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NOVEL APPLICATIONS OF THE MODIFIED POLONOVSKI REACTION - ~ 1 1 1 '  

SYNTHETIC STUDIES I N  THE PSEUDOVINCAMlNE SERIES 
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A b s t r a c t  - 1~-Ethyl-(2'-methoxycarbonyl)-3a-ethyloctahydro-1,2,3,4,6,7,12,12b- - 
indolo[2,3-alquinolizine 1, a p o t e n t i a l  i n t e r m e d i a t e  i n  t h e  pseudovincamine 

s e r i e s ,  was s y n t h e s i z e d  v i a  t h e  m o d i f i e d  Po lonovsk i  r e a c t i o n .  Con fo rmat iona l  

c o n s i d e r a t i o n s  a r e  p r e s e n t e d .  

INTRODUCTION 

The s i g n i f i c a n t  t h e r a p e u t i c a l  v a l u e  o f  s e v e r a l  v incamine  derivative^'.^ has prompted an i n t e n s i v e  

search f o r  f e a s i b l e  t o t a l  syntheses of t h e s e  compounds. Pseudovincamines a r e  v incamine isomers 

i n  t h e  Iboga  s e r i e s ,  and f o r  them, too ,  i n t e r e s t i n g  pharmaco log ica l  p r o p e r t i e s  can b e  p r e d i c t e d .  

5  The p o s s i b l e  e x i s t e n c e  o f  pseudovincamines was proposed s e v e r a l  y e a r s  ago b u t  t h e  f i r s t  n a t u r a l  

r e p r e s e n t a t i v e s  of t h e  s e r i e s ,  t h e  tacamines,  were i s o l a t e d  j u s t  

I n  c o n n e c t i o n  w i t h  ou r  work on t h e r a p e u t i c a l l y  v a l u a b l e  i n d o l e  a l k a l o i d  d e r i v a t i v e s  we became 

i n t e r e s t e d  i n  t h e  p r e p a r a t i o n  of v incamine  and pseudovincamine d e r i v a t i v e s  and t h e i r  s y n t h e t i c  

8 i n t e r m e d i a t e s  b y  t h e  m o d i f i e d  P o l o n o v s k i  r e a c t i ~ n . ~ - ' ~  

RESULTS AND DISCUSSION 

We d e s c r i b e  t h e  p r e p a r a t i o n  o f  1~-ethyF(2'-methoxycarbonyl)-3a-ethyloctahydro-1,2,3,4,6,7,12,12b- 

indole[2,3-alquinolizine 1, which  seems t o  be a p o t e n t i a l  i n t e r m e d i a t e  i n  t h e  pseudovincamine 

13 s e r i e s  ( e . 9 .  (t )-14-epihomotacamonine ) .  

C a r b i n o l  - lI4 was dehydrogenated (Mn02) t o  t h e  co r respond ing  a ldehyde z, which  was r e a c t e d  w i t h  

m a l o n i c  a c i d .  E s t e r i f i c a t i n n  of t h e  r e s u l t i n g  a c i d  t o  3 and a l k y l a t i o n  o f  t h i s  w i t h  

t r y p t o p h y l  bromide ~ i e l d e d  t h e  c o r r e s p o n d i n g  p y r i d i n i u m  s a l t  9. C a t a l y t i c  h y d r o g e n a t i o n  of 4 
f u r n i s h e d  t h e  N - t r ~ p t o p h ~ y l p i p e r i d i n e  z. A f t e r  p r o t e c t i o n  of t h e  i n d o l e  N w i t h  t h e  t - b u t y l o x y -  



carbonyl (Boc) group, compound % was formed. The corresponding N-oxide was subjected to the 

modified Polonovski reaction followed by cyanide trapping, to furnish the a-amino- 

nitriles and &. Treatment of & with AgBF4 and then with methanol presaturated with HC1 

yielded nearly exclusively (except tarry material) the indolo[2,3-alquinolirine 1. 

