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A b s t r a c t -  I n v e s t i g a t i o n  o f  t h e  a l k a l o i d s  o f  3 e Z p k i n i u m  d e l a u a y i  F r a n c h  v a r .  

pogonanthwn (H-M) Wang has l e d  t o  t h e  i s o l a t i o n  of n i n e  known a l k a l o i d s  and a  new 

p a i r  o f  r e g i o i s o ! n e r i c  a l k a l o i d s  d e t a u a i n a  A ( 1 0 A )  and  d e t a u a i n e  B 

(108) whose s t r u c t u r e s  have been deterfnined based on spec t roscop ic  evidence and two 

syntheses froin m e t h y l l y c a c o r l i t i n e  ( 3 ) .  The known a l k a l o i d s  t h a t  were i s o l a t e d  a r e  

t h e  Clg-diterpenoid a l k a l o i d s :  d e l t a l i n e  (11, d e l t a n i n e  ( 2 ) ,  m e t h y l l y c a c o n i t i n e  

( 3 ) ,  a n t h r a n o y l l y c a c o n i t i n e  ( 4 ) ,  l y c o c t o n i n e  (51, d e l s e ~ n i n e  ( 6 ) ,  and t h e  

Czg-d i te rpeno id  a l k a l o i d s :  h e t i s i n o n e  (7), h e t i s i n e  ( 8 ) .  and a jacon ine  ( 9 ) .  

Delsetnine ( 6 )  has been synthesized from m e t h y l l y c a c o n i t i n e  and chromatograph ica l l y  

separated i n t o  i t s  colnponent reg io isomers  6A and 68.  

I n  c o n t i n u a t i o n  o f  o u r  e a r l i e r  phytochemical s t u d i e s  on t h e  d i t e r p e n o i d  a l k a l o i d s  of Chinese Ranu- 

nculaceae plants, l ,2  we r e p o r t  here t h e  chetnical i n v e s t i g a t i o n  o f  t h e  r o o t s  o f  D e Z p h i n i m  d e t -  

a v a y i  Franch v a r .  pogonanth~m (H.-M.) Wang. Nine known a l k a l o i d s  have been i s o l a t e d :  

d e l t a l i n e  ( I ) ,  d e l t a m i n e  ( 2 ) ,  m e t h y l l y c a c o n i t i n e  ( 3 ) .  a n t h r a n o y l l y c o c t o n i n e  ( 4 ) .  

l y c o c t o n i n e  ( 5 ) ,  d e l s e m i n e  ( 6 ) ,  h e t i s i n o n e  ( 7 ) ,  h e t i s i n e  ( 8 )  and a j a c o n i n e  ( 9 ) ,  
i n  a d d i t i o n  t o  a  p a i r  of new r e g i o i s o m e r i c  a l k a l o i d s  named d e t a v a i n e  A (10A) and d e t n -  

v a i n e  B (10B).  A  f o u r t h  unknown c r y s t a l l i n e  a l k a l o i d  has been i s o l a t e d  i n  low y i e l d .  

The r o o t s  were e x t r a c t e d  w i t h  90% e thano l .  Two approaches were f o l l o w e d  t o  i s o l a t e  t h e  t o t a l  crude 

a l k a l o i d s .  The f i r s t  approach i n v o l v e d  g r a d i e n t  pH e x t r a c t i o n  when two f r a c t i o n s  were obta ined a t  

pH 8 ( E l )  and pH 12 ( E Z ) .  Froa  t h e  E l  f r a c t i o n  s i x  C l g - d i t e r p e n o i d  a l k a l o i d s  were i s o l a t e a  b y  

e x t e n s i v e  chromatographic s e p a r a t i o n  i n v o l v i n g  v lc3 ,  p r e p a r a t i v e  t l c . ,  column chromatography and a  

~ h r o u a t o t r o n 4 :  d e l t a 1  i n e  ( 1 ) .  de l tamine  ( Z ) ,  methyl  I y c a c o n i t i n e  ( 3 ) ,  an th ranoy l l ycoc to -  

n i n e  ( 4 ) .  l y c o c t o n i n e  (5), and de lava ine  (10) .  F r a c t i o n  E2 a f f o r d e d  a f t e r  e x t e n s i v e  

chromatographic separa t ion ,  i n v o l v i n g  dccc, v l c  and a  Chromatotron, t h r e e  C2g-di terpenoid a lka-  

l o i d s :  h e t i s i n o n e  ( 7 ) ,  h e t i s i n e  (8) and a jacon ine  ( 9 ) .  The second approach (see  exper- 

i m e n t a l )  i n v o l v e d  t h e  i s o l a t i o n  of t h e  t o t a l  crude a l k a l o i d s  on a  column of Dowex 5OW-X8 c a t i o n  

exchange r e s i n .  F u r t h e r  chromatographic separa t ion  of t h e  t o t a l  c rude  a l k a l o i d s  l e d  t o  t h e  i s o l a -  

t i o n  of t h e  s i x  C l g - d i t e r p e n o i d  a l k a l o i d s  i s o l a t e d  from f r a c t i o n  E l ,  and delsemine (6 )  (as a  

m i x t u r e  o f  reg io isomers ) .  

On l e a v e  from: t c o l l e g e  o f  Pharmacy, A lexandr ia  U n i v e r s i t y ,  Alexandr ia,  Egypt; t tSchoo l  of Pharma- 

cy, West China U n i v e r s i t y  of Medical  Sciences, Chengdu, China; t t tKunming  I n s t i t u t e  o f  Botany, 

Academy o f  Sciences, Kunming, China. 



Delavaine (10) was ob ta ined  i n  an amorphous form, [ a l p  t 3 6 . 2 -  (5, 1.7 CHCI3); i t s  m o l e c u l a r  

f o r l n u l a  C381i54N2011 was d e r i v e d  f ro lo e lementa l  a n a l y s i s  and mass spectrum. The mass spectrum 

e x h i b i t e d  a  base ~ e a k  a t  m l z  683 r e s u l t i n g  froin a  l o s s  o f  a  methoxyl  group f rom t h e  m o l e c u l a r  i o n .  

Elemental  a n a l y s i s  f o r  n i t r o g e n  i n d i c a t e d  t h e  presence of o n l y  two n i t r o g e n  atoins i n  t h e  mo lecu le .  

The p r o t o n  nmr spec t rua  e x h i b i t e d  t h e  f o l l o w i n g  s i g n a l s :  6 1.07 (3H, 5,  J = 7.3 Hz, -N-CH2-Ci3), 

t w o  o v e r l a p p i n g  d o u b l e t s  cen te red  a t  1.28 and 1.31 (each 3H, J = 6.5 Hz, -CH(Cti3)-), 3.27, 3.35, 

3.40 and 3.42 (each 3H, 2, -OC%), 3.68 and 3.71 (each 3H, 2, -COOC%), fou r  a ro fna t i c  p r o t o n s  a t  

7 .10  ( IH ,  - t, J  = 7.3 Hz), 7.56 ( lH ,  t, J = 7.3 Hz), 7.97 ( lH ,  d, J  = 7.8 Hz) and 8.72 ( lH,  d, J  = 

8.8 Hz) and 11.05 and 11.17 (each l H ,  broad i, -Ni-CO-). 

1 : R = Ac Deltaline 3 :  R = C=O 
4,- 0 

2 : R = H  Deltamine 
0 

Methyllycaconitine 

Anthranoyllycoctonine 

5 :  R =  H 
JYI Lycoctonine 

Tne p r o t o n  nlnr spectrum showed a  v e r y  c l o s e  r e l a t i o n  t o  t h a t  o f  s e p t e n t r i o d i n e  (1215, except  

f o r  t h e  presence o f  t w i n  s i g n a l s  a t  6 11.05 and 11.07 i n s t e a d  o f  one s i g n a l  a t  6 11.10, r e p r e s e n t -  

i n g  t h e  secondary m i d e  p r o t o n  o f  t h e  an th ranoy l  s i d e  c h a i n .  It a l s o  d i f f e r s  i n  t h e  presence of 

t w i n  s i n g l e t s  a t  b 3.68 and 3.71 i n s t e a d  o f  t h e  presence o f  o n l y  one s i n g l e t  a t  b 3 .71  i n  sep ten t -  

r i o d i n e ,  which i s  a t t r i b u t e d  t o  t h e  methyl  group o f  t h e  carboxymethyl  e s t e r  f u n c t i o n .  I n  a d d i t i o n ,  

two  o v e r l a p p i n g  d o u b l e t s  cen te red  a t  b 1.28 and 1 .31  ( J  = 6.5 Hz) appear i n  t h e  p r o t o n  nmr spectrum 

o f  de lava ine .  These two s i g n a l s  do n o t  e x i s t  i n  t h e  p r o t o n  nmr 8pectru.n o f  s e p t e n t r i o d i n e  

( 1 2 ) .  

