edible mushroom potential and is becoming an important
exporter of wild mushrooms. However, qualified studies have not been carried out
on this subject in Turkey [7]. Turkey is located in southeastern Europe and Asia. It
is bordered in the north by the Black Sea, the south by Iraq, Syria, and the
Mediterranean, in the west by the Aegean Sea, in the northeast by Georgia and
Armenia, in the northwest by Bulgaria and Greece. Turkey can be separated into
seven geographic regions. One of them is the Black Sea region. The Black Sea
region can be separated into three smaller geographic regions. The middle Black
Sea region is one of them. In this region, the climate is mild and rainy. The seasons
are normally wet with mild temperatures. The climate during the year, especially,
in spring and autumn, is ideal for fungal growth [4].

Wild edible mushrooms in the middle Black Sea region of Turkey (Sinop) are
widely consumed because of their delicacy and abundance. Sinop is located in the
middle Black Sea region of Turkey (41.480 N, 34.700 E). Sinop is an industrial agri-
cultural city in the central Black Sea-Turkey and has a population of a quarter million.
The temperature ranges between -10.5 and 410°C, average values being 200°C during
summer and 70°C during winter in Sinop. Many studies have been carried out on the
metal contents of macrofungus in Turkey [7—11]. However, qualified studies have not
been carried out in this area of Turkey, especially in Sinop (Scheme 25.1).

In this study, the levels of trace metals in ten different species mushroom sam-
ples collected from Sinop, Turkey were determined by flame and graphite furnace
AAS after microwave digestion methods. The purpose of the present study was the
determination of Ca, Fe, Cu, Pb, Cd, Zn, Mn, Mg, Cr, Ni and Co contents, by using
an AAS method, in the fruiting bodies of macrofungus specimens collected from
the middle Black Sea region of Turkey.

Materials and Methods

In this study, 96 samples of wild edible mushrooms, corresponding to 10 different,
were used in autumn and spring 2003. The samples of mushroom were collected
from Sinop in Turkey. Species include Lactarius decipiens Quel., Lactarius pipera-
tus, Lactarius resimus Fr., Lactarius valemus Fr., Lactarius vietus (Fr.) Fr., Laccaria
lacceta, Agaricus bisporus, Agaricus silvicola, Lentinula edodes, Morchella deliciosa.
Collected mushrooms were cleaned, cut into slices and the samples were washed
with demineralized water. Each sample was dried at 105°C for 24 h. Dried samples
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Scheme 25.1 Sampling area: Middle Anatolia and surrounding area of Turkey

Table 25.1 Digestion conditions for mushroom
samples in the microwave digestion system

Steps Time (min) Power (W)
1 3 600
2 3 0
3 5 600
4 3 900
5 3 1,200

were homogenized using an agate homogenizer and stored in polyethylene bottles
prior to analysis.

For digestion, CEM Mars 5 microwave closed system was used in this study. 0.5
g of samples was digested with 5 mL of HNO, (65%) and 2 mL of H,0, (30%) in
a microwave digestion system for 17 min and final diluted to 25 mL with deionized
water. A blank digest was carried out in the same way. Digestion conditions are
given in Table 25.1.

This procedure was preferred because it is more accurate with respect to both
time and recovery values.

Sodium and potassium were determined using Jenway PFP-7 model flame pho-
tometer and sodium or potassium chloride to prepare the standards. Calcium, iron,
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copper, magnesium, zinc, manganese, chromium, nickel and cobalt were determined
with a Varian FS 220S model atomic absorption spectrophotometry (AAS) using
flame atomization. Lead and cadmium levels in the mushroom samples were deter-
mined using Varian GTA 110 model graphite furnace atomic absorption spectropho-
tometry (GFAAS) (Table 25.2.)

Results and Discussion

Trace metal levels in the analyzed samples are listed in Table 25.3. All metal
concentrations were determined on a dry weight basis. The content of trace metals
in the samples were found to be in the ranges 74.21-127.70, 23,444-49,880,

Table 25.2 The wavelengths for AAS and flame photometer analyzes

Elements Na K Ca Fe Cu Pb Cd
Wavelength (nm) 589.0 766.5 393.4 248.3 324.8 283.3 228.8
Elements Zn Mn Mg Cr Ni Co

Wavelength (nm) 2139 2795 285.2 357.9 232.0 230.8

Table 25.3 Trace metal levels in the analyzed samples

Mushroom
species Na K Ca Fe Cu Pb Cd
Lactarius 114.03+ 26,070+ 7278+ 6695+  6.61 = 1.30 + 041
decipiens 292 1,233 2.31 0.94 0.31 0.06 0.12
Quel.
Lactarius 80.72 = 28,720 + 7253+ 12938+ 1681+ 3.11= 0.83 =
piperatus 9.86 2,655 7.68 18.44 1.41 0.51 0.08
Lactarius 91.66 + 38,380+ 84.15+ 89.02+ 7.55=% 1.42 + 0.98 =
resimus Fr. 1.16 862 1.72 1.55 0.45 0.06 0.12
Lactarius 92.72+ 39,600+ 74.55+  58.16% 18.68+  1.45+ 1.22+
valemus Fr. 7.33 1,059 7.55 5.41 0.88 0.08 0.08
Lactarius vietus 91.79 = 24940+ 7563+ 73.00x 654 = 1.30 + 1.13 =
(Fr) Fr. 1.59 353 1.04 1.69 0.35 0.08 0.12
Laccaria 12770 + 49,880+ 99.71+ 120.82+ 2751+ 139=% 1.57 =
lacceta 7.23 3,666 6.37 5.57 2.08 0.04 0.06
Agaricus bis- 97.44 27,233+ 89.08+ 8786+ 1090+ 1.17+ 0.76 =
porus 1.39 577 1.39 2.10 0.71 0.08 0.14
Agaricus 7421 £ 23444 + 6951+ 7953+ 747+ 1.00 + 0.71 =
silvicola 1.35 414 0.86 1.33 0.39 0.10 0.14
Lentinula edodes 11093 = 37,033+ 9993+ 88.66+ 7.34+ 1.48 + 132+
1.65 506 1.80 1.16 0.27 0.12 0.12
Morchella 81.10 = 32,789 + 71.69+ 4623+ 3.69 =+ 0.71 = 045 +
deliciosa 1.63 252 0.82 1.08 0.20 0.14 0.06
Zn Mn Mg Cr Ni Co
Lactarius 2598+ 487+ 1,153+ 1.00+0.0513.60+ 0.54
decipiens 0.80 0.43 43.86 0.55 0.05
Quel.

