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HETEROYOHIMBINE ALKALOID SYNTHESIS 
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L a b o r a t o r y  f o r  Organ ic  and E i o o r g a n i c  Chemist ry ,  SF-02150 Espao, F i n l a n d  

A b s t r a c t  - P r e p a r a t i o n  o f  t h e  he te royoh imb ine  analogues 6 and L and a new - 
s h o r t  s t e r e o s e l e c t i v e  t o t a l  s y n t h e s i s  o f  (i)-3-iso-19-epiajmalicine - 12 a r e  

desc r ibed .  

There a r e  e i g i i t  dep lanche ine  (1) syntheses, ' -8  o f  wh ich  t h a t  i n t r o d u c e d  b y  Harneila and Lounasmaa 
4 

i s  a s h o r t  and r a p i d  method based on L iA1H4- reduc t ion  o f  t h e  e a s i l y  a c c e s s i b l e  i ndo loqu ino -  

l i r i d i n e  (3) which i s  a v i n y l o g o u s  amide. To examine t h e  a p p l i c a b i l i t y  of t h e  method f o r  the 

9 s y n t h e s i s  of formal  g e i s s o s c h i z i n e  (2) analogues, compound i was chosen as a model.  T h i s  was 

p repared  from s a l t  u s i n g  ou r  m o d i f i c a t i o n  ( d i m e t h y l  sodiomalonate,  THF, DME, - 1 5 ' ~ )  o f  the 

Krbhnke p rocedure lo  t o  a f f o r d  t h e  co r respond ing  1 . 4 - d i h y d r o p y r i d i n e ,  which was immediate ly  

c y c l i z e d  t o  t h e  i n d o l o q u i n o l i z i d i n e  i ( y i e l d  i - 4 0 % ) .  The main p r o d u c t s  o f  t h e  L iA1H4-reduct ion 

of  - 5 were t h e  he te royoh imb ine  analogues 6 ( y i e l d  47%) and 1 (17%).  G e i s s o s c h i z i n e  analogues w i t h  

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

CHOH 
2 R = <  - 

COZCH3 



The mechanism o f  t h e  f o r m a t i o n  of  t h e  f i v e - r i n g  compounds 6 and 7 i s  i n t e r p r e t e d  i n  Scheme 1. - - 

A f t e r  t h e  i n i t i a l  r e d u c t i o n  of t h e  methoxycarbonyl  groups t o  t h e  co r respond ing  a l c o h o l  

d e r i v a t i v e s ,  t h e  r e a c t i o n  proceeds by  two pa ths  ( c f .  r e f .  1 1 ) .  

Pa th  a. Fo rmat ion  o f  an e n o l i c  im in ium i o n  d e r i v a t i v e ,  wh ich  i s  reduced t o  t h e  co r respond ing  eno l  

d e r i v a t i v e ,  l eads  a f t e r  h y d r o l y s i s  ( d u r i n g  t h e  work-up) and hemiace ta l  f o r m a t i o n  t o  compound 6. 

Path  b.  Hemiaceta l  f o r m a t i o n  (due  t o  t h e  s u f f i c i e n t  k e t o n i c  c h a r a c t e r  of t h e  p resen t  v i n y l o g o u s  - 

amide system),  which i s  f o l l o w e d  by  t h e  i rn in ium i o n  f o r m a t i o n  and s imu l taneous  c leavage,  l eads  

a f t e r  t h e  r e d u c t i o n  o f  t h e  im in ium group t o  compound 1. 

The p o s s i b i l i t y  t h a t  6 was formed f rom 1 by  a d d ~ t i o n  o f  H20 d u r i n g  t h e  work-up was exc luded  by  

u s i n g  abs. methanol i n s t e a d  of H20 ( s e e  E x p e r i m e n t a l ) .  But  even w i t h  abs. methanol t h e  o n l y  

p r o d u c t s  formed were 6 and 1. No C(19)-OMe analogue o f  compound 5 was de tec ted .  

