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--The a l k a l o i d s  ( + ) - c r e s s i f d i n e  (5 ) ,  ( + ) - c l a v i c u l i n e  (9) and 

(+) -norcu la r id ine  @) have been ob ta ined  from Corydalis c l a v i c u l a t a .  

( + ) - C r e s s i f o l i n e  possesses t h e  S  c o n f i g u r a t i o n  st C-1. The phenol ic  groups 

i n  ( + ) - c l e v i c u l i n e  are a t  C-7 end C-3'. (+)-Norcular idine i s  a new n a t u r e 1  

product .  

I h e  c u l a r i n e s  are  s smal l  group of a l k a l o i d s  i n c o r p a r e t i n g  a dihydrooxepine sys tem,  and a r e  

found mainly among p l a n t s  o f  t h e  b o t a n i c a l  f ami ly  Fumariaceae. Typical  c u l s r i n e  bases  a re  (+)- 

c u l s r i n e  (I) end t h e  r e c e n t l y  c h a r a c t e r i z e d  (+)-ssrcocapnine ( L ) .  1 

N o  s t u d i e s  u s i n g  l a b e l e d  p recursors  have been c a r r i e d  out  to  e l u c i d a t e  the  b i o g e n e s i s  of the  

c u l e r i n e s .  It i s  l o g i c a l  to assume, however, t h a t  they  are farmed from 7,8,3',4'-tetreoxygeeted 

tetrehydrobenzylisoquinolines of  type 3. In t ra rno lecu le r  ox ida t ive  coup l ing  cou ld  proceed i n  

e i t h e r  s para o r  a n  o r t h o  mode wi th  formation o f  c u l a r i n e  (I) o r  se rcocepo ine  (c) a n a l o g s .  
2 

The main drawback of t h i s  hypothes i s  has  been t h a t  a l though  about  100 benzy l i soqu ino l ine  slkaloids 

are  known, st t h e  i n i t i a t i o n  of our s t u d i e s  none were recognized to possees t h e  requ i red  7,8,3',4' 

s u b s t i t u t i o n  p a t t e r n .  Conscious of t h i s  l acuna ,  we decided t o  s t u d y  the  a l k a l o i d a l  p r o f i l e  of 

C o r ~ d a l i s  c l a v i c u l a t a  ( L . )  DC, a smal l  herbaceous annua l  belonging t o  the  fami ly  Fumariaceae. 

This  p l a n t  had been o r i g i n a l l y  i n v e s t i g a t e d  by Menske, and had been shown t o  produce (+)-cularine 

(1). (+) -cu la r id ine  (4) end ( + ) - c u l a r i c i n e  (5).3 C. c l e v i c u l a r s  i s  r e l a t i v e l y  common i n  France, 

and Our sample was c o l l e c t e d  i n  t h e  Monts d'Amberac n e a r  Limoges. 

We now r e p o r t  t h e  i s o l a t i o n  and c h a r a c t e r i z a t i o n  of t h e  d iphenol ic  and amorphous ( + ) - c r a s s i f d i n e  

@), Cl9HZ3O4N, ?he f i r s t  n a t u r a l l y  o c c u r r i n g  tetrehydrobenzylisoquinoline oxygenated a t  the 

r e q u i r e d  C-7, 8, 3 '  and 4 '  s i t e s ,  and thus  of p i v o t a l  impocrsnce i n  t h e  b i o g e n e s i s  of t h e  

c u l a r i n e s .  



The UV spectrum o f  c r e s ~ i f ~ l i n e  (6) shows a maximum a t  282 nm, t y p i c e l  o f  many te t rehydrobeney l -  

isoquinol ines;  and a ba thochrao ic  s h i f t  i n  b a s e  deno tes  t h e  p r e s e n c e - o f  a t  l e a a r  one phenol ic  

funct ion.  The mass spectrum i n c l u d e s  a weak (M - 1 )  i o n  m/z 328, whi le  t h e  base peak m/z 192 is 

due ro r i n g s  A end B r e s u l t i n g  from b e n z y l i c  f i s s i o n  of t h e  C-1 t o  C-a band. One of t h e  

groups is t h u s  loce ted  on r i n g  A ,  w h i l e  the  o t h e r  i s  a t t a c h e d  t o  r i n g  C. 