(continued)
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Table 25.3 (continued)

Mushroom
species Na K Ca Fe Cu Pb Cd
Lactarius 25.52 7.39 + 821 + 1.04 = 8.69 + 0.47
piperatus 2.43 1.06 76.12 0.20 1.45 0.10
Lactarius 27.92 3.65 + 1,051 £ 0.85% 1254+ 049 =
resimus Fr. 0.71 0.49 30.93 0.06 0.57 0.07
Lactarius vale- 24.52 + 545+ 969 + 091 = 2241+ 038z
mus Fr. 3.04 0.55 37.65 0.14 1.04 0.05
Lactarius vietus 24.95 + 4.64 + 834 + 0.52 + 1041+ 042 =
(Fr.) Fr. 0.73 0.35 39.40 0.04 0.47 0.07
Laccaria 26.99 + 2987+ 891 = 141 = 1558+ 0.16 =
lacceta 1.88 2.55 35.53 0.08 0.65 0.04
Agaricus 18.68 + 1920+ 1,200+ 0.64 = 9.77 + 0.18 =
bisporus 0.55 1.12 86.18 0.08 0.27 0.05
Agaricus silvicolal7.89 + 8.59 + 1,144 + 0.82 = 1021+ 025+
0.55 0.45 82.69 0.11 0.53 0.04
Lentinulaedodes 27.73 + 8.74 + 759 + 0.48 + 13.08 = 029 =
0.55 0.65 47.51 0.06 0.69 0.06
Morchella 16.35 3.54 + 941 + 0.24 + 9.10 = 0.13 +
deliciosa 0.37 0.41 35.12 0.05 0.55 0.03

69.51-99.93, 46.23-129.38, 3.69-27.51, 0.71-3.11, 0.41-1.57, 16.35-27.92,
3.54-29.87, 759-1,200, 0.24-1.41, 8.69-22.41and 0.13-0.54 pg/g for Na, K, Ca,
Fe, Cu, Pb, Cd, Zn, Mn, Mg, Cr, Ni, and Co, respectively.
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Chapter 26

Sorption of Zn(II) and Pb(II) Ions
by a New Resin Synthesized

from Sumac Tannin and Gelatin

Kadir Turhan, Fatma Turak, and Mahmure Ustiin Ozgiir

Abstract Recently, the interest on biomaterials and especially in tannins was
growing and some attractive results were obtained in the adsorption of some
metals by tannin adsorbents. Tannins are widely distributed in nature and have
multiple adjacent polyhydroxyphenyl groups in their chemical structure which
have extremely high affinity for heavy metal ions. This study will describe how
tannin can be used as an effective zinc and lead sorbent by the use of tannin resins.
Batch method was used in the experiments in which pH profile, adsorption time,
adsorbent/liquid ratios, initial concentration of metal ions, adsorbent amount and
temperature were investigated to determine binding properties of adsorbent for the
Zn(II) and Pb(I]) ions.

Keywords Biomaterials, gelatin, lead, resin, sorption, sumac, tannin, zinc

Introduction

Lead pollution has been recognized as a potential threat to air, water and soil. Lead is
known to damage the kidney, liver and reproductive system, basic cellular processes
and brain function [1]. Lead has been found to be acute toxic to human beings when
present in high amount [2]. The toxic symptoms are anemia, insomnia, headache,
dizziness, and irritability, weakness of muscles, hallucination and renal damage. The
main sources of human exposure to lead include the use of leaded, gasoline, industrial
sources such as lead mining, smelting and coal combustion, the use of lead-based
paint and lead-containing pipes in water supply systems. Additional sources may be
food can solders, ceramic glazes, lead containing batteries and cosmetics.
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Heavy metals are introduced into the soil mainly by the application of fertiliz-
ers, sewage sludge, liming materials, and other industrial and urban waste materi-
als. In recent years, increased anthropogenic inputs of heavy metals in terrestrial
environments have caused considerable concern relative to their impact on
groundwater contamination. Zinc is a key element in plant growth and human
health. It has been used by human beings since immemorial time and is still widely
applied in our industrialized society. Zinc is an essential element for the normal
activity of DNA polymerase and protein synthesis. Its deficiency in human body
can cause many diseases, such as liver disease, gastrointestinal disorders, renal
diseases, neoplastic diseases, burns, skin disorders, etc. So, it plays a vital role in
the healthy development of many life forms. Excessive amounts of Zn, however,
may be toxic, especially to the aquatic biota. The EPA recommends that drinking
water should contain no more than 5 milligrams per liter of water (5 mg/L)
because of taste [3, 4].

Much work has been done on the removal of Pb and Zn from aqueous solu-
tion. Removal of these ions has been attempted by several researches employing
a wide variety of techniques. Adsorption of removal of Pb and Zn from solution
agricultural waste [5], three fern [6], tannin gel [7], removal of Pb sea module
[8], tannin gel adsorbent synthesized from condensed tannin [8] and removal of
Zn green macro alga [9], soil [3] have been extensively studied for this
purpose.

Biomass materials, potentially serve as remediation factors in contaminated
areas for preventing environmental pollution because of possible waste water
treatment. During the last years, the interest on biomaterials and especially in
tannins was growing. Tannins are an important class of secondary plant metab-
olites, water soluble polyphenolic compounds of molecular weight range
between 500 and some thousands Daltons [10]. There are three kinds: hydroliz-
able, condensed and complex tannins [11]. Tannins have multiple adjacent phe-
nolic hydroxyl groups and exhibit specific chelation ability toward metal ions.
However, tannins are sparingly water soluble compounds. When they are used
directly as adsorbent for metal ions in aqueous system, they have the disadvan-
tage of being leaked by water. To overcome this disadvantage, attempts were
made to immobilize tannins onto various water-insoluble matrices. The immo-
bilization of tannin on to agarose [12], cellulose powder rayon fibre [13] matri-
ces with have amino groups such as albumin, gelatin, aminopolystyrene and
2-vinly-4,6-diamino-S-triazine [14] and collagen fibres [15] and animal fibrous
proteins [16] were also reported. However, no data have been reported for the
adsorption of Pb?* and Zn?* on the resin synthesized from sumac leaves (contain
hydrolysable tannin) and gelatin.

Taking into account all the above, we have considered it of great interest to
assess the ability of locally available sumac leaves and for the removal of Pb(II)
and Zn(Il) from aqueous solution and optimization of conditions for theirs
adsorption. Firstly, a new resin was synthesized from sumac leaves and animal
gelatin.
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Experimental

Adsorbent Synthesis

For synthesized Gelatin (G)/Tannin (T) resins, gelatin powder was purchased from
Ulker Food Company-istanbul, Turkey. Hydrolyzable tannins were obtained from
the sumac leaves which were collected from Siirt, Turkey. The raw leaves were
dried at room temperature in dark and then ground 500 pum particle sizes. For the
total tannin determination Folin-Ciocalteu method was used and tannin content
found 27%. Tannins are extracted from sumac leaves with 1:1 (v/v) acetone/water
solution [15]. Tannic acid (TA) powder, which was extracted from sumac leaves (30
g) was dissolved in distilled waster at 95-98°C, then solution cooled at room tem-
perature and 37% formaldehyde solution added to the solution. G powder was dis-
solved distilled water at 95-98°C and then added to the TA/formaldehyde solution.
Concentrated hydrochloric acid was added to the mixture and heated 95-98°C for
12 h with a reflux condenser. G/TA resin was washed distilled water, dried at
110°C. Dried resin was crushed into small particles, <500 um [16].

Reagents and Chemicals

Chemicals used were of analytical/laboratory grade procured either from Merck or
Aldrich. Stock lead and zinc solutions 1,000 mg/L for adsorption study were prepared
from AR grade lead nitrate [Pb(NO,),] and from zinc chloride [ZnClL,]. Different
concentrations of Pb and Zn solutions were prepared from the stock solutions. All
working solutions were prepared by diluting the stock solutions with distilled water.

Instruments

The values of solutions were adjusted with 0.1 mol/L. NH,OH or HNO, and measured
with Metrohm Herisau E510 pH meter. A magnetic stirrer model Arex was used for stir-
ring the adsorption batches. The concentration of solution before and after adsorption
was measured by using Atomic Absorption Spectrometer (AAS) Analytika Jena. All the
measurements were made under optimization of the below mentioned parameters.

Concentration
Metal ion Band width Flame Detection limit range (pug/mL)
Pb(I) 1.2 C,H, /air 1.00 0.1-30

Zn(1I) 0.5 C,H /air 0.01 0.01-2




256 K. Turhan et al.

Adsorption Experiments

Method

Adsorption measurements were made by batch technique at room temperature (25
+ 3°C). Known amounts of tannin resin were placed in 250 mL erlenmeyer flasks
containing 100 mL of metal ion solution of known concentration and were stirred
for a given time period. The solutions were then filtered, centrifuged and the con-
centrations of metal ions were measured by AAS. The difference in the metal ion
(Pb* and Zn*") content before and after adsorption represented the amount of Pb
and Zn adsorbed by new resin.