I n  cons i&r ing the s t e r e o c h e m i s t r y  of he te royoh imb ine  a l k a l o i d  analogues of t h e  above t ype ,  s e v e r a l  

con fo rmat ions  due t o  n i t r o g e n  i n v e r s i o n  and * -decal in  t y p e  r i n g  i n t e r c o n v e r s i o n  between r i n g s  

C and O have t o  be taken  i n t o  The pseudo c o n f i g u r a t i o n  o f  compound 5 ( c o n f i r m e d  w i t h  

'H and 13c NMR s p e c t r a l  data) implies exclusively the c> C / D  r i n g  j u n c t u r e .  m - f u s i o n  o f  D and E 

r i n g s  causes con fo rmat iona l  r i g i d i t y  which does n o t  p e r m i t  c i s - d e c a l i n  t y p e  r i n g  i n t e r c o n v e r s i o n  - 
between t h e  C and 0 r i n g s .  
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Scheme 1 



I n  t h e  case o f  compound L the  above mentioned 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 ype  r i n g  

i n t e r c o n v e r s i o n  between r i n g s  C and D are i n  p r i n c i p l e  p o s s i b l e .  However, t h e  13c NMR s h i f t  of 

C(6)  ( 6 22.0). i n  p a r t i c u l a r ,  i n d i c a t e s  an overwhelming preponderance of the  trans C / O  r i n g  

j u n c t u r e  i n  the  con fo rmat iona l  e q u i l i b r i u m .  T h i s  f i n d i n g ,  combined w i t h  t h e  known trans C ( 3 ) H  - 

C(15)H r e l a t i o n s h i p , 1 4  p o i n t s  t o  the  predominance of t h e  f o l l o w i n g  conformat ions (where r i n g  0  i s  

i n  mod i f ied  boat  conformat ions)  f o r  compound 1. 

The behaviour  o f  compound 5 was a l s o  i n v e s t i g a t e d  i n  t h e  presence o f  NaBH4. Under s t r i c t l y  n e u t r a l  

c o n d i t i o n s  o n l y  the  e s t e r  f u n c t i o n s  were reduced, t o t a l l y  (8) or p a r t i a l l y  (2).  con f i rm ing  thereby  

t h e  s t a b i l i t y  o f  the  v iny logous  amide system under the  used c o n d i t i o n s .  Under a c i d i c  c o n d i t i o n s  

(CH3COOH), however, the  corresponding imin ium i o n  was formed i n  t h e  f i r s t  stage o f  t h e  r e a c t i o n .  

The thus formed imin ium i o n  and the  normal k e t o  f u n c t i o n  were bo th  then reduced, enab l ing  a  

f u r t h e r  r e a c t i o n  of the  formed a l c o h o l  t o  y i e l d  lac tone  10. No f u r t h e r  r e d u c t i o n  of the  l a c t o n e  

c o u l d  be observed i n  a c i d i c  media. However, when the  s o l u t i o n  was n e u t r a l i s e d  b y  t h e  a d d i t i o n  o f  

excess methanol fo l l owed by a d d i t i o n  of NaBHq, the  l a c t o n i c  ca rbony l  f u n c t i o n  was reduced t o  

a f f o r d  11 (see Exper imenta l ) .  Polyphosphor ic  a c i d  t rea tment  o f  2 f i n a l l y  y i e l d e d  11 i n  n e a r l y  

q u a n t i t a t i v e  y i e l d .  Thus, a  new s h o r t  s t e r e o s e l e c t i v e  t o t a l  syn thes is  o f  ( ? I - 3 - i s o - 1 9 - e p i -  

ajrnal i c i n e  12' was accomplished. 15 

EXPERIMENTAL 

IR spec t ra  were recorded on a  Perk in-Elmer 700 Spectrophotorneter u s i n g  l i q u i d  f i l m  between NaCl 

c r y s t a l s .  IR absorp t ion  bands a r e  expressed i n  r e c i p r o c a l  cen t imet res  (cm-') u s i n g  po lys ty rene  

1  
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  are repor ted .  H  and NMR spec t ra  were 

recorded i n  CDCI3 (compounds 8, 9, 10 and 11) o r  CD30D (compounds & and L) (TMS as i n t e r n a l  

1  s tandard  6=0) on a  Jeo l  JNM-FX 60 spectrometer  work ing a t  59.80 MHz ( H  NMR) and 15.04 MHz 

13 ( C  NMR). Chemical s h i f t  data a r e  g iven  i n  ppm downf ie ld f rom TMS where s, d, t, q and m 
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des igna te  s i n g l e t ,  doublet ,  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 .  Coupl ing cons tan ts  J 

a r e  g iven  i n  Hz. Mass spectrometry was performed on a J e o l  DX 303lDA 5000 ins t rument .  

For  column chromatography, Aluminium o x i d e  Merck ( a c t .  11-111) and S i l i c a  Woelm TSC were used. 

TLC p l a t e s  were coated w i t h  e i t h e r  S i l i c a  ge l  60 PF254+366 o r  Aluminium oxide PF254+366, both 

from Merck. Dragendor i f -Munier  reagent  was used t o  l o c a t e  r e a c t i o n  components. 

