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Abs t rac t  - A stereoconvergent  approach t o  a pen tacyc l i c  d i lactame ($1 i s  r epo r t ed  

and i t s  convers ion i n t o  the  new i ndo le  a l k a l o i d  akager ine i s  descr ibed.  

I n  1975 L. Angenot and c o l l a b o r a t o r s  descr ibed  the  i s o l a t i o n  and s t r u c t u r e  e l u c i d a t i o n  of  a new 

type  of i ndo le  a l k a l o i d  f rom strychnos usambarensis, the  r o o t s  o f  which a re  be ing  used as arrow 

poison i n  c e n t r a l - ~ f r i c a ' .  By x - ray  s t r u c t u r e  de termina t ion  the c o n f i g u r a t i o n  of t h l s  new a l k a l o i d  

- named akager ine - was proven t o  be (1). The same compound was i s o l a t e d  by W. Rol fsen and 

3 coworkers f rom Uppsala U n i v e r s i t y  a few years l a t e r  . 

Scheme 1 

B i o g e n e t i c a l l y  t h i s  compound can e a s i l y  be l i n k e d  t o  dehydro-geissoschiz ine which r e c e n t l y  has been 

4 
shown t o  be an impor tan t  b i ogene t i c  in te rmed ia te  i n  t h i s  f i e l d  o f  a l k a l o i d s  . The methylated 

aldehyde amnonia o f  dehydro-geissoschiz ine ( 2 )  cou ld  e a s i l y  open r i n g  D by format ion o f  the 

unsatura ted  aldehyde and s imu l taneous ly  o r  subsequently r i n g  c lose  t o  t h e  seven membered r i n g  by 

n u c l e o p h i l i c  a t t ack  of Na t o  the  malonic semi aldehyde moiety.  

Th i s  p a r t i c u l a r  type  o f  r i n g  c l osu re  was planned t o  be one o f  the  key r eac t i ons  i n  the  

s t e reose lec t i ve  t o t a l  syn thes is  o f  akager ine r epo r t ed  i n  t h i s  paper, and i t  tu rned o u t  t o  be a very  

5 smooth and e f f i c i e n t  process . S t a r t i n g  f rom a c i d  Qa) the  pen tacyc l i c  lactame ($,) was ob ta ined on 

t rea tment  w i t h  tr if luoro-aceticacid-anhydride a t  room temperature. 

Scheme 2 

As the  same produc t  (E - con f i gu ra t i on  of  the  exocyc l i c  double bond) i s  a l s o  ob ta ined f rom the  

2-stereoisomer ( 2 )  t h i s  c y c l i s a t i o n  a d d i t i o n a l l y  proves t o  be a stereoconvergent  process g i v i n g  

r i s e  t o  the  " n a t u r a l "  double bond con f i gu ra t i on  on ly .  A c l o s e r  i nspec t i on  o f  the  c y c l i s a t i o n  of 

a c i d  ( 2 )  a c t u a l l y  d i d  r evea l  t h e  format ion o f  two lactames a f t e r  sho r t  r eac t i on  t imes (see 



Scheme 1 
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Scheme 3 

8a R = OH, R'= H 
R = H; R ' =  OH 

ox.. 
1- - 



exper imental) .  On separat ion o f  t h i s  mixture the 2-stereoisomer (Q) was i so la ted  indeed, and as ( j i )  

on fu r the r  treatment i s  c l ean l y  converted i n t o  (#,) one can sa fe l y  i d e n t i f y  ($1 as the product o f  

thermodynamic con t ro l  i n  t h i s  c y c l i s a t i o n  react ion .  

