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Introduction 

ANCISTROCLADUS, the only genus of the plant family Ancistro- 

cladaceae comprising nearly twenty species, i s  distr ibuted i n  

tropical  Asia, the Malay Archipelago and West ~ f r i c a . '  Of these, 

nearly ten species occur i n  Asia. The only species tha t  grows i n  

India, which was the f i r s t  to  be studied i n  de t a i l  i n  our labora- 

tor ies ,  i s  Ancistrocladus heyneanus Wall., a woody climber. I n  

1970 t h i s  plant was investigated by us which led to the discovery 

of ancistrocladine, a new type of isoquinoline alkaloid. In  l a t e r  

years more compounds related to ancistrocladine were isolated by 

US and a l so  by French workers. 

Ancistrocladine from Ancistrocladus hevneanus Wall. - absolute 

stereochemistrv 

Ancistrocladine, C25H290kN, m.p. 267-267', - 32.4' 
(pyridine) i s  a cryptophenolic secondary base incorporating 
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three methoxyls, one aromatic methyl and two secondary methyl 

groups and was isolated in nearly 1s yield from the roots of 

Ancistrocladus heyneanus. The uv spectrum, Am, 230, 290, 305, 

320 and 335 nm, log E (4.79, 4.00, 4.04. 3.95 and 3.87) denoted 

a highly aromatic system and had a close resemblance to the uv 

spectrum of 1.8-dimethoxy-3-methylnaphthalene. The ir spectrum 

showed absorptions at 3440 and 3330 cm-I due to the -OH and NH 

functions. Mild pemanganate oxidation of the hydrochloride 

salt of the alkaloid generated an acid whose methyl ester was 

s h o ~ n ~ ' ~  to be methyl 4,5-dimethoxy-2-methyl-1-naphthoate (1). 

This readily accounted for nearly half the number of carbon atoms 

and also two methoxyl and one aromatic methyl groups present in 

the molecule. 
Me0 One WMe 

COOMe 

1 - 
The main line of the extensive degradative work involving 

Hofmann degradation experiments on 0.N-dimethylancistrocladine 

( 2 )  is presented in Scheme 1. The spectroscopic studies of the 

derived methines obtained in the degradative work unambiguously 

showed the presence of a I,?-dimethyltetrahydroisoquinoline ring 

linked at C-5 to the naphthalene ring in ancistrocladine. On 

submitting 0,N-dimethylancistrocladine (2)  to the Hofmann 
degradation, the methine 2 was formed which showed ir bands at 



975 and 1680 cm-' character is t ic  of a propenyl group. The nmr 

spectrum of 2 confirmed the presence of t h i s  grouping and also an 

a-dimethylaminoethyl s ide  chain. On hydrogenation the  methine 2 
gave a dihydro derivative 4 i n  which the propenyl group was 

reduced. I n  the nmr spectrum of 5 a t r i p l e t  a t  6 0.53 (J = 7 Hz;) 

for  the methyl group of n-propyl chain was observed. The 

abnormal shielding of the methyl gcoup i n  4 had necessitated the  

placement of the naphthalene r ing a t  C-5 i n  ancistrocladine, 

thereby bringing the methyl group of the n-propyl chain i n  4 

Scheme 1 

M d  OMe 

Me Hofmann - 
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Ancistrocladine - 2 

MeO OMe M d  OMe 
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MeO Me0 OMe 

3 - 
Hofmann 

Me 

OH 

Me0 

Me0 OMe MeO OMe 

Me Me 

7 - 8 - 
within  the  sh ie ld ing  zone of t h e  naphthalene r ing.  A fu r the r  

Hofmann sequence on the  methine 2 l e d  t o  an o p t i c a l l y  ac t ive  

nitrogen-free bismethine 2 which had a vinyl  group besides the  

propenyl chain. A small amount of the  hydroxy compound 6 was 

formed a s  a r e s u l t  of the replacement of the  dimethylamino group 

i n  2 by a hydroxyl group. Also,this gave 5 on dehydration. 