Compound 5 

Oimethyl malonate (400 mg, 3.0 mmol, 0.35 m l )  was added d u r i n g  0.5 h t o  a suspension o f  NaH 

(100 mg, 4.16 m o l )  and 18ml  o f  d r y  So lven t  ( 8  ml of THF+ 1Oml o f  DME). The m i x t u r e  was s t i r r e d  under 

n i t r o g e n  f o r  0.5-1 h. S a l t  4'' (500 mg, 1.45 mmol) was added s l o w l y  a t  - 1 5 ' ~  and the  temperature 

was g r a d u a l l y  a l lowed t o  reach r t  (3 -5  h ) .  The s o l v e n t s  were evaporated and methanol ( 5 0  ml) 

p r e s a t u r a t e d  w i t h  d r y  HCI gas was added. S t i r r i n g  was con t inued  f o r  20 t,. The s o l u t i o n  was then 

s l o w l y  poured i n t o  a suspension of NaHC03 i n  d ich loromethane.  The i n o r g a n i c  s a l t s  were f i l t e r e d  

o f f  and t h e  d r i e d  f i l t r a t e  evaporated under vacuum t o  g i v e  e s s e n t i a l l y  pu re  5. Y :  227 mg (40%) .  

Mp 2 4 5 . ~ 4 8 ~ ~ .  A n a l y t i c a l  da ta  ( i t - ,  pmr, cmr, ms) were i d e n t i c a l  w i t h  those g iven  i n  the 

l i t e r a t u r e .  14 

Compounds 6 and 7 

L iA lH4  (300 mg) and d r y  THF (20  m l )  were r e f l u x e d  f o r  15 min (Ar-atm) and then coo led  t o  r t .  

Diester 2 (45 mg, 0.7 mol) i n  THF (10  ml)  was added d u r i n g  1 11 and s t i r r i n g  was con t inued  f o r  2 h 

a t  rt and 15 min under r e f l u x .  To t h e  coo led  s o l u t i o n  sa tu ra ted  aq Na2S04 ( o r  abs. MeOH, vide 
supra)  and f i n a l l y  d i e t h y l  ether were added. The p r e c i p i t a t e  formed was washed w i t h  e t h e r  and the - 
combined e x t r a c t s  were d r i e d  over  Na2S04. A f t e r  p r e p a r a t i v e  TLC on s i l i c a ,  compounds 5 and 1 were 

ob ta ined .  

6.  Y :  47%, ir 3320 (OH), pmr (CDjOD) 2.02 (3H, s, CH3), 2.50 ( l H ,  dd, H-21 ax ) ,  3.13 ( l H ,  dd, 
- 

H-21 eq) ,  3.65 (4H, m, CH2-0-, C120H), 4.49 (lH, dm, H-3), 6.7-7.5 (4H, m, arom. H), 10.40 (IH, 

b r  s, NH), m/z  342 (M+, 100%). 324, 293, 281, 251, 223, 184, 170, 169, 156. Found 342.1936 (mass 

spec t romet ry ] .  Ca lc .  fo r  CZ0HZ6O3N2: 342.1944. 

7 .  Y :  17%. i r  3320 (OH), pmr (CD30D) 1.93 (3H, S, CH3), 3.65 (4H, CH2-OW, CH20H), 6.9-7.5 (4H, rn, - 

arom. H), m/z 324 (M', 100%). 293, 281, 265, 251, 223, 184, 170, 169, 156. Found 324.1829 (mass 

spec t romet ry ) .  Calc.  f o r  C20H2402N2: 324.1838. 



Compounds 8  and 9  

Compound i ( 150  mq, 0 .38  mmol) was d i s s o l v e d  i n  25 m l  o f  abs. ethano l .  NaBH4 ( 5 0 0  mg, 13 mmol) was 

added and s t i r r i n g  was c o n t i n u e d  unde r  a r g o n  f o r  6  h .  T h e r e a f t e r  2N HCI was added and t h e  m l x t u r e  

was 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  CH2CI2. The carnPined o r g a n i c  l a y e r s  we re  washed w i t h  w a t e r ,  

d r i e d  o v e r  Na2S04 and e v a p o r a t e d  t o  d r y n e s s .  A f t e r  p r e p a r a t i v e  TLC on s i l i c a ,  two m a i n  p r o d u c t s ,  

