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Abstract - 2-Methoxycarbonyl-(a-methoxycarbonyl-mtaminy1)-  

styrene, prepared by transfer of CH OOC-2-C6H4CH(COOCH )CH:via I 3 
a methylenetetrahydrofolate model, to tryptamine, yields the 

pentacyclic system of yohimbane in two steps. 

We have recently reported on the utility of methylenetetrahydrofolate models in 

several synthetic It was demonstrated that models derived from 

substituted benzaldehydes provided a facile synthesis of yohimbane derivatives3b. 

Since benzaldehydes, with desired substituents, are not always accessible with 

facility, attention was directed to other aryl derivatives which would lead to 

"equivalent" methylenetetrahydrofolate models. One such model was visualized in 

the general type of adducts derived from anions of and salts 3.2. Explora- 
tory experiments showed that the anion of la does not add to salts & or 2; 
presumably because of suppressed nucleophilicity due to delocalization of the 

charge in the benzoate ester moiety. The possibility was considered that an elec- 

tron withdrawiw group on the side-chain methyl moiety (of la) might enhance the 
nucleophilicty of the desired anion. 

In this communication we present the synthesis of models &,b (fr6m diester 2) 
and their application in the facile construction of the yohimbane skeleton. 

The models Ja,b were prepared as crystalline or amorphous substances by adding 

salts &,b4 to the anion of 2 in THF (-30°C, 30 min). It should be recognized 

that both 2 and 3 represent two diastereomers, in each case. The structure of 
one of the diastereomers of 2 ( Z R ,  2"R), mp 138-139°C, was established by X-Ray 

crystallography5. In case of 2, only one diastereomer was observed, the struc- 
ture of which has not yet been established6. During the isolation of &,b, 
varying amounts of the corresponding enauine esters 5 [mp 132-134OC; PMR (CD3CN) 

2.23 s 3H (NCH ) ,  2.38 s 3H (Ar-CH ), 7.12-7.5 m 5H (=CH + 4 arom. protons] and 
3 3 
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4b [amorphous; PMR (CD3CN) 2.29 s 3H (NH3). 2.35 s 3H (Ar-CH3), 7.39 s 1 H  (=CH)] - 
were obtained. The E-configuration of P-amincacrylic e s t e r s  and 3 was estab-  

l i shed  by Nuclear Overhauser experiments. Thus i r r ad i a t i on  of t he  N-methyl groups 

i n  4a b r e su l t ed  i n  s igna l  enhancement of t he  C2,-protons. 
- 3 -  

When pur'+,&, 2 or  mixtures of a+&, s+s were allowed t o  r e a c t  with t r yp t -  

m i n e  (MeCN, AcOH, A )  the  carbon atom C(2) of the models was t r an s f e r r ed  -with 

i t s  l igands-  t o  the  amino group of tryptamine to y i e l d  a mixture of isomeric @ -  

amino e s t e r s  57 (90%, E:Z = 1 : 2 ,  PMR (C6D6) S i g n ~ f i c a n t  chemical s h i f t s ,  E 2.37 

t J = 6.5 2H [C6-(H2)]. 2.70 d t  J = 6.5, 6.4 2H [C5-(Hz)], 4.09-4.17 m 1 H  (NH) ,  

7.7 d J = 13.5 1 H  (C H); 2 2.57 t J = 6.5 2H [G6-(Hz)], 2.89 d t  J = 6.5, 6.4 2H 3- 
( C 5 - ( ~ 2 ) ] ,  6.35 d J = 13.1 1 H  (C3-H), 8.45-8.55 m 1H (NH)). 

I n  con t r a s t  t o  the  sequence of cyc l i z a t i ons  (AB ABD - ABCD), employed by us 

e a r l i e r  f o r  t he  syn thes i s  of indoloquinol iz idine d e r ~ v a t i v e s ~ ~ ,  f o r  cons t ruc t ion  

of the  yohimbane ske le ton ,  the  sequence AB - ABC - ABCDE, s t a r t i n g  from 5, proved 

t o  be t he  pre fe r red  s t ra tegy .  Treatment of 5 (isomeric mixture) with ac id  

(HC1-Bt20/MeOH, R.T., 5 min) r e su l t ed  i n  i t s  cyc l iza t ion  t o  two diastereomeric  

P-carboline de r i va t i ve s  & (major diastereomer) and & (minor diastereomer) i n  

t he  r a t i o  4 : l .  The ind iv idua l  diastereomers were not  i s o l a t e d  but  could be re-  

cognized i n  t h e  mixture by t h e i r  c h a r a c t e r i s t i c  PMR spec t ra  (CDC1 + 1 eq. NaOD) 3 
6a: 4.73 d J = 7.61H (C3-H). 5.45 D J = 7.61H (Cq4-H); e: 4.79 d J = 9.61H - 
(C3-H), 5.25 d J = 9.6 1 H  (CI4-H). The data  did not ,  however, allow stereochemi- 

c a l  assignments t o  t he  ind iv idua l  diastereomers.  