The carbon-13 nmr spectrum of d e l a v a i n e  (Tab le  1 )  showed 44 peaks o f  which 32 peaks correspond w i t h  

those  of t h e  b a s i c  s k e l e t o n  o f  s e p t e n t r i o d i n e .  The t w i n  peaks a t  141.9 and 141.7, 114.8 and 114.7, 

51.9 and 51.7, 41.4 and 39.0, and 17.9 and 17.1 ppm a long  w i t h  f o u r  downf ie ld  s i g n a l s  f o r  fou r  ca r -  

bony l  carbons i n d i c a t e  t h a t  d e l a v a i n e  i s  a c t u a l l y  a  m i x t u r e  o f  two c l o s e l y  r e l a t e d  bases which 
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d i f f e r  o n l y  i n  t h e  s i d e  c h a i n  o f  t h e  a n t h r a n i l i c  a c i d  m o i e t y .  The t w i n  peaks a t  51.9 and 51.7 ppm 

i n  t h e  1 3 ~  nmr spectrum, t o g e t h e r  w i t h  t h e  t w i n  s i n g l e t s  a t  6 3.68 and 3 .71  i n  t h e  p r o t o n  nmr spec- 

t r u m  i n d i c a t e  t h e  presence o f  two methy l  e s t e r  groups.  The presence o f  two o v e r l a p p i n g  d o u b l e t s  

c e n t e r e d  a t  6 1.31 and 1.28 ( J  = 6.5 Hz) ,  a t t r i b u t e d  t o  two secondary methy l  groups, i n d i c a t e  t h e  

presence o f  a  m i x t u r e  of two -CH(CH3)- g roup ings  i n  t h e  s i d e  c h a i n s .  T h i s  c o n c l u s i o n  was suppor ted 

b y  t h e  presence of two s e t s  o f  peaks a t  41.4 and 39.0 and 17.9 and 17.1 ppm f o r  t h e  m e t h i n e  and 

.nethy l  carbons, r e s p e c t i v e l y .  These f i n d i n g s ,  combined w i t h  t h e  mass s p e c t r a l  and e lementa l  ana ly -  

s i s ,  l e a d  t o  s t r u c t u r e  10 ( A  i 0 )  f o r  de lava ine ,  a  m i x t u r e  o f  two isoiners r e s u l t i n g  

from opening a t  e i t h e r  one of t h e  two ca rbony l  s i t e s  of t h e  ine thy lsucc in i rn ide  r i n g  o f  me thy l l ycaco-  

n i t i n e  ( 3 ) .  The nmr and !mass s p e c t r a l  da ta ,  as w e l l  as t h e  t l c  behav io r ,  i n d i c a t e  t h a t  d e l a -  

v a i n e  i s  i d e n t i c a l  w i t h  a l k a l o i d  86 from D e t p h i n i m  t r i c o r n e . 7  

I n  o r d e r  t o  c o n f i r m  t h a t  d e l a v a i n e  c o n t a i n s  a  t e r m i n a l  m e t h y l  e s t e r ,  i t s  s y n t h e s i s  froln i n e t h y l l y c -  

a c o n i t i n e  ( 3 )  was under taken  i n  t h e  absence of ammonia. When m e t h y l l y c a c o n i t i n e  ( 3 )  was 

t r e a t e d  w i t h  sodium b i c a r b o n a t e  i n  methanol, i t  a f fo rded  a f t e r  s e p a r a t i o n  o f  t h e  p r o d u c t s  on a  

Chromatot ron,  two p r o d u c t s .  The m a j o r  coinponent showed p r o t o n  and carbon-13 ( T a b l e  1 )  nmr spec t ra ,  

t l c  b e h a v i o r  and s p e c i f i c  r o t a t i o n s  i d e n t i c a l  w i t h  t h o s e  o f  d e l a v a i n e  (10 ) .  The second co#nPo- 

n e n t  i s o l a t e d  froin t h e  r e a c t i o n  was found t o  be t h e  d i m e t h y l  e s t e r  (13 ) .  I t s  p r o t o n  nmr spec- 

t r u m  showed s i g n a l s  a t  6 11.0 and 11.22 ( b o t h  f o r  t h e  - N l  p r o t o n  o f  t h e  i n t e r n a l  amide f u n c t i o n  o f  

t h e  a n t h r a o i l i c  a c i d  m o i e t y )  and f o u r  a romat i c  p r o t o n s  a t  6 7.06, 7.53, 8.02 and 8.69. The !methyl 

g roup  o f  t h e  a r o ~ n a t i c  m e t h y l  e s t e r  gave a  s i n g l e t  a t  6 3.93. I t  a l s o  showed two s i n g l e t s  a t  6 3.68 

Delsemine 

Delavaine 

12  R = HN-COCH,CH,-COOCH, Septentriodine 

FOOCH, 



and 3 . 7 1  ( b o t h  f o r  t h e  -COOC13 o f  t h e  s i d e  c h a i n  m e t h y l  e s t e r  of t h e  two i s o n e r s ) .  The mass spec- 

t r u m  showed t h e  m o l e c u l a r  i o n  a t  m/z 279. Tnese data,  as w e l l  as t h e  carbon-13 nmr d a t a  ( s e e  ex- 

p e r i m e n t a l  ), conf i r ined t h e  proposed s t r u c t u r e  (13 ) .  When ~ n e t h y l l y c a c o n i t i n e  was r e f l u x e d  w i t h  

ne thano l  f o r  f o u r  days, i t  af forded d e l a v a i n e  (10 )  as t h e  tna jor  coinponent, as w e l l  as d i m e t h y l  

e s t e r  13. 

When ~ n e t h y l l y c a c o n i t i n e  ( 3 )  was t r e a t e d  w i t h  sodiutn a c e t a t e  i n  e t h a n o l ,  i t  a f f o r d e d  a  m i x t u r e  

o f  t h e  e t h y l  e s t e r s  (11 ) .  The p r o t o n  nmr spectrum e x h i b i t e d  t h e  t h e  f o l l o w i n g  s i g n a l s :  6 1.02 

(3H, I, J = 7.3 Hz, -N-CH2-C13), t w o  o v e r l a p p i n g  d o u b l e t s  c e n t e r e d  a t  1 . 3 1  and 1.28 (each  3H, J  = 

6.5 Hz, C H C  3.29, 3.38, 3 .41  and 3.45 (each 3H, 2, -OCH3), f o u r  a r o r a t i c  p r o t o n s  a t  7.14 

( l H , t ,  J = 7 . 8 H z ) .  7.69 ( l H , t ,  J =  7.3 Hz), 8 .02 ( 1 H , d ,  J = 7 . 3 H z )  a n d 8 . 7 5  (lH,!, J =  7.8 

Hz) and s i g n a l s  a t  6 11.1 and 11.2 [each  lH, b r o a d  2, -NE-CO-). The p r o t o n  nmr spectrum o f  11 
i s  v e r y  s i ~ n i l a r  t o  t h a t  o f  1 0  excep t  f o r  t h e  absence o f  t h e  t w i n  s i n g l e t s  a t  6 3.68 and 3 .71  

wh ich  a r e  a t t r i b u t e d  t o  t h e  ine thy l  groups o f  t h e  c a r b o x p e t h y l  e s t e r  f u n c t i o n  o f  d e l a v a i n e  

( 1 0 ) .  

