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SYNTHESIS OF VINCA ALKALOIDS AND RELATED COMPOUNDS X X X ~ .  
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Abs t rac t  - S t a r t i n g  from iminium s a l t  2 two d i f f e r e n t  methods have 

been e l abora ted  f o r  t h e  syn thes i s  of (+)- tacamine _1, (+)-apotacamine 2 

and t h e i r  20-epimers . 

Van Beek e t  a l .  r epor t ed  r ecen t ly  t h e  i s o l a t i o n  of two new a l k a l o i d s ,  tacamine 
2 

and apotacamine 23 from the  leaves  of Tabernaemontana eglandulosa .  

The semisynthes is  o f  t h e  enantiomers of t h e s e  a l k a l o i d s ,  named pseudovincamine and 

pseudoapovincamine, using ( - ) - tabersonine  as a s t a r t i n g  ma te r i a l  has  a l r eady  been 

publ ished by e t  a l .  
4 



The iminium s a l t  _3 descr ibed by Massiot e t  h.' proved t o  be a s u i t a b l e  educt  i n  

o w  hands f o r  the  t o t a l  s y n t h e s i s  o f  racemic and 2 .  I n  o r d e r  t o  minimize t h e  

p o s s i b i l i t y  of d i a l k y l a t i o n ,  3 ( X  = C10 ) was reac ted  wi th  t h e  bulky t e r t - b u t y l  
4 

a c r y l a t e  i n  methylene c h l o r i d e  i n  t h e  presence o f  t r i e t h y l m i n e  a f fo rd ing  the  

p e r c h l o r a t e  i6 i n  a y i e l d  of 79 8. 

I 

The base ,  prepared from 4 by aqueous N ~ O H  was reduced with NaBH4 g iv ing  r i s e  t o  

8 9 t h r e e  s tereoisomers :  5 ( y i e l d  37.5 8)'. 2 ( y i e l d  10 81 and _8 ( y i e l d  30 8 )  a f t e r  

1 TLC sepa ra t ion .  Their  i n d i c a t e d  conf igura t ion  is  s u b s t a n t i a t e d  by H and 13c NMR 

data .  I t  i s  worth t o  mention t h a t  very r e c e n t l y  Lounasmaa e t  a l .  descr ibed t h e  

methyl e s t e r  of the  four th  poss ib le  isomer a s  the  on ly  product  a r i s i n g  from t h e i r  

method1'. 

On b o i l i n g  6 o r  8 i n  chloroform wi th  POC13, lactam 2 ( y i e l d  86 %)I1 o r  g ( y i e l d  

80 %)12 was obta ined.  Both lac tams were transformed t o  t h e  corresponding i s o n i t r o s ,  

d e r i v a t i v e s  (& and 2) on t rea tment  with t e r t - b u t y l  n i t r i t e  i n  to luene i n  the  

presence of K O B U ~ .  The seven membered oximes 11 ( y i e l d  49 % ] I 3  and 12 ( y i e l d  

53 8 ) I4 a r e  mixtures of _Z and E isomers. 
I R1 I X 

11 - B-H 

11 - a-H =NOH 

12 - D-H =NOH 



HETEROCYCLES, Yo1 24, No. 6, 1986 

Using the method described e a r l i e r  by us1' oxime 12 was bo i l ed  i n  methanol wi th  

16 concentra ted  s u l p h u r i c  a c i d  a f fo rd ing  (2)-apotacamine (2, y i e l d  4 2  % )  . Compound 

11 was transformed by t h e  same t rea tment  t o  (+)-20-epi-apotacamine (18, y i e l d  - 
53.5 %)I7 .  ~ l l  t h e  spec t roscop ic  data. of 2 were i d e n t i c a l  with those  desc r ibed  i n  

2 t h e  l i t e r a t u r e  . 

I t  was found t h a t  t h e  above r e a c t i o n  sequence can be improved by b o i l i n g  11 o r  12 

i n  CH30H/NaOCH3. A s  a r e s u l t  t h e  oxime e s t e r s  2 ( y i e l d  60.8 % ) I 8  and 14 ( y i e l d  

54.8 % ) I 9  were formed re spec t ive ly  being aga in  mixtures  o f  4 and E isomers. 