Ozonolysis of 6 ,  accompanied by oxidation and ac id  treatment of 

the  derived product gave a lactone 5. This exhibited an in tense  



band i n  the  in f ra red  a t  1765 cm" ind ica t ing  t h a t  it was 5-memb- 

ered. The formation of t h i s  lac tone  would be expected only when 

the  PrOPenYl and t h e  a-hydroxyethyl s i d e  chains i n  6 a re  & 
t o  each o ther  and hence f i rmly  proved tBe presence of a 1 , s  

dimethyltetrahydroisoquinoline r i n g  i n  ancistrocladine.  

A phenolic hydroxyl group a t  C-4' o r  C-5' posi t ion  i n  t h e  

naphthalene moiety of ancis t roc ladine  would be ant ic ipa ted  t o  

appear downfield i n  t h e  nmr spectrum (NS 9.2-9.5) s ince  t h i s  

would be hydrogen bonded with t h e  peri-0Me group. I n  a l l  the  

der iva t ives  of ancis t roc ladine  i n  which the  hydroxyl group was 

f r ee ,  t he  OH group appeared as s i n g l e t  i n  the  nmr spectrum 

between S 4.9 and 5.3 suggesting t h a t  tfle tetrahydroisoquinoline 

r i n g  should bear the  phenolic hydroxyl group. The s ign i f i can t  

sh ie ld ing  of the  methoxyl and a c e t a t e  groups (8 3.57 and 1.72, 

respect ive ly)  i n  the  methyl e ther  and the  0,N-diacetate of the  

base c l e a r l y  favoured the  placement of the  phenolic hydroxyl 

group at C-6. 

A fu r the r  degradative sequence depicted i n  Scheme 2 

involving a Claisen rearrangement of the  a l l y 1  e the r  eventual ly 

r e su l t ed  i n  the  formation of the  benzofuran 2. This enabled t h e  

assignment of the  t h i r d  methoxyl group a t  C-8 i n  ancistrocladine.  

T h i s  was a l s o  considered as the  most l o g i c a l  pos i t ion  from the  

biogenetic viewpoint. 

4 I n  a l a t e r  paper f u r t h e r  evidence, conclusively proving 

t h e  e a r l i e r  f indings,  was presented. This involved Hofmann 

degradation study on N-methyl-0-beneylancistrocladine and 
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Scheme 2 
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Ancistrocladine 
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comparison of the nmr spectra of the derived methines with those 

derived from N-metbyl-6-benzylo~-7-methoxg-i,3-dimethyl-1,2,3,4- 

The relative stereochemistrv of the methvl substituents at 



5 C-1 and C-3 i n  ancis t roc ladine  was shown to be trans by compari- 

son of the  100 MHz nmr spectrum of 0-methylancistrocladine with 

model eqmpounds which a l so  involved some spin-decoupling 

experiments. I n  connection with t h i s  work, i t  was observed t h a t  

the  ax ia l  hydrogen a t  C-I would be i d e a l l y  placed f o r  homoallylic 

coupling with the  a x i a l  proton a t  C-4 on the  tetrahydro- 

isoquinoline r ing.  After conclusion of our exhaustive study, 

the gross s t ruc tu re  a s  well a s  the r e l a t i v e  pos i t ion  of the  

methyl subs t i tuen t s  a t  C-2' and C-3, shown t o  be on the same 

s ide  of the general plane o f  the i soquinol ine  r ing ,  were 

5 es tabl i shed by Dr.  Kartha by an X-ray study of the hydrobromide 

salt o f  ancistrocladine.  Application of the exci ton  c h i r a l i t y  
6 method l e d  to the der iva t ion  o f  the absolute configurat ion of 

ancis t roc ladine  i n  respect  of the disymmetry a r i s ing  from the  

r e s t r i c t e d  r o t a t i o n  around the  C(5)-C(1') bond. I n  the uv spectrum 