13c NMR spectra of compounds 2, Z, fi and provide strong evidence that the 3,5-substituents 

are to each other and occupy equatorial positions in the predominant conformation. They also 

indicate that the cyano group of and & is axially oriented. These findings are in good 

agreement with earlier results. 14 
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The indolo[2,3-alquinolizine L can e x i s t  i n  t h r e e  con fo rmat ions ,  wh ich  a r e  i n  e q u i l i b r i u m  by 

n i t r o g e n  i n v e r s i o n  and e - d e c a l i n  t y p e  r i n g  i n v e r s i o n  (Scheme 1 ) .  R i n g  C i s  assumed t o  be i n  the 

h a l f  c h a i r  c o n f o r m a t i o n  and o n l y  t h e  c h a i r  forms o f  r i n g  D a r e  c o n s i d e r e d  

Scheme 1. 



The s t e r e o s t r u c t u r e  o f  t h e  pseudovincamine d e r i v a t i v e  L c o u l d  be determined f r o m  spectroscopical 

1  
data.  The absence of Bohlmann bands i n  t h e  IR spectrum and presence of t h e  H NMR s i g n a l  o f  

C(12b)-H a t  6 = 4.35 ppm (>3 .8  ppm) suggested t h a t  compound 1 e x i s t s  p r e d o m i n a n t l y  i n  a  %-fused 

C/O r i n g  con fo rmat ion  ( c o n f o r m a t i o n  5 ) .  The va lue  o f  C-7 a t  6 = 17.0 ppm i n  t h e  I 3 c  NMR spectrum 

f u r t h e r  proved t h a t  compound 1 e x i s t s  a lmost  t o t a l l y  i n  con fo rmat ion  5. T h i s  means t h a t  t h e  C-1 

s u b s t i t u e n t  i s  a x i a l l y  o r i e n t e d  ( t o  a v o i d  s t e r i c  i n t e r a c t i o n s  w i t h  t h e  i n d o l i c  p a r t )  and t h e  C-3 

8 s u b s t i t u e n t  i s  e q u a t o r i a l l y  o r i e n t e d .  Thus t h e  two s u b s t i t u e n t s  a r e  trans t o  each o t h e r  (vide 

supra) .  As a  consequence, an e p i m e r i s a t i o n  must have taken p l a c e  p r i o r  t o  t h e  c y c l i s a t i o n  t o  t h e  - 
indolo[2,3-alquinolizine 1. T h i s  can be e x p l a i n e d  b y  t h e  c leavage  of t h e  cyan ide  i o n ,  f o l l o w e d  by 

t h e  iminium-enamine e q u i l i b r a t i o n  and t k  r e t r a p p i n g  of t h e  cyan ide  i o n  on t h e  o p p o s i t e  s i d e  of 

t h e  C-3 s u b s t i t u e n t  (C- I  s u b s t i t u e n t  i n  t h e  c y c l i z e d  p r o d u c t ) .  The cyan ide  i o n  i s  then  r e p l a c e d  

by a  n u c l e o p h i l e  ( e . g .  MeO- from t h e  s o l v e n t )  i n  a  normal SN2 displacement ,  f o l l o w e d  b y  

c y c l i s a t i o n  on t h e  o p p o s i t e  s i d e  t o  t h e  a x i a l  l e a v i n g  group.  T h i s  leads  s t r a i g h t  t o  t h e  

predominant  con fo rmat ion  5. 

C02Me 
I 

I n  a d d i t i o n  t o  t h e  above data,  t h e  s u b s t i t u e n t  e f f e c t s  i n  t h e  13C NMR spectrum o f  compound 1 
c o n f i r m  t h e  a x i a l i t y  of t h e  C-1 s u b s t i t u e n t  and t h e  e q u a t o r i a l i t y  of C-3 ~ u b s t i t u e n t . ~ ~ , ~ ~  

EXPERIMENTAL 

IR s p e c t r a  were r e c o r d e d  on a  Perk in -E lmer  700 spectrophotometer  u s i n g  l i q u i d  f i l m  between NaCl 