- B-H B-H 

3 1 5  - B-H a-H 
R 02C-$-CH 

'zH5 

NOH 16 - B-H B-A '2'5 

When 13 was b o i l e d  i n  d i l u t e d  a c e t i c  a c i d  i n  t h e  presence o f  su lphur i c  a c i d  and 

sodium pyrosu lph i t e  (+)-20-epi-tacamine 17 w a s  formed i n  37 % yie ldz0.  Under 

2 1  s i m i l a r  cond i t ions  14 could be transformed t o  (5)-tacamine ( i ,  y i e l d  28 % )  , 
22 which proved t o  be i d e n t i c a l ,  except  o p t i c a l  r o t a t i o n ,  with t h e  n a t u r a l  product . 

(_+)-Apotacamine 2 can a l s o  be obta ined by b o i l i n g  oxime 14 i n  methanol/H2S04, i n  

47 % y i e l d .  

U t i l i z i n g  t h e  r e a c t i o n  sequence s u c c e s s f u l l y  used f o r  another model by us23 a 

simple and e f f i c i e n t  approach to 13 and 14 was found. The enamine obta ined from 

the  iminium pe rch lo ra te  2 was reac ted  with e t h y l  brmopyruvate  oximeZ4 g i v i n g  

25 rise t o  t h e  iminium bromide 2 i n  55.5 % y i e l d  . The l a t t e r  s a l t  w a s  reduced by 

NaBH4 i n  e thano l  a f f o r d i n g  e s t e r  3 ( y i e l d  80.8 % l Z 6  which transformed t o  t h e  cor- 

responding methyl e s t e r  13 ( y i e l d  86.6 % )  on b o i l i n g  i n  methanol i n  the  presence 



of base. 

W h e n  t h e  i m i n i u m  sa l t  5 w a s  k e p t  i n  e thano l  i n  t h e  presence of s o d i u m  ethoxide a t  

a m b i e n t  t e m p e r a t u r e  for  ha l f  an hour ,  and reduced by NaBH4 a f t e r w a r d s ,  the stereo- 

i s o m e r  o x i m e  esters ( y i e l d  3 1 . 6  % )  and 16 ( y i e l d  2 8 . 2  % l Z 7  w e r e  i so la ted .  E t h y l  

ester 16 w a s  t r a n s f o r m e d  t o  t h e  correspondinq m e t h y l  ester 14, us ing  t h e  above 

2 8 described method, i n  8 1 . 6  % y i e l d  . 
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0 . 4 6  ( l H ,  d d d ,  J = 1 2 . 5  Hz,  J = 1 2 . 5  Hz ,  J = 1 2 . 5  Hz, H - l k ) ,  0 . 8 5  ( 3 H ,  t ,  

-CH2CH3), 1 . 0 8  (2H, m, -Cg2-CH31, 1 . 4 5  ( l H ,  m, H - 2 0 ) ,  1 . 7 2  (1H.  ddd, 

J = 1 2 . 5  Hz ,  J = 2 . 5  Hz ,  J = 2 . 5  Hz,  H-1SB1, 2 . 2 0  ( l H ,  d d ,  J=11.0 Hz,  J=11.0 Hz, 

H-21J. 2 . 3 5 - 3 . 2 0  (4H. m, H-14, H-21B, H-6).  3 . 3 5  (2H. m, H-5).  4 . 4 2  (1H.  b r o a d  

a, J = 7 . 0  Hz, H-3).  6 . 3 8  ( l H ,  d ,  J = 7 . 3  Hz ,  H-171. 7 . 0 5 - 7 . 3 0  a n d  7 . 4 5  (4H,  m, 

a r o m a t i c )  ; 13c NMR (CDC13, b a s e )  6 ( p p m l  11.3 (-CH2-CH3), 1 6 . 3  ( C 6 ) ,  2 6 . 9  
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( 6 0 . 7 ) .  1 6 8  ( 7 . 1 ) ;  I R  ( K B r )  1 7 2 3  6' ( e s t e r  C O ) ,  1 6 3 9  cm- l  ( C = C ) ;  NMR 

(CDCl, ,  b a s e )  6 ( p p m )  0 . 9 2  ( 3 H ,  t. -CH2CH3), 3 . 9 0  ( 3 H ,  s ,  -OCH3), 4 . 3 8  ( l H ,  

d, J = 7 . 1  H z ,  H - 3 ) ,  6 . 3 3  ( l H ,  d, J = 7 . 1  H z ,  H - 1 7 ) ,  7 .00-7 .55  ( 4 H ,  m, a r o m a t i c ) ;  

