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STUDIES ON THE SYNTHESES OF HETEROCYCLIC AND NATURAL COMPOUNDS. 

PART 949l .  A TOTAL SYNTHESIS OF ( ? )  -CORYNANTHEIWL 
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Abst rac t  - A f a c i l e  s y n t h e s i s  of ( i ) - co rynan the ido l  (17) has been 

achieved by t h e  a p p l i c a t i o n  of enamine anne la t ion  us ing 3.4-dihydro- 

1-methyl-8-carholine (5) and dimethyl 3-methoxyallyl idenemalonate 

( 6 ) .  Stereochemical  assignment f o r  c a t a l y t i c  hydrogenation products  

of the  corresponding enamides has a l s o  been i n v e s t i g a t e d .  

The indo loqu ino l i z id ine  ske le ton  i s  common t o  a  l a r g e  group of indo le  a l k a l o i d s ,  and 

a l l  of four  p o s s i b l e  d ias tereomers  have been found i n  n a t u r e ,  such as  corynantheine 2 

4  (11,  h i r s u t e i n e 3  ( 2 ) .  corynantheidine  ( 3 ) .  and s p c i o c i l i a t i n e 5  ( 4 ) .  

(1) R1=a-~, R ~ = ~ - c H = c H ~ ,  ~ 3 - H  

(2) RI-0-H, R ~ = ~ - c H = c H ~ ,  ~ 3 - H  
(3) R1=a-H, R ~ = B - E ~ ,  R3=H 

~2 (4) ~l.6-H, R2=8-~t,  R ~ = O M ~  

We have r e c e n t l y  publ ished the  s t e r e o s e l e c t i v e  s y n t h e s i s  of ('1 -dihydrocorynantheol 6  

8  (8) and (2)-corynanthea17 (9) by a p p l i c a t i o n  o f  enamine anne la t ion  o f  3.4-dihydro- 

1-methyl-8-carbol ine  (5) wi th  dimethyl 3-methoxyal ly l idenemalonate  ( 6 ) ,  a s  a  key 

r e a c t i o n ,  t o  form t h e  indolo[2,3-alquinolizine ( 7 ) .  In our  cont inuing program 

concerned wi th  t h e  s y n t h e s i s  of corynanthe-type indole  a l k a l o i d s  by t h e  a p p l i c a t i o n  

of the  above s t r a t e g y ,  i t  i s  e s s e n t i a l  t o  i n v e s t i g a t e  t h e  s t e reochemis t ry  of 

hydrogenation products  of indolo[2,3-alquinolirine with  appropr i a t e  f u n c t i o n a l i t y  

a t  t h e  C15 and C Z O  pos i t ions .  We noted i n  advance t h a t  t h e  c a t a l y t i c  hydrogenation 

of t h e  enamide (7) wi th  10 % palladium-carbon i n  methanol under 2 atm o f  hydrogen 

af forded two s tereoisomers  (10) and (11) i n  a r a t i o  of 1 : 1, while hydrogenation 



u s i n g  Adams c a t a l y s t  gave a  mix tu re  of (10) and (11) i n  a  r a t i o  of 1 : 2, bo th  o f  

which had  been conve r t ed  i n t o  ( i ) - c o r y n a n t h e a l  ( 9 ) .  Moreover t h e  hydrogenat ion  o f  

(12) i n  t h e  presence  o f  Adams c a t a l y s t  i n  methanol f u r n i s h e d  t h e  amide (13).  

e x c l u s i v e l y ,  which had been t ransformed i n t o  (+ ) -d ihyd roco rynan theo l  ( 8 ) .  