The Effect of Stirring Time

The time-dependent behaviors of metal ions adsorption were measured by vary-
ing the equilibrium time between the adsorbate and adsorbent in the range of
30-300 min. The concentration of Pb(II) and Zn(II) were kept as 50 pg/mL
while the amount of resin added was 0.5 g. The experiments were performed at
pH 4 for Pb*.

The Effect of pH on Adsorption Equilibrium

Effect of initial pH on adsorption of Pb** ions were investigated as follows: 0.5 g of
the resin was weighed and 100 mL of a heavy metal ion solution was added. The
pH of each solution was adjusted to desired values. After stirring 5 h the reaction
mixture was filtered through membrane filter to remove particulates and analyzed
with an AAS.

The Effect of the Ratio of Solution Volume to Mass of Resin (V/m, mL/g)

To investigate the effect of ratio of solution volume to mass of solid and adsorp-
tion of metal ions; 0.5 g resin samples were mixed 25-75 mL of aqueous
solution of the constant initial concentration of metal ions (50 pg/mL Pb**). The
pH was adjusted to 4 for adsorption of Pb?". The flasks with their contents were
stirred for 4 h.

The Effect of Adsorbent Amount

The concentration of Pb* and stirring time were fixed at 50 pug/mL and 4 h, respec-
tively, while amount of resin was varied from 0.1-0.5 g.
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Results and Discussion

Recently, the interest on biomaterials and especially in tannins was growing and
some attract results were obtained in the adsorption of some metals by tannin
adsorbents [17]. Tannins are widely distributed in nature and have multiple adjacent

polyhydroxyphenyl groups in their chemical structure which have extremely high
affinity for heavy metal ions [18, 19].

Sumac tannins is illustrated in Fig. 26.1 whose basic structure is of flavon-3-ols [20].
Various adsorption parameters for the effective removal of Pb?* and Zn?* ions by
using new synthesized resin as an adsorbent from aqueous solutions were studied
and optimized. Time-dependent behavior of Pb** and Zn?* ions adsorption was
measured by varying the equilibrium time between in the range of 30-300 min. The
percentage adsorption of Pb?* plotted in Fig. 26.2 as a function of contact time
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Fig. 26.1 Chemical structure of sumac tannin
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indicates that the equilibrium between to Pb** and new resin was attained within 4 h.
Therefore, a 4 h stirring time was found to be appropriate for maximum adsorption
and was used in all subsequent measurements.

The pH of the aqueous solution is an important variable which controls the
adsorption of the metal at the resin-water interfaces. Hence, the influence of pH on
the adsorption Pb?*" on resin was also examined in the pH range of 2—6. The results
of studied elements are given in Fig. 26.3. As seen both metal cations have a pH
dependent adsorption behavior. Adsorption of lead was about maximum values
(49.46%) at pH 4.0, then decreases to 16.02% at pH 2.

Figure 26.4 shows the sorption of Pb** ions by resin (0.5 g) as a function of V/m.
The results indicate that adsorption percentage did not change much with increasing
V/m values. Therefore 50 of the V/m m rate were selected as the optimum value.

The amount of adsorption on the resin was determined from the difference in
concentration before and after, the adsorption experiment as the following equation.

q =V(C"-C")/m
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where q* is the metal adsorption in milligram per gram at equilibrium, C° and C*
are the concentration of the element in the initial and final solution in milligram per liter,
V is the volume of supernatant solution in liter and m is the resin mass in gram.

The dependence of Pb** ion sorption on resin amount was studied by varying the
sorbent amount from 0.1-0.5 g while keeping the volume 50 mL, concentration of
Pb* 50 mg/L, pH 4 and stirring time 4 h. The results indicated that adsorbed
amount of Pb*, q*, was high and remained almost constant up to 0.2 g then slowly
decreased with increasing resin mass from 0.2 to 0.5 (Fig. 26.5).

Adsorption of Zn* ions was studied at the same conditions which studied for
Pb* ions. The results showed that the resin couldn’t adsorbed at these conditions.
We decided that to study other conditions at the future program.
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Chapter 27

In Quest of Friendly Free Radicals: Reactions
of Iodine Atom Free Radicals with Some
Biologically Important Compounds

M. Mohammad’, A. Dar!, Sajid Jahangir'?, I. A. Tahiri??, M. S. Subhani?,
and K. M. Khan!

Abstract Free radicals are generally considered as villain. Thus the image of free
radicals emerges as a dangerous entity which is perhaps always injurious to health.
One could, however, ask if there is any beneficial effect of free radicals. A series
of studies has been embarked upon this idea: “in quest of friendly free radicals” in
this concept the possible use of iodine free radicals was explored initially through
their reaction with various biologically important compounds including compo-
nents of DNA/RNA/PROTEIN.

Cyclic voltammetry technique was used for generation, characterization and
monitoring reactions of free radicals with above mentioned compounds. Results of
these studies are presented.

Keywords Bioactive compounds, cyclic voltammetry, free radicals, iodine,
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Introduction

Free radicals are generally considered as villain. The most familiar being superox-
ide O, and hydroxyl radical OH". Every now and then it is proposed that free radi-
cals are involved in various ailments. Thus the image of a free radical emerges as a
dangerous entity which is perhaps always injurious to health.

One could, however, ask if there is any beneficial effect of free radicals. In other
word is there any “friendly” free radical. A series of studies has been embarked
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upon this idea: “In quest of friendly free radicals”. One of the worst modern
scourges is cancer. Free radicals have been claimed to be involved in cancer cell
productions [1]. However, not much attention has been paid to explore possibility
of using a free radical which can attack cancer cells. If such a possibility is to be
explored, it is necessary to consider that the free radical be discriminatory —
discriminating a normal cell from a cancer cell. A highly reactive free radical is
indiscriminate while a “stable” free radical would be discriminating. A free radical
attack on a cell C (normal/cancer) can be depicted as

C + A — CA — products (27.1)

where A is a stable free radical.

There are stable organic free radicals, most familiar DPPH (diphenyl picryl
hydrazyl) which is rather unstable (in open atmosphere) in solution phase. There
are other “stable” (organic) free radicals but mostly stable under vacuum or inert
atmosphere [2]. Thus these organic free radicals are not good candidates for studying
their reaction with (living) cells. In situ generation of free radicals: e.g. superoxide
O,”, hydroxyl OH", can be achieved but these free radicals are themselves sus-
pected villains-suspected to play role in the generation of cancer cells. Halogen
atoms F (fluorine), CI'" (chlorine), Br™ (bromine) and I" (iodine) are free radicals
[3]. These free radicals can be investigated: their generation, characterization and
reaction with normal blood cells and/ or cancer cells. Of these halogen free radi-
cals T’ is the least reactive while F', the most. F" and CI’ free radicals are undesirable
in the sense that being extensively reactive, they can be indiscriminate in attacking
both — the normal blood as well as cancer cells. “Stable” free radicals are
discriminating.