13c NMR (CDC13, b a s e )  6 ( ppm) 1 2 . 3  (-CH2-CH3), 1 6 . 2  ( C 6 ) ,  2 2 . 6  (-cH2-CH3), 

2 8 . 2  ( C Z O ) ,  2 8 . 7  (C15),  3 4 . 5  (C14),  4 7 . 4  (CZ1) ,  5 1 . 3  ( C 5 ) ,  5 2 . 1  ( C  ) ,  5 2 . 1  
3 

(-COOCH,), 1 0 8 . 8  ( C 7 ) ,  1 1 2 . 3  (C12) ,  1 1 8 . 1  ( C 9 ) ,  1 2 0 . 1  ( C l 0 ) ,  1 2 1 . 8  ( C l l ) ,  

1 2 4 . 0  (C17) ,  1 2 9 . 0  ( C  ) ,  1 2 9 . 3  ( C 8 ) ,  130.0 ( C 2 ) ,  1 6 3 . 6  (-COOCH3). 1 6  + 
1 8 .  Compound 13: mp 2 5 1 - 2 5 3  OC ( m e t h a n o l ) ;  MS m / z  ( % )  3 6 9  (M , 9 4 . 0 ) , 3 6 8  ( 6 1 . 0 ) .  

3 5 3  ( 3 1 . 0 ) ,  3 5 2  ( 1 0 0 . 0 ) ,  3 4 0  ( 7 . 1 ) ,  310 ( 1 0 . 0 ) ,  2 9 3  ( 2 2 . 1 ) ,  2 9 2  ( 3 6 . 0 )  2 7 6  

0 2 6 7  ( 9 . 0 ) ,  2 5 3  ( 2 8 . 0 ) ;  I R  ( K B r )  3 3 2 0  cm-' ( i n d o l e  NH, O H ) ,  1 7 1 5  cm-1 

(es ter  CO) . 
+ 

1 9 .  Compound 14 (HC1 s a l t ) :  mp 1 9 4 - 1 9 6  OC ( m e t h a n o l ) ;  m / z  ( 8 )  3 6 9  (M , 1 9 . 0 1 ,  

3 6 8  ( 2 2 . 0 ) ,  3 5 3  ( 2 8 . 1 ) ,  3 5 2  ( 1 0 0 . 0 ) ,  3 3 5  ( 7 . 0 ) ,  3 1 0  ( 3 . 0 ) ,  2 9 3  ( 1 4 . 0 1 ,  2 9 2  

( 3 1 . 0 ) ,  2 7 6  ( 1 5 . 0 ) ,  2 6 7  ( 6 . 0 ) ,  2 5 3  ( 1 3 . 0 ) ;  I R  ( K B r )  3 4 0 0  cm-I ( i n d o l e  NH,OH), 

1 7 1 2  cm-' (ester CO);  'H NMR (DMSO-d6, b a s e )  6 (ppm)  0 . 9 0  (3H.  t ,  -CH2-Cfi3), 

3 . 6 5  ( l H ,  m, H - 3 ) ,  3 . 7 5  ( 3 H ,  s ,  -OCH3), 6 . 9 0 - 7 . 1 5  ( 2 8 ,  m, H-10,  H - l l ) ,  

7 . 2 0 - 7 . 4 5  ( 2 H ,  m, H-9, H - 1 2 ) ,  1 0 . 4  ( l H ,  b r o a d  s ,  i n d o l e  NH) ,  11.1 ( l H ,  b r o a d  

s ,  o x i m e  =NOH); 13c NMR (DMSO-d6, b a s e )  6 ( p p m )  1 3 . 0  ( - c H ~ - C H ~ ) ,  2 0 . 6  ( C 7 ) ,  

2 7 . 8  (-CH2-CH3), 30.1 (-CH2-C(N0H)-COOCH3), 3 1 . 7  ( C 2 ) ,  34 .2  ( C 3 ) ,  3 6 . 0  (C1), 

5 1 . 8  (-CH2-C(N0H)-COOCH3), 5 2 . 8  ( C 6 ) ,  5 7 . 9  ( C 4 ) ,  6 2 . 7  (ClZb) ,  1 0 8 . 4  ( C 7 a ) ,  

1 1 1 . 2  ( C l l ) ,  1 1 7 . 4  ( C 8 ) ,  1 1 8 . 3  ( C g ) ,  1 2 0 . 5  (Cl0) .  1 2 7 . 1  ( C g b ) ,  1 3 0 . 7  (CIZa) ,  

1 3 6 . 5  (Cl la ) ,  1 5 0 . 3  (-CH2-C(N0H)-COOCH3), 1 6 3 . 9  (-CH2-C(N0H)-COOCH3). 

