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ABSTRACT EXPERIMErITAL 

Fumaria capreolata was taken in to  c e l l  
suspension c u l t u r e .  The cu l t u re  y i e l d e d  a 
biomass of about 12 g dry weight per l i t e r  of  
medium; the dr ied  c e l l s  contained ca. 0.1% of 
a l k a l o i d s .  Besides cho l i ne ,  the f o l l o w i n g  
ten known i s o q u i n o l i n e  a l k a l o i d s  were isolated 
from the ce l l  e x t r a c t  in c r y s t a l l i n e  form: 
c o p t i s i n e ;  d e h y d r o c h e i l a n t h i f o l i n e ;  ( + ) - i s o -  
bo ld ine ;  magnof lo r ine ;  N -methy l coc lau r ine ;  
( + ) - r e t i c u l i n e ;  ( - ) - p a l T i d i n e ;  p ro top ine ;  
sangu inar ine ;  ( - ) - s c o u l e r i n e .  This is the 
most d ive rse  i s o q u i n o l i n e  a l k a l o i d  spectrum 
thus f a r  publ ished f o r  a c e l l  suspension 
c u l t u r e .  

INTRODUCTION 

Plant  ce l l  cu l t u res  are an e x c e l l e n t  source 
of enzymes to study the b iosyn thes i s  of  
a l k a l o i d s  at the c e l l - f r e e  l eve l  ( S t ~ c k i g t ,  
1980; Zenk, 1985). Using ce l l  cu l t u res  
main ly  of  the genus B e r b e r i s  (Hinz and Zenk, 
1981) i t  was r ecen t l y  shown in these 
l ~ b o r a t o r i e s  that  the e n t i r e  sequence of 
enzymes leading from the b i o s y n t h e t i c  
precursors 3 ,4 -d ihydroxypheny lace ta ldehyde  
and dopamine to berber ine could be p u r i f i e d  
and cha rac te r i zed  (Zenk, 1985). In order to 
extend t h i s  type of study to o ther  a l k a l o i d  
classes w i t h i n  the i s o q u i n o l i n e  group and 
also to have access to ma te r ia l  f o r  physiolog- 
i ca l  s t ud ies ,  we screened wel l  over 200 
t i ssue  cu l t u res  from our c o l l e c t i o n  of p l an t  
species known or presumed to syn thes ize  t h i s  
type of  a l k a l o i d s .  Among those species 
showing the most d ive rse  a l k a l o i d  pa t te rns  
was Yumaria capreolata. The chemist ry  of 
t h i s  p l an t ,  which occurs abundant ly mainly 
in France and Syr ia  has only been investigated 
s u p e r f i c i a l l y .  Sanguinar ine and c o p t i s i n e  
are the only a l k a l o i d s  known to occur in 
th i s  species (Susplugas et a l . ,  1974; 1976). 
In the present  communication we repor t  the 
occurrence and i d e n t i t y  of the major 
a l k a l o i d s  in c u l t i v a t e d  suspension c e l l s  
of  t h i s  ? u m a r i a  species.  
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Cul ture  

Cal lus cu l t u res  of F. c a p r e o l a t a  were 
es tab l i shed  from a s e p t i c a l l y  germinated 
seedl ings using L insmaier  and Skoog (1965) 
medium. Flasks contained 250 ml of the same 
medium (shaken at 100 rev/min in continous 
l i g h t )  and were subcu l tu red every 7 days. 
The cu l tu res  used in t h i s  study had been 
mainta ined as suspension fo r  over 5 years .  

Ex t rac t i on  and F rac t i ona t i on  

Frozen t i ssues  (6[05 kg, dry weight 270 g) 
were perco la ted  wi th  MeOH. The f i l t e r e d  
e x t r a c t  was concentrated i n  v a c u o .  The 
viscous mass was t r i t u r a t e d  repeated ly  wi th  
2% t a r t a r i c  acid and the aqueous ex t r ac t s  
were washed success i ve l y  wi th benzene and 
CHCI3. The ac i d i c  so lu t i on  was made a l k a l i n e  
wi th NH40H and ex t rac ted  wi th CHCI 3, The 
CHCl 3 e x t r a c t  was f r a c t i o n a t e d  to a f f o rd  
non-phenol ic  bases (123 mg) and phenol ic  
bases (180 mg) by t reatment  wi th  5% NaOH. 
The remaining aqueous l aye r  was a c i d i f i e d  
wi th  HCI and the quaternary  a l k a l o i d s  were 
p r e c i p i t a t e d  by means of  ammonium re inecka te .  
The p r e c i p i t a t e  was d isso lved  in acetone-MeOH 
and passed through an ion exchange res in  
(Amber l i te  IRA-410, C l - f o rm) .  The e lua te  
was concentrated under reduced presure to 
a f f o rd  the quaternary  a l k a l o i d  ch lo r ides  
(1.32 g). 