8  and x, were  o b t a i n e d .  - 

8.  Y :  25 mg (20%) ,  i r  3300 (OH), 1630 (C=0) ,  pmr 2 .26  (3H, s ,  COCH3), 7 .05 -7 .40  (4H. rn, arom. HI ,  - 

7.69 (1H, 5 ,  H-21).  9 .02 ( I H ,  b r  s, NH), mlr  340 (M'), 322, 265, 263 ( l o o % ) ,  221, 170, 169, 156, 

143. Found: 340.1780 (mass s p e c t r o m e t r y ) .  C a l c .  f a r  CZ0HZ403N2: 340.1788.  

9 .  Y :  20 mg (15%) ,  i r  3350 (OH), 1720 (C02CH3), 1630 (C=O), pmr 2 .21 (3H, 8 ,  C0CH3), 3 .61 (3H, 8 ,  - 

C02CH3), 7 .06-7 .39 (4H, m, arom. H ) ,  7 .52 ( I H ,  s, H-211, 9 . 1 4  ( l H ,  b r  s ,  N H ) ,  m l z  3 6 3 ( ~ * ) ,  350, 2 5 ,  

265 ( l o o % ) ,  263, 221, 170, 169, 156, 143. Found: 3 6 8 1 7 2 9  (mass s p e c t r o m e t r y ) .  C a l c .  f o r  

CZ1H240qN2: 368.1737. 

Compound 1 0  

Compound i ( 209  mg, 0 . 5 3  mmol) was d i s s o l v e d  i n  g l a c i a l  a i e t l c  a c i d  ( 4 0  m l ) .  NaBH4 ( 2 . 1  g, 

55 mmol) was added d u r i n g  1 . 5  h  w h i l e  t h e  m i x t u r e  was c o o l e d  i n  a  c o l d  w a t e r  b a t h .  S t i r r i n g  was 

c o n t i n u e d  f o r  5 h .  The m i x t u r e  w a s  t h e n  n e u t r a l i s e d  w i t h  NaHCO3/CH2CI2, t h e  i n o r g a n i c  s a l t s  were 

f i l t e r e d  o f f  and t h e  d r i e d  f i l t r a t e  w a s  e v a p o r a t e d  unde r  vacuum. A f t e r  p u r i f i c a t i o n  o f  t h e  c r u d e  

p r o d u c t  t h r o u g h  a  co lumn o f  a l u m i n a  (Woelm TSC), compound d was o b t a i n e d .  ~ ~ 2 0 5 - 2 0 6 ' ~  [ l i t. 2 0 3 ' ~  

dec17, 2 0 8 - 2 1 ! ~ ~ ~ ~ ) .  Y :  38% ( c o n t a m i n a t e d  w i t h  a s m a l l  amount o f  a n o t h e r  i s o m e r ) .  I r  1730-1700 

(C=O, e s t e r  + l a c t o n e ) ,  pmr 1 .48 (3H, d, J = 7 . 0  Hz, CH3), 3 .80 (3H, s,  C02CH3), 4 .40  ( I H ,  b r ,  

H-3) .  7 . 01 -7 .50  (4H. m, a r m .  H ) ,  8 . 23  ( I H ,  b r  s, NH), m l z  368 (M', 100%), 309, 251, 223, 184, 

170, 169, 156, 143. Found: 368,1739 (mass s p e c t r o m e t r y ) .  C a l c .  f o r  CZ1HZ4O4N2: 368.1737.  

Compound 11 

Compound 5 ( 300  mg, 0 .76  mmol) was d i s s o l v e d  i n  g l a c i a l  a c e t i c  a c i d  ( 4 0  m l ) ,  NaBH4 ( 2 . 5  g, 

65 rnrnol) was added d u r i n g  45 m i n  and s t i r r i n g  was c o n t i n u e d  f o r  3 h .  M e t h a n o l  ( 1 0 0  m l )  and NaBH4 

( 1 . 1  9, 29 mmol) were  added. The m i x t u r e  was s t i r r e d  f o r  20 h.  Water  was t h e n  added and me thano l  

and t h e  m e t h y l  acetate formed were  e v a p o r a t e d .  The r e s t  was n e u t r a l i s e d  by p o u r i n g  t h e  m i x t u r e  

i n t o  a s u s p e n s i o n  of NaHC03 i n  CH2C12. A f t e r  u s u a l  workup and p r e p a r a t i v e  TLC ( s i l i c a ,  10% MeOHI 

CHC13), 134 rng (48%) 11 ( c o n t a m i n a t e d  w i t h  a  s m a l l  amount o f  t h e  OH-epimer) was o b t a i n e d .  It' 3300 

(OH), 1730 (C=O), pmr 1 .17 (3H, d, J = 6 . 5  Hz, CH3), 3.74 (3H, s, C02CH3), 7 .06 -7 .53  (4H, m, 
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worn. H ) ,  8 . 54  ( l H ,  b r  s, NH), mlr 370 (M', l o o % ) ,  369, 352, 339, 225, 223, 184, 169, 156. Found: 

370.1896 (mass s p e c t r o m e t r y ) .  C a l c .  f o r  C21H26N204: 370.1894. 