The cons t ruc t ion  of r i ng  D (a,? - 2 . 5 )  was accomplished by a E t  N/AcOH cata-  3 
lyzed cyc l i z a t i on  of &,b i n  benzene (R.. overnight). The two isomers & and 2 
were formed i n  an overa l l  y i e l d  of 90% (%/E = 4). The predominant isomer 3 
was i s o l a t e d  a s  a c r y s t a l l i n e  product,mp 237OC (dec.),  MS: Calcd f o r  C2qH18N203 = 

546, Found: M+ 346). The c i s  s tereochemistry of 2 has  been assigned on the  

b a s i s  of PMR and Nuclear Overhauser d i f f e r e n t i a l  spectra .  & PMR (DMSO-d6): 3.19 

s 3H (COOCH3), 4.66 d J = 4.1 1 H  (CI4-H), 5.44 d J = 4.1 'lH (C H ,  t h e  s i gna l  
3- 

shows line-broadening due t o  homoallylic coupling with one of the  C6-protons), 

7.47 d J = 8.1 1 H  (CI6-B), 11 . I 4  s 1 H  indole  N-H. When C -H i s  i r r a d i a t e d  CI4-H 
3 

e x h i b i t s  a pos i t i ve  s i g n a l ,  while i r r a d i a t i o n  of CI4-H r e s u l t s  i n  pos i t i ve  s ig -  

n a l s  f o r  C3-H, indole N-H and CI6-H. The t r a n s  isomer, mp 222OC (dec.) 2 shows 

the  following c h a r a c t e r i s t i c  peaks i n  the PNR (DNSO-d6) spectrum: 3.77 s 3H 

(COOCH~), 4.75-4.85 m 2H (CI4-Y + one of C5-H), 10.88 s 1 H  ( indole  N-H). If the  



cycl izat ion is ca r r i ed  out a t  higher  temperature (- 50°C) the  r eac t i on  mixture 

yields  va r i ab l e  amounts of t he  oxidat ion product 8, mp 233-235OC. S t m c t u r e  of 

compound - 8 followed from its s p e c t r a l  date:  I R  (CHC13): 3430 (NH), 1714 

(&C-COOMe), 1648 (-N-C=O); Pi% (DMSO-d6): 3.10 m 2H [c6-(H2)], 3.98 s  3H 

(cOOCH3), 4.39 m 2H [ c ~ - ( H ~ ) ] ,  8.34 d  J = 7.9 'lH (C19-H), 10.46 s  1 H  (N-H). 

To examine t he  p o s s i b i l i t y  of s u b s t i t u t i o n  a t  t he  a -pos i t ion  of t he  e s t e r  func- 

t ion of g , b ,  the  c i s  isomer 2 was allowed t o  r e a c t  with methyl iod ide ,  using 
8 

Nan a s  base. The product of t h i s  r e ac t i on  was found t o  be a s i ng l e  substance 2 

(8%). i nd i ca t i ng  t h a t  t he  anion a lky la ted  s t e r eospec i f i c a l l y .  

s he above-mentloned sequence of t ransformations represen ts  a  f a c i l e  method of 

construct ion of t he  yohimbane system and i t s  s t e r eospec i f i c  s u b s t i t u t i o n  a t  CI4. 
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(C2-H). 5.38 d J = 11.3 1H (C2,,-H), 2.26 s 3H (NCH3), 6.80 d J = 7.6 1 H  
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8. - 9: mp 251-253OC PMR (DMSO-d6): 2.10 s 3H (NCH?), 3.33 s 3H (coOCH~), 3.69 s 

3H (CI4-cn3), 5.45 broad s 1H (C3-H) a r e  s i g n i f i c a n t .  I r r a d i a t i o n  of CI4-CH3 

r e s u l t s  i n  a p o s i t i v e  NOE f o r  C H and CI6-H. It should be mentioned t h a t  t h e  
3- 

s i g n a l  f o r  Cq4-CH3 appears  a t  low f i e l d  due t o  desh ie ld ing  by t h e  aromatic 

r i n g  and t h e  e s t e r  carbonyl ,  whose conformational m o b i l i t y  is r e s t r i c t e d .  
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