I s o l a t i o n  of a l k a l o i d s  

The non-phenol ic  base f r a c t i o n  was c r y s t a l -  

l i z e d  repeated ly  from CHCI3-MeOH to y i e l d  

pro top ine (11) (56.1  mg). The mother l i q u o r s  

were concentrated and subjected to prepar-  

a t i v e  TLC (benzene-Et20, 1 :1 ) ,  g i v i ng  t races 

of sanguinar ine ( I ) .  The phenol ic  base 

f r a c t i o n  was p u r i f i e d  by repeated p r e p a r a t i v e  

TLC using the f o l l o w i n g  so lven t  systems: 



a) CHCI3-MeOH-NH40H (95 :5 :0 .5 )  (b) CHCl 3- 

-MeOH-NH40H (92 :8 :0 .5 )  (c) acetone-CHCl 3- 

-MeOH-FIH40H ( 3 5 : 1 5 : 3 : 0 . 5 ) .  Six a l ka lo ids  were 

i so la ted  and i d e n t i f i e d  as ( - ) - s c o u l e r i n e  

( I l l )  (9.6 mg), ( + ) - i s o b o l d i n e  ( IV)  (7.8 mg), 

( - ) - p a l l i d i n e  (V) (2.9 mg), N-me'thylcoc- 

l au r ine  (VI)  (6.2 mg), ( + ) - r e t i c u l i n e  (V I I )  
(47.3 mg), and a p a r t i a l l y - c h a r a c t e r i z e d  

simple i soqu ino l i ne  a l ka lo i d  ( V I I I )  (2.4 mg). 

The mixture (1.09 g) of quaternary a l ka lo ids  

was subjected to d rop le t  coun te rcur ren t  
chromatography (DCCC). DCCC was car r ied  out 

by the ascending method with so lven t  system 

CHCI3-MeOH-H20 (5 :5 :3 )  to y i e l d  cop t i s ine  
( IX)  (1.5 mg), d e h y d r o c h e i l a n t h i f o l i n e  (X) 

(9.9 mg), magnof lor ine (XI)  (24.9 mg), and 

chol ine (760 mg) as hydroch lo r ide .  

I d e n t i f i c a t i o n  of the a l ka lo ids  
Sanguinarine 

(1)--UV: x MeOHmax 226,281,322 nm. MS: m/z 332 

(M +, 63), 317(100), 259(27), 201(46). This 
substance was observed as a c h a r a c t e r i s t i c  
orange band on TLC. 

Protopine 

( I I ) - - m p  208-210 o . mmp 208-210.5 o . MS: m/z 

353 (M +, 4),  281(4),  267(5),  252(4),  251(3),  

190(6), 163(17), 148(100), 134(9). This 

compound showed a purple colour upon t r e a t -  

ment with AcOH-H2S04. 

( - ) - S c o u l e r i n e  

12 _256 o (MeOH, c 0.14) UV: ( l l I ) - [ ~ ]  D 

x EtOH 225(sh) 284~ ~EtOH+NaOH 245 296 nm 
max ' max ' " 

MS: m/z 327 (M + I00) 326(89) 178(74) 
176(24), 150(38), 149(10), 135(25). IH-NMR 

(CDCI3): 3.86 (3H, s, OMe), 3.87(3H, s, OMe), 
5 .3 -5 .8  (2H, m, OH), 6 .59( IH,  s, ArH), 6.66 

(1H, d, J=8.5 Hz, ArH), 6.73 (1H, d, J=8.5 Hz, 
ArH), 6.82 (1H, s, ArH). 

