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w i t h  a n d  e x p o n e n t  ~ 0.70 *. (Cri ter ia  of a fu l ly  r a t e  
con t ro l l ed  v o l u m e  reac t ion) .  I t  c an  b e  r igorous ly  conc luded  
t h a t  t h e  reduc ib le  species respons ib le  for th i s  p o l a r o g r a p h i c  
w a v e  is indeed  t h e  c a r b o n i u m  ion I I .  On ly  t h e  s t a r t i n g  
ch lor ide  I, t h e  c a r b o n i u m  ion I I  a n d  t h e  p r o d u c t  I I I  
p a r t i c i p a t e  in  t he  SN1 d i sp l acemen t .  T he  p r o d u c t  I I I  
is n o n r e d u c i b l e  a n d  can  n o t  be  respons ib le  for t h e  wave .  
Moreover ,  i t s  c o n c e n t r a t i o n  is g rowing  w i t h  t i m e  whereas  
t h e  p o l a r o g r a p h i c  w a v e  is d imin i sh ing .  Since t h e  w a v e  is 
fuIly r a t e  con t ro l led ,  i t  c a n  n o t  be  due  to  t h e  s t a r t i n g  
chlor ide  I b u t  m u s t  be  due  to  a species p r o d u c e d  f rom 
I b y  a chemica l  reac t ion .  T he  c a r b o n i u m  ion I I  is t h u s  
t he  on ly  cand ida t e .  

Values of k~ and k~ derived for the SN1 reaction of p-methoxy 2-phe- 
nyI propyl chloride 

% H20(v/v) k ~  = kls -I* i~o/ia* ~as -1 

5 9 . 2  × 10 - a  3 .2  × 10 - a  2 .0  × 10 e 

7 .5  10 .5  × 10 -3 2 .7  X 10 -4  3 .9  X 10 3 

8 .7  12 .4  × 10 -~ 2.1 × 10  -4  8 .6  × 10 3 

*Data obtained at -0.45V vs S.C.E., drop time = 2.50 s, 25°C. 

I I ~l 

I n  a g r e e m e n t  w i t h  t h i s  conc lus ion  one m a y  d i r ec t ly  
obse rve  a b e a u t i f u l l y  deve loped  one  e lec t ron  r e d u c t i o n  
wave  of t he  c a r b o n i u m  ion I I  if one dissolves  t h e  a lcohol  
I I I  in  su lphur i c  ac id -wa te r  or  su lphur i c  ac id-ace t ic  ac id  
m i x t u r e s  of e x t r e m e  a c i d i t y  (El/2 = - 0 . 4 9  V vs  S . C . E .  
a t  Ho : - 2 ;  El/2 = -0 .40  V vs  S . C . E .  in  6 %  s u l p h u r i c  
acid in ace t ic  acid.  T h e  sma l l  d i f ferences  in  ha l f  wave  
p o t e n t i a l  are  u n d e r s t a n d a b l e  in v iew of t h e  large differ-  
ences  in  so lvent ,  ionic  s t r e n g t h ,  a n d  t h e  r e su l t i ng  uncor -  
r ec ted  d i f fus ion  po ten t ia l s ) .  

Consequen t ly ,  we h a v e  conc luded  t h a t  we are  i ndeed  
deMing w i t h  a case  as  d i scussed  a b o v e  a n d  we p roceeded  
w i t h  t h e  e v a l u a t i o n  of  k~ in t h e  m a n n e r  ind ica t ed .  T h e  
decrease  of t h e  wave  gave  a n  exce l l en t  s t r a i g h t  l ine  f i t  in  
a f i r s t  o rde r  p lo t  f rom w h i c h  ke,~ was  e v a l u a t e d .  The  
va lue  of kexp was  i n d e p e n d e n t  of m e r c u r y  pressure ,  
s u r f a c t a n t s  a n d  t h e  c o n c e n t r a t i o n  of I. T h e  s t r a i g h t  l ine  

p lo t s  also gav.e t h e  va lues  of leo for  t he  i n d i v i d u a l  concen-  

t r a t i o n s  of I. The  v a l u e  of /-a was  d e t e r m i n e d  f rom t h e  
k n o w n  w a v e s  of a c e t o p h e n o n e  in t h e  s a m e  m e d i u m .  To  
insure  suff ic ient  c o n d u c t i v i t y  a r o u n d  t i m e  zero (before 
more  hydroch lo r i c  acid is formed)  an  in i t i a l  c o n c e n t r a t i o n  
of hydroch lo r i c  acid 0 , 0 5 M  was used. I t  was  also ascer ta i -  
ned  e x p e r i m e n t a l l y  t h a t  t h e  c h a n g i n g  c o n c e n t r a t i o n  of 
hydroch lo r i c  acid h a d  no  in f luence  on  t h e  m a g n i t u d e  
of t i le  l imi t ing  c u r r e n t  of t h e  w a v e  w h i c h  was  m e a s u r e d  
a n d  specif ical ly  t h a t  hyd r och l o r i c  ac id  d id  n o t  in f luence  
t h e  c u r r e n t  a t  t h e  p o t e n t i a l  ( -0.45 V v s  S .C .E . )  a t  

w h i c h  t h e  r ead ings  of iem were  made .  I n  t h i s  m a n n e r  
t h e  d a t a  a s sembled  in t he  T a b l e  were  ob ta ined .  