For fu r ther  e labora t ion  of intermediate ($) the s e l e c t i v i t y  o f  r i n g  opening react ions  had t o  be 

checked. As expected nuc leoph i l i c  a t tack  e a s i l y  takes place a t  the CT7-carbonyl group, thus g i v i ng  

r i s e  i n  methanolysis f o r  instance t o  methylester ( ~ b ) ~  - an important intermediate en route t o  

g e i ~ s o s c h i z i n e ~ ' ~ .  The spec ia l  r e a c t i v i t y  o f  t h i s  C17-carbonyl group can be judged from i t s  smooth 

8 react ion  even w i t h  potassium-tert .buty late t o  form the corresponding es te r  . Completely i n  l i n e  

w i t h  these observations i s  the r e s u l t  o f  the hydr ide reduct ion  o f  ($). Quick  reduct ion  a t  C 1 7  by 

the t r i e thy l -bo rohyd r i de  anion i s  accompanied by instantaneous r i n g  opening and reduct ion  o f  the 

r e s u l t i n g  aldehyde t o  eventua l ly  y i e l d  carb ino l  (Jc) i n  exce l l en t  y i e l d .  This experiment ind ica tes  

t ha t  reduct ion o f  t h i s  group, which i s  necessary f o r  akagerine - synthesis w i l l  have t o  be 

postponed t o  a l a t e r  stage w i t h  l ess  s t r a i n  and r i n g  f i s s i o n  tendency. 

To these ends se lec t i ve  r i n g  opening o f  r i n g  D had t o  be achieved f i r s t ,  and according t o  the 

higher donor capac i ty  o f  Nb, e l e c t r o p h i l i c  a t tack  was expected t o  p r e f e r e n t i a l l y  take place a t  t h i s  

carbonyl group. 

I n  f a c t  Meerwein-reagent was shown t o  a l k y l a t e  t h i s  oxygen atom exc lus i ve l y  g i v i n g  r i s e  t o  the 

corresponding alkoxy iminium s a l t  which on fu r the r  treatment w i t h  water opened r i n g  D t o  form es te r  

( l a )  i n  a  completely s te reospec i f i c  manner. 

Scheme 3 

Although se lec t i ve  and s te reospec i f i c  as e a s i l y  can be judged from the NMR-data of ( l a )  (see 

experimental) t h i s  process un fo r tuna te l y  turned out  t o  be very dependant on the q u a l i t y  of the 

Meerwein-reagent used. Fa i l u re  i n  c e r t a i n  cases could no t  be s a t i s f a c t o r i l y  explained and w r i t s  

f u r t h e r  i nves t i ga t i on .  Subsequent i n t roduc t i on  o f  the Nb methyl group by the we l l  es tab l ished 

reduct ive  amination process9 i s  very e f f i c i e n t  and h igh chemical y i e l d s  are obtained if f o r  

prevent ion o f  d imer isa t ion  react ions  a  surplus o f  formaldehyde i s  used. 

Intermediate ( l b )  then looks very promising f o r  a  d i r e c t  t ransformat ion i n t o  akagerine. Reducing 

agents l i k e  Dibah might we l l  reduce both carbonyl groups and a t  low temperature cou ld  e a s i l y  stop 

10 a t  the unsaturated aldehyde stage . A d d i t i o n a l l y  compared t o  the pentacyc l ic  compound ( t )  t h i s  

t e t r a c y c l i c  species w i l l  show decreased r i n g  s t r a i n  thus render ing the product much l ess  prone t o  

r i n g  f i s s i o n  and overreduct ion.  Dibah reduct ion  i n  dry tetrahydrofurane a t  -70°C i n  f ac t  gave r i s e  

t o  one more po la r  product only,  bu t  DC behaviour and spect ra l  as we l l  as a n a l y t i c a l  data 

immediately r u l e d  out  akagerine l i k e  s t ruc tures .  
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I t  proved the product t o  be a d ihydro  de r i va t i ve ,  and as the UV spectrum has changed i n t o  normal 

indo le  absorpt ion and the NMR pa t te rn  o f  the proton a t  CI7 d i f f e r s  from the one i n  akagerine, 

s t ruc tu re  (ga l  i s  proposed f o r  t h i s  compound. The special  downf ie ld s h i f t  of one aromatic proton 

a d d i t i o n a l l y  ind ica tes  a 0-hydroxy group located i n  the plane o f  the  aromatic r i ng .  