(6) 
(9) 

In o r d e r  t o  s y n t h e s i s e  ( t)  - co rynan the ido l  (17) which has  thermodynamically l e s s  

s t a b l e  C15,20 c o n f i g u r a t i o n ,  t h e  known enamide5 (12) was f i r s t l y  hyd ro ly sed  w i th  

methanol ic  potass ium hydroxide and then  deca rboxy la t ed  by h e a t i n g  a t  l D O D C  i n  

dimethylfomamide-benzene ( 1  : 2  v/v)  s o l u t i o n  t o  g ive  two s t e r e o i s o m e r s  (14) and (15) 

i n  a r a t i o  o f  5 : 3 .  when the  deca rboxy la t i on  was c a r r i e d  o u t  by h e a t i n g  a t  120 - 
130°C i n  dimethylformamide, t h e  r a t i o  o f  t h e  two s t e r e o i s o m e r s  (14) and (15) was 

r e v e r s e d  t o  1 :  1 . 4 .  Hydrogenation o f  t h e  former enamide (14) w i t h  10 % pal lad ium-  

carbon o r  Adams c a t a l y s t  i n  methanol gave t h e  amide (16) a s  a  s o l e  p roduc t  i n  89.5 % 

y i e l d .  Dep ro t ec t i on  o f  (16) w i t h  p - to luenesu lphon ic  a c i d  i n  ace tone  and subsequent  

l i t h i u m  aluminium hydr ide  r educ t ion  a f f o r d e d  ( i ) - c o r y n a n t h e i d o l  (17) [m.p. 160 - 

1 6 1 ° ( l i t . ,  158 - 162'; 157 - 159'; 158 - 1 6 0 e ) ] ,  t h e  s p e c t r a l  d a t a  o f  which were 

u n d i s t i n g u i s h a b l e  from t h o s e  o f  an a u t h e n t i c  sample provided  by P r o f e s s o r  Takano. 

On t h e  o t h e r  hand, hydrogenat ion  o f  C15,20 t'a"s i somer  (15) i n  t h e  presence  o f  10 % 

pal lad ium-carbon a f f o r d e d  two s t e r e o i s o m e r s  (18) and (19) i n  a  r a t i o  o f  1 : 2 ,  and 

t h e  s t e r eochemis t ry  o f  t h e  former amide (18) was deduced from a d i r e c t  comparison 

w i t h  an a u t h e n t i c  sample13. Deprotec t ion  o f  t h e  l a t t e r  amide (19) w i t h  p - t o l u e n e s u l -  

phonic  a c i d ,  fol lowed by l i t h i u m  aluminium hydr ide  reduction f u r n i s h e d  ( + ) - h i r s t i n o l ,  

whose s p e c t r a l  d a t a  were c o n s i s t e n t  w i t h  t h e  s t r u c t u r e  o f  (20). Since  e p i m e r i s a t i o n  

a t  t h e  C3-pos i t ion  of t h e  amine (20) w i t h  Adams c a t a l y s t  under  2 atm o f  hydrogen i n  
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methanol f o r  118 h  gave (*) -d ihydrocorynantheol  (8)  i n  62 .5  % y i e l d ,  t h e  s t e r e o -  

chemis t ry  o f  (20) was a s s i g n e d  t o  be  36-hydrogen i n  a d d i t i o n  t o  C15,20 - con- 

f i g u r a t i o n  unambiguously. Hydrogenation o f  t h e  enamide ( Z l ) ,  p r epa red  from ( 7 )  by 

h y d r o l y s i s  and subsequent  deca rboxy la t i on ,  i n  t h e  presence  o f  Adams c a t a l y s t  under 

2  atm o f  hydrogen f o r  1 h  a f f o r d e d  two s t e r eo i somer s  (22) and ( 2 3 )  i n  a  r a t i o  o f  

11 : 2, and t h e  l a t t e r  amide (23) was e a s i l y  ep imer i s ed  t o  t h e  former (22) f o r  a  

l onge r  r e a c t i o n  t ime.  Both amides were then  conve r t ed  t o  t h e  cor responding  amines 

(24) and (25) by l i t h i u m  aluminium hydr ide  r e d u c t i o n ,  r e s p e c t i v e l y .  