( + ) - I sobo ld i ne  

16 +650 (MeOH, c 0.11) .  UV: X MeOH ( I V ) - - [ ~ ]  D 
269(sh),  279, 303, 311 (sh) ~eOH+NaOH max ; 322 nm. max 

CHCI3 3525 cm - I  MS: m/z 327 (M +, 78), IR:9  max 
326(100), 312(22), 295(14), 284(33), 269(10), 

1 253(17); H-NMR (CDCl3): 2.54 (3H, s, NMe), 
3.93 (3H, s, OMe) 3.95 (3H, s, OMe), 6.10 

(1H, br s, OH), 6.53 (1H, s, 3-H), 6.82 
(IH, s, 8-H), 8.02 (1H, s, 11-H). 
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( - ) - P a l l i d i n e  

( V ) - - [ ~ ] ~  6 -330 (MeOH, c 0.15) .  UV: xEtOH 
max 

239 284 5 nm. IR:~ CHCI3 3535 1670 1645 
' _ " max ' ' ' 

1625 cm i MS: m/z 327 (M + 100) 312(36) 

299(48), 284(75), 268(49), 256(31), 242(42). 
1 H-NMR (CDCI3): 2.46 (3H, s, NMe), 3.80 (3H, 
s, OMe), 3.89 (3H, s, OMe), 6.33 (1H,s,  8-H), 

6.33 and 6.70 (2H, each s, i and 4-H), 6.77 
(IH, s, 5-H). 

N-methy lcoc laur ine 

(V l ) - -UV:  x EtOH+NaOH 244 300 rim. MS: m/z 
max 

299 (M + 0.1) 193(24) 192(100) 178(6) 
177(33), 149(6), 148(7), i 07 (5 ) .  1H-NMR 

(CDCI3): 2.49 (3H, s, NMe), 3.85 (3H, s,OMe), 
6.36 (1H, s, 8-H), 6.54 (1H, s, 5-H), 6.79 

(4H, A2B 2 q, J=8.0 Hz, 2 ' , 3 ' , 5 ' , 6 ' - H ) .  

(+ ) -Re t i cu l  ine 

16 +1070 ( V I I ) - - [ ~ ]  D (MeOH c 0 .16) .  UV: xEtOH 
max 

225(sh) 283.5" x EtOH+NaOH 253 nm. MS: m/z 
' max 

192(100), 177(21), 149(5),  137(3). 1H-NMR 

(CDCI3): 2.46 (3H, s, HMe), 3.68 (1H,m, l-H), 
3.83 (3H, s, OMe), 3.84 (3H, s, OMe), 5.12 

(2H, br s, OH), 6.36 (1H, s, 8-H), 6.52 (1H, 
s, 5-H), 6.57 (1H, dd, J=3.0 and 9.0 Hz, 

6 ' -H ) ,  6.72 ( IH, d, J=9.0 Hz, 5 ' -H ) ,  6.76 

(IH, d, J=3.0 Hz, 2 ' -H) .  

Simple i soqu ino l i ne  

( V I I I ) - - U V  x EtOH 226(sh) 285; x EtOH+NaOH 
max ' max 

245, 301 nm. MS: m/z 207 (M +, 4) ,  206(4),  

192(100), 177(32), 164(4), 149(11). IH-NMR 

(CDCI3): 1.46 (3H, d, J=6.8 Hz, CMe), 2.58 
(3H, s, NMe), 2.73-3.27(4H, m, 3, 4-H),  3.76 

(1H, q, J=6.8 Hz~ I -H) ,  3.85 (3H, s, OMe), 

4.28 (1H, OH), 6.55 (1H, s, ArH), 6.65 (1H, 
s, ArH). 

Copt is ine 

( IX)- -UV x EtOH 223, 240(sh),  265, 348, 358, 
1 max 

458 nm. "H-NMR (CD3COOD+D20): 3.23 (2H, t ,  
J=6.0 Hz, 6-H), 4.83 (2H, t ,  J=6.0 Hz, ~-H), 

6.07 (2H, s, OCH20- ), 6.40 (2H, s, -OCH20-), 
6.89 (1H, s, 4-II)~ 7.45 ( iH,  s, l -H ) ,  7.75 
(1H, s, i i  or 12-H), 7.80 (1H, s, 12 or 11-H), 

8.43 (1H, s, 13-H), 9.35 (1H, s, 8-H): 

Reduction of the compound with NaBH 4 gave 
( ± ) - s t y l o p i n e .  MS: m/z 323 (M, 44), 322(39), 
174(11), i 4 8 ( i 0 0 ) .  