of  tetradehydro-0-methylancistrocladine, wherein the asymmetric 

cent res  a t  C-1 and C-3 were destroyed, the  in t ense  shor t e r  wave- 

length  absorptions a t  232 and 245 nm with t r a n s i t i o n  moments 

along the long axes of the nuclei  ( 'A->'Bb) i n t e rac ted  to give 

an exci ton-spl i t  cd spectrum. I n  the cd spectrum, the s ign  of 

the  f irst  Cotton e f f e c t  was pos i t ive  indica t ing  tha t  the  

c h i r a l i t y  of the long axes should be pos i t ive .  If t h e  c h i r a l i t y  

has t o  be pos i t ive ,  then the molecule should be represented by 

the  absolute configurat ion a s  indica ted  i n  f i g u r e  1. Coupled 

with the X-ray and chemical s tudies ,  ancistrocladine should be 

Pepicted by s t r u c t u r e  10. This was confirmed by exhaustive 

ozonolysis of ancistrocladine to y i e l d  L(+)-$-amino-n-butyric 
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acid  (ll-) , of known absolute configuration. 

Chira l i ty  should be viewed from the 
d i rec t ion  of the dot ted  arrow 

EOOC H~~~~~ Me 



Minor alkaloids of A-s 

Aneistrocladinine 

7 Ancistrooladinine, Cz5HZ7O4N, mp 235-23s0, was isolated i n  

very low yield (~0.001%) from the roots of Ancistrooladus 

heyneanus. Its uv spectrum was very similar to  ancistrocladine. 

The conspicuous feature i n  the nmr spectrum was the presence of 

only one secondary methyl group (doublet, J = 7 Hz a t  6 1.01). 

The chemical s h i f t  due to  the secondary methyl protons clearly 

indicated tha t  i t  should be located a t  C-3. Dehydrogenation of 

ancistrocladinine gave an isoquinoline l2, which was obtained 

ea r l i e r  from ancistrocladine (lo). On reduction with zinc and 

aqueous sulphuric acid ancistrocladinine furnished anCistr0- 

cladine (g) together with isoancistrocladine, formulated as  9. 

Therefore ancistrocladinine should possess the structure 3. 

Ancistrocladisine 

The alkaloid ancistrocladisine, C26H2904N, mp 17&180° 
8 [ajD -16.13', was isolated by us from the roots  of Ancistro- 

cladus hegneanus i n  1972 and i t s  structure was elucidated 
8 
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without much difficulty. The uv spectrum of the alkaloid showed 