+ 20 .  Compound 17: mp 1 8 0 - 1 8 1  OC ( m e t h a n o l ) ;  MS m/z ( % )  3 5 4  (M , 1 0 0 . 0 ) .  3 5 3  ( 7 9 . 0 ) , ,  

3 3 9  ( 2 5 . 3 ) .  3 3 6  ( 3 . 6 ) ,  2 9 5  ( 2 3 . 0 ) ,  2 9 4  ( 8 . 6 ) ,  2 9 3  ( 3 6 . 6 1 ,  2 9 2  ( 4 0 . 6 1 ,  2 6 8  

( 4 2 . 3 ) .  2 5 2  ( 6 3 . 0 ) .  2 3 8  ( 7 . 3 ) .  2 2 3  ( 4 2 . 3 ) .  1 9 6  ( 2 9 . 0 ) ;  I R  ( K B r )  3 3 6 0  cm-' 

( O H ) ,  1 7 2 2  cm-' ( e s t e r  CO) ;  'H NMR ( C D C ~ ~ )  6 ( p p m )  0 . 9 4  ( 3 H .  t ,  -CH2-Cg3),  

3 . 8 2  (3H,  s ,  -OCH3), 4 . 3 0  ( l H ,  m, H - 3 ) ,  4 . 6 0  ( l H ,  s ,  OH) ,  7 . 0 0 - 7 . 2 0  and 7.45 

(4H.  m, a r o m a t i c ) ;  13c NMR (CDC13) 6 ( p p m )  1 2 . 6  (-CH2-CH3), 1 7 . 0  ( C 6 ) ,  

2 2 . 9  (-CH2-CH3), 2 6 . 9  ( C Z O ) ,  2 7 . 8  (C15), 3 5 . 2  (C14) ,  4 0 . 2  (C17) ,  4 7 . 3  (CZ1),  



50.9 (C5), 54.3 (-COOEH3), 54.5 (C3), 81.8 (C16), 106.4 (C7), 110.5 (C12), 

118.5 (Cg), 120.3 (Cl0), 121.7 (Cll), 129.0 (c ) ,  130.7 (C ) ,  134.5 (C13), 
8 2 

174.5 (-COOCH3). 

+ 21. C o ~ o u n d  1: w 193-195 OC (methanol); MS m/z ( $ )  354 (M , 100.0), 353 (85.0). 
339 (28.21, 336 (8.5), 295 (33.2), 294 (52.1), 293 (79.1), 292 (48.6), 252 

(48.0), 238 (12.6), 223 (34.11, 196 (23.4); IR (KBr) 3350 cm-' (OH), 17184' 

(ester co); NMR ( c D c ~ ~ )  s (ppm) 0.83 ( 3 ~ .  t, -CH~-CH~), 3.79 (3H. s ,  

-OCH3), 4.34 (lH, m, H-3), 7.0-7.30 and 7.48 (4H, m, aromatic); 13c NMR 

(CDC1 ) 6 (ppm) 11.5 (-CH2-EH3), 17.0 (C6), 26.9 (-CH2-CH3), 31.1 (C15), 3 

32.1 (C14), 38.3 (CZO), 40.1 (Cl7). 50.5 (CZ1), 50.7 (C5), 54.2 (-COOCH3), 

54.2 (C3), 81.8 (C16), 106.2 (C7), 110.4 (C ) .  118.4 (Cg). 120.2 (Cll), 12 
121.7 (ClO), 128.8 (C8), 130.8 (C2), 134.5 (C ) ,  174.3 (-COOCH3). 13 

22. We are indebted to Dr. T.A. van Beek for the authentic tacamine sample and 

the MS and NMR spectra. 

23. J. S6pi. L. SzabB. Gy. Kalaus and Cs. Szintay, unpublished results. 

24. T.L. Gilchrist, D.A. Lingham and T.G. Roberts, J. Chem. Soc. Chem. Sommun., 

1089 (1979). 