The NhR spectrum o f  c r a s s i f o l i n e  s t  360 MHz i n  CDC13 i s  g iven  around e x p r e s s i o n  6.  I n  p a r t i c u l a r ,  

in  the  a romat ie  r e g i o n ,  the  two-proton d o u b l e t  o f  d o u b l e t s  as w e l l  ae t h e  th ree -pro ton  ABX 

syecem, d e f i n e  t h e  s u b s t i t u t i o n  p a t t e r n  of t h e  a romat ic  r i n g s .  

I n  o rder  t o  e s t a b l i s h  c o n c l u s i v e l y  t h e  l o c a t i o n  of t h e  twc phenol ic  f u n c t i o n s  i n  c r a s s i f o l i n e  

(6). t h e  NMR spectrum was recorded  i n  DM?.O-d6 @A) and then a g a i n  i n  DMSO-ci6 + NeOD @). Under 

such  condition^, a romat ic  prWtO~I8 para t o  s phenol ic  f v n c t i o n  w i l l  show u p f i e l d  s h i f t s  i n  b a s i c  

s o l u t i o n  g r e a t e r  then  0.55 ppm, whi le  p ro tons  o r t h o  or mete t o  t h e  phenol w i l l  exper ience  smaller  

u p f i e l d   shift^.^ The observed u p f i e l d  s h i f t s  @) of 0.77 ppm f o r  H-5 end of 0.57 ppm f o r  H-6' 

c l e a r l y  i n d i c a t e  t h a t  pheno l ic  hydroxyls  are  locared  s t  C-8 and C-3',  so t h a t  rhe methoxyl 

s u b s t i t u e n t s  must be pos i r ioned  e t  C-7 and C-4'. 

C r a s s i f o l i n e  i s  s l i g h t l y  d e x r r o r o t e t o r y ,  aZ5O+17' (0.18, MeOH), and i t s  CD curve shows a 
D 

p o s i t i v e  t a i l  near 215 m so t h a t  i t  must possess  t h e  S c o n f i g u r a t i o n  as i n d i c a t e d .  5  

The racemic form of  c r a s s i f o l i n e  was a c t u a l l y  syn thes ized  by Kametani and coworkers i n  1971, 
2 

and by Jackson i n  1 9 7 4 , ~  and t h e i r  NMR s p e c t r a l  d a t a  are  i n  agreement w i t h  those r e p o r t e d  here.  

Very r e c e n t l y ,  and fo l lowing  complet ion of our exper imenta l  work, ( + ) - c r a s s i f d i n e ,  i s o l a t e d  

from S ~ ~ C O C B ~ ~ O B  c r a s s i f o l i s ,  has  been d e s c r i b e d  independen t ly .7  The s t r u c t u r a l  p r o o f ,  however, 

r es ted  on a s imple  comparison of t h e  n a t u r a l  product  w i t h  t h e  s y n t h e t i c  racemate. Such cornpari- 

son may n o t ,  however, be s u f f i c i e n t  as s t r u c t u r a l  proof s i n c e  i r  would be ambiguous t o  d i f f e r e n -  

t i a t e  between s t r u c t u r e  6 and a l t e r n a t e  s t r u c t u r e  1 f o r  c r a s s i f o l i n e  e i t h e r  by TLC or by s imple  

NMn s p e c t r a l  comparison. However, the  p r e s e n t  NMR s t u d y  i n  DELSO-d and DmO-d + NaOD c o n c l u s i -  
6  6  

vety proves t h e  v a l i d i t y  o f  s t r u c t u r e  6 f o r  c r a s s i f o l i n e .  

F ina l ly ,  i n  our hands,  diaromethsne 0 -methy l s t ion  of ( + ) - c r a s s i f o l i n e  @) provided (+)-0.0- 

d i m e r h y l c r a s s i f o l i n e  @), whose NMR spectrum, summarized around e x p r e s s i o n  5 ,  c l e a r l y  shows 

four methoxyl s i n g l e t s .  

A eeeond compound we have fovnd i n  C. c l a v i c u l a t a  i s  the  d i ~ h e n o l i c  c u l a r i n e - t y p e  a l k a l o i d  

(+) -c lav ieu l ine  @), C18H1904N, which c r y s t a l l i z e d  from methanol ,  mp l l Z D  C. The UV spectrum 

with a s h o u l d e r  s t  275 nm and e maximum a t  281 m is congruent  w i t h  e c u l a r i n e  s t r u c t u r e ,  and 

again a bathochromic s h i f t  i n  base deno tes  t h e  presence of a t  l e a s t  one phenol ic  group. The 

NMR spectrum (CDC13) has  been summarized around e x p r e s s i o n  9. The key f e a t u r e  of t h i s  spectrum 

i s  the  two c l o s e l y  packed s e t s  of a romet ic  d o u b l e r s  of d o u b l e t s ,  one c e n t e r e d  a t  6 6.58 and t h e  
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o t h e r  a t  6 6.81. lhese  r e p r e s e n t  H-2' and H-3' on t h e  one hand, and H-5 and H-6 on the  o t h e r .  