a strong resemblance to ancistrocladine, ancistrccladinine and 

1,8-dimethoxy-3-methylnaphthalene. Like ancistrccladinine, the 

nmr spectrum of ancistrocladisine displayed only one secondary 

methyl group at C-3. Extensive degradative and spectroscopic 

studies (Scheme 3) based essentially on the same line of approach 

as described for ancistrocladine led to the assignment of 

structure 2 for ancistrocladisine. 
Scheme 3 

/ 

Me CH31 
HCOOEt Me0 Me - 

Me0 -Ma / I Hcf mann 

Me0 
\ 

Me0 16 - 

Hofmenn degradation of X-methyldihydroancistrocladisine 

(l6) gave the methine base 17 which was particularly amenable 



to nmr spectral  analysis. Peaks character is t ic  of both propenyl 

and a-dimethylaminoethyl side chains were present i n  the nmr 

spectrum. The signals of the o le f in ic  methyl group i n  l'J and the  

corresponding methyl group i n  i t s  dihydro derivative 18 (6 1.93, 

q, J = 2 and 6.5 Hz, olef inic  methyl protons i n  a, S 1.08, t ,  

J = 7 Hz, methyl group of the n-propyl chain i n  18) appeared i n  

the  normal region, unlike the methines ;2 and 4 derived from 

ancistrocladine. Hence it was concluded tha t  the naphthalene 

r ing should be a t  C-7 as i n  s t ructure  15. I n  agreement with t h i s  

structure,  ancistrocladisine showed two shielded methoxyl groups 

i n  the  nmr spectrum and also underwent smooth dehydrogenation to 

furnish the isoquinoline 2. A s  i n  ancistrocladine, the use of 

the  exciton ch i ra l i ty  method6 led9 t o  the establishment of the  

absolute configuration of ancistrocladisine. The uv spectrum of 

2 was similar t o  tha t  of the isoquinoline from O-methyl- 

anoistrocladine. Restricted rota t ion around the  C(7) -C(  1 ) bond 

l inking the naphthalene and isoquinoline chromophores led to a 

coupled interaction between the two long axis t ransi t ions  which 

gave r i s e  t o  an exciton-split cd spectrum. The sign of the f i r s t  

Cotton effect  was posit ive suggesting tha t  the  ch i r a l i t y  should 

be indicated a s  i n  f igure  2. 

The formation of L-p-amino-n-butyric acid by extensive 

ozonolysis of ancistrocladisine, coupled with the findings of 

the exciton ch i ra l i ty  method, resulted i n  the elucidation of 

the absolute stereocliemistry a s  depicted i n  structure 2. 
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Figure 2 

Ch i ra l i ty  should be viewed f r o m  t he  
d i r ec t ion  of the dot ted  arrow 



Ancistrocladidine 

Ancistrocladidine, C25H2.,04N, mp 245-47O, [aID -149.13~~ 

isomeric with ancistrocladinine,  was another unusual isoquinoline 

a lka lo id  i s o l a t e d  from the  r o o t s  of Ancistrocladus heyneanus. 

I n  view of its presence i n  the  plant  i n  extremely low y i e l d  

chemical degradation work could not be undertaken, However, 

s p e c t r a l  da ta  weresuMcientto pos tu la te lo  the  s t ruc tu re  of t h e  

molecule. The i r  spectrum showed a pronounced band a t  3360 cm-' 

(OH) and i t s  uv spectrum w a s  s t r i k i n g l y  similar t o  l-hydroxy-8- 

methoxy-3-methylnaphthalene. The nmr spectrum of ancistro-  

c ladid ine  w a s  p a r t i c u l a r l y  informative reveal ing the  presence of 

a 1.3-dimethyl-3,4-dihydroisoquinoline and 1-hydroxy-8-methoxy- 

3-methylnaphthalene r i n g s ,  t h e  C-2 pos i t ion  of the  l a t t e r  l inked 

t o  C-7 of the  former. Thus i n  the  nmr spectrum the  mul t ip le t  

due t o  C-4 methylene group a t  6 2.55 was i n  the  normal region 

ind ica t ing  t h a t  t h e  subs t i tu t ed  naphthalene must be a t  C-7 of 

t h e  isoquinoline r ing .  Two methoxyl groups were assigned t h e  

pos i t ions  a t  C-6 and C-8 because of t h e i r  sh ie ld ing  (nmr s igna l s  

a t  S  3.39 and 3.75). The chemical s h i f t  of the  hydroxyl proton 

( S  9.58) coupled with i t s  res i s t ance  t o  ace ty la t ion  indicated 

t h a t  it should be bonded t o  a methoxyl group as i n  l-hydroxy-8- 

methoxy-Fmethylnaphthalene. Dihydroancistrocladidine, i n  which 

the  isoquinoline r i n g  was reduced, gave a 0,N-diacetate which 

showed a shielded (6 1.98) acetoxyl group i n  the  nmr spectrum. 

The d a t a  out l ined  above would fit i n  admirably with s t r u c t ~ r e  

21 f o r  ancistrocladidine.  - 
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9 Application of the  exciton c h i r a l i t y  method had led t o  the 

determination of the  absolute configuration i n  respect  of the 

disymmetry a r i s i n g  from r e s t r i c t e d  r o t a t i o n  around tbe C(7)-C(2') 

bond. A Davydov s p l i t t i n g  was observed i n  the  allowed t rans i -  

t i o n s  f o r  the  isoquinoline derived from ancis t roc ladid ine  and 

the  first Cotton e f fec t  was negative so t h a t  the  two aromatic 

chromcphores should i n t e r a c t  as  depicted i n  f igu re  3 ,  thus  

es tabl i sh ing  the  absolute configuration at  t h e  c h i r a l  s i t e .  