1  c r y s t a l s .  IR a b s o r p t i o n  bands a r e  expressed i n  r e c i p r o c a l  c e n t i m e t e r s  (cm- ) u s i n g  p o l y s t y r e n e  

c a l i b r a t i o n .  Bands y i e l d i n g  s t r u c t u r a l  i n f o r m a t i o n  a r e  r e p o r t e d .  13c NMR s p e c t r a  were recorded  i n  

CDC13 (TMS as i n t e r n a l  s t a n d a r d  6 = 0) on a  J e o l  JNM-FX 60 spec t romete r  work ing  a t  59.80 MHz 
I ( H NMR) and 15.04 MHz ( I 3 c  NMR). Chemical s h i f t  da ta  a r e  g i v e n  i n  ppm d o w n f i e l d  f rom TMS where 

s, d, t, q and m  des igna te  s i n g l e t ,  doub le t ,  t r i p l e t ,  q u a r t e t  and m u l t i p l e t ,  r e s p e c t i v e l y .  
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Coup l ing  cons tan ts  J a r e  g i v e n  i n  Hz. Mass spec t romet ry  was per formed on a Jeo l  JMS-0.100 

apparatus and K r a t o s  MS 80 RFA Autoconsole/DS 55 appara tus  ( h i g h  r e s o l u t i o n  s p e c t r a ) .  

Compound 2 

C a r b i n o l  g4 ( 1 . 3  g, 9.5 mmol) and f r e s h l y  prepared Mn02 (6.0 g )  i n  CH2C12 (15 m l )  were r e f l u x e d  

f o r  6 h. The p rogress  o f  t h e  r e a c t i o n  was f o l l o w e d  b y  TLC. When t h e r e  was no more c a r b i n o l  t o  be 

seen t h e  i n o r g a n i c  m a t e r i a l  was c e n t r i f u g e d  away. Y :  74%. ir 1700 (-CHO), pmr 1.31 (3H, t, 

J = 7.5 Hz, -CH2U13), 2.79 (ZH, q, 5 = 7.5 Hz, -%CH3), 8.01-8.92 (3H, m, arom. H i ,  10.11 ( lH ,  

s, -CHO), cmr 14.67 (-CH2CH3), 25.58 (-CH2CH3), 130.96 (C-3). 134.28 (C-4). 139.73 (C-5), 149.34 

(C-2), 154.34 (C-6). 190.70 (-CHO), m/z 135 (M') ( l o o % ) ,  134, 120, 106. Found: C, 71.01; H, 6.66; 

N, 10.22. Ca lc .  f o r  C8H9NO: C, 71.09; H, 6.71; N, 10.36. 

Compound 3 

Aldehyde 2 (0 .95  g, 7.0 mmol), ma lon ic  a c i d  (1.46 g, 2 ekv ) ,  p y r i d i n e  (3 m l )  and p i p e r i d i n e  

( 0 . 1  m l )  were r e f l u x e d  f o r  1 h a t  9 0 ' ~  and f o r  3 h a t  1 3 0 ' ~  and then  evaporated t o  dryness.  

Conc. H2S04 ( 1 . 0  m l ) ,  MeOH (3.2 m l )  and benzene ( 5  m l )  were added and r e f l u x i n g  was con t inued  f o r  

20 h. I ce -wate r  ( 1 0  m l )  was added t o  t h e  coo led  m i x t u r e  and t h e  m i x t u r e  was n e u t r a l i s e d  w i t h  

ammonia. The water  phase was e x t r a c t e d  w i t h  e t h e r  and t h e  combined o r g a n i c  phases were d r i e d  over 

Na2S04. The c rude  p r o d u c t  m i x t u r e  was separated b y  column chromatography on s i l i c a  (ch lo ro fo rm-  

methanol, 9 0 : l O ) .  E s s e n t i a l l y  p u r e  3 was ob ta ined  as an orange v i s c o u s  o i l .  Y :  45%. i r  1715 