7 :  R = = O  
.N) Hetisinone 
8 : R = a - OH Hetisine 
.N) 

9 Ajaconine 
A" 

These f i n d i n g s  i n d i c a t e  w i t h o u t  any doub t  t h a t  d e l a v a i n e  has s t r u c t u r e  10A + 100. Because 

o f  i t s  f a c i l e  s y n t h e s i s  f m n  m e t h y l l y c a c o n i t i n e  ( 3 )  and methanol  under  m i l d  b a s i c  c o n d i t i o n s ,  

i t  may be an a r t i f a c t ,  formed f r o ~ n  m e t h y l l y c a c o n i t i n e  ( 3 )  and t h e  methanol  used i n  t h e  separa- 

t i o n  p rocedures .  However, under n e u t r a l  c o n d i t i o n s ,  c o n v e r s i o n  t o  s u b s t a n t i a l  m o u n t s  o f  d e l a v a i n e  

r e q u i r e d  r e f l u x i n g  i n  methanol  f o r  s e v e r a l  days.  

E x t e n s i v e  e f f o r t s  t o  r e s o l v e  t h e  two components o f  d e l a v a i n e  ( 1 0 )  on t l c  p l a t e s  o f  aluminum 

o x i d e  o r  s i l i c a  g e l  u s i n g  a  v a r i e t y  of s o l v e n t  systems were unsuccess fu l .  However, when d e l a v a i n e  

was chromatographed on an aluminuln o x i d e  r o t o r  (Chromato t ron )  w i t h  hexene-ch lo ro fo rm ( 2 : l )  as an 

e l u e n t ,  t h e  e a r l i e r  f r a c t i o n s  c o n s i s t e d  of ho,nogenous d e l a v a i n e  A ( lOA) ,  amorphous, [ a  IzD9 
t 3 9 . 4 -  (CHCI3). The p r o t o n  nmr spectrum showed a  s i n g l e  s i g n a l  f o r  a  m e t h y l  e s t e r  a t  6 3.68 ppm 

and a l s o  a  s i g n a l  a t  6 11.07 ppm f o r  t h e  secondary amide p r o t o n  of the a n t h r o n y l  s i d e  c h a i n .  I n  

c o n t r a s t  t o  t h e  t w i n  s i g n a l s  a t  6 17.1, 17.9 and 51.7, 51.9 ppn i n  t h e  1% nmr spectrum of t h e  

d e l d v a i n e  i n i x t u r e ,  t h e  nmr spectrum of d e l a v a i n e  A, e x h i b i t e d  o n l y  one s i g n a l  each a t  17.9 and 
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51.7 ppm f o r  t h e  m e t h y l  groups of t h e  N - e t h y l  and ca rbo~ne thoxy l  f u n c t i o n s ,  r e s p e c t i v e l y .  I n  

a d d i t i o n  t o  t h e  d o w n f i e l d  s i g n a l  a t  h 168 .1  pprn f o r  benzoyl  ca rbony l  i n  d e l a v a i n e  A, i t s  1% nmr 

s p e c t r u n  showed o n l y  two d o w n f i e l d  s i g n a l s  a t  6 172.5 and 174.1 ppm, f o r  t h e  t w o  amide ca rbony ls  o f  

one a n t l ~ r o n y l  s i d e  c h a i n  ( A ) .  

The second coinpound e l u t e d  was d e l a v a i n e  B (lOB), amorphous, [a129 31.7' ( c ,  0.8, CHCI3). The 
D 

p r o t o n  ninr s p e c t r u ~ n  showed o n l y  one s i g n a l  a t  6 3.71 f o r  t h e  methy l  e s t e r  g roup  and one s igna l  a t  

6 11.05 f o r  t h e  secondary amide p r o t o n  o f  t h e  second a n t h r o n y l  s i d e  c h a i n  ( 8 ) .  The I~C mr spec- 

t r u m  o f  d e l a v a i n e  B e x h i b i t e d  s i g n a l s  a t  17.1 and 51.9 ppm f o r  t h e  m e t h y l  groups o f  t h e  ti- 

e t h y l  and t h e  carbornethoxyl f u n c t i o n s ,  r e s p e c t i v e l y .  I n  a d d i t i o n  t o  t h e  b e n r o y l  c a r b o n y l  s igna l  a t  

168 .1  ppm, t h e r e  were two d o w n f i e l d  s i g n a l s  a t  170.0 and 175.9 ppm f o r  t h e  t w o  a n i d e  ca rbony ls  o f  

t h e  a n t h r o n y l  s i d e  c h a i n  ( 8 ) .  

The a l k a l o i d  de lsemine  (6) was o b t a i n e d  i n  an amorphous f o r n  [.a131 +33.9 (5, 0.75 EtOH), w i t h  
D 

t h e  f o l l o w i n g  s i g n a l s  i n  t h e  p r o t o n  nmr spectrum: 6 1.07 (3H, 5,  J  = 7.8 Hz, -N-CHZ-C~~J), two over -  

l a p p i n g  d o u b l e t s  ( J  = 6.5 Hz) c e n t e r e d  a t  1 .28 and 1.31 (each 3H, -CH(C%)-), 3.26, 3.35, 3.38 and 

3 . 4 1  (each  3H, 2, -0C13), 5.44 and 5.85 (each  2H, b road  E, -CO-Nh), f o u r  a ro ina t i c  p r o t o n s  of t h e  

a n t h r a n i l i c  a c i d  [moiety a t  7 .10 ( IH,  t, J = 7 .8  H Z ) ,  7.56 ( IH,  5,  J  = 7.3 Hz), 7.97 (IH, 1, J = 7.8 

Hz) and 8.68 ( IH ,  d, J = 8.3 Hz) ,  11.06 and 11.17 (each 1H, b road  2, -NH-CO-). 

The carbon-13 nmr s p e c t r u n  o f  d e l s m i n e  ( 6 )  ( T a b l e  1 )  showed 42 peaks o f  which 32 peaks c o r r e -  

spond w i t h  t h e  b a s i c  s k e l e t o n  of d e l a v a i n e  and s e p t e n t r i o d i n e .  The t w i n  peaks a t  141.8 and 141.6, 

115.1 and 114.9, 42.0 and 39.4, and 1 8 . 1  and 17.8 pprn, a long w i t h  f o u r  d o w n f i e l d  s i g n a l s  fo r  f o u r  

c a r b o n y l  carbons,  i n d i c a t e  t h a t  de lsemine,  as w i t h  de lava ine ,  i s  a m i x t u r e  of two c l o s e l y  r e l a t e d  

bases which d i f f e r  o n l y  i n  t h e  s i d e  c h a i n  of t h e  a n t h r a n i l i c  a c i d  m o i e t y .  The p r o t o n  ninr s p e c t w n  

i s  v e r y  s i m i l a r  t o  t h a t  of d e l a v a i n e  (10) excep t  f o r  t h e  absence o f  t h e  t w i n  s i g n a l s  a t  6 3.68 

and 3 . 7 1  wnich a r e  a t t r i b u t e d  t o  t h e  m e t h y l  groups o f  t h e  c a r b o x p e t h y l  e s t e r  f u n c t i o n s  of t h e  

a n t h r a n o y l  s i d e  cha ins .  I n s t e a d ,  t h e  p r o t o n  n m r  spectruin o f  de lsemine showed two broad s i g n a l s  a t  

6 5.44 and 5.85 t h a t  a r e  exchangeable w i t h  $0 and a r e  a t t r i b u t e d  t o  t h e  p r o t o n s  of two p r i i na ry  

amide g roups  i n  t h e  an th ranoy l  s i d e  cha ins .  As w i t h  de lava ine ,  t h e  presence of t h e  -CH(CH3)- 

g r o u p i n g  i n  t h e  a n t h r a n o y l  s i d e  cha ins  of d e l s m i n e  was i n d i c a t e d  b y  t h e  presence o f  t w o  over lap-  

p i n g  d o u b l e t s  ( J  = 6.5 Hz) c e n t e r e d  a t  6 1 . 3 1  and 1.28 a t t r i b u t e d  t o  two secondary m e t h y l  groups. 