As the bulky Lewis a c i d  reducing agent Dibah might be responsible f o r  c rea t i ng  the c i s -  

r e l a t i o n s h i p  o f  the protons a t  C f 5  and CI7 we next  t r i e d  the s t rong l y  nuc leoph i l i c  t r i e t h y l  

borohydride and were pleased t o  i s o l a t e  the  epimeric carb ino l  Qb), which proved t o  be l ess  po la r  

than (@a). The NMR s igna l  o f  the pro ton a t  CI7 i n  t h i s  case being very s i m i l a r  t o  the one i n  

akagerine we used t h i s  stereoisomer f o r  f u r t h e r  e labo ra t i on  i n t o  the na tu ra l  product. Dibah 

reduct ion  of t h i s  ma te r i a l  was n o t  t o  be stopped a t  the aldehyde stage and reduct ion  i n  methylene 

ch lo r i de  even a t  -70°C c lean l y  produced the unsaturated carb ino l  ( 2 )  which again showed a C 1 7  

p ro ton resonance very s i m i l a r  t o  the one i n  akagerine and which on subsequent n i cke l  peroxide 

oxydationl '  gave r i s e  t o  akagerine as proven by comparison w i t h  an authent ic  sample. 

Experimental Pa r t  

Dilactame ($1: 1 g o f  e s t e r  (xb) d isso lved i n  30 ml methanol i s  t rea ted w i t h  a s o l u t i o n  of 1 g 

sodiumhydroxide i n  20 ml water. A f te r  2 h a t  room temperature the s o l u t i o n  i s  a c i d i f i e d  and 

ex t rac ted  w i t h  methylene ch lor ide .  A f t e r  evaporat ion of the so lvent  and vacuum d ry ing  o f  the  

residue 70 ml t r i f l u o r a c e t i c  ac id  anhydride i s  added and t h i s  s o l u t i o n  i s  s t i r r e d  under n i t rogen 

f o r  5 h (room temperature). A f t e r  evaporat ion the  residue i s  red isso lved i n  aceton and evaporated 

again f o r  two times. Af ter  t h i s  t reatment c r y s t a l s  are obtained from acetonelether,  750 mg = 82%. 

m.p. 19g°C. UV (CH30H) A,,, 245, 270, 295, 305 nm ( E  = 16100, 12000, 4800, 4600); I R  ( K B r )  vmax 

1710, 1685, 1660, 1610 cm-l; 'H-NMR (90 MHz, CDC13) 6 8.03 ( IH, m), 7.5-7.1 (3H, ml, 7.05 (1H. q, 

J 7.5 Hz), 4.68 (2H, m), 1.77 (3H, d, J 7.5 Hz); MS (200°C) M+ 306 ME ( l oo%) ,  278 (32) ,  263 (19) ,  

235 (321, 206 (18). 183 (161, 169 (511, 156 (32); C19H18N202 (306.2) ca lc .  C 74.49, H 5.92, N 9.14, 

found C 74.01, H 5.87, N 9.04. 

If ac id  (2) i s  t r ea ted  the same way f o r  30 min (room temperature) work up as above and t h i n l a y e r  

separat ion (ether/acetone 9 : l )  gave r i s e  t o  c r y s t a l s  of d i lactame (kl (44%), m.p. 10Z°C. UV (CH30H) 

Amax 245, 276, 295, 305 nm ( q u a l i t a t i v e ) ;  IR (KBr) vmax 1725, 1680, 1660, 1620 cm-' ; 'H-NMR (90 MHz, 

CDC13) 6 7.99 ( lH ,  m), 7.48-7.23 (3H, m), 6.02 (1H, q,  J 7 Hz), 4.52 (ZH, m), 2.10 (3H, d, J 7 Hz); 

MS (120°C) M' 306 ME (24%), 305 ( l o o ) ,  278 (25), 263 (26), 249 ( l l ) ,  235 (38),  206 (14). 180 (171, 

169 (60),  168 (32), 167 (351, 156 (43); ClgH8N202 calc.  306.1368, found 306.1368 (MS). 