(C=O), pmr 1.30 (3H, t, J = 7.5 Hz, -CH2CH3), 2.71 (ZH, q ,  J = 7.5 Hz, -UI2CH3), 3.84 (3H, s, 

-C02CH3), 6.53 ( l H ,  d, J = 16  Hz, a-H),  7.71 ( l H ,  d, J = 16 Hz, 8-H), 7.68-8.58 (3H. m, arom. H), 

cmr 14.87 (-CH2CH3), 26.65 (-CH2CH3), 51.49 (-C02CH3), 119.34 (u -C) ,  129.40 (C-3). 133.11 (C-4), 

139.08 (C-5) ,  141.03 (8-C),  146.87 (C-6) ,  150.84 (C-2). 166.42 (C=O), m/z 191 (M+), 190, 176, 160 

(100%) .  Found: C, 68.98; H, 6.75; N, 7.21. Calc.  f o r  C11H13N02: C, 69.09; H, 6.86; N ,  7.32. 

Compounds 4, 5a and 5b 

A l k y l a t i o n  o f  compound 2 w i t h  t r y p t o p h y l  bromide a f fo rded  t h e  cor respond ing  p y r i d i n i u m  s a l t  4, 

whose c a t a l y t i c  hydrogena t ion  (Pt02,  3 d)  y i e l d e d  compound 2 as a s e m i - s o l i d  o i l .  Y :  91%. i r  

1740 (C=O), pmr 0.91 (3H, t, J = 5.5 Hz, - C H Z 3 ) ,  1.63 (ZH, q, J = 5.5 Hz, -CH2CH3), 3.66 (3H, 

s, -C02CH3), 6.99 (IH, s, i n d .  a-H), 7.20-7.68 (4H, m, arom. H), 8.26 ( l H ,  b r  s, NH), mlr  342 

(M+), 327, 311, 212, 144, 130 (100%).  Found: 342.2303 (mass s p e c t r o m e t r y ) .  Calc.  f o r  C21H30N202: 

342.2309. 



50% aq. NaOH (2 .5  m l )  was added t o  compound 2 (320  mg, 0.94 mmol) i n  t o l u e n e  ( 5  m l )  c o n t a i n i n g  

tet rabuty lammonium hydrogen s u l p h a t e  (100 mg). The two phase system was s t i r r e d  under argon f o r  

5 min.  D i - t - b u t y l  d i c a r b o n a t e  (415 mg, 1 .90  mmol) i n  t o l u e n e  ( 3  m l )  was added d u r i n g  10 min and 

s t i r r i n g  was con t inued  f o r  ano ther  10 min .  The o r g a n i c  l a y e r  was separa ted  and t h e  aqueous l a y e r  

was washed severa l  t imes  w i t h  CH2CI2. The combined o r g a n i c  l a y e r s  were washed w i t h  H20, d r i e d  

over  Na2S04 and evaporated t o  dryness t o  g i v e  z. Y :  98%. ir 1730 (C=O), pmr 0.91 (3H, t, J = 5 .5  

Hz, -CH2CH3), 1.65 (9H, s, -C(CH3J3), 3.65 (3H. s, -C02CH3), 7.39 ( l H ,  s, i n d .  a-H),  m l z  442 (MI, 

I % ) ,  212 (100%), 144, 130. Found: 442.2828 (mass s p e c t r o m e t r y ) .  Calc.  f o r  C26H38N204: 442.2833. 

Compounds 6a and 6b 

Compound (400  mg, 0.90 mmol) was r e a c t e d  w i t h  HZ02 (30%, 0.3 m l )  i n  CHCI3-MeOH ( 1 : l )  ( 8  m l )  

( 5 5 ' ~ ,  3 d)  t o  g i v e  a f t e r  t h e  usua l  workup t h e  cor respond ing  N-oxide i n  89% y i e l d .  