As t h e  r e s u l t s  of t h e  p r e s e n t  work, i t  can be assumed t h a t  t h e  c a t a l y t i c  hydrogenat ion  

occu r r ed  e x c l u s i v e l y  from l e s s  h inde red  a - f a c e  o f  t h e  8 - s u b s t i t u t e d  enamides a t  t h e  

C Z 0  p o s i t i o n ,  such as  t h e  enamide (12) and (14 ) .  On t h e  c o n t r a r y ,  6 - f a c e  was p r e f e r e d  

s i d e  i n  thecase o f a - s u b s t i t u t e d  enamides a t  t h e  CZO p o s i t i o n ,  such  a s  ( 7 )  and (15 ) .  

Thus t h e  f a c i l e  s y n t h e s i s  o f  ( + I - c o r y n a n t h e i d o l  ( 1 7 )  was ach i eved  by t h e  adop t ion  o f  

enamine a n n e l a t i o n  r e a c t i o n  r e p o r t e d  by us p r e v i o u s l y ,  and f o u r  p o s s i b l e  s t e r e a i s a m e r s  

o f  c o r y n a n t h e - t ~ e  i n d o l e  a l k a l o i d s  would be s y n t h e s i s e d  by t h e  manipula t ion  o f  C Z 0  

f u n c t i o n a l i t y ,  b e f o r e  o r  a f t e r  t h e  c a t a l y t i c  hydrogenat ion .  
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EXPERIMENTAL SECTION 

M e l t i n g  p o i n t s  a r e  n o t  c o r r e c t e d .  IR s p e c t r a  were  measured w i t h  a  215 H i t a c h i  G r a t i n g  

i n f r a r e d  s p e c t r o p h o t o m e t e r ,  NMR s p e c t r a  w i t h  a JEOL JUM-FX100 s p e c t r o m e t e r  u s i n g  

t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  r e f e r e n c e .  Mass s p e c t r a  were  t a k e n  w i t h  a  JEOL JMS- 

0300 s p e c t r o m e t e r .  

L & L G L Q R G E ~ ~ X L G ~ ~ + ~ ~ R ~ L Q ~ G ~ ~ ~ Z ~ ~ X ~ Z ~ G ~ ~ R G L L + L ~ ~ ~ R % ~ % U E ~ ~ X ~ L ~ L ~ ~ ~ ~ ~ & R ~ % ~ % L ~ ~ ~ ~ ~ ~  
~ ~ ~ & c % & z & Q E , L ~ ~ L ~ ~ Q ~ ' ~ ~ L & L ~ L ~ & E ~ ~ x L J ; ~ . w c E Z ~ L ~ X -  Method A:  A Of  l2 ( 4 7 0  

mg) a n d  80% p o t a s s i u m  h y d r o x i d e  (200 mg) i n  m e t h a n o l - w a t e r  (30 ml) ( 5 :  1 v / v )  was 

r e f l u x e d  f o r  7 h .  A f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  t h e  r e s i d u e  was t a k e n  up i n t o  

w a t e r  a n d  a c i d i f i e d  w i t h  a c e t i c  a c i d  t o  pH 6 .  The a c i d i c  s o l u t i o n  was e x t r a c t e d  

w i t h  c h l o r o f o r m ,  a n d  t h e  o r g a n i c  l a y e r  was washed w i t h  w a t e r  a n d  d r i e d  (Na SO ) .  
2  4  

E v a p o r a t i o n  o f  t h e  s o l v e n t  a f f o r d e d  t h e  c a r b o x y l i c  a c i d  as a n  o i l ,  which  w i t h o u t  

f u r t h e r  ' p u r i f i c a t i o n  was u s e d  i n  t h e  f o l l o w i n g  r e a c t i o n .  A  s t i r r e d  s o l u t i o n  o f  t h e  

above a c i d  i n  benzene-d imethy l fo rmamide  (30 ml) (2 : 1 v l v )  was h e a t e d  a t  100°C f o r  

2 .5  h  a n d  t h e n  d i l u t e d  w i t h  b e n z e n e .  The r e s u l t i n g  m i x t u r e  was washed w i t h  w a t e r .  