While elements in their atomic state are highly reactive, atomic iodine is not as
reactive. This could be advantageous as well as disadvantageous. Disadvantageous:
when the reaction of I" (with a substrate) is slow then a recombination (of I" atoms
to form I)) is more likely. The question arises as how to generate I' and study its
kinetics which ultimately lead us to investigate its reaction with cancer and normal
cells. Todine atom-free radicals I" can be produced, and is generally thought to be
produced photochemically. The reaction of a halogen with on alkane is a case in
point [3]. Zawail and coworkers [4], found the rate constant for the decay of I, into
I'and I as 7.1 x 10" s™! and recombination rate constant for I to I, as [O] 10° M
s {{O] means order of}. For the reaction of I" with a free radical [5], 1-ethyl-4-
carbomethoxy pyridinyl the rate constant is 10’10 M™! s7! [5]. All these reactions,
however, are in gaseous phase. Also since the recombination of I" atoms is
bimolecular, at low concentration of I the rate of recombination would be low.
Electrochemically one can generate I” by reduction of L, [6]

L+e=I -1+ (27.2)
or oxidation [6-8]

-g—I (27.3)
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Both reactions depicted in Eqgs. 27.2 and 27.3 involve follow-up chemical reactions.
Popov and Geske [7] claimed that the recombination of L., in solution, is slow
compared to its reaction with pyridine:

1"2Py-2 > [1(Py), | (27.4)

The formation of I" from I" had been postulated by Vetter [8a]. From the above
information we can make the following conclusions: (a) I' (atom-free radical) can
be produced electrochemically, (b) I" does react with pyridine and may react with
similar compounds and (c) recombination of I may be slow in solution phase.
Molecular iodine (di-iodine) L, the radio-isotope, is being used in the treatment of
thyroid disorder. One can ask the question: is there any biologically beneficial or
toxic effect of iodine atom. There has been no study [8b].

Cyclic voltammetry is a powerful technique to generate and characterize the
oxidation/reduction product(s) and also to study the follow up chemical reaction of
charge (electron) transfer products [9]. In the present study, cyclic voltammetry has
been used to carry out such investigation on I” ion: the electro-oxidation of I", the
reaction of I" with some familiar biologically important compounds and raw human
blood samples.

Experimental

Material

All the chemicals were reagent grade or of higher purity and were used as received.
Blood sample 250 ml blood sample bag was obtained from Liaquat National
Hospital, Karachi, Pakistan. It was kept in the refrigerator and was utilized within
a couple of days. The deterioration of blood sample was monitored and no signifi-
cant deterioration was found. The composition of blood is well known [11]. The
type of anticoagulant with PBS buffer contained 3.8% by weight citrate. The one in
the blood sample, called drip anticoagulant, contain (per 100 ml blood): sodium
citrate 2.63 g; citric acid anhydrous 3.30 g; sodium biphosphate monohydrate 0.22
g; dextrose monohydrate 3.19 g.

Procedure

Cyclic voltammetry was carried out on the Sycopel Work Station AEW 2, a three
electrode assembly: glassy carbon electrode as working, graphite rod as counter and
an Hg-pool as reference electrode were used. The stability and drift of Hg-pool was
checked from time to time and found satisfactory. The scan rate was either 50 or
100 mV/s.
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Results and Discussion

Results of the present studies can be categorized as follow: (i) identification of the
electro-oxidation product of I- as 1., (ii) reaction of iodine free radical with various
substrates, (iii) reaction of iodine free radical with raw human blood samples.

Identifying the electro-oxidation product At higher concentration [I'] > 1 mM
[I7] £ 5 mM (Fig. 27.1), there are two anodic and corresponding two cathodic
peaks. Processes may be, suggested to be

I -e=TIE, (27.5)
And1 -2 =T'E, (27.6)

Simulation through DigiSim software was used to help in elucidating mechanism.

To further identify the electro-oxidation products of 17, the C.V. of I, and I,~ were
also recorded. There are similarities and dissimilarities in the cyclic voltamogram.
While (Ep), = 0.690 V is same in both the C.V’s, there is another anodic peak at
1,054 mV (absent in the I — & — I case) for the same concentration of I-and two
corresponding cathodic peaks at 787 and 406 mV as compared to that of I". It was
also noted that the anodic peak in the case of [I"] = 0.5 mM was quite sharp mani-
festing a two-electron oxidation. It is not so in the case of I,~. Thus recombination
Lto form 1, followed by the reaction of I, with (excess) I in solution to form I,
and oxidation of 1.~ is not involved in the electro-oxidation of I.

A cyclic voltamogram of a saturated solution of 1, shows an anodic peak at 637
mV (scanning upto 1,000 mV) and two cathodic peaks at 615 and 316 mV. None
of them at the position of the anodic/cathodic peak in C.V. of oxidation of I". To
further identify the electro-oxidation product of I" Eq. 27.5, cyclic voltammogram
of I" at low concentration of I~ was rerecorded. For [I"] < 0.5 mM there is only one
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Fig. 27.1 Cyclic voltammogram of 5 mM Kl (0.1 M NaCl, aqueous system)
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Fig. 27.2 Cyclic voltammogram of 0.5 mM KI (0.1 M NaCl, aqueous system)

anodic and corresponding one cathodic peak (Fig. 27.2). It may be concluded that
only one electro-oxidation process is taking place. This, however, does not mean
that no subsequent chemical reaction (e.g. e-c-e) is taking place. As it is noticed, at
higher concentration a second peak at more anodic position emerges. Since for [I]
< 0.5 mM there is no second anodic wave hence process in Eq. 27.6 may be ruled
out for this concentration. The recombination of I" would give I, Eq. 27.3 but no
second oxidation wave of I, was found either. Thus at least on the C.V. time scale
(100 mV/s) and at such concentration of I~ (0.5 mM), the formation of I, from I
is slow as proposed by Popov and Geske [7].

From these data one can infer that the electro-oxidation of I~ proceeds with the
formation of I without the complication from the formation and hence the oxida-
tion of 1.~ and /or I, at least at 100 mV/s time scale. The reaction of 1. with a sub-
strate A is given as,

I + A—2Product (27.7)

Where k, is the bimolecular rate constant between I" and A. Results of our kinetic
studies of I with components of DNA/RNA/protein and others are collected in
Table 27.1.

Reaction of I' with raw human blood samples Since blood samples contained
anticoagulant, buffer and blood (itself a composite of various chemicals) hence C.V.
studies of I" were also carried out on blood sample in the absence and the presence
of buffer and anticoagulant. PBS (buffer) + anticoagulant showed the presence of
an electroactive moiety which could undergo electro-oxidation in the range 0.000—
1.000 V. However, addition of 1 ml of this buffer + anticoagulant solution to 9 ml
of 0.5 mM I" solution moved the anodic peak cathodically from 456 to 170 mV.
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Table 27.1 Reactions of I'with various compounds (0.1 M (aqueous) KCI/NaCl)

Compounds k, M s Compounds k, M s
Cytosine 2 x 10% Citric acid >10%
2-Picoline 1.6 x 10% Acetic acid d

Nicotine d Glycine e
Acetaldehyde d Glucose e

Fructose e Acetone e

Uracil 10'% 10%* Ethanol ¢

Nicotinic acid N Buffer media €

“Working electrode: glassy carbon, Ref. electrode: Hg-pool; counter: graphite; scan
rate: 0.1 V/s "Simulation ‘Estimated ‘Reaction but k, not determined °No reaction
From (ip)c/(ip)a and switching time
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Fig. 27.3 Cyclic voltammogram of effect of blood (containing anticoagulant + buffer) on 5 mM
K1 (0.1m NaCl, aqueous system)

The effect of the addition of anticoagulant containing buffer, and blood (contain-
ing anticoagulant and buffer) on the C.V of I~ is rather ambivalent: The C.V. of I
was affected but since on the addition of large excess of these substrates, the C.V
of I was obliterated, it could be inferred that the anticoagulant and/or blood com-
plexes with I7itself [10]. However, this (complexion) does not explain the initial
shifting of the anodic peak to more cathodic peak from 456 to 170 mV as men-
tioned above. The cathodic peak, on the addition of this substrate, becomes well
defined. The effect of addition of blood sample (containing anticoagulant + buffer)
in 1 ml aliquots to a 5 mM I solution in such a way to keep the total volume con-
stant was also studied (Fig. 27.3). From the cyclic voltamograms one concludes that
blood sample may be reacting with I" itself but also with the first oxidation product
of I" i.e. I atom-free-radical.
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Conclusion