T h e  v a l u e  of kl de r ived  e x p e r i m e n t a l l y  in  t h i s  s t u d y  is 
a b o u t  s ix t i m e s  sma l t e r  t h a n  t h a t  p rev ious ly  o b t a i n e d  b y  
e x t r a p o l a t i o n  f rom resu l t s  a t  low t e m p e r a t u r e s  a n d  differ-  
en t  w a t e r  c o n c e n t r a t i o n s  G. The  increase  of k~ w i t h  increas-  
ing w a t e r  c o n c e n t r a t i o n  is on ly  a b o u t  ha l f  of t h a t  pre-  
v ious ly  e x t r a p o l a t e d  5. I n  v iew of t he  h ighe r  c o n c e n t r a t i o n s  
of I (5% v/v)  in  our  ease a n d  t h e  f ac t  t h a t  t he  p r e v i o u s  
s t u d y  o b t a i n e d  t h e  resu l t s  b y  ex t r apo l a t i on ,  t h e  two  va lues  
of t h e  overa l l  r a t e  c o n s t a n t s  c an  be  cons idered  compa t ib l e .  
As would  be  expec t ed  t h e  v a l u e  of k ,  increases  m o r e  
r a p i d l y  t h a n  kx w i t h  inc reas ing  w a t e r  c o n c e n t r a t i o n .  
T h e r e  is a d i f fe rence  of a l m o s t  six orders  of m a g n i t u d e  
b e t w e e n  t h e  r a t e  of t h e  f i r s t  a n d  second step.  

Th i s  e x a m p l e  is t h e  f i rs t  case in  w h i c h  t he  r a t e  of t h e  
second  s tep  of a n  SN1 d i s p l a c e m e n t  ha s  b e e n  d i rec t ly  
d e t e r m i n e d .  P o l a r o g r a p h y  is u n i q u e l y  su i t ab l e  for  such  a 
s tudy ,  s ince  r e l a x a t i o n  t e c h n i q u e s  are  on ly  c a p a b l e  of 
s t u d y i n g  e q u i l i b r i u m  sys tems .  

Zusammen[assung. Die Ze i t abhAng igke i t  des  po laro-  
g r a p h i s c h e n  S t romes ,  welche  m a n  bei  de r  gemAss SN1 
v e r l a u f e n d e n  H y d r o l y s e  y o n  p - M e t h o x y - 2 - p h e n y l p r o p y l -  
ch lor id  b e o b a c h t e t ,  e r m 6 g l i c h t  d ie  ] 3 e s t i m m u n g  d e r  
G e s c h w i n d i g k e i t s k o n s t a n t e n  k 1 de r  G e s a m t r e a k t i o n  so- 
wie  a u c h  de r  G e s c h w i n d i g k e i t s k o n s t a n t e n  k s des  zwe i t en  
r a s c h e n  Schr i t tes ,  we lche r  n a c h  pseudo-e r s t e r  O r d n u n g  
ver l i iuf t .  F i i r  k 2 e rg ib t  s ich in Aceton ,  das  5% W a s s e r  
enth~ilt,  bei  25~C k 2 = 2,0 x 10~ sec -1. 
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A D e f e n s e  A l k a l o i d  in  a C a r n i v o r o u s  B e e t l e  

The  c o m m o n  E u r o p e a n  l a d y b u g  Coccinella septem- 
punctata L. (Coleoptera,  Coccinell idae) ha s  long  been  
k n o w n  to  possess  t h e  chemica l  defenses  t h a t  are expec t ed  
to  b e  assoc ia ted  w i t h  i t s  a p o s e m a t i c  co lo ra t ion  1. T h e  
insect ,  w h e n  moles ted ,  re leases  d rop le t s  of o range  h a e m o -  
l y m p h  a t  i t s  a r t i cu l a t ions .  Th i s  ' re f lex  b l eed ing '  of  

Coccinel l idae insures  a r e l a t i v e  i m m u n i t y  t o w a r d s  p reda -  
tors ,  especial ly  a n t s  *. 