The s o l v e n t  was d r i e d  (Na2S04) a n d  e v a p o r a t e d  t o  l e a v e  a n  o i l  which  was s u b j e c t e d  

t o  s i l i c a  g e l  column chromatography .  E l u t i o n  w i t h  b e n z e n e - a c e t o n e  ( 9 7  : 3 v / v )  gave 

1 4  (150 mg, 41.8  % I  a s  a  r e d d i s h  o i l ;  NMR (CDC13)6: 1 .00  (3H, t ,  J = 7 Hz, CH2CH3), 

3 .33  (6H, s ,  2  x  O w 3 ) ,  4 .30  - 4 . 6 3  (ZH, m ,  -CHI:: and CZO-H),  5 . 6 3  ( l H ,  d ,  J = 

6  Hz, -CH= C:), 6 .96 - 7.60 (4H, m ,  4  x ArH), 8 .30 ( l H ,  s ,  NH); MS m/e 354.1927 (MI) .  

CZ1HZ6N203 r e q u i r e s  354.1942.  

F u r t h e r  e l u t i o n  w i t h  b e n z e n e - a c e t o n e  (24 : 1 v/v)  a f f o r d e d  1 5  (120 mg, 2 5 . 1  % )  a s  a  

r e d d i s h  o i l ;  IRV:;:~~ cm- l  : 3475 (NH), 1670 a n d  1650 (C = 0); NMR (CDC13)S: 0 .96  

(3H, t ,  J = 7  Hz, CH2CH3), 3 .30 (6H, s ,  2  x  0CH3), 4 .40  - 5.00 (2H, m,  -cH::: a n d  

CZO-H) , 5 .50 ( l H ,  d ,  J = 6  Hz, -CH = C I), 7.00 - 7.50 (4H, m ,  4  x ArH) , 8 . 5 3  ( IH,  s ,  

NH) ; MS m/e 354.1907 (!+) . CZ1HZ6N203 r e q u i r e s  354.1942.  

Method B : A  s o l u t i o n  o f  1 2  (300 mg) a n d  sodium h y d r o x i d e  (200 mg) i n  m e t h a n o l - w a t e r  

(40 ml) ( 7  : 1 v l v )  was r e f l u x e d  f o r  24 h ,  and a n d  worked up a s  d e s c r i b e d  above t o  g i v e  

t h e  c a r b o x y l i c  a c i d ,  whose s t i r r e d  s o l u t i o n  i n  d imethy l fo rmamide  (20 ml) was h e a t e d  

a t  120  - 130°C f o r  1 h .  A f t e r  c o o l i n g  t o  room t e m p e r a t u r e ,  t h p  s o l u t i o n  was d i l u t e d  

w i t h  b e n z e n e ,  washed w i t h  w a t e r ,  a n d  d r i e d  (Na2S04) .  Removal o f  t h e  s o l v e n t  a f f o r d e d  

a  r e d d i s h  o i l ,  which  was chromatographed  on s i l i c a  g e l  u s i n g  benzene-acetone (24 : 1 

v/v)  a s  e l u a n t  t o  g i v e  14 (49 .4  mg, 1 7 . 8 % )  a n d  1 5  (70 .6  mg, 2 5 . 5 % ) ,  r e s p e c t i v e l y .  
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o f  p a l l a d i u m - c h a r c o a l  (100 mg) o r  p l a t i n u m  o x i d e  (20 mg) was shaken a t  ambien t  

t e m p e r a t u r e  f o r  30 min u n d e r  t h e  a tmosphere  o f  hydrogen.  A f t e r  removal  o f  t h e  

c a t a l y s t  by f i l t r a t i o n ,  t h e  f i l t r a t e  was c o n c e n t r a t e d  t o  t h e  r e s i d u e ,  which was 

t h e n  e x t r a c t e d  w i t h  benzene .  The o r g a n i c  l a y e r  was washed w i t h  w a t e r  and d r i e d  (Na2SI4), 