Following the  procedure' ' of Corrodi and Hardegger , 
extensive ozonolysis of ancistrooladidine accompanied by puri- 

f i c a t i o n  of the derived oxidation products gave9 L-p-amino-n- 

butyric  acid. Thus the  absolute stereochemistry of ancistro-  

cladidine was f i rmly es tabl i shed a s  22, t he  absolute configura- 

t i ons  at  0-3 and C-7 being S and R, respect ively.  



Figure 3 

Chi ra l i ty  should be viewed from the  

d i r e c t i o n  of the dotted arrow 

Hamatine from Ancistrocladus hamatus 

Ancistrocladus hamatus, which grows i n  S r i  Lanka, was the 

second species of t h e  genus Ancistmcladus, recent ly  examined by 

us. This study l e d  to t h e  i so la t ion12 of ancis t roc ladine  and ye t  

another new a lka lo id  name hamatine. 

Hamatine, C25H2g04N, m.p. 250-252', [a&, + 77.b0, was isomeric 

with ancistrocladine.  The following funct ional  groups, a s  

indica ted  by uv, ir  azd nar spectra,  were present  i n  the molecule: 
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NH and OH groups, 2 secondary methyl and th ree  methoxyl groups 

of which one was shielded a s  i n  ancistrocladine,  one aromatic 

methyl group and a l,&dimethoxy-3-methylnaphthalene ring. 

Dehydrogenation of 0-methylhamatine gave an isoquinoline which 

was found t o  be an enantiomer of the isoquinoline obtained by 

dehydrogenation of 0-methylancistrocladine. The cd spectrum 

a lso  corroborated this f inding (pos i t ive  first Cotton e f fec t ) .  

The NMR spect ra  of hamatine and i ts  O-methyl e the r  showed the  

trans dispos i t ion  of the subs t i tuen t s  a t  C-1 and C-3, based on - 
t h e  absence of a long-range coupling and t h e  presence of a 

phenolic hydroxyl group a t  C-6 a s  i n  ancistrocladine. Since 

hamatine was not an enantiomer of ancistrocladine,  s t ruc tu re  2 
was put f o r t h  by us. 

Me0 OMe 

I' 

J. 
. I 

2.2 
I n  agreement with the  s t ruc ture  3, hamatine furnished L-6-amino- 

n-butyric ac id  confirming the S configuration a t  C-3. 

More recent ly ,  we had f i rmly established13 the  absolute 

configurat ion of hamatine at C-I, t he  only s t r u c t u r a l  fea ture  

which was not  resolved unambiguously by u s  e a r l i e r .  Our e a r l i e r  

study12 re s t ed  on the  absence of a long-range coupling f o r  t h e  



C-1 proton i n  t h e  nmr spectrum of hamatine. Hofmann degradation 

of 0.N-dimethylhamatine, prepared i n  t h e  same manner a s  0,N- 

dimethylancistrocladine (s), gave a methine, d i f f e r e n t  from t h e  

isomeric methine X a  derived from 0,N-dimethylancistrocladine. 

Hence i t  became poss ib le  t o  assign unequivocally s t r u c t u r e  &b 

f o r  t h e  methine from 0,N-dimethylhamatine. I f  pos i t ion  C-I i n  

hamatine were to  possess t h e  R-configuration, the  enantiomer of 

the  methine +& would have r e su l t ed  on Hofmann degradation. 

Me 
Me 

'H 

Alkaloids of  Ancistrocladus ea l aens i s  - ancistrocladonine,  

anc is t roea laens ine ,  a n c i s t r i n e ,  anc i s t ine  and ancis t roc ladeine  