I t  i s  a l s o  i n d i c a t e d  b y  t h e  presence o f  two s e t s  o f  peaks a t  42 .0  and 39.4 and 1 8 . 1  and 17.8 ppm 

f o r  t h e  m e t h i n e  and lne thy l  carbons,  r e s p e c t i v e l y ,  i n  t h e  1% nmr s p e c t w n  o f  de lsemine .  The 1% 

nmr spectrum o f  d e l s e n i n e  ( 6 )  d i d  n o t  show t h e  t w i n  peaks a t  51.9 and 51.7 pprn ( f o r  t h e  methy l  

groups o f  t h e  c a r b o x p e t h y l  f u n c t i o n s  i n  t h e  a n t h r a n o y l  s i d e  c h a i n s )  wh ich  appear i n  t h e  1 3 ~  ninr 

spec t rum o f  d e l a v a i n e .  These f i n d i n g s  s u p p o r t  s t r u c t u r e  6  f o r  t h e  i s o l a t e d  m a t e r i a l .  Con f i r -  

m a t i o n  o f  i d e n t i t y  was p r o v i d e d  b y  s y n t h e s i s  f ro in  m e t h y l l y c a c o n i t i n e  ( 3 )  i n  e t h e r  w i t h  aqueous 

amlnonium h y d r o x i d e  f o l l o w i n g  t h e  p rocedure  developed b y  ~ u z o v k o v . ~ 0  I s o l a t i o n  o f  t h e  p roduc t  on a  

Chro inatot ron a f fo rded  a  p r o d u c t  t h a t  showed p r o t o n  and carbon-13 nmr s p e c t r a ,  t l c  behav io r  and 

s p e c i f i c  r o t a t i o n  i d e n t i c a l  w i t h  those  o f  de lsemine  i s o l a t e d  n a t u r a l l y .  Delsemine ( 6 )  was a l s o  

o b t a i n e d  when m e t h y l l y c a c o n i t i n e  ( 3 )  was s u b j e c t e d  t o  t h e  vapor  o f  anmonium h y d r o x i d e  f o r  a  

p ro longed  t i m e  a t  r o a n  te tnperature.  

As w i t n  d e l a v a i n e  ( l o ) ,  e f f o r t s  t o  r e s o l v e  t h e  two co~nponents o f  de lsemine  ( 6 )  on t l c  

p l a t e s  o f  a lumina  o r  s i l i c a  g e l  u s i n g  a  v a r i e t y  o f  s o l v e n t  s y s t e m  were unsuccess fu l .  The d e l -  



semine ,m ix tu re  was p r e p a r a t i v e l y  separa ted  on an a lumina  r o t o r  (Chromato t ron ) ,  u s i n g  1% MeOH i n  

hexane-ch lo ro fo rm ( 1 : l )  as an e l u e n t .  The f i r s t  e l u t e d  co~npound was de lsemine  8 (68),11 amor- 

phous, [alp +28.2 (CHC13). I n  a d d i t i o n  t o  t h e  d o w n f i e l d  s i g n a l  a t  168.0 ppm, a t t r i b u t e d  t o  t h e  

benzoy l  c a r b o n y l  carbon, t h e  nmr s p e c t r u a  of de lsemine B e x h i b i t e d  two d o w n f i e l d  s i g n a l s  a t  

170.6 and 177.8 ppin due t o  two amide c a r b o n y l  carbons o f  one a n t h r o n y l  s i d e  c h a i n .  

The second e l u t e d  cwnpound was delsemine A (6A) .  amorphous, [a13D0 136.8 (CHCI3). The carbon-13 

nmr s p e c t r u ~ n  showed two d o w n f i e l d  s i g n a l s  a t  173.6 and 174.7 ppm f o r  t h e  two amide c a r b o n y l  carbons 

o f  one a n t h r o n y l  s i d e  c h a i n .  

The t e r m i n a l  a n i d e  and carbomethoxyl  c a r b o n y l  carbons a r e  ass igned t o  t h e  s i g n a l s  a t  174.7 and 

174.1 ppm, r e s p e c t i v e l y ,  i n  de lsemine  A (6A)  and d e l a v a i n e  A ( IOA) ,  p a r a l l e l i n g  t h e  ass ign-  

ment  o f  a s i g n a l  a t  173.3 ppm t o  t h e  t e r m i n a l  ca rbony l  ca rbon  i n  s e p t e n t r i o d i n e  and s e p t e n t r i o n i n e  

( 5 ) .  Oelsemine A, d e l a v a i n e  A, s e p t e n t r i o d i n e ,  and s e p t e n t r i o n i n e  a l l  possess t h e  t e r m i n a l  m o i e t y  

-CH2CO-. I t  f o l l o w s  t h a t  i n  delsemine 8 (68 )  and d e l a v a i n e  8 (108)  t h e  t e r m i n a l  ca rbony l  

carbons must be ass igned t o  t h e  s i g n a l s  a t  177.8 and 175.9 ppm, r e s p e c t i v e l y .  

The a s s i g m e n t  o f  t h e  u p p e r f i e l d  s i g n a l s  a t  35.9 and 36.4 ppm t o  t h e  m e t h i n e  carbons o f  t h e  an- 

t h r o n y l  s i d e  c h a i n  i n  t h e  carbon-13 nmr s p e c t r a  of d e l a v a i n e  8 and delsemine B, r e s p e c t i v e l y ,  was 

deduced f r o n  a s t u d y  o f  a  dep t  ( d i s t o r t i o n l e s s  enhancetnent b y  p o l a r i z a t i o n  t r a n s f e r )  carbon-13 nmr 

exper imen t ,  determined f o r  a  sample o f  de lsemine  8 (68 )  where t h e  m e t h i n e  ca rbon  s i g n a l  ap- 

peared a t  36,7 ppm. I n  t h i s  smnple t h e  tnethy lene ca rbon  of t h e  a n t h r o n y l  s i d e  c h a i n  appeared a t  

41.9 ppn. Consequent ly  t h e  l o w e r  f i e l d  s i g n a l s  a t  41.5 and 42.0 ppm i n  d e l a v a i n e  B and d e l s s n i n e  

8, r e s p e c t i v e l y ,  were ass igned t o  t h e  methy lene  carbons o f  t h e  a n t h r o n y l  s i d e  c h a i n .  I n  t h e  c a r -  

b o n - I 3  n n r  spectrum o f  d e l a v a i n e  A, t h e  m e t h i n e  and lnethy lene carbons of t h e  a n t h r o n y l  s i d e  c h a i n  

resona ted  a t  t h e  same p o s i t i o n :  39 .1  ppm. I n  de lsemine  A, t h e r e  were two s i g n a l s  a t  39.2 and 39.5 

f o r  t h e  m e t h i n e  and inethy lene carbons o f  t h e  a n t h r o n y l  s i d e  c h a i n .  

Tab le  1. Carbon-13 nar  d a t a  o f  De lsen ine  (6, 6A, 68 ) .  Oe lava ine  (10, 10A, 106) and Septen- 

t r i o d i n e  (12 )  
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Table 1 c o n t i n u e d  

Carbon 6 6A 68 10 10A 1OB 12 

Chemical s h i f t s  i n  ppn d o w n f i e l d  f r o m  TMS, de te rm ined  i n  CDC13. 