E v a p o r a t i o n  o f  t h e  s o l v e n t  a f f o r d e d  an  o i l  which was s u b j e c t e d  t o  s i l i c a  g e l  column 

chromatography .  E l u t i o n  w i t h  b e n z e n e - a c e t o n e  (94 : 6  v/v)  f u r n i s h e d  t h e  amide (16) 

(85 mg, 89 .5%)  a s  a  y e l l o w i s h  s o l i d ,  m.p. 1 7 5 . 5  - l 7 6 . S 0 C  (from methylene c h l o r i d e -  

&- hexane)  ; I R v CHC13 cm-': 3475 (NH), 1620 (C = 0 ) ;  NMR (CDC13) 6 : 1 . 0 3  (3H. t ,  J = max 

7  Hz, CH2CH3), 3.32 (3H, 5 ,  0CH3), 3 .35 (3H, s ,  0CH3), 4 .46 ( lH,  t ,  J = 5 . 7  H z ,  

0  - -CKO- ) ,  4.77 ( lH,  m, CZO-H),  5 . 1 3  ( lH,  dd, 3 = 2 .9  and 8.6 Hz, C3-H), 7.08 - 7.54 

(4H, m,  4  x ArH), 7.97 ( l H ,  5 ,  NH); MS m/e 356.2097 (M+) . CZlHZ8N203 r e q u i r e s  

356.2098.  &. c a l c d  f o r  C21H28N203'0.25 H20 : C ,  69 .92 ;  H, 7 .96 ;  N ,  7 .77.  Found: 

C ,  69 .64 ;  H, 7.86;  N ,  7.65% 

,(~~;$&x~w&$,d&,.JJ- A s o l u t i o n  of  t h e  amide (16) (80 mg) and a c a t a l y t i c  amount 

o f  p - t o l u e n e s u l p h o n i c  a c i d  i n  a c e t o n e  (10 ml) was s t i r r e d  a t  O°C f o r  2  h .  A f t e r  

t r e a t m e n t  w i t h  an  e x c e s s  o f  c r y s t a l l i n e  sodium h y d r o g e n c a r b o n a t e ,  t h e  s o l v e n t  was 

e v a p o r a t e d  t o  l e a v e  t h e  r e s i d u e  which was t h e n  e x t r a c t e d  w i t h  ch loroform.  The 

ch loroform l a y e r  was washed w i t h  w a t e r  and d r i e d  (Na2S04).  Removal o f  t h e  s o l v e n t  

gave an o i l ,  which was chromatographed on s i l i c a  g e l  u s i n g  methylene c h l o r i d e - m e t h a n o l  

CHC1 3  cm-': 1715 (C = 0 ) .  (95 : 5  v / v )  a s  e l u a n t  t o  a f f o r d  t h e  a l d e h y d e ,  IRvmaX 

To a  s t i r r e d  s o l u t i o n  o f  l i t h i u m  aluminium h y d r i d e  (20 mg) i n  d r y  t e t r a h y d r o f u r a n -  

e t h e r  (15 ml) ( 1  : 2 v /v )  was added  a s o l u t i o n  o f  t h e  above a ldehyde  i n  d r y  t e t r a h y d r o -  

f u r a n  (5 ml) o v e r  t h e  p e r i o d  o f  30 min a t  ambien t  t e m p e r a t u r e .  The m i x t u r e  was then  

r e f l u x e d  f o r  1 h  and t h e  e x c e s s  o f  r e a g e n t  was decomposed w i t h  t h e  a d d i t i o n  o f  10% 

aqueous sodium h y d r o x i d e .  A f t e r  s e p a r a t i o n  o f  t h e  o r g a n i c  l a y e r  by d e c a n t a t i o n ,  

t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  c h l o r o f o r m  and t h e  combined o r g a n i c  l y a e r  was 

c o n c e n t r a t e d  t o  l e a v e  t h e  r e s i d u e ,  which was taken  up i n t o  5 %  aqueous h y d r o c h l o r i c  a c i d  