From t h e  r o o t s  of ye t  another species  of t h e  genus Ancistro- 

cladus,  named Ancistrocladus ea l aens i s  Pousset and h i s  co-workers 
1 

i n  France, had i s o l a t e d  I 4 * l 5  two new a lka lo ids ,  designated a s  

ancistrocladonine,  C27H3304B, mp 8z0, [alD +20° and ancistro-  

ealaensine,  C26H3,041?, mp 84O, [aID -26'. They observed 14,15 

t h a t  both ancistrocladonine and N-methylancistroealaensine gave 

t h e  same methine, d i f f e r e n t  from the  methine & obtained from 
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0,N-dimethylancistrocladine ( 2 ) .  Based on nmr spec t ra l  compar- 

i son  of the  two methines and t h e i r  corresponding dihydro 

der iva t ives ,  gross  s t ruc tu res  5 and 3 were advanced f o r  these  

Me0 ONe 

bases, the  two d i f f e r i n g  from each o ther  i n  t h e i r  stereochemistry 

a t  C-3. Subsequently when our a t t en t ion  was drawn t o  t h i s  work, 

we had occasion t o  prepare the  methine a b f r o m  hamatine (3). If 
s t ruc tu res  9 and 3 represent  the  correc t  s t ruc tu res  fo r  the  

a lka lo ids  anoistrocladonine and ancistroealaensine,  then the  

derived methine should be i d e n t i c a l  o r  enantiomeric with e i t h e r  

of the  methines o r 2 2 .  However, we had found them t o  be 

e n t i r e l y  d i f f e ren t .  The nmr spect ra  of t h e  two a lka lo ids ,  kindly 

provided by D r .  Poucher, l a t e r  revealed1' t h a t  they a re  probably 

stereoisomeric mixtures. 

I n  a subsequent publication'6, t he  same authors had reported 

the  i s o l a t i o n  of three  new isoquinoline a lka lo ids  named as 

anc i s t r ine ,  CZ5Hz9O4N, mp 230-231°, [a]1) -35O, ancis t ine ,  

C25H2904N, mp 27!j0, [a] -34' and ancistrooladeine,  C25H2504N, 

mp 275-277O, &ID 0'. Solely on the  bas is  of nmr s p e c t r a l  

comparison of these bases with ancistrocladine (2) and ancistr0- 

o ladis ine  (15),  gross s t ruc tu res  3, 2 and 3 were assigned - 



f o r  a n c i s t r i n e ,  anc i s t ine  and ancistrocladeine,  respect ively.  

27 R1 = H; R2 = Me - 
28 R1 = Me; R2 = H - 

Alkaloids of Ancistrocladus conaolensis - (+)-ancistrocladine,  

o-methvlancistrocladine, anc i s t rocowine  and ancistrocongolensine 

From t h e  roo t  and stem-bark of Ancistrocladus congolensis, 

f i v e  a lka lo ids  were isolated.' '  The major component w a s  found 

ancis t roc ladine ,  ancistrocongine and ancistrocongolensine were 

a l s o  i so l a t ed .  The last two bases were t e n t a t i v e l y  assigned 

the  gross  s t r u c t u r e s  30 and 2, respect ively.  
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Conclusion 

Recently1' anc is t roc ladine  and ancis t roc ladis ine  were 

i s o l a t e d  from Ancistrocladus hamatus and the  ex t rac t  of 

Ancistrocladus heyneanus was found t o  contain o-methyl- 

ancistrocladine.  

A l l  t he  bases so far discussed a r e  found to possess 

a methyl group a t  C-3 and t h e i r  biogenetic o r ig in  must be 

q u i t e  d i f f e ren t  from t h a t  of o ther  isoquinoline alkaloids.  

It i s  conceivable t h a t  the  a lka lo ids  of Ancistrocladus a r e  

formed by phenolic oxidative coupling of the  cycl ised polyketide 

units. The pa t t e rn  of methoxyl and methyl subs t i tu t ion  i n  

ancistrocladine and i ts  congeners f i ts  i n  remarkably with the  

biogenetic o r i g i n  from "polyketide" uni t s .  It i s  per t inent  t o  

mention here of the  occurrence20 of a new naphthoquinone named 

ancistroquinone i n  Ancistrocladus heyneanus. Ancistroquinone 

was unequivocally assigned the  s t ruc tu re  2, whose biogenetic 

o r ig in  from polyketide u n i t  was obvious. 
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