I n  o r d e r  t o  e s t a b l i s h  c o n c l u s i v e l y  t h e  provenance o f  the  ma a r o m a t i c  d o u b l e t s  of d o u b l e r s ,  the  

methoxyl s i n g l e t  s t  6 3.85 was i r r a d i a t e d .  The r e s u l t i n g  202 NOE of t h e  6 6.58 d o u b l e t  of 

d o u b l e t s  proved t h a t  t h i s  a b s o r p t i o n  r e p r e s e n t s  H-2' and H-3'. Conversely,  i r r a d i a t i o n  of the  

6 6.58 band caused s 32 NOE of the  6 3.85 s i g n a l .  The log ica l  conc lus ion  was thus  t h a t  t h e  

6 6.81 a b s o r p t i o n  is due t o  H-5 and H-6. 

The mass spectrum of ( + ) - c l a v i c u l i n e  (9) i n c o r p o r a t e s  molecular i o n  mlz 313 which is e l s o  the  

base peak. Another s i g n i f i c a n t  peak i s  mlz 161 due t o  i o n 1 0  which i n d i c a t e s  t h e  presence of s 

hydroxyl  a t  C-7 i n  s p e c i e s  9.  

C l a v i c u l i n e  (9) i s  s t r o n g l y  d e x t r o r o r a r o r y ,  a:" +208' (0.54, MeOH), so t h a t  i t  possesses  the  

S  c o n f i g u r a t i o n ?  As expec ted ,  its O-methylst ion w i t h  diaeomethane engendered (+)-sarcocapnine 

@) . 
It i s  i n t e r e s t i n g  t o  no te  t h a t  ( + ) - c l s v i c u l i n e  (9) is the  f i r s t  c u l a r i n e  type  a l k a l o i d  s u b s t i r u -  

ted s t  C-4' and C-5' which h a s  been ob ta ined  from a Corvdslis s p e c i e s ;  the  on ly  two o t h e r  known 

c u l a r i n e s  possess ing  t h i s  kind of s u b s t i t u t i o n  p a t t e r n  having been i s o l s t e d  from t h e  genus 

SBT-COCBD"08. 

As w i t h  c r a s s i f o l i n e  @), c l a v i c u l i n e  (9) h a s  ve ry  r e c e n t l y  been d e s c r i b e d  by s Spanish group. 7  

But t h e i r  s t r u c t u r a l  proof a l though  adequa te ,  cannot  be eonaidered completely conc lus ive .  I n  

~ B r t i c u l a i - ,  t h e  a l t e r n a t e  s t r u c t u r e  11 f o r  c l a v i c u l i n e  was cons idered  and r e j e c t e d  s imply 

because i t  i n c o r p o r a t e e  a c a t e c h o l i c  system. Our p r e s e n t  s t r u c t u r a l  proof f o r  c l s v i c u l i n e  (I), 

r e l y i n g  on NMR NOEDS as w e l l  as on mas6 s p e c t r a l  measurements c l e a r l y  shows t h a t  a methoxyl 

s u b s t i t u e n t  must be s i t u a t e d  a t  C-4'. I t  fol lowa t h s t  only one phenol ic  s u b s t i t u e n t  is e t t a c h e d  

t o  r i n g  D. 

The t h i r d  a l k a l o i d  we wish t o  d e s c r i b e  i s  t h e  completely new end amorphous (+) -norcu la r id ine  

G ) , ~  Cl8Hl9O4N, whose UY spectrum inc ludes  a shou lder  a t  279 nm end a maximum a t  285 nm, w i t h  

a bathochromic s h i f t  i n  base .  The a l k a l o i d  i s  e secondary base l a c k i n g  an N-methyl s i n g l e t  

a b s o r p t i o n  i n  t h e  NMR spectrum. This  spectrum has been out l ined around e x p r e s s i o n  g. It w i l l  

be noted t h a t  O-methyl s i n g l e t s  are  presen t  e r  6 3 . 8 4  and 3.88. Very s i g n i f i c a n t l y ,  t h e  two- 