Values g i v e n  f o r  pr imed carbons r e f e r  t o  chemical  s h i f t s  f o r  me thoxy ls .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  a r e  c o r r e c t e d  and were de te rm ined  on a Thomas-Kof ler  h o t  s t a g e  equipped w i t h  a m i -  

c roscope  and a p o l a r i z e r .  O p t i c a l  r o t a t i o n s  were measured on a Perk in -E lmer  Model 141 p o l a r i m e t e r .  



I n f r a r e d  s p e c t r a  were recorded  on  a  Perk in-Elmer model 1420 spectrophotometer .  1~ nrnr s p e c t r a  were 

recorded  on Var ian  EM-390, and JEOL model FX-90Q spectrometers.  nmr s p e c t r a  were recorded  on 

JEOL FT models FX-60 and FX-900 spec t romete rs .  Mass s p e c t r a  were recorded  on a  Finnegan Quadrupole 

4023 mass spectrometer .  D r o p l e t  c o u n t e r c u r r e n t  chrhnatography was per formed i n  an assending mode 

on  a  Buchi-67 DCC chromagograph. For  chrofnatographic s e p a r a t i o n s  on a  ~ h r o i n a t o t r o n , ~  r o t o r s  were 

coa ted  w i t h  1 mm t h i c k  l a y e r  of e i t h e r  a l u ~ n i n a  (A1203 60 GF254 n e u t r a l ,  t y p e  E, EM reagen ts ,  A r t .  

No. 1092) o r  s i l i c a  g e l  ( s i l i c a  ge l  60 PF254 f o r  p r e p a r a t i v e - l a y e r  chromatography c o n t a i n i n g  gyp- 

sum, W t .  No. 7149). 

E x t r a c t i o n  and s e p a r a t i o n  - Powdered r o o t s  o f  D. detavayi (14.65 kg)  were e x t r a c t e d  w i t h  

90% e thano l .  The s o l v e n t  was evaporated in vacuo t o  g i v e  1.36 kg o f  e x t r a c t .  P a r t  of t h e  

e x t r a c t  (700.5 g)  was d i s s o l v e d  i n  1.4 1  o f  CHCI3 and t h e n  e x t r a c t e d  w i t h  2% aqueous s u l f u r i c  a c i d  

( 5  x 400 m l ) .  The a c i d i c  l a y e r  was b a s i f i e d  t o  pH 8  w i t h  s o l i d  sod iu~n  b i c a r b o n a t e  and e x t r a c t e d  

w i t h  CHC13 ( 9  x 300 m l )  t o  a f f o r d  a  c rude  a l k a l o i d  f r a c t i o n  ( E l .  55.66 g ) .  The aqueous l a y e r  was 

made a l k a l i n e  t o  pH 12  w i t h  20% aqueous sodium hydrox ide  s o l u t i o n ,  and then e x t r a c t e d  w i t h  CHCI3 ( 5  

x  300 m l )  t o  g i v e  a  c rude  a l k a l o i d  f r a c t i o n  (E2, 2.89 g ) .  Another p a r t  o f  t h e  e x t r a c t  (25  g )  was 

chroinatographed on a colutnn o f  Dowex 50W-X8 c a t i o n  exchange r e s i n  t o  g i v e  575 mg o f  a  t o t a l  c rude  

a l k a l o i d a l  r e s i d u e .  I t  was d i s s o l v e d  i n  3  in1 CilC13 and f i l t e r e d  t o  g i v e  a CHC13-soluble f r a c t i o n  

(E3, 250 mg) and a  C H C l j - i n s o l u b l e  f r a c t i o n  (Eq, 325 mg). 

isolation of thetiSJt7ne ( 7 ) .  h e t i s i n e  ( 8 ) .  and a j s o n i n e  ( 9 )  - F r a c t i o n  E2 (2.27 g)  

was chromatographed on t h e  D r o p l e t  Coun te rcur ren t  Chromatograph (DCCC) i n  an ascending mode u s i n g  a  

n i x t u r e  o f  toluene-CHCl3-MeOH-water (2:5:5:2) .  The lower  o r g a n i c  l a y e r  was used as t h e  !nob i le  

phase and t h e  upper aqueous l a y e r  was used as t h e  s t a t i o n a r y  phase. F r a c t i o n s  o f  12 ml each were 

c o l l e c t e d  a t  a  f l o w  r a t e  of 12 m l l h .  F r a c t i o n s  26-35 (226 mg) i n  1.5 ml  CHC13 was t r e a t e d  w i t h  ex- 

cess e t h e r  when a  heavy p r e c i p i t a t e  was fanned. The l a t t e r  #as c o l l e c t e d  (40  my) and t h e  f i l t r a t e  

gave a f t e r  evapora t ing  t h e  s o l v e n t  186 mg o f  y e l l o w ,  o i l y  r e s i d u e  t h a t  was s u b j e c t e d  t o  p r e p a r a t i v e  

t l c ,  u s i n g  3, 20 x 20 cm 1 mm t h i c k  b a s i c  a lumina p l a t e s .  The main band was e x t r a c t e d  w i t h  10% 

methanol i n  ch lo ro fo rm t o  a f f o r d  40 mg o f  a  y e l l o w i s h  w h i t e  s o l i d  r e s i d u e .  C r y s t a l l i z a t i o n  f r o a  

acetone gave 28 mg o f  c o l o r l e s s  needles of h e t i s i l l o n e  (7), rnp 268-270'C; [a]ZD5 +40.0' ( c ,  0.9, 

CHC13); MS: m/z (327, M', 45%);  mmp was undepressed, and t h e  i r ,  IH and I 3 C  nmr s p e c t r a  were iden-  

t i c a l  w i t h  those  of an a u t h e n t i c  s a m p ~ e . ~ ~ , ~ ~  The methanol wash f rom t h e  DCCC exper iment  was chro-  

matographed b y  vacuum l i q u i d  charo~natoyraphy ( v l c I 3  u s i n g  a  column o f  b a s i c  a lumina ( 4 0  g ) .  E lu-  

t i o n  was s t a r t e d  w i t h  c h i o r o f o m ,  then  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  of methanol ( I - 5 0 % ) .  Frac- 

t i o n s  1-5 (310  mg) were rechrolnatographed on a  Chroinatotron u s i n g  a  1 mm t h i c k  a lumina r o t o r .  

E l u t i o n  was c a r r i e d  o u t  as ment ioned e a r l i e r .  F r a c t i o n s  4-5 (108 mg) were rechrolnatographed on a  

Chroinatot ron u s i n g  a  1 mm t h i c k  a lumina r o t o r .  E l u t i o n  was s t a r t e d  w i t h  ch lo ro fo rm,  then  w i t h  

i n c r e a s i n g  c o n c e n t r a t i o n s  of methanol (2-60%).  F r a c t i o n s  3-6 (75 rng) were rechromatographed on a  

Chro~na to t ron  u s i n g  t h e  same alumina r o t o r  used above and e l u t i o n  was s t a r t e d  w i t h  ch lo ro fo rm,  then  

w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  methanol (4.30%). F r a c t i o n s  3-5 (58  mg) c r y s t a l l i z e d  fro:n ace- 

t o n e  t o  g i v e  40 mg of a jacon ine  ( 9 ) ;  mp 170-172'C; [ a ] :  -135.0' (c ,  0.8, EtOH); MS: m l r  359 

(Mi, 10%); mmp was undepressed; i r ,  IH and nmr s p e c t r a  were i d e n t i c a l  w i t h  those  of an authen- 

t i c  s a ~ n p l e . ~ ~ , ~ ~  F r a c t i o n s  8-10 (64  sg)  c r y s t a l l i z e d  f rom acetone t o  g i v e  47 mg of h e t i s i n e  

(8) as f i n e  needles; mp 254-256'C; [a127 +10.0" ( c ,  0.4, CHC13); MS: mlz 329 (Mt, 50%), mmp was D 
undepressed. T l c  behav io r  and ir, IH and 1% nrnr s p e c t r a  were i d e n t i c a l  w i t h  those  o f  an a u t h e n t i c  

sample.lZ 
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I s o l a t i o n  o f  d e l t a l i n e  1 a n t h r a n o y l j y c a c o n i t i n e  ( 4 ) .  d e l a v a i n e  d e l t a m i n e  