Fur ther  t reatment o f  t h i s  ma te r i a l  under the cond i t ions  given above change i t  i n t o  pure di lactame 

(t). 



Ester  ( l a ) :  0.7 g d i lactame ($ d isso lved  i n  30 ml d r y  methylene c h l o r i d e  i s  t r e a t e d  w i t h  1.7 g 

t r i e t hy l oxon ium hexafluorophosphate f o r  12 h a t  room temperature. Add i t i on  o f  a m i x tu re  o f  methanol 

(12 ml ) ,  water ( 4  ml ) ,  and t r i f l u o r a c e t i c  a c i d  ( 4  ml )  i s  f o l l owed  by e x t r a c t i o n  w i t h  e the r  

(separa t ion  of s t a r t i n g  ma te r i a l :  120 mg). Subsequent b a s i f i c a t i o n  and methylene c h l o r i d e  

e x t r a c t i o n  y i e l d s  325 mg (48%) of e s t e r  ( l a ) ,  m.p. 1 4 3 T .  I R  (KBr) vmax 1710, 1700, 1640, 1610 

cm-'; 'H-NMR (90 MHz, CDC13) 6 8.37 ( lH ,  In), 7.54-7.2 (3H, ml ,  6.95 ( lH ,  q, J 7 Hz), 4.04 (ZH, q, 

J 7 Hz), 1.86 (3H, d, J 7 Hz), 1.01 (3H, tr, J 7 HZ); MS (170°C) Mt 352 ME ( l oo%) ,  323 (32),  306 

(161, 225 (421, 197 (23),  196 (19),  185 (16),  184 (65),  183 (68).  171 (32),  170 (65) ,  169 (58);  

C21H24N203 (352.2) ca l c .  C 71.57, H 6.86, N 7.95, found C 71.36, H 6.94, N 7.84. 

Nb-methylat ion t o  ( l b l :  70 mg of ( l a )  i n  4 ml a c e t i c  a c i d  i s  t r e a t e d  w i t h  50 mg formaldehyde 

(d i sso l ved  i n  methanol). A f t e r  10 min the  m i x tu re  i s  coo led  t o  0°C and subsequently a surp lus  of 

borohydr ide i s  added. A f t e r  one hour, t reatment w i t h  surp lus  soda s o l u t i o n  and e x t r a c t i o n  w i t h  

methylene c h l o r i d e  y i e l d s  63 mg (86%) o f  the  N-methyl d e r i v a t i v e  ( t b ) ,  m.p. 154-C. I R  (KBr) vmax 

1715, 1700, 1640, 1620 cm-'; 'H-NMR (90 MHz, CDC13) 6 8.59 ( IH,  m), 7.51-7.22 (3H, m), 6.91 ( lH ,  q, 

J 7 Hz), 4.00 (ZH, q, J 7 Hz), 2.51 (3H, s l ,  1.86 (3H, d, J 7 Hz), 1.01 (3H, tr, J 7 Hz); MS 

(180°C) M' 366 ME (29%), 350 (231, 337 ( l o ) ,  323 ( 8 ) ,  240 (101, 239 (59 ) ,  211 (9 ) ,  206 ( 9 ) ,  198 

(10) .  196 (181, 185 (361, 184 (100). 183 (951, 171 (23);  C22H26N203 (366.2) ca lc .  C 72.11, H 7.15, 

N 7.64, found C 72.14, H 6.97, N 7.55. 