The a c i d i c  l a y e r  was washed w i t h  e t h e r ,  b a s i f i e d  w i t h  s a t u r a t e d  aqueous sodium hydrogen-  

c a r b o n a t e ,  and e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  l a y e r  was washed w i t h  w a t e r ,  d r i e d  

(Na2S04) and e v a p o r a t e d  t o  y i e l d  ( 5 ) - c o r y n a n t h e i d o l  a s  c o l o u r l e s s  p l a t e s ,  m.p. 160 - 
11 

161°C ( f rom a c e t o n e - e t h e r - g - h e x a n e )  ( l i t . ,  157 - 159'c9;  1 5 8  - 1 6 0 ' ~ ~ ~ ;  1 5 8  - l62'C ) ;  

IR cm-l :  3475 (NH), 2700 - 2900 (Bohlmann b a n d s ) ;  NMR (CDC13)S: 0.92 (3H, t ,  

J = 6 . 3  Hz, CH2CH3), 3. 76 (3H, t ,  3 = 7  Hz, -CH20H), 7.05 - 7.49 (4H, m ,  4  x  ArH), 

7.79 ( l H ,  s ,  NH); MS m/e 298.2023 @+). ClgHZ6N20 r e q u i r e s  298.2044. 



I somer  &191;-- A  m i x t u r e  of  t h e  enamide (15) (117 mg), d%ti?%ki~i?%%&k:L%:%$%L:Li:@xi%%%%%%% w 

p a l l a d i u m - c h a r c o a l  (100 mg) and methanol  (30 mg) was shaken  a t  ambient  t e m p e r a t u r e  

f o r  1 h  i n  a  c u r r e n t  o f  hydrogen .  A f t e r  removal o f  t h e  c a t a l y s t ,  t h e  f i l t r a t e  was 

c o n c e n t r a t e d  t o  t h e  r e s i d u e ,  which was s u b j e c t e d  t o  s i l i c a  g e l  column chromatography.  

E l u t i o n  w i t h  b e n z e n e - a c e t o n e  (24 : 1 v/v)  gave t h e  amide (18) (37 mg, 31 .4%)  a s  a  

y e l l o w i s h  s o l i d ,  which was i d e n t i c a l  w i t h  an  a u t h e t i c  sample: F u r t h e r  e l u t i o n  w i t h  

benzene:acetone (94 : 6  v /v)  a f f o r d e d ' t h e  36-H amide (19) (70 mg, 59 .5%)  a s  a  c o l o r l e s s  

o i l ;  IRv,,, CHC13 cm- l :  3470 (NH), 1610 (C=O); NMR (CDC13)S: 0 . 9 4  (3H, t ,  J = 7 . 1  Hz, 
.o- 

CH2CH3), 3.35 (3H, s ,  0CH3), 3 .39 (3H, s ,  0CH3), 4 .54 ( lH,  t ,  J = 5 . 7  Hz, CH.O-) . 
4 .83  ( lH,  m ,  CZO-H) ,  5 . 1 3  ( lH,  dd ,  J = 2.9 and 7 . 1  Hz, C3-H), 7.07 - 7.54 (4H, m ,  

4  x  ArH), 7.86 ( lH,  5 ,  NH) ; MS m/e 356.2118 @+). C21H28N203 r e q u i r e s  356.2100. 

& &  A m i x t u r e  o f  19 (100 mg), a  c a t a l y t i c  amount of  p - t o l u e n e s u l p h o n i c  

a c i d  and a c e t o n e  (10 ml) was s t i r r e d  a t  0  C o  f o r  2 h .  A f t e r  t h e  u s u a l  work-up,  t h e  

a ldehyde  o b t a i n e d  was reduced  w i t h  l i t h i u m  alminium h y d r i d e  (25 mg), as d e s c r i b e d  

b e f o r e ,  t o  g ive  ( i ) - h i r s t i n o l  (20) a s  an amorphous powder; IRv,,, cHC13-1 : 3450 (NH) ; 

NMR (CDC13) 6 : 0.85 (3H, t ,  J = 7 . 1  Hz, M2CH3), 3.76 (2H, t ,  J = 5 . 7  Hz, CE20H), 

4.00 (IH,  m,  C3-H), 7.04 - 7.51 (4H, m ,  4  x  ArH), 8.10 ( lH,  s ,  NH); MS m/e 298.2018 

( M + ) .  - Cl9HZ6N20 r e q u i r e s  298.2044. 