98 

D e h y d r o c h e i l a n t h i f o l i n e  

(X)--UV .EtOH~max 224(sh) ,  241(sh) ,  262, 347 

359, 463 nm. 1H-NMR (CF3COOD+CD3COOD): 3.28 
(2H, t ,  J=6.0 Hz, 6-H),  4.00 (3H, s, OMe), 
4.37 (2H, t ,  J=6.0 Hz, 5-H),  6.38 ( H, s, 

-OCH20-), 6.95 (1H, s, 4-H),  7.62 (1H, s, 
l - H ) ,  7.76 (2H, s, 11, 12-H),  8.44 (1H, s, 
13-H),  9.32 (1H, s, 8-H).  This substance was 
reduced to ( ~ ) - c h e i l a n t h i f o l i n e .  MS: m/z 

325 (M +, 68),  324(56) ,  176(10) ,  148(100) 
(Tani et a l . ,  1974). 

Magnof lo r ine  

x MeOH 229, 270(sh) 278, 324 nm (XI ) - -UV max . ' " 
MS: m/z 342 (M*) ,  341, 327, 326, 312, 310, 
297, 296, 283. 1H-NMR (CD3OD): 3.08 (3H, s, 

NMe), 3.43 (3H, s, NMe), 3.95 (3H, s, OMe), 
3.98 (3H, s, OMe), 6.96 ( IH,  s, 3-H),  7.03 

(2H, s, 8 and 9-H).  

Chol ine 
This compound was in a l l  respects  (NMR; IR; 
TLC) i d e n t i c a l  to a u t h e n t i c  cho l i ne  c h l o r i d e  
(ob ta ined  from Sigma). 
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RESULTS and DISCUSSION 

F. oap~eola~a c e l l  suspension c u l t u r e s  
proved to be an i n t e r e s t i n g  source of 
s t r u c t u r a l l y  h i gh l y  d ive rse  i s o q u i n o l i n e  
a l k a l o i d s .  A t o t a l  of  ten known a l k a l o i d s  
could be i s o l a t e d  and i d e n t i f i e d .  The 
compounds ranged from a simple i s o q u i n o l i n e  
a l k a l o i d  ( V I I I )  v ia b e n z y l i s o q u i n o l i n e s  (V I ,  
V I I )  to a t e t r a h y d r o p r o t o b e r b e r i n e  ( I I I ) ,  
p ro tobe rbe r i nes  ( IX ,  X), a p ro top ine  ( I I ) ,  
a benzophenanth r id ine  ( I ) ,  aporphines ( IV ,  
X I ) ,  and f i n a l l y  to a morphinanedienone- 
type a l k a l o i d  (V).  
No p lan t  c e l l  c u l t u r e  has been shown p r e v i -  
ously to con ta in  such a d i v e r s i t y  Of i so-  
q u i n o l i n e  a l k a l o i d s .  Op t im iza t ion  of t h i s  
c u l t u r e  should give h igher  a l k a l o i d  y i e l d s  or 
c e l l u l a r  s e l e c t i o n  fo r  a given s t r u c t u r a l  
type by e x p l o i t i n g  c lona l  v a r i a t i o n  (Zenk, 
1978) w i l l  render  t h i s  c u l t u r e  more s u i t a b l e  
fo r  b i o s y n t h e t i c  s t ud ies .  A l l  of the a lka-  
l o i ds  found in t h i s  c e l l  suspension c u l t u r e  
except  VI and V I I I  are der ived  from (S)-  
- r e t i c u l i n e ,  the compound which was a lso 
the most abundant in t h i s  c u l t u r e .  In a 
p r e l i m i n a r y  at tempt  to i n v e s t i g a t e  the b io -  
syn thes is  of V I I I ,  no evidence was found 
tha t  t h i s  simple a l k a l o i d  could be formed 
by degradat ion  of any r e t i c u l i n e  der ived  
p recu rso r .  L a b e l l i n g  exper iments using 
h igh l y  r a d i o a c t i v e  N-14CH3 - ( S ) - r e t i c u l i n e  
gave a b s o l u t e l y  no Tnco rpo ra t i on  i n to  V I I I .  
We hope tha t  t h i s  c u l t u r e  w i l l  prove to be 
a too l  f o r  p h y s i o l o g i c a l  and b i o s y n t h e t i c  
s tud ies  regard ing  the format ion and storage 
of a l k a l o i d s .  
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