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CONFORMATIONALANALYSIS OF TETRAHYDROPROTOBERBERINES 

BY CARBON-13 NMR SPECTROSCOPY 
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The  p re fe ren t i a l  conformation of tetrahydroprotoberberines i s  

eas i ly  ass ignable  by comparison of t h e  chemical  sh i f t  of C(6) in 

carbon-13 nmr spec t roscopy .  I t  i s  poss ib le ,  fu r the rmore ,  to d i s -  

t inguish the position of subst i tuents  in 9.10- and 10, 11-substituted 

tetrahydroprotoberberines by the d i f f e rence  in chemical  sh i f t  of ~ ( 8 ) .  

Diben~o[a,~]quinolizidine i s  the skeleton o f  tetrahydroprotoberberine a lkaloids .  

If the B and C r ings  of diben~o[a,~]quinolizidine take half-chair  conformations.  

i t  ex i s t s  in the equilibrium of one trans (1) and t w   conformations (2 and 3). 

but mainly as the  thermodynamically more stabletrans-quinoli~idine.~ X-Ray analy- 

s e s  of the hydrobromides of capaurine and isocapaurunine ,  and capaurimine p 

bromobenzoate revealer! that  they ex i s t  as the cis-quinolizidine form (2) in the 

crys ta l l ine  state. '  I t  was considered that  an  energet ica l ly  unfavorable non- 

bonded in terac t ion of the C - 1 substi tuent t o  the C - 13 hydrogens destabil ized the 

t r a n s  form. S u c h a n  unfavorable in terac t ion s t i l l  remains in the o t h e r  &form ( 3 ) ,  - 



which i s  the l e a s t  p r e f e r r e d  one .  

The i r  and nmr s p e c t r a  a r e  widely used in detei-mination of conformation in 

quinoliaidine type compounds. The p resence  o r  absence  of Bohlmann bands in 

the i r  s p e c t r a  i s  utilized in o r d e r  to dist inguish trans-quinoliaidines from c A -  

quinoliaidines .3 However s e v e r a l  worke r s  have found that  these  bands did not 

give definite r e s u l t s .  
4 

In the nmr spect roscopy of benzo[a]- and indolo[a]quinolizidines, an  angular  

proton of the -form resona tes  a t  a higher  f ield than 3.8 ppm, whereas  c z  

forms a r e  cha rac te r i zed  by a downfield s ignal  below.3.8 p p ~ n . ~  S ince  the  s ignals  

due to methoxyl groups of tetrahydmprotoberberines a p p e a r  around 3.8 ppm , i t  

i s  normally difficult to obse rve  the s ignal  due  to the angu la r  Recently 

I?C-H coupling constants  of C-H bonds next to the bridgehead nitrogen in benzo- 

and indoloquinolieidines were  used fo r  determination of the preferent ia l  conform- 

ation. 
7 



HETEROCYCLES, Vol 3, No 5, 1975 

0 

L o  

' O M e  

0 C H 2 P h  

( 7 )  ( 8 ) R 1 2 3 4  =R =R =R =Me 

1 2 3 4  ( 9 ) R +R =R +R =CH 2 



In the carbon-13 nmr spec t roscop ies  of some tetrahydrnprotoberberines in 

d e u t e r i o c h l o m f o m ,  the  assignments of the chemical s h i f t s ,  based on the cornL 

par ison of the  and on spl i t t ing  pa t t e rns  r ecorded  under  off-resonance 

decoupled condit ions,  a r e  shown in Table  1. It was expected that  t k  carbons  of 

cis-quinolizidines r e sona te  a t  a higher  region than those of trans-quinoliaidines - - 
owing to s t e r i c  effects.'' Although the chemical sh i f t s  of ~ ( 5 ) ,  (a), (13) and (l3a) 

i n  the diben~o[a,~]quinolizidines would be influenced d i r ec t ly  by the subst i tu tents  

on the adjacent  benzene r i n g s ,  the preferent ia l  conformation was firmly determined 

by comparison of the  chemical sh i f t  of ~ ( 6 ) .  Tetrahydroprotoberberines (4.5 and 

6 )  having a methoxyl g roup  a t  C - 1 position showed the s ignal  due  t o  C(6) a t  a higher 

field than.48'."3:&m, a fac t  which indicated c&-quinolizidine conformation. The 

corresponding s ignals  of tetrahydroprotoberberines (8,9,10 and 11) having one hydro- 

gen a t  the C-1 position appeared a t  about 51.3 ppm, even when the subst i tuents  on 

r ings  A and D were  changed. 1,2-Methylenedioxy-3-methoxytetrahydroprotoberberine 

(7) interestingly showed the s ignal  a t  51.1 ppm, indicating the preferent ia l  trans fo rm,  

a n  indication which was suppor ted  by the following r e a s o n s .  In the ir spect rum of 

th is  compound in chloroform solut ion,  s t r o n g  Bohlmann bands were obse rved .  Bross i  

and coworker s  found by X-ray analyses  that  t h e  C-methyl group is -1 in O-methyl- 

anhalonidine (12) hydrobromide but is pseudoequatorial  in anhalonine (13) hydro- 

bromide.'' The l a t t e r  conformation co r responds  to the trans-quinolizidine . Thus 

the d is tance  between the hydrogens a t  C - 13 and oxygen a t  c - 1 position in trans- 

quinolizidine of l,2-methylenedioxy-3-methoxytetrahydroprotoberberine is longer  

than in the c a s e  of 1,2,3-t~imethox~tetrahydroprotoberberine der ivat ives .  
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Table  1 Carbon-1 3 Chemical Sh i f t s  of Tetrahydroprotoberberlnes . 12 

( ~ l l  shi f ts  a r e  in p a r t s  p e r  million from TMS: 
X and 0 r e p r e s e n t  the  s ignals  where  the assignments may be r e v e r s e d )  

Carbon 

C-1 

c - 2  

C-3 

C-4 

C-4a 

C-5 

C-6 

C-8 

C-8a 

C-9 

C-10 

C-11 

c - I  2 

C-1 2a 

C-13 

C-13a 

C-13b 

-OCH3 

-O_CH20- 

-O_CH2Ph 

Compound 

(5) (6) (7) (8) 

147.5 147.8  142.4 108.5* 

134.3 134.5 133.4  147.3  

140.2  140.4 145.3  147.3  

102.9  103.1 107.0 111.3  

128.6  128.5 129.5  126.6 

30.1 30.1 30.0  29.0  

47.1 46.9  51 .I 51.3 

57.2  57.3  58.0  58.2  

X X 
126.6% 124.8 126.8  126.2  

109 .7  108 .7  109.8  109.5* 

146.6  145.3  146.8  147.3 

147.9  144.3  148.0  147.3 

114.3  114.6 114.5 111.3 
X * 

127.6 127.3  127.8* 126.2  

31 .9  31.6 34.0 3 6 . 3  

54.9  54.7 57.1 59.5 

123.6  123.9  114.1 129.6 



It i s  probably worthwhile to mention the difference of the C(8) chemical  sh i f t s  

between the 9,lO- and 10,ll-substituted tetrahydroprotoberberines.  The C(8) of 

the 9.10-substituted compounds appeared a t  54.0 ppm o r  a h igher  field. On the 

o the r  hand, the ~ ( 8 )  of 10,ll-substituted ones resonated a t  a lower  field than 57.0 

ppm. The  s t e r i c  per turbat ion by tke C - 9 substi tuent caused this d i f f e rence ,  an  

observation which i s  useful fo r  s t r u c t u r e  determination of some na tu ra l  products.  
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