Carb ino l  ( ka ) :  74 mg o f  amine ( l b )  i s  d i s so l ved  i n  9 ml d r y  te t rahydro fu rane and a t  -70°C t r e a t e d  

w i t h  0.3 ml o f  a Dibah s o l u t i o n  i n  to luene (20%). A f t e r  2 h methanol i s  added and t h e  m i x tu re  

re f luxed f o r  a few minutes. A f te r  f i l t r a t i o n  and evapora t ion  the res idue i s  separated by TLC and 

one ob ta ins  55 mg (74%) of ca rb i no l  (@a), m.p. 13Z°C. IR (KBr) vmax 3440, 1710, 1635 cm-l; IH-NMR 

(90 MHz, CDC13) 6 7.94 ( lH ,  m), 7.56-7.00 (3H, m), 6.65 ( lH ,  q, J 7 Hz), 5.08 ( lH ,  dd, J 7 Hz, J 2 

Hz), 4.03 (pH, q, J 7 Hz), 2.37 (3H. s l ,  1.61 (3H, d, J 7.5 Hz), 1.16 (3H, tr, J 7 Hz); MS (200°C) 

Mt 368 ME (27%), 352 (14) ,  349 ( I ? ) ,  339 ( l o ) ,  335 (141, 306 (13) ,  241 (22), 214 (14 ) ,  213 (14), 

198 (311, 185 ( l o o ) ,  184 (39 ) ,  183 (35).  171 (551; C22H28N203 ca lc .  368.2099, found 368.2099 (MS). 

Carbinol  Qb):  63 mg o f  amine ( l b )  d isso lved  i n  5 ml d r y  te t rahydro fu rane i s  t r e a t e d  w i t h  

commercial s o l u t i o n  o f  l i t h i u m  t r i e t h y l  borohydr ide i n  te t rahydro fu rane a t  room temperature. A f t e r  

s t i r r i n g  f o r  30 min soda s o l u t i o n  i s  added and the  substance i s o l a t e d  by methylene c h l o r i d e  

ex t r ac t i on .  TLC separa t ion  y i e l d s  43 mg (68%) o f  ca rb i no l  (gb) ,  m.p. 176°C. I R  (KBr) urnax 3400, 

1710, 1630 cm-l; 'H-NMR (90 MHz, DMSO-D6) 6 7.55-6.86 (4H, ml, 6.67 ( lH ,  q, J 7 Hz), 6.16 ( lH ,  m), 

4.03 (ZH, q, J 7 Hz), 2.43 (3H, s ) ,  1.88 (3H, d, J 7 Hz), 1.77 (3H, tr, J 7 Hz); MS (280'C) M' 368 

ME (28%), 352 '(231, 349 ( 8 ) ,  339 (131, 335 ( 8 ) ,  326 (15).  255 (151, 241 (30),  214 (18 ) ,  213 (23),  

198 (33).  186 (26) ,  185 ( l o o ) ,  184 (46).  183 (43), 171 (56);  C22H28N203 c a l c .  368.2099, found 
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368.2099 (6). 

D i o l  ( 2 ) :  Reduction of 25 mg of carb ino l  (Qb) i n  4 ml dry  methylene ch lo r i de  by 0.2 ml of a 20% 

Dibah s o l u t i o n  i n  to luene a t  -70°C a f t e r  work up (see under Qa) y i e l ded  19 m9 (88%) of d i o l  (x), 
m.p. 143°C. IR (KBr) v 3400, 1610 cm-l; 'H-NMR (90 MHz, acetone-D6) 6 7.63-7.00 (4H, m), 6.44 ( lH, 

dd, J 4.5 Hz, J 2 Hz), 5.61 ( lH, q, J 7 Hz), 4.14 (2H, m), 2.63 (3H, s ) ,  1.86 (3H, d, J 7 Hz); MS 

(240°C) M' 326 ME (24%1, 308 ( 5 ) ,  283 (5 ) ,  255 (19) ,  218 (13) ,  198 (231, 185 ( l o o ) ,  184 (29), 183 

(25). 171 (24); C20H26N202 ca l c .  326.1994, found 326.1945 (MS). 

Akagerine (1): Oxydation o f  10 m9 o f  d i o l  ( 2 )  i n  3 ml benzene w i t h  a surplus of n i cke l  peroxide by 

heat ing  f o r  12 h a t  50DC, y i e l d s  a f t e r  f i l t r a t i o n ,  evaporation, and TLC separat ion a substance 

which proved t o  be i d e n t i c a l  w i t h  akagerine. 
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