0 25. Compound _5 (X=Br): mp 152-154 C (ethanol); TR (KBr) 3465 K', 3350 cm-' 

(indole NB, OW), 1702 cm-' (ester CO), 1625 K' (C=N). 
26. Compound 15: mp 256-258 OC (water); MS mlz ( % )  383 (M', 90.8), 382 (52.1), 

367 (25.4), 366 (100.0), 354 (7.5), 310 (13.2), 294 (14.8), 293 (32.4), 253 

(36.0), 225 (23.4). 223 (17,7), 184 [41.2), 170 (72.2), 169 (58.2); IR (KBr) 

3290 cm-' (indole NH, OH), 2780 cm-' (Bohlmann band), 1695 cm-' (ester CO), 

1 1610 cm-' (C=N); H NMR (DMSO-d6) 6 (ppm) 1.17 (3H, t, 

-CH2-C(N0H)-COOCH2Cg3). 0.85 (3H, t, -CH2-CHI), 3.52 (lH, s ,  H-3), 4.0 (2H, 

q ,  -CH2-C(N0H)-COOCH2CH3), 6.80-7.10 (2H, m, H-10, H-ll), 7.20-7.45 (ZH, m, 

H-9, H-12), 10.51 (1H. s, indole NH), 12.08 (1H. s ,  oxime =NOH); 13c NMR 

(DMSO-d 6 ) 6 (PP~) 11.4 (-CH2-_CH3), 14.1 (-CH2-C(N0H)-COOCH2_CHJ), 21.8 (C7), 

23.5 (-CH2-C(NOH1-COOCH2CIi3). 27.0 (-sH2-CH3), 32.6 (C3), 34.2 (C1), 34.4 

LC2), 53.1 (C6), 60.8 (-CH2-C(N0H)-COOCH2-CH3), 62.3 (C4), 63.7 (C12b), 108.2 

LC7,), 111.2 (Cll), 117.5 (C8), 118.3 (Cg), 120.4 (Cl0), 126.8 (C.,b), 134.5 

(el,,), 136.4 (Clla), 151.7 (-CH2-C(N0H)-COOCH2CH3), 164.1 

(-CHz-C (NOH)-COOCH2CH3). 

27. Compound 2: mp 190-192 OC (ethanol); MS m/z ( % )  383 (M+, 71.5). 382 (44.41, 

366 (100.0), 310 (11.1), 292 (33.2), 253 (25.41, 225 (17.9), 223 (17.6), 
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184 (33.81, 170 (56.91, 169 (50.1); IR (KBr) 3300 cml (indole NH, OH), 
1703 cm-l (ester CO), 1610 cm-l (c=N), 'H NMR I C D C ~ ~ )  6 (ppm) 0.87 (3H, t, 

-CH2-Cg3), 1.30 (3H. t, -CH2-C!NOH)-COOCH CH ) ,  4.23 (lH, s, H-12b). 4.24 !2H, 
2 -3 

q, -CH2-C(NOH)-C00C132CH,). 7.00-7.30 (3H. m, H-10, - 1 ,  - 1 2  7.45 !1H, 

broad s ,  indole NHI, 7.35-7.55 (1H. rn, H-91, 9.32 ( 1 ~ .  broad s, oxime +OH); 

13c NMR (CDC13) 6 (ppm) 11.4 (-CH2-_CH31, 14.0 !-CH2-C(N0H)-C00CH2EH3), 16.9 

(C7), 27.1 (-CH2-CH3), 30.1 (-6H -C(NOH)-COOCH2CH3), 32.8 (C2), 36.1 (C3), 
2 

37.6 !C1), 50.5 (C4), 51.2 (C6), 57.2 !CIZb), 62.1 !-CH2-C(NOH1-CM)CH2-CH31, 

108.7 (C7a)r 111.5 !Cll), 117.8 (C8), 119.4 (Cg), 121.6 (Cl0), 127.0 (C7b), 

131.1 !CIZa), 136.5 (Clla), 148.1 !-CH2-g!NOH)-C00CH2CH3), 166.5 

(-CH2-C(N0H)-C00CH2CH3). 

28. All products gave satisfactory elemental analysis. 

29. All NMR measurements were performed on a Jeol FX-lo0 instrument. A detailed 

discussion of the NMR data will be published later on. 
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