From the table it can be concluded that (a) I reacts with pyridine and pyrimidine
bases. Then If I reacts with DNA, it will preferably react at purine and pyrimidine
sites and (b) I and I~ both react with blood sample. It is however not clear why
I"should react with blood sample or its components.
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Chapter 28
Adsorption of Cu (IT) from Aqueous Solutions
by Sumac (Rhus coriaria L.) Tannins

Ahmet Liitfi Ugur, Mahmure Ustiin Ozgiir, and Giilsah Giimriikcii

Abstract In this study, a new natural adsorbent (sumac leaves) for removing
Cu (I) ion from the aqueous solutions has been investigated. Leaves of sumac
were obtained from Siirt, Turkey. The tannins were extracted with acetone:water
(70:30, v/v) mixture from the leaves of sumac. For the total tannin determination
Folin-Ciocalteu method was used and tannin content was found 27%. In batch
experiments, pH profile, adsorption time, adsorbent/liquid ratio, initial concentra-
tion of metal ions, adsorbent amount, particle size of adsorbent and temperature
were performed to determine binding properties of adsorbent for the Cu(Il) ions.
The concentrations of the metal ions in solutions before and after adsorption were
measured with an atomic absorption spectrophotometer.

Keywords Cu(Il) adsorption, Rhus coriaria L., sumac leaves, tannins

Introduction

Environmental pollution caused by toxic heavy metals occurs globally through
industrial, military and agricultural processes as well as waste disposal. The
discharge of heavy metals into the environment is a major concern because of their
toxicity and threat to human life and to the environment. Strict environmental regu-
lations on the discharge of heavy metals make it necessary to develop efficient
technologies for their removal. Removing and collecting heavy and rare metal ions
from industrial effluents and waste aqueous solutions are important problems.

The main techniques that have been used to dispose of industrial effluents
include chemical precipitation, ion exchange, electrochemical processes, and
adsorption onto various adsorbents and/or membrane filtration. Although all of
these techniques are capable of removing heavy metals to some extent, adsorption
by solid substrates is preferred because of its high efficiency, easy handling and cost
as well as the availability of adsorbent.
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The removal of metal ions from waste aqueous solutions is of importance to
many countries of the world both environmentally and for water re-use. The appli-
cation of low-cost sorbents including carbonacceous materials, agricultural
products and waste by-products has been investigated [1]. Several researchers
employing wide variety techniques have attempted removal of metal ions from
contaminated water bodies. Majorities of these are adsorption on various surfaces.
In recent years, agricultured by products have been widely studied for metal
removal from water. These include peat [2], pine bark [3], banana peat [4], peanut
shells [5], sawdust [6] and leaves [7].

Tannins are important commercial products of complex and diverse chemistry.
During the last years, the interest of biomaterials and specifically in tannins was
growing. The ability of tannins to precipitate metal ions is due to their multiple
adjacent phenolic hydroxyl groups, which can form stable complexes with many
metal ions [8, 9].

Rhus coriaria L. is a shrub, which reaches 3—4 |l in high in the wild. Its powdered
leaves were used as a tanning agent for its high tannin content [10]. Tannins are found
in the leaves, fruit, barks, roots and wood of trees. They can be classified into two
groups; condensed tannins and hydrolysable tannins [11]. The co-occurrence of both
kinds of tannins in the same plant or plant tissue is often observed [12]. The main
compounds present in Rhus coriaria L. are hydrolysable gallatonnins.

In this work, sumac leaves will use to remove Cu?* ions in aqueous solutions.
Firstly the tannins will extract from leaves and determine tannin contents. Then,
binding properties of leaves for the Cu?* ions will be investigated.

Experimental

Chemicals and Solutions

Tannic acid (TA) was obtained from Merck [K30231073-212]. Stock TA solution
(100 pg mL"), was prepared freshly with doubly distilled water.

All the reagents used were of analytical reagent grade. The stock solution of Cu
(1,000 pg mL™") was prepared in distilled water using Cu(CH,COO),.H,0. All
working solutions were prepared by diluting the stock solutions with distilled water.

Folin-Ciocalteu reagent was obtained from Merck (Darmtstad, Germany).

2+

Material

Leaves of Sumac were collected from Siirt in Turkey. They were dried at room tempera-
ture and darkness. Leaves were ground with hand and screened through a set of sieves
to get different geometrical size such as 300, 425, 600, 710, 850 pm. Samples were
stored in an air-tight plastic container and in dark conditions until extraction time.
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Rhus Coriariaria L.

Instruments

The pH values of the solutions were adjusted with 0.1 mol/L. NH,OH or HCI and
measured with Metrohm Herisau E510 pH meter. A magnetic stirrer was used for
stirring the adsorption batches. The concentration of the Cu?** solution before and
after adsorption was measured by using Analytika Jena Atomic Absorption
Spectrometer (AAS). All the measurements were made under optimization of the
below mentioned parameters: Band witdh: 1.2, flame: C H /Air, detection limit:
0.70 ppm, concentration range: 1-10 ug mL™".

Extraction

Tannins were extracted from ground samples (300-850 um) with aqueous acetone
[13]. The ground leaves (0.01 g) were extracted with 2 mL of acetone—water (70:30,
v/v) in a water bath at 30-35°C for 30 min, shaking every 5 min. The sample was
centrifuged and supernatant collected. Extraction repeated three times, the com-
bined supernatants were filtered, evaporated to dryness and taken up in 2-5 mL
methanol [14].

Determination of TA in Sumac Sample Solutions
by Folin-Ciocalteu (FC) Method

To 0.2 mL of FC reagent, 1 mL of Na,CO, (75 g/L) and 0.1-0.5 mL of sumac
extract was added and the mixture was rinsed to 10 mL with distilled water and kept
at room temperature for 60 min. The absorbance of this solution was measured at
760 nm on an Agillant spectrophotometer [15].
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Calibration Graph

A calibration graph 3-15 ppm TA concentration range was constructed and the
content of tannins in sumac leaves was determined by the Folin-Ciocalteu
method.

Adsorption Experiments

Batch adsorption experiments were performed at a constant temperature (20 + 2°C)
on a magnetic stirrer using 100 mL erlenmayer flasks. In bath experiments, adsorp-
tion time, particle size of adsorbent, adsorbent amount, pH profile, and adsorbent/
liquid ratio were performed to determine binding properties of adsorbent for the
Cu** ions. The concentration of the metal ions in solutions before and after adsorp-
tion was measured with an AAS.

Effect of Particle Size

Batch adsorption tests were done at five different particle sizes 300, 425, 600, 710
and 850 um. 0.1 g of the sumac leaves was weighed and 8 mL of Cu?* ion solution
was added. The volume was completed 50 mL. After stirring 2 h, the reaction
mixtures were filtered through a filter paper to remove particulates and the filtrate
was analyzed with an AAS.

Effect of Stirring Time

The time-dependent behavior of Cu?* ions adsorption was measured by varying the
equilibrium time between the adsorbent (ground sumac leaves) and adsorbent (Cu?
ions) in the range of 30 min and 24 h. The concentration of Cu** was kept 40 ug
mL~!, particle size 710 pm, and amount of adsorbent 0.1 g.