I n  a p r e l i m i n a r y  s tudy ,  1600 C. septempunctata (collect- 
ed  in  Brusse l s  in  D e c e m b e r  1970) were  b l e n d e d  a t  r o o m  
t e m p e r a t u r e  in  m e t h a n o l .  T h e  s u p e r n a t a n t  was  s e p a r a t e d  
b y  c e n t r i f u g a t i o n  a n d  p a r t i t i o n e d  b e t w e e n  m e t h a n o l  a n d  
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n-pentane .  Subsequent  f rac t iona t ion  oI the  methano l i c  
phase was moni to red  by  tas t ing  the  fract ions in order  to  
locate  the  exceedingly  b i t t e r  t a s te  of t he  beet les  3 and by  
tes t ing  the i r  eff iciency as repe l len t  agains t  the  an t  
Myrmica rubra, 

Repea t ed  column ch roma tog raphy  on alumina,  follow- 
ed by  several  recrysta l l iza t ions  afforded 135 mg of a 
compound  ClaH2sNO as whi te  needles charr ing a t  235 ° 
wi thou t  mel t ing  and for which the  name coccinellin was 
coined. The  empir ica l  formula  was established by  high- 
resolut ion mass spec t rome t ry :  a molecular  ion was 
measured  a t  m/e 209.1777 (calculated for C,3H,3NO: 
209.1779), wi th  f r agmenta t ion  peaks a t  rn/e 193 and 192. 
Coccinell in shows only  end-absorp t ion  in U V  and its 
N M R - s p e c t r u m  shows the  absence of v iny l  protons.  The  
compound  is soluble bo th  in wate r  and in me thy lene  
chloride. Coccinellin forms a hydrochlor ide  t h a t  gives the  
same mass spec t rum as t he  or iginal  p roduc t  and displays 
p r o m i n e n t  IR-bands  a t  2550 (broad) and 1530 cm -1 4 

Our  f rac t ionat ion  procedure  also afforded 10 mg of 
another ,  less polar, amorphous  compound  C18H23N (by 
mass spect rometry) ,  precoccinell in.  Our  d a t a  s t rongly  
suggested tha t  eoccinetl in is the  N-oxide of  precoccinell in 
and t h a t  re la t ionship  was conf i rmed by  reduct ion  of the  
N-oxide  wi th  ferrous sulphate .  , 

Coccinell in is responsible  for the  b i t t e r  tas te  of C. 
septempunctata b u t  no t  for its pecul iar  smell.  I t s  eff iciency 
as a defens ive  c o m p o u n d  could be demons t r a t ed  by  its 
a c t i v i t y  towards  ants.  W a t e r  con ta in ing  0,5% coccinell in 
was a lmos t  comple te ly  refused by  th i r s ty  Myrmica rubra 
and even  a concen t ra t ion  of 0,1% marked ly  p reven ted  
drinking.  These  concent ra t ions  are m u c h  smal ler  t han  
t h a t  of t he  compound  in t he  h a e m o l y m p h  of the  beetle.  
Coccinellin can repel an ts  w i thou t  d i rec t  con tac t  wi th  
the i r  mou thpa r t s :  evapora t ion  of 2 mg  from me thy lene  

chlor ide on a f i l ter  paper  a round  the i r  food p reven ted  
hungry  ants  f rom reaching it. 

Coccinell in could be de tec ted  d i rec t ly  in the  haemo-  
l y m p h  of C. septempunctata by  TLC on a lumina  plates.  
Ne i the r  coccinell in nor  precoccinell in could be found in 
the  aphids  t h a t  cons t i tu te  the  p rey  of the  beetle.  Both  
compounds  were de tec ted  in C. undecimpunctata L. b u t n o t  
in Adalia bipunctata L. nor  in Propylaea quatuordecim- 
punctata L. Other  coccinell id chemical  defenses and the  
chemica l  s t ruc ture  of coccinell in are cur ren t ly  being 
inves t iga ted  in our  laboratories.  

Rdsumd. Le compos6 utilis6 pour  la d6fense ch imique  de 
Coccinella septempunctata (Coleoptera, Coccinellidae) a 6t6 
isol6. I1 s 'agi t  de la coccinell ine Cl~H23NO, qui  est un 
N-oxyde  de l 'a lcaloide pr6coccinelline C13H23N, 6galement  • 
pr6sent  dans l ' h6molymphe  de l ' insecte.  
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T h e  Isolat ion and Structure  of Tr ichos ider in  B 1 

The tr ichosiderins 2 are a group of phaeomelan ic  pig- 
ments  occurr ing in h u m a n  and m a m m a l i a n  red hair  and 
in the  feathers of m a n y  species of birds. 

In  previous  reports  ~-5 we have  shown t h a t  a sui table  
source for the  ex t rac t ion  of these p igments  are the  feathers  
of the  New Hampsh i re  chicken,  f rom which 3 homogenous  
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t r ichosiderins  (C, E and F) have  been isolated and charac-  
ter ized as A2,V-bi(2H-1, 4-benzothiazine)  der iva t ives  (I', 
I I ,  1II) 6. F r o m  the  same source we have  now isolated an  
i somer  of t r ichosider in  C which has been called tr ichosi-  
der in  B (IV), since i t  corresponds to the  fract ion designa- 
t ed  132 in ear l ie r  ch romatograph ic  work 7. 
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