( Z ) ,  m e t h y l l y c a c o n i t i n e  ( 3 ) .  l y c o c t o n i ~  ( 5 )  and d e l s e m i n e  ( 6 )  - F r a c t i o n  E3 

(250  mg) was chro~natographed on a chromatotron4 u s i n g  a 1 mm t h i c k  a l u ~ n i n a  r o t o r .  E l u t i o n  was car-  
r i e d  o u t  as i n  t h e  f o l l o w i n g  sequence: ether-hexane (1 :1 ) ,  50 ml; e t h e r ,  100 ml; e ther-CHCl j  (4:1) ,  

50 ml ;  ether-CHC13 (3:2) ,  50 ml ;  ether-CHC13 (1 :1 ) ,  50 ml; then  w i t h  i n c r e a s i n g  concen t ra t ions  o f  

!methanol (1-30%) i n  ether-CHC13 ( 1 : 1 ) ,  30% MeOH i n  CHC13, 50 ml, and f i n a l l y  r i t h  50% MeOH i n  chlo-  

roform, 50 ml .  

I s o l a t i o n  of d e l t a l i n d )  - F r a c t i o n  3 (30  mg) c r y s t a l l i z e d  f r o r  e t h e r  t o  g i v e  24 rig of - 
d e l t a l i n e  ( l ) ,  mp 189-191'C; [ a 1 9  +31.4' (c ,  1.1, MeOH); mop undepressed; t l c ,  i r ,  1~ and 1 3 ~  
nmr s p e c t r a  were i d e n t i c a l  w i t h  those  of an a u t h e n t i c  sanple. l6,17 Another p r e p a r a t i o n  of t h i s  
i s o l a t e  showed MS: 1n1z 507 (M+, 1 % ) .  

I s o l a t i o n  o f  a n t h r a n a v l l y c o c t o n i n e  ( 4 )  - -. F r a c t i o n  7 ( 7  mg) occur red  as an amorphous product ,  
homogeneous b y  t l c  and IH nmr; [ a 1 2  +48.8' ( c ,  0.9, EtOH); 1~ and nmr were i d e n t i c a l  w i t h  

those  o f  an a u t h e n t i c  s a n ~ l e . ~ , ~ ~  Another p r e p a r a t i o n  o f  t h i s  i s o l a t e  showed MS: mlz 586 (Mt, 

7 % ) .  

I s o l a t i o n  of d e l a v a i n e  ( 1 0 )  - F r a c t i o n  4-6 (50  mg) was rechroinatographed on a Chromatotron. 

A 1 m t h i c k  aluinina r o t o r  was used and e l u t i o n  was performed as i n  t h e  f o l l o w i n g  sequence: ether ,  

50 ml ;  e ther-CHCl j  4 1 ,  50 ml ;  ether-CHC13 1 : l  50 ml; ether-CHC13-MeOH l : l : % ,  50 ml and 

etner-CHC13-MeOH (1:1:2%),  50 ml .  F r a c t i o n  2 gave 31 mg of d e l a v a i n e  as an anorphous product ;  

[a]$,' t36.2' (c ,  1.7, CHC13); MS: m/z 714 (Mi, E l )  and 715 [(M+H)+, CI],  E l :  683(100%), 682(12%), 

651(28%), 248(10%) 216(98%), 188(54.5%), 146(45%),  129(87%), 120(33%), 115(27%),  101(37%), 85(12%), 

75(22.5%), 71(30%), 69(7?.8%) and 59(70%);  i r  ( n u j o l )  3460, 3310, 1735, 1690, 1605, 1590 and 1257 

cm-l; nmr (Tab le  1 ) .  

I s o l a t i o n  o f  d e l t a n i n e  (2) - -- F r a c t i o n  8-9 (15 mg) was c r y s t a l l i z e d  fr0.n e t h e r  t o  g i v e  13 mg 
o f  d e l t a n i n e  (21, mp 232-234'C; mmp was undepressed; t l c ,  ir 1H and 1% nmr s p e c t r a  were iden- 

t i c a l  w i t h  those  of an a u t h e n t i c  s a ~ n p l e . ~ ~ , ~ ~  Another p r e p a r a t i o n  o f  t h i s  i s o l a t e  showed [ a19  - 
2 0 . 7 ~  ( c ,  0.8, EtOH); MS: m l z  465. 

I s o l a t i o n  Of m e t h y l l y c a c o n i t i n e  ( 3 )  - F r a c t i o n s  11-12 ( 9  mg) gave m e t h y l l y c a c o n i t i n e  as a -- - 
nolnogeneous a~norphous product ;  [aIzD3 +41.4' ( c ,  0.9, EtOH); MS: m/z 667 (fl+, -CH3, 1%);  t l c ,  IH and 

1% nmr s p e c t r a  were i d e n t i c a l  w i t h  those  o f  an a u t h e l t i c  sarnp1e.8.16 

I s o l a t i o n  o f  l y c o c t o n i n e  (5 )  - F r a c t i o n s  15-17 (33  mg) were c r y s t a l l i z e d  f ro in acetone t o  

a f f o r d  29 mg of l y c o c t o n i n e  ( 5 ) ;  mp 96-98'C; [a Iz9  151.2' (c ,  0.8, EtOH); MS: mlz 467 (M+, 3%). 
D 

TIC, ir, IH and 1 3 ~  nJnr s p e c t r a  were i d e n t i c a l  w i t h  those o f  an a u t h e n t i c  sample.8,20.21 

I s o l a t i o n  o f  delsemine ( 6 )  - F r a c t i o n s  19-20 (35 mg) were coinbined and chronatographed on 

a Chro~na to t ron  u s i n g  a 1 mn t h i c k  s i l i c a  ge l  r o t o r .  E l u t i o n  was s t a r t e d  w i t h  ch lo ro fo rm,  then i n -  

: reasing c o n c e n t r a t i o n s  o f  methanol (2-20%) were used. F r a c t i o n  5 (22 mg) gave delsetn ine as an 

a~norphous p roduc t .  F r a c t i o n  Eq (325 mg) was chrornatographed on a Chroinatot ron u s i n g  a 1 ,run t h i c k  

a l u ~ n i n a  r o t o r ,  and e l u t i o n  was performed as i n  t h e  f o l l o w i n g  sequence: e h t e r ,  ether-CHC13 (1:1), 

CHC13, then  i n c r e a s i n g  c o n c e n t r a t i o n s  of [methanol i n  ch loroform. F r a c t i o n s  8-10 (44  mg) were r e -  



chromatographed on a  Chromatotron u s i n g  a  I m t h i c k  s i l i c a  ge l  r o t o r .  E l u t i o n  was c a r r i e d  o u t  

u s i n g  ch lo ro fo rm and then  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  methanol (2.20%). F r a c t i o n s  5-6 ( 4 0  mg) 

gave delsemine as an amorphous p r o d u c t .  [a ]?  +33.9' ( c ,  0.75, EtOH), MS: m l z  699 (MC), ir ( n u j o l )  

3440, 3320, 1680, 1605, 1590 and 1255 cm-1; nmr was i d e n t i c a l  w i t h  t h a t  o f  a  s y n t h e t i c  sample 

(see be low) .  