Effect of Temperature and pH

Batch adsorption experiments were carried out at the desired temperature (20°C,
30°C and 40°C) and each used a range of pH from 6 to 10. The concentration of
Cu?* was kept 10 pg mL! particle sizes < 300 um and amount of adsorbent 0.2 g,
stirring time 4 h.
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Effect of the Amount of Sumac Leaves

The dependence of Cu?* ion sorption on sumac leaves amount was studied by vary-
ing the sorbent amount from 0.1 to 1.0 g while keeping constant Cu?* ion concentra-
tion 20 pg mL™, stirring time 90 min for 710 um particle size.

Effect of the Amount of Cu** Concentration

The adsorption of Cu?* ion sumac leaves as a function of its concentration was
studied by varying the metal ion concentration from 10 to 100 pg mL~", while keep
all other parameters constant.

Results and Discussion

In the adsorption of some metal ion by tannin adsorbents [16], tannins are widely
distributed in nature and have multiple adjacent phenolic hydroxyl groups and exhibit
specific chelation ability toward metal ions [17]. According to the chemical structures
of tannins, they can usually be classified into hydrolyzable tannins, condensed tannins
and complex tannins. Hydrolyzed tannins yield gallic acid or ellagic acid when
hydrolyzed by acid, base or some enzymes [18]. Turkish sumac tannin (hydrolyzable
tannin) is illustrated in Fig. 28.1 whose basic structure is of flavan-3-ols.

OH
HQO
OH OH

HO OH
@ ;
(o]

0”0
@
© 0 0
o O C OH
O oH /N=0,1or 2
OH HO o 6
OH
T OH

Fig. 28.1 Chemical structure of Turkish Sumac, tannin
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Fig. 28.3 Effect of temperature and pH on the adsorption of Cu®* ions C = 10 pg mL7,

Cu(IDO
adsorbent amount = 0.2 g, stirring time = 4 h, particle size < 300 pm

Leaves of Sumac were used for removal of Cu® ions in aqueous solution.
Tannins were extracted from the leaves of sumac by extracting with 70% (v/v) ace-
tone-water solution. For the total tannin determination Folin-Ciocalteu method was
used and tannin content was found 27%. Various adsorption parameters for the
effective removal of Cu?* ions by using sumac leaves as an adsorbent from aqueous
solutions were studied and optimized.

Time-depended behavior of Cu?* ion adsorption was measured by varying the
equilibrium time between in the range of 0.5-72 h. The percentage adsorption of
Cu?* ions plotted in Fig. 28.2 as a function of contact time. The percentage adsorp-
tion of Cu?* indicates that the equilibrium between the Cu?* ions and sumac leaves
was attained 4 h. Therefore, 4 h stirring time was found to be appropriate for maxi-
mum adsorption and was used in all subsequent measurement. The effect of
temperature and pH the adsorption equilibrium of Cu** on sumac leaves was inves-
tigated by varying the solution temperature from 283 to 303 and pH from 6 to 10.
The results are presented in Fig. 28.3. The results indicated that the best adsorption
results were obtained at pH 8 at 293 K.
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Table 28.1 Effect of particle size on the adsorption of Cu?*
Particle size (um) 300 425 600 710 850
Adsorption (%) 67.7 63.1 61.2 62.5 59.8

1.4

1.2
&/'\

1

0.8 \

0.6 \

0.4 -

0.2

[a—]

q* (Adsorbed amount, mg/g)

0.1 0.2 0.3 0.4 0.5 1
Amount of Adsorbent, g

Fig. 28.4 Effect of the amount of sumac leaves on the adsorption of Cu** ions C_ ;. = 20 pg mL™",
stirring time = 90 min, particle size = 710 pm

Dissociation of the phenolic hydroxyl groups of tannin, resulting in stronger
complexing ability with metal ions. However at higher pH values, Cu?* would be
precipitated and the phenolichydroxyl groups of the tannin would more readily be
oxidized. So making it impractical to apply this approach above pH 8 [19].

To investigate of the effect of particle size on the adsorption of Cu?* ions, batch
adsorption tests were done at five particle size. The percentage of adsorption of
Cu?* indicates that increasing particle size was decreased the percentage adsorption
(Table 28.1). Therefore <300 um was found to be appropriate for maximum adsorp-
tion and was used in all subsequent measurement.

The concentration of Cu?* and stirring time were fixed at 20 pg mL™" and 90 min,
respectively while amount of sumac leaves varied from 0.1 to 1.0 g. Figure 28.4
displays the effect of changing of sumac leaves on Cu** uptake. Increasing sumac
leaves mass from 0.1 to 1.0.

The amount of adsorption on the sumac leaves (Rhus coriaria L.) was deter-
mined from the difference in concentration before and after the adsorption experi-
ment as the following equation.

q* = V(C'-C*)/m

Where g* is the metal adsorption in milligram per gram at equilibrium, C® and C* are
the concentration of the element in the initial and final solution in milligram per liter, V
is the volume of supernatant solution in liter and W is the sumac leaves mass in gram.

Figure 28.5 displays the effect of changing initial concentration of Cu?* from 10
to 100 pug mL™" on the rate of adsorption. Increasing the initial concentration
increases the competition of Cu?* ions molecules at the active site of the adsorbent
and as a result more Cu?* adsorbed per gram of leaves.
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Chapter 29
Sorption of Pb(II) and Zn(II) Ions

from Aqueous Solution by Tannin Resins

Fatma Turak, Kadir Turhan, and Mahmure Ustiin Ozgiir

Abstract Recently, the interest on biomaterials and especially in tannins was growing
and some attractive results were obtained in the adsorption of some metals by tannin
adsorbents. Tannins are widely distributed in nature and have multiple adjacent poly-
hydroxyphenyl groups in their chemical structure which have extremely high affinity
for heavy metal ions. This study will describe how tannin can be used as an effective
zinc and lead sorbent by the use of tannin resins. Batch method was used in the
experiments in which pH profile, adsorption time, adsorbent/liquid ratios, initial
concentration of metal ions, adsorbent amount and temperature were investigated to
determine binding properties of adsorbent for the Zn(II) and Pb(II) ions.

Keywords Biomaterial, heavy metals, lead, resin, tannin, zinc

Introduction

Lead pollution has been recognized as a potential threat to air, water and soil. Lead is
known to damage the kidney, liver and reproductive system, basic cellular processes
and brain function [1]. Lead has been found to be acute toxic to human beings when
present in high amount [2]. The toxic symptoms are anemia, insomnia, headache,
dizziness, and irritability, weakness of muscles, hallucination and renal damage. The
main sources of human exposure to lead include the use of leaded, gasoline, industrial
sources such as lead mining, smelting and coal combustion, the use of lead-based
paint and lead-containing pipes in water supply systems. Additional sources may be
food can solders, ceramic glazes, lead containing batteries and cosmetics.

Heavy metals are introduced into the soil mainly by the application of fertilizers,
sewage sludge, liming materials, and other industrial and urban waste materials. In
recent years, increased anthropogenic inputs of heavy metals in terrestrial environ-
ments have caused considerable concern relative to their impact on groundwater
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contamination. Zinc is a key element in plant growth and human health. It has been
used by human beings since immemorial time and is still widely applied in our
industrialized society. Zinc is an essential element for the normal activity of DNA
polymerase and protein synthesis. Its deficiency in human body can cause many
diseases, such as liver disease, gastrointestinal disorders, renal diseases, neoplastic
diseases, burns, skin disorders, etc. So, it plays a vital role in the healthy development
of many life forms. Excessive amounts of Zn, however, may be toxic, especially to
the aquatic biota. The EPA recommends that drinking water should contain no more
than 5 milligrams per liter of water (5 mg/L) because of taste [3, 4].