The N-oxide (370 mg, 0.80 mnol)  i n  d r y  CH2C12 ( 3  m l )  was s t i r r e d  a t  0% (Ar-atm) and TFAA 

(0 .30  ml, 2.5 ekv )  was added d u r i n g  15 min. S t i r r i n g  was c o n t i n u e d  f o r  1 h a t  O'C and 15 min a t  

r t  a f t e r  which KCN (85 mg) i n  H20 ( 2  m i )  was added and t h e  pH o f  t h e  aqueous l a y e r  was a d j u s t e d  

t o  pH 5 b y  t h e  a d d i t i o n  of NaOAc. The m i x t u r e  was s t i r r e d  a t  r t  f o r  0 .5  h, b a s i f i e d  t o  pH 10  

w i t h  10% aq. Na CO and e x t r a c t e d  w i t h  CH2C12 s e v e r a l  t imes.  The o r g a n i c  l a y e r  was washed w i t h  H20, 2 3 

d r i e d  over  Na 50 and evapora ted  t o  d ryness .  Y :  754 (s t C&, 1 : l )  a f t e r  p u r i f i c a t i o n  th rough  a 2 4 

s h o r t  column of a lumina (CH2C12-hexane, 4 :6 ) .  Compounds @ and & were separated b y  repea ted  TLC 

[ S i l i c a  g e l ,  CHCI3-MeOH, 85:15) .  

6a: ir 2270 (CN), 1740 [C=O), pmr 0.88 (3H, t, J = 5 .5  Hz, -CH2CH3), 1.67 (9H, s, -C(CH3)3), 3.66 - 

(3H, s, -C02CH3), 3.82 ( I H ,  b r ,  >CH-CN), 7.43 ( lH ,  s, i nd .  a-H), m/z 467 (M', I % ) ,  441, 436, 237, 

210 (100%),  143, 130. Found: 467.2780 (mass spec t romet ry ) .  Ca lc .  f o r  C27H37N304: 467.2786. 

6b: ir 2270 (CN), 1730 (C=O), pmr 0.90 (3H, t, J = 5.5 Hz, -CH2-CH3), 1.67 (9H. s, -C(CH3)3), - 

3.66 (3H, 5 ,  -COZCH3), 3 .90  ( l H ,  b r ,  :CH-CN), 7.43 ( IH ,  s, i nd .  a-H),  m/z 467 (M+, I % ) ,  441, 436, 

237, 210 (100%). 143, 130. Found: 467.2778 (mass spec t romet ry ) .  Calc.  f o r  C27H37N304: 467.2786. 

Con~pound 7 

AgBF4 (156 mg, 0.80 mmol) i n  d r y  THF ( 2  m l )  was added t o  2 (350 mg, 0.75 mmol, c o n t a i n i n g  some 

6b)  i n  d r y  THF ( 8  m l )  (A r -a tm) .  The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  1 h and evaporated t o  dryness.  - 

MeOH ( 3 0  m l )  p r e s a t u r a t e d  w i t h  d r y  HCI was added and t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  6 0 ' ~  

f o r  22 h. I t  was then  d i l u t e d  w i t h  i c e - w a t e r  and t h e  aqueous s o l u t i o n  was n e u t r a l i s e d  w i t h  NaHCO 
3 
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and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  CH2C12. The combined CH2C12 e x t r a c t s  were washed w i t h  water  and 

d r i e d  over  Na2S04. E s s e n t i a l l y  p u r e  1 was o b t a i n e d  a f t e r  p r e p a r a t i v e  TLC on s i l i c a  (CHCI3-MeOH, 

85:15) .  Y :  50%. ir 3300 ( b r ,  NH), 1720 (C=O), pmr 0.95 ( t ,  J  = 6 .0  Hz, - C H 2 - e 3 ) ,  3.71 (3H, s, 

-C02CH3), 4.35 ( IH,  br ,  H-12b), 7.03-7.54 (4H, m, arorn. H),  8 .50 ( l H ,  b r  s, NH), rnlz 340 (M') 

( l o o % ) ,  339, 325, 311, 309, 170, 169. Found: 340.2149 (mass s p e c t r o m e t r y ) .  Calc.  f o r  C21H28N202: 

340.2152. 
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