P r e p a r a t i o n  o f  d e l a v a i n e  ( 1 0 )  and methyl  e s t e r  ( 1 3 )  f rom t h e  r e a c t i o n  o f  m e t h y l l y c a c o n i t i n e  

(3) w i t h  sodium b i c a r b o n a t e  i n  methanol - M e t h y l l y c a c o n i t i n e  (3, 75 mg) i n  2  ml o f  meth- 

anol  was t r e a t e d  w i t h  sodium b i c a r b o n a t e  (20  mg). The m i x t u r e  was k e p t  a t  room tempera tu re  w i t h  

occas iona l  shaking f o r  20 h  and then  was f i l t e r e d  th rough  a  c o t t o n  p l u g  and a p p l i e d  t o  a  Chromato- 

t r o n .  A 1 mn t h i c k  a lumina  r o t o r  was used and e l u t i o n  was c a r r i e d  o u t  as i n  t h e  f o l l o w i n g  se- 

quence: CHC13-Ether (1 :1 ) ,  50 ml ;  CHC13, 50 ml ;  and CHC13-ether-MeOH ( l : l : Z % ) ,  50 m l .  F r a c t i o n  1 

( 6 0  mg) was rechromatographed on  t h e  same alumina r o t o r  and e l u t e d  w i t h  CHC13-EtOAc ( 4 : l ) .  Frac-  

t i o n  1 gave 20 mg o f  methy l  e s t e r  13  as an o i l ,  MS: m l z  279 (Mi, 14%); ir ( n u j o l )  1745, 1692, 

1605, 1590 and 1260 cm-l;  [o]Zd3 -10.6 (c ,  0.6, CHCI3); IH nmr (CDC13): 6 11.10, 11.22 (-NH), - 8.69 

( l H ,  d, J = 8 .3  Hz), 8 .02 ( lH ,  d, J = 8 .3  Hz), 7.53 (1H, t, J = 6.8 Hz), 7.06 ( lH,  t, J = 6 .8  Hz), 

3.93 (3H, s, COOCl3), 3.71 and 3.68 ppm (COOCl3, two i somers ) ;  nmr (CDC13): 6 17.1, 17.9, 35.9, 

37.7, 39.1, 41.5, 51.7, 51.9, 52.3, 114.5, 114.6, 130.8, 134.6, 141.6, 141.8, 168.0, 170.0, 172.5, 

174.1, and 176.0 ppm. F r a c t i o n s  2-3 gave 35 mg o f  d e l a v a i n e  (10) .  as an amorphous p roduc t :  

[a]: t37 .2 '  (c ,  1.6, CHC13). HRMS, mlz:  683.354358. M+-0CH3 r e q u i r e s :  683.35436. Ir ( n u j o l )  

3460, 3310, 1735, 1690, 1605, 1590 and 1257 cm-l; nmr was i d e n t i c a l  w i t h  t h a t  of n a t u r a l  de la -  

va ine  (see  above). 

P r e p a r a t i o n  o f  d e l a v a i n e  ( 1 0 )  b y  r e f l u x i n g  m e t h y l l y c a c o n i t i n e  ( 3 )  i n  methanol - Methy l -  

l y c a c o n i t i n e  (3, 20 mg) i n  methanol (20  m l )  was heated under r e f l u x  f o r  4  days.  The s o l v e n t  

was evaporated under reduced p ressure  t o  g i v e  21  mg o f  a  y e l l o w  gummy r e s i d u e .  I t  was chromato- 

graphed on t h e  Chromatotron u s i n g  a 1 mm t h i c k  a lumina r o t o r  and e l u t e d  w i t h  ch lo ro fo rm-e thy lace-  

t a t e  (4:1,  100 m l ) .  F r a c t i o n  1 gave 4  mg O f  13  ( t l c  and 1~ nmr spectrum). F r a c t i o n  2  a f f o r d e d  

8  mg of a  homogeneous amorphous p roduc t  ( 1 0 ) .  F r a c t i o n  3  ( 6  mg) was rechrwnatographed as above 

t o  g i v e  2  mg of 10. The f r a c t i o n s  were combined. T l c  behav io r  and 1~ and 1% nmr s p e c t r a  were 

i d e n t i c a l  w i t h  those  o f  a u t h e n t i c  d e l a v a i n e  (10) .  

P r e p a r a t i o n  and S e p a r a t i o n  o f  d e l a v a i n e  A  (10A) and 8 (10B):  - A s o l u t i o n  o f  methy l l ycaco-  

n i t i n e  (3, 58 mg) i n  methanol (50  m l )  was t r e a t e d  w i t h  sodium a c e t a t e  (30  mg) and t h e  r e a c t i o n  

m i x t u r e  was heated under r e f l u x  f o r  fou r  days. The s o l v e n t  was evaporated under reduced p ressure  

and t h e  r e s i d u e  was e x t r a c t e d  w i t h  3  x  50 ml of ch loroform. The s o l v e n t  was d r i e d  over  anhydrous 

sodium s u l f a t e  and was evaporated under reduced p ressure  t o  g i v e  55 mg o f  r e s i d u e .  The l a t t e r  was 

chromatographed on  a  Chromatotron u s i n g  a  2  mm t h i c k  a l u n i n a  r o t o r  and e l u t e d  w i t h  hexane-chloro-  

fo rm ( 2 : l ) .  F r a c t i o n s  2-3 gave 16  mg o f  d e l a v a i n e  A ( lOA),  as an amorphous p r o d u c t :  [alZD9 

139.4 (c ,  0.8, CHC13); 1~ nmr (CDCl3): 6 1.07 (3H, t, J = 7.0 Hz, -NCH2Cz3), 1.28 (3H, 2, J = 7.0 

Hz, -CH(Ci3)-),  3.27, 3.35, 3.40 and 3.42 (each 3H, 2, 0C13), 3.68 (3H, - s, -COOCH3), fou r  aro lnat ic  

p r o t o n s  7.10 ( l H ,  - t, J = 7.3 Hz), 7.56 ( l H ,  t, J = 7.3 Hz), 7.97 ( lH ,  d, J = 7.8 Hz), 8.72 ( IH,  2, 
J = 8.3 Hz) and 11.17 ( lH,  b road  i, -NH-CO-); nmr ( t a b l e  1 ) .  

F r a c t i o n s  11-14 gave 16 mg of d e l a v a i n e  B  ( lOE),  as an amorphous s o l i d ,  [alZD9 t31.7' ( c ,  0.8, 

CHC13); 1~ nmr (COC13): 6 1.07 (3H, t, J = 7.0 Nr, -NCH2Cli3), 1.3 (3H, d, J = 7.0 Hz, -CH(C13)-), 
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3.27, 3.35, 3.40 and 3.42 (each 3H, 2, -OCIi3), 3 .71 (3H, 2, -COOCH3), fou r  a romat i c  p ro tons  7.10 

(1H. I, J = 7.3 Hz), 7.56 (1H, 5,  J = 7.3 Hz), 7.97 ( lH ,  d, J = 7.8 Hz), 8.72 ( IH,  - d, J = 8.8 Hz)  
and 11.05 ( lH,  broad 2, -NH-CO-); nmr (Tab le  1 ) .  

F r a c t i o n s  4-10 gave 17 mg o f  amorphous m i x t u r e  o f  d e l a v a i n e  A  and de lava ine  B ( I H  and 1% nmr) 

P r e p a r a t i o n  of ( 1 1 )  b y  t r e a t m e n t  of m e t h y l l y c a c o n i t i n e  ( 3 )  w i t h  sodium ace ta te  i n  ethanol- 

M e t h y l l y c a c o n i t i n e  (3, 10 mg) i n  e thano l  (10 m l )  was t r e a t e d  w i t h  sodium ace ta te  (10  mg). The 

m i x t u r e  was k e p t  a t  room tetnperature w i t h  occas iona l  shaking f o r  2  weeks. The m i x t u r e  was f i l t e r e d  

t h r o u g h  a  c o t t o n  p l u g  and t h e  s o l v e n t  was removed under reduced pressure.  The r e s i d u e  was chro- 

matographed on a  p t l c  p l a t e  o f  n e u t r a l  a lumina ( p t l c ) ,  u s i n g  acetone-chloroform (1:O as an e luen t .  