Much work has been done on the removal of Pb and Zn from aqueous solution.
Removal of these ions has been attempted by several researches employing a wide
variety of techniques. Adsorption of removal of Pb and Zn from solution agricultural
waste [5], three fern [6], tannin gel [7], removal of Pb sea module [8], tannin gel
adsorbent synthesized from condensed tannin [8] and removal of Zn green macro
elga [9], soil [3] have been extensively studied for this purpose.

Biomass materials, potentially serve as remediation factors in contaminated
areas for preventing environmental pollution because of possible waste water treat-
ment. During the last years, the interest on biomaterials and especially in tannins
was growing. Tannins are an important class of secondary plant metabolites, water
soluble polyphenolic compounds of molecular weight range between 500 and some
thousands Daltons [10]. There are three kinds: hydrolizable, condensed and complex
tannins [11]. Tannins have multiple adjacent phenolic hydroxyl groups and exhibit
specific chelation ability toward metal ions. However, tannins are sparingly water
soluble compounds. When they are used directly as adsorbent for metal ions in
aqueous system, they have the disadvantage of being leaked by water. To overcome
this disadvantage, attempts were made to immobilize tannins onto various water-
insoluble matrices. The immobilization of tannin on to agarose [12], cellulose
powder rayon fibre [13] matrices with have amino groups such as albumin, gelatin,
aminopolystyrene and 2-vinly-4,6-diamino-S-triazine [14] and collagen fibres [15]
and animal fibrous proteins [16] were also reported. However, no data have been
reported for the adsorption of Pb* and Zn?** on the resin synthesized from sumac
leaves (contain hydrolysable tannin) and gelatin.

Taking into account all the above, we have considered it of great interest to
assess the ability of locally available sumac leaves and for the removal of Pb(II) and
Zn(Il) from aqueous solution and optimization of conditions for theirs adsorption.
Firstly, a new resin was synthesized from sumac leaves and animal gelatin.

Experimental

Adsorbent Synthesis

For synthesized the gelatin (G)/tannic acid (TA) resin, gelatin powder was pur-
chased from Ulker Company-istanbul, Turkey and tannic acid (TA) purchased from
E. Merck. TA powder was dissolved in distilled water at 95-98°C, then solution
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cooled at room temperature and 37% formaldehyde solution added to the solution.
G powder was dissolved distilled water at 95-98°C and then added to the TA/for-
maldehyde solution. Concentrated hydrochloric acid was added to the mixture and
heated 95-98°C for 12 h with a reflux condenser. G/TA resin was washed distilled
water, dried at 110°C. Dried resin was crushed into small particles, <500 um [17].

Reagents and Chemicals

Chemicals used were of analytical/laboratory grade procured either from Merck
or Aldrich. Stock lead and zinc solutions 1,000 mg/L for adsorption study were
prepared from AR grade lead nitrate [Pb(NO,),] and from zinc chloride [ZnCl,].
Different concentrations of Pb and Zn solutions were prepared from the stock
solutions. All working solutions were prepared by diluting the stock solutions
with distilled water.

Instruments

The values of solutions were adjusted with 0.1 mol/L NH,OH or HNO, and measured
with Metrohm Herisau E510 pH meter. A magnetic stirrer model Arex was used for
stirring the adsorption batches. The concentration of solution before and after
adsorption was measured by using Atomic Absorption Spectrometer (AAS)
Analytika Jena. All the measurements were made under optimization of the below
mentioned parameters.

Concentration
Metal ion Band width Flame Detection limit range (pg/mL)
Pb(II) 1.2 C,H /air 1.00 0.1-30
Zn(1I) 0.5 C,H /air 0.01 0.01-2

Adsorption Experiments

Method

Adsorption measurements were made by batch technique at room temperature (25
+ 3°C). Known amounts of tannin resin were placed in 250 mL erlenmeyer flasks
containing 100 mL of metal ion solution of known concentration and were stirred
for a given time period. The solutions were then filtered, centrifuged and the con-
centrations of metal ions were measured by AAS. The difference in the metal ion
(Pb* and Zn*") content before and after adsorption represented the amount of Pb
and Zn adsorbed by new resin.
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The Effect of Stirring Time

The time-dependent behaviors of metal ions adsorption were measured by varying
the equilibrium time between the adsorbate and adsorbent in the range of 30-300
min. The concentration of Pb(IT) and Zn(II) were kept as 50 pg/mL while the amount
of resin added was 0.5 g. The experiments were performed at pH 4 for Pb*.

The Effect of pH on Adsorption Equilibrium

Effect of initial pH on adsorption of Pb** ions were investigated as follows: 0.5 g of
the resin was weighed and 100 mL of a heavy metal ion solution was added. The
pH of each solution was adjusted to desired values. After stirring 5 h the reaction
mixture was filtered through membrane filter to remove particulates and analyzed
with an AAS.

The Effect of the Ratio of Solution Volume to Mass of Resin (V/m, mL/g)

To investigate the effect of ratio of solution volume to mass of solid and adsorption
of metal ions; 0.5 g resin samples were mixed 25-75 mL of aqueous solution of the
constant initial concentration of metal ions (50 pg/mL Pb?*). The pH was adjusted
to 4 for adsorption of Pb?*. The flasks with their contents were stirred for 4 h.

The Effect of Adsorbent Amount

The concentration of Pb** and stirring time were fixed at 50 pg/mL and 4 h, respec-
tively, while amount of resin was varied from 0.1-0.5 g.

Results and Discussion

Recently, the interest on biomaterials and especially in tannins was growing and
some attract results were obtained in the adsorption of some metals by tannin
adsorbents [18]. Tannins are widely distributed in nature and have multiple adjacent
polyhydroxyphenyl groups in their chemical structure which have extremely high
affinity for heavy metal ions [16, 19].

Various adsorption parameters for the effective removal of Pb?* and Zn?* ions by
using new synthesized resin as an adsorbent from aqueous solutions were studied
and optimized. Time-dependent behavior of Pb** and Zn?* ions adsorption was
measured by varying the equilibrium time between in the range of 30-300 min. The
percentage adsorption of Pb** plotted in Fig. 29.1 as a function of contact time
indicates that the equilibrium between to Pb** and new resin was attained within 4 h.
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Cﬁ;ﬁ* : 50 pg/mL, stirring time: 4 h, amount of adsorbent 0.5 g

Therefore, a 4 h stirring time was found to be appropriate for maximum adsorption
and was used in all subsequent measurements.

The pH of the aqueous solution is an important variable which controls the
adsorption of the metal at the resin-water interfaces. Hence, the influence of pH on
the adsorption Pb* on resin was also examined in the pH range of 2-6. The results
of studied elements are given in Fig. 29.2. As seen both metal cations have a pH
dependent adsorption behavior. Adsorption of lead was about maximum values
(52.00%) at pH 4, then decreases to 18.74% at pH 2.

Figure 29.3 shows the sorption of Pb** ions by resin (0.5 g) as a function of V/m.
The results indicate that adsorption percentage did not change much with increas-
ing V/m values. Therefore 50 of the V/m rate were selected as the optimum value.

The amount of adsorption on the resin was determined from the difference in
concentration before and after, the adsorption experiment as the following
equation.

q*=V(C’-C*)/m
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where g* is the metal adsorption in milligram per gram at equilibrium, C° and C*
are the concentration of the element in the initial and final solution in milligram
per liter, V is the volume of supernatant solution in liter and p is the resin mass
in gram.

The dependence of Pb** ion sorption on resin amount was studied by varying the
sorbent amount from 0.1-0.5 g while keeping the volume 50 mL, concentration of
Pb* 50 mg/L, pH: 4 and stirring time 4 h. The results indicated that adsorbed
amount of Pb*, q*, was high and remained almost constant up to 0.2 g then slowly
decreased with increasing resin mass from 0.2 to 0.5 (Fig. 29.4).