E~i~%d~itki%R~%l?iLiLtKiZ%i%%k~LQ~k%~LiL~QikXt.f.%k%~RtRkkt%k?rL~L- A mixture 

(40 mg), p l a t i n u m  o x i d e  (20 mg) and methanol  (20 ml) was shaken  a t  ambient  t e m p e r a t u r e  

f o r  118 h  under  2  atm o f  hydrogen .  A f t e r  removal o f  t h e  c a t a l y s t  by f i l t r a t i o n ,  

t h e  f i l t r a t e ' w a s  e v a p o r a t e d  t o  l e a v e  t h e  r e s i d u e ,  which was e x t r a c t e d  w i t h  c h l o r o f o r m .  

The o r g a n i c  l a y e r  was washed w i t h  w a t e r  and d r i e d  (Na2S04).  E v a p o r a t i o n  of  t h e  s o l v e n t  
. . 

a f f o r d e d  ' an  o i l  which was chromatographed on s i l i c a  g e l  u s i n g  methy lene  c h l o r i d e -  

methanol  ( 9 3  : 7 v/v)  a s  e l u a n t  t o  g ive  ( 2 )  - d i h y d r o c o r y n a n t h e o l  (8)  (25 mg, 6 2 . 5 % ) ,  

6  which was i d e n t i c a l  w i t h  an a u t h e n t i c  sample . 

k.~k.ckkL~tXtkt~kX$.FrZikii&LidiE%kk8tX%kkX;U.i~;Rt%i%$8k8LZ.~2d8ICiRRki;EiRri~LLkL- 
A  s o l u t i o n  o f  t h e  enamide ( 7 )  (500 mg) and 80% p o t a s s i u m  h y d r o x i d e  (300 mg) i n  

methanol -wate r  (30 ml) ( 5  : 1 v/v)  was r e f l u x e d  f o r  1 h .  A f t e r  removal  o f  t h e  s o l v e n t ,  

t h e  r e s i d u e  was d i s s o l v e d  i n  w a t e r  and a c i d i f i e d  w i t h  a c e t i c  a c i d  t o  pH 6 .  The 

a c i d i c  aqueous l a y e r  was e x t r a c t e d  w i t h  c h l o r o f o r m .  The o r g a n i c  l a y e r  was washed 

w i t h  w a t e r ,  d r i e d  (Na SO ) and e v a p o r a t e d  t o  l e a v e  t h e  c a r b o x y l i c  a c i d ,  which w i t h o u t  2 4  

f u r t h e r  p u r i f i c a t i o n  was u s e d  i n  t h e  f o l l o w i n g  r e a c t i o n .  A s t i r r e d  s o l u t i o n  o f  t h e  

c a r b o x y l i c  a c i d  i n  dimethylformamide (20 ml) was h e a t e d  a t  110 'C f o r  l h ,  and t h e n  

d i l u t e d  w i t h  benzene .  The m i x t u r e  was washed w i t h  w a t e r ,  d r i e d  (Na2S04) and evapo-  
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r a t e d  t o  g i v e  an o i l ,  which  was chromatographed  on s i l i c a  g e l  u s i n g  b e n z e n e - a c e t o n e  

I 
( 24  : 1 v / v )  a s  e l u a n t  t o  f u r n i s h  t h e  enamide (21)  (240 mg, 56 .5  %) as a r e d d i s h  a i l ;  

-0- NMR (CDC13)S: 3 .30 (3H, s ,  0CH3), 3 . 3 3  (3H, s ,  0CH3), 4 .30 - 4 .63  (IH,  m, CH.O. 1 ,  
5 .50 ( lH,  d ,  J = 4  Hz, -CH = c:), 7 .00