p ro ton  d o u b l e t  of  double t s  a b s o r p t i o n  due to H-5 and H-6 shows a lmos t  the  same c h a r a c t e r i s t i c s  

as t h e  cor responding  one f o r  c l a v i c u l i n e  (9). i n d i c e r i n g  tha t  s phenol i s  l o c a t e d  a t  H-7. The 

mass spectrum shows molecular  i o n  mlz 313,  w h i l e  the  base peak mlz 298 i s  due t o  l o s s  of e methyl 

group. A  t e l l i n g  f e a t u r e  of t h e  mass spectrum i s  t h e  small peak m l z  147 due t o  ion  13, so t h a t  

the  phenol ic  group i s  indeed a t  C-7. As e f i n a l  s t r u c t u r e  proof ,  Clarke-Eschweiler  N-methylstion 

of (+) -noreu la r id ine  (l2) fu rn i shed  t h e  known (+) -cu l s r id ine  (4) which we have a l s o  found i n  

C. c l e v i c u l a t a .  9  - 
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The above r e s u l t s  burtress t h e  t h e s i s  t h a t  7,8,3',4'-tetrasubstituted tetrehydrobenzylisoq~inoline 

ana logs  of c r e s s i f o l i n e  (6) may act as precursors  t o  the  c u l a r i n e s ,  so t h a t  a s p e c i e s  such as 2 

could undergo e i t h e r  para or o r t h o  coup l ing  t o  l ead  t o  e u l e r i n e s  w i t h  the  3 ' , 4 '  o r  4 ' , 5 '  s u b s t i -  

t u t i o n  p a t t e r n s ,  as exempl i f i ed  i n  t h e  p resen t  context by the  a l k a l o i d s  ( + ) - n o r c u l s r i d i n e  (LZ) 

and (+) -c lev icu l ine  Q), r e s p e c t i v e l y .  

Table of S ~ e c t r a l  Data f o r  the  Alka lo ids  and The i r  ~ e r i v s t i v e s  

( + ) - C r a s s i f o l i n e  @): A max (MeOH) 228 a h ,  282 nm ( log c 4.67, 4 .26) ;  A men (MH-OH') 237 s h ,  

+ 
287, 29n s h  nm ( l o g c  4.59,  11.25, 4 .23) .  Mass spectrum mlz 328 (M - 1 )  (0 .2 ) ,  192 (100). 177 

(14) .  CD (MeOH) AE (nm) 0(290),  -4.2(274), -11.5(236),  0(224),  p o s i t i v e  t a i l  near 215 nm. 

+ 
(+)-0.0-Dimethylcressifoline (!I: C21H2704N; mass spectrum m/z 357 (M) (0.1) ,  206 (NO), 191  

5 190 1 a i5 '  +13' (0.075, MeOH). 

u - C l s v i c u l i n e  @): h max (MeOH) 227 sh ,  275 s h ,  281 nm ( log  E 4.08,  3.48, 3 .52) ;  A mar 

+ 
(M~OH-OH-) 244 s h ,  290 nm ( l o g  E 4.00,  2.74). Mass spectrum m/z 313 (M) ( l o o ) ,  298 (62) ,  270 

(22) ,  255 ( 4 ) ,  252 ( 7 ) ,  176 ( 4 ) ,  174 (13) ,  161 (14) .  CD (MeOH) Ac (ma) 0 (300) ,  -1 .6(274),  O(25O), 

' -3 .1 (233) ,  0 ( 2 2 J ) ,  p o s i t i v e  t a i l  near 215 nm. 

I+) - sa rcocavn ine  (2). fran 0-methylat ion of 9: ~ ~ ~ 3 ~ 0 ~ ~ ;  CD ( M ~ O H )  As (nm) 0 (290) ,  -1 .5(278),  

-6 .7(236),  0 (227) ,  p o s i t i v e  t a i l  near 215 nm. 

(+) -Narcu la r id ine  @): h m a x  *OH) 228 s h ,  279 s h ,  285, 293 s h  nm ( l o g  E 4.06,  3.70, 3 .78,  

+ 
3 . 6 0 ) ;  h max (M~OH-OH-) 246 s h ,  289 nm ( l o g  E 3.89, 3.79). Mass spectrum m l z  313 (M) (92). 298 

( l o o ) ,  283 (15). 147 (3 ) .  CD (MeOH) A €  (nm) 0(300), -3.2(277), -1 .5(235),  0 (229) ,  p o s i t i v e  t a i l  

near 215 nm. 0 i5' +216O (0.06, MeOH). 
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