The ma jo r  zone was e x t r a c t e d  IH nmr: 6 1.02 (3H, I, J = 7.5 Hz, -NCHzCH3), two o v e r l a p p i n g  doub le ts  

a t  1.31 and 1.28 (each 3H, J = 6.5 Hz), fou r  aromat ic  p r o t o n s  a t  7.14 ( lH,  t, J = 7.8 Hz), 7.69 

( l H ,  t, J = 7.3 Hz), 8.02 ( I H ,  2, J = 7.3 Hz) and 8.75 ( lH ,  d, J = 7.8 Hz) and 11.1 and 11.2 

(each IH, broad 2, -N$O-). On another  sample, HUMS, m/z: 728.39758. C3gH56N2011 r e q u i r e s  

728.39748. 

P r e p a r a t i o n  of delsemine ( 6 )  from t h e  r e a c t i o n  of m e t h y l l y c a c o n i t i n e  ( 3 )  w i t h  aqueous ammo- 

n ium hydrox ide  - M e t h y l l y c a c o n i t i n e  (3, 95 mg) i n  e t h e r  ( 4 0  m l )  was t r e a t e d  w i t h  aqueous 

ammonium h y d r o x i d e  ( 1  ml ,  10%) and t h e  r e a c t i o n  m i x t u r e  was k e p t  a t  room temperature w i t h  con t inu -  

ous s t i r r i n g  f o r  89 h. The s o l v e n t  was evaporated under reduced p ressure  t o  g i v e  1 ml o f  aqueous 

suspension t h a t  was e x t r a c t e d  w i t h  c h l o r o f o r m  ( th ree-10  ml p o r t i o n s ) .  The r e s i d u e  a f t e r  evaporat- 

i n g  t h e  s o l v e n t  was chroinatographed on a  Chromatotron u s i n g  a  1 m t h i c k  a lumina r o t o r .  E l u t i o n  

was performed as i n  t h e  fo low ing  sequence: ether-CHCl j  ( I : ] ) ,  50 ml  t h e n  ether-CHC13-MeOH (20:20: 

51, 45 ml .  F r a c t i o n  4  gave 63 mg of delsemine ( y i e l d  66%) as a  homogeneous amorphous product; 

1.18 133.5. ( c ,  3.0, CHC13); MS: m/z 699 ( M + ) ;  i r  ( n u j o l )  3440, 3320, 1680, 1605, 1590 and 1255 

cm-I; nmr (Tab le  1 ) .  

P r e p a r a t i o n  o f  de l  semine ( 6 )  b y  t rea tment  of m e t h y l l y c a c o n i t i n e  w i t h  ammonia vapor - Methyl- 

l y c a c o n i t i n e  (3,  9  mg) i n  ch lo ro fo rm ( 1 0  m l )  was k e p t  i n  a  d e s i c c a t o r  c o n t a i n i n g  20 ml o f  conc. 

ammonium hydrox ide .  A f t e r  2  weeks, t h e  s o l v e n t  was removed under reduced p ressure  and t h e  r e s i d u e  

was chromatographed on a  p t l c  p l a t e  of a lumina u s i n g  4% MeOH i n  acetone-chloroform ( > : I ) ,  as an 

e l u e n t .  The ma jo r  zone was c u t  and e x t r a c t e d  t o  g i v e  4  mg o f  amorphous product ,  i d e n t i c a l  ( 1 ~  

p r o t o n  nmr and t l c )  w i t h  delsemine ( 6 )  prepared as i n  A .  

Treatment  o f  m e t h y l l y c a c o n i t i n e  w i t h  ammonium hydrox ide  i n  methanol: - M e t h y l l y c a c o n i t i n e  (3, 

6 0  mg) i n  methanol ( 1 0  m l )  was t r e a t e d  w i t h  aqueous amnonium h y d r o x i d e  (10  ml ,  5%) and t h e  r e a c t i o n  

m i x t u r e  was k e p t  a t  room tempera tu re  w i t h  con t inuous  s t i r r i n g  f o r  5  h .  The s o l v e n t  was evaporated 

under reduced p ressure  t o  g i v e  1 ml of aqueous suspension t h a t  was e x t r a c t e d  w i t h  c h l o r o f o r m  ( t h r e e  

- 15 ml p o r t i o n s ) .  The r e s i d u e  a f t e r  evapora t ing  t h e  s o l v e n t  was chromatographed on t h r e e  p l a t e s  

o f  n e u t r a l  a lumina ( p t l c ) ,  u s i n g  MeOH-EtOAc-CHC13 (1 :1 :8 )  as e l u e n t .  The m a j o r  zone was c u t  and 

e x t r a c t e d  t o  g i v e  45 mg o f  l y c o c t o n i n e  ( c h a r a c t e r i z e d  b y  t l c  and IH and 1% nmr). 

P r e p a r a t i o n  and Separa t ion  of delsemine A  (6A) and delsemine B ( 6 8 ) :  - M e t h y l l y c a c o n i t i n e  

( 9 8  mg) was d i s s o l v e d  i n  e t h e r  ( 8 0  m l ) .  Pmmonium h y d r o x i d e  ( 2  m l )  was added and t h e  r e a c t i o n  mix- 

t u r e  was k e p t  a t  room tempera tu re  w i t h  con t inuous  s t i r r i n g  f o r  92 hours.  The s o l v e n t  was evapo- 



r a t e d  under reduced p ressure  and t h e  r e s i d u e  was chromatographed on a  Chromatotron, u s i n g  a  1 mm 

t h i c k  a lumina r o t o r .  E l u t i o n  was per formed u s i n g  1% MeOH i n  hexane-chloroform ( 1 : l ) .  F r a c t i o n s  

10-13 gave 15 mg o f  delsemine B  (6B),  as an amorphous s o l i d ,  [o]g +28.2' ( c ,  0.6, CHC13); IH 

nmr (COC13): 6 1.07 (3H, t, J  = 7.0 Hz, -NCH$H3), 1.26 (3H, A, J  = 7.0 Hz, -CH(C l j ) -1 ,  3.26, 3.34, 

3.38 and 3.41 (each 3H, 2, -OCli3), f o u r  a romat i c  p ro tons  7.10 ( IH ,  t, J  = 7.8 Hz), 7.56 ( lH ,  I, J  = 

7.3 Hz) ,  7.97 ( IH,  4, J = 7.8 Hz), 8.68 ( I H ,  4, J  = 8.3 Hz) and 11.07 ( l H ,  broad r, -NH-CO-); 

nmr ( T a b l e  1 ) .  On ano ther  sample, HUMS, m lz :  651.35127. ( t i - H 2 0 )  r e q u i r e s  651.35133. 

F r a c t i o n s  19-20 gave 15 mg o f  delsemine A  (6A), as an amorphous s o l i d ,  [ o ] 3  +36.8' ( c ,  0.7, 

CHC13); H  nmr (COCl3): 6 1.07 (3H, t, J  = 7.0 Hz), -NCH2Cl3), 1 .30 (3H, d, J  = 7.0 Hz, -CH(C!j)-), 

3.76, 3.34, 3.38 and 3 .41  (each  3H, 2, OCl3), f o u r  a romat i c  p r o t o n s  7.10 ( lH ,  2, J  = 7.8 Hz), 7.56 

( IH ,  1, J  = 7.3 Hz), 7.97 ( l H ,  - d, J = 7.8 Hz), 8.68 ( lH ,  d, J  = 8.3 Hz) and 11.17 ( IH ,  broad?,  - 
NHCO-); - 1 3 ~  nmr ( T a b l e  1 ) .  On another  sample, MS. mlz:  699 (M+), 681 (M+-H20), 668 (M+-0CH3), 651 

(M+-ocH~-OH).  

F r a c t i o n s  14-18 gave 30 mg o f  amorphous s o l i d  of a  m i x t u r e  o f  delsemine A  and delsemine B  ( I H  and 

1% nmr) .  
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l o c a t e  any exper imenta l  documentat ion f o r  t h e  statements6 "We t r e a t e d  p u r e  m e t h y l l y c a c o n i t i n e  
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' d e l s e m i n e '  w i t h  A l k a l o i d  B i s  e s t a b l i s h e d . "  Subsequent exper i inents show t h a t  t r e a t i n g  
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