Adsorption of Zn?** ions was studied at the same conditions which studied for
Pb** ions. The results showed that the resin couldn’t adsorbed at these conditions.
We decided that to study other conditions at the future program.
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Chapter 30

Determination of Ibuprofen, Pseudoephedrine
HCI, Chlorpheniramine Maleate and Nipagen
by Liquid Chromatography and Fractional
Factorial Design

Biirge Asc, Ozlem Aksu Déonmez, Abdiirrezzak Bozdogan,
and Sidika Sungur

Abstract In the present work, a rapid and sensitive gradient HPLC method was
developed for the analysis of a new syrup preparation containing ibuprofen, pseu-
doephedrine HCI, chlorpheniramine maleate and nipagen. The optimization proc-
ess was carried out using 25! fractional factorial design. Five variables pH, flow rate
and solvent ratios for three steps of gradient profile were regarded as factors in the
optimisation. The resolution was used as analytical response. Using the optimised
experimental conditions, the limits of quantitations (10c/s) determined as 0.09,
0.01, 0.04 and 0.01 ppm for ibuprofen, pseudoephedrine HCI, chlorpheniramine
maleate and nipagen, respectively.

The obtained results indicated that this procedure could be applied for the deter-
mination of ibuprofen, pseudoephedrine hydrochloride, chlorpheniramine maleate
and nipagen in syrup preparations.

Keywords Chlorpheniramine, fractional factorial design, RP-HPLC, ibuprofen,
nipagen, pseudoephedrine

Introduction

Chemometric techniques have been frequently used for optimization of analytical
methods, as they are faster, more economical and effective and allow more than one
variable to be optimized simultaneously. Among these, two level fractional factorial
design (2¥'") is used mainly for preliminary evaluation of the significance of the
variables and its interactions [1].

Ibuprofen, pseudoephedrine and chlorpheniramine are the drug substances have
an effect as antihistaminic, nasal decongestant and antiinflammatory, respectively.
The combination of these drugs, is effective in cold, sinus and flu symptoms and
used for upper respiratory infections. Nipagen (methylparaben) is widely used as
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an antimicrobial preservative in pharmaceutical formulations. Numerous methods
have been proposed for the determination of these drugs in various dosage forms
containing different combinations, but there was no report about the analysis of this
quaternary combination [2—4].

The aim of this work, to develop a RP-HPLC method for the determination of
four components given above in a new syrup preparation by optimizing the experi-
mental conditions using two level fractional factorial design.

Experimental

Chemicals and Solutions

Pharmaceutical grade ibuprofen, pseudoephedrine HCI, chlorpheniramine maleate,
nipagen and syrup preparation were kindly supplied by Berko ilag Sanayi A.S,
Istanbul. 0.03 M H,PO, and KH,PO, solutions were prepared with analytical grade
chemicals and milliQ water. HPLC grade acetonitrile was used.

Standard drug stock solutions (5,000 ppm for ibuprofen and 1,000 ppm for other
drugs) were prepared in water-acetonitrile (50:50).

Standard Preparation

Appropriate amount of stock solutions were mixed and diluted with water-
acetonitrile (50:50) to obtain the final concentration of 1,000, 150, 10 and 50 ppm
for ibuprofen, pseudoephedrine HCI, chlorpheniramine maleate and nipagen.

Sample Preparation

0.5 mL of the syrup was transferred into a 10 mL volumetric flask and diluted to
its volume with water-acetonitrile (50:50). Ten microliters of this solutions was
injected for HPLC.

Apparatus

HPLC system consisting of a model LC-20 AT pump unit SPD-20A uv-vis detector,
7,725 20 pL sample injection, a computer and a 10 um alphabond C ; (300 x 3.9
mm) RP column was used. Elution was obtained by using the following gradient
steps of acetonitrile and 0.03 M pH 3 phosphate buffer. Acetonitrile:Buffer (15:85)
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for 5.5 min (45:55) for 5.5-12 min and (60:40) for 12—17 min. The flow rate was
1.5 mL min ~'. UV detector was used at 220 nm.

Results and Discussion

Factorial Design

Ph, flow rate and solvent ratios for three steps of gradient profile were chosen as fac-
tors for the optimization. Two level fractional factorial 25! design for 16 runs was
carried out in order to determine the effect of factors and their interactions on the
results. Low and high levels of each factor which is given in Table 30.1 were chosen
according to the data from previous experiments. The fractional factorial design was
evaluated using as response the analytical signal “resolution”. The defining relation
for this design is I = ABCDE and resolution is V. Table 30.2 shows the experimental
design matrix and analytical signal. Table 30.3 shows the effect estimates and model
regression coefficients for 15 main and interaction effects. Normal probability plot of
effects is shown in Fig. 30.1. From normal probability plot and Table 30.3, the order
of significant of factors was found to be A (-635.28), C (—158.62), D (-120.55) and
B (83.25) and the factor E (-17.69) is not significant.

Correlation between the observed experimental and the predicted resolutions by
using the regression coefficients given in Table 30.3 was shown in Fig. 30.2 and
demonstrated that the model obtained is well fitted. The determination coefficient
was found as R* = 0.9997

Analysis of the Syrup

Various reversed phase HPLC systems were studied for the separation of ibuprofen,
pseudoephedrine HCI, chlorpheniramine maleate and nipagen at various flow rates
under both isocratic and gradient conditions. The best separation was accomplished
using three steps gradient elution with acetonitrile/pH = 3 phosphate buffer. Figures
30.3 and 30.4 show the scheme of the gradient profile and the obtained chromatogram

Table 30.1 The levels of the factors in the design

Factor
Level A B (mL min™") C (%) D (%) E (%)
- 3 1.2 85 55 40
+ 4 1.5 90 60 45

A: pH, B: flow rate, C, D, and E: buffer composition of first, second and
third step of gradient profile
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Table 30.2 25! fractional factorial design for factors

Run

no A B C D E R?2 R¥® R¥ R¥ R  R*

1 - - - — + 6.63 1.88 8.14 221 8.44  1,887.50
2 + - - - - 5.08 0.63 6.94 0.99 5.75 126.74
3 - + - - - 4.20 1.18 13.30 2.23 9.15  1,340.95
4 + + - - + 3.61 1.19 1248 1.10 6.94 372.82
5 - - + - - 6.67 1.72 486 2.18 7.53 915.25
6 + - + - + 5.82 143 353 1.08 6.27 198.62
7 - + + — + 6.07 1.16 476  1.73 7.54 438.68
8 + + + - - 6.09 1.34 4.69 0.86 6.23 206.45
9 - - - + - 3.25 1.08 9.67 2.24 6.48 495.25
10 + - - + + 3.75 1.25 9.97 1.12 6.28 328.56
11 - + - + + 3.57 1.06 11.99 2.05 7.90 731.67
12 + + - + - 299  1.06 13.81 1.08 7.52 356.18
13 - - + + + 5.67 1.26 374 212 7.26 410.77
14 + - + + - 5.49 1.66 6.60 1.00 515 308.90
15 - + + + - 6.38 1.61 6.90 221 8.44  1,325.87
16 + + + + + 5.70 1.59 9.24 1.03 6.60 565.42

R+ the resolution between the two near peaks, such as R'?, R>?, R*, R*3 and R*>¢ in which reso-
lution between maleic acid: pseudoephedrine hydrochloride, pseudoephedrine hydrochloride:
aroma, aroma: nipagen, nipagen: chlorpheniramine and chlorpheniramine: ibuprofen respectively.
R* = (R1.2)(Rz.B)(Rz,A)(RA,S)(RS,(\)

100 AR
AE , é‘DCD
K