Compound 1 2  

Compound 11 ( 4 2  mg, 0 .11  rnmol), e t h y l e n e  g l y c o l  d i r n e t h y l  e t h e r  and 1 d r o p  o f  p o l y p h o s p h o r i c  a c i d  

were  s t i r r e d  ( 6 5 ' ~ .  Ar -a tm)  f o r  1 h.  The m i x t u r e  was n e u t r a l i s e d  w i t h  conc .  aq Na2C03 and 

e x t r a c t e d  w i t h  CH2C12 s e v e r a l  t i m e s .  The combined o r g a n i c  phases were  washed w i t h  w a t e r  and d r i e d  

o v e r  NaZSOq. The y i e l d  o f  p u r e  11 was 39 mg ( 9 8 % ) .  A n a l y t i c a l  d a t a  ( i r ,  prnr, cmr, ms) were 

i d e n t i c a l  w i t h  t h e  d a t a  g i v e n  i n  r e f s .  13, 14  and 17.  

REFERENCES AND NOTES 

1 .  0. T h i e l k e ,  J.W. Wegener a i d  E. W i n t e r f e l d t ,  Chem. Ber . ,  1975, 108, 1791.  

2 .  R. B e s s e l i g v r e ,  J.-P. Cosson, B.C. Das and H.-P. Husson, T e t r a h e d r o n  L e t t . ,  1980, 21, 63 .  

3 .  W.R. A s h c r o f t  and J.A. J o u l e ,  T e t r a h e d r o n  L e t t . ,  1980, 2341. 

4 .  M. Harne i la  and M. Lounasmaa, A c t a  Chem. Scand.,  S e G ,  1981, 35, 5.  

5. L .  C a l a b i ,  B. D a n i e l i ,  G. Lesma and G. P a l m i i a n o ,  T e t r a h e d r o n  L e t t . ,  1982, 2139.  

6 .  I . E .  Overman and T.C. Malone, J. Org.  Chem., 1982, 41, 5297. 

7 .  P .  Ro~enmund  and M. C a s u t t ,  T e t r a h e d r o n  L e t t . ,  1983, 1771. 

8 .  G .  Lesma, G. Pa l rn isano and 5 .  T o l l a r i ,  J .  Chem. Soc., P e r k i n  T r a n s .  I ,  1984, 1593. 

9 .  B i o g e n e t i c  number ing ;  see J. L e  Men and W .  T a y l o r ,  E x p e r i e n t i a ,  1965, 21, 508.  

10. F.  K rohnke ,  K .  E l l e y a s t  and E. Be r t r am,  m g s  Ann. Chem., 1956, 600, 176 ( f o r  e a r l i e r  

a p p l i c a t i o n s  see r e f s .  14  and 1 6 ) .  

11 .  M. Harne i la  and M. Lounasmaa, H e t e r o c y c l e s ,  1982, 19, 1517. 

12 .  M. Lounasmaa and M. Hdrnei la,  T e t r a h e d r o n ,  1978, 34, 437. 

13 .  M. Lounasmaa and S.-K. Kan, T e t r a h e d r o n ,  1980, 2, 1607. See a l s o  E. Yamahaka, N. S a i t o ,  

Y .  Suzuk i  and 5 .  Saka i ,  Chem. Pharm. B u l l . ,  1982, 30, 2068, No te  16. 

14 .  E. Wenker t ,  C . - J .  Chang, H. Chawla, D. Cochran, E. Hagaman, J. K i n g  and K. O r i t o ,  

Chem. Soc., 1976, 98, 3645. -- 
15.  M. Lounasmaa and R. J o k e l a ,  T e t r a h e d r o n  L e t t . ,  i n  p r e s s .  

16. M. Lounasmaa and A. Kosk inen ,  T e t r a h e d r o n  L e t t . ,  1982, 23, 349. 

17 .  E. W i n t e r f e l d t ,  A. G a s k e l l ,  T. K o r t h ,  H. Radunz and M. Walkowiak ,  Chem. B e r . ,  1969, E, 3558. 

Received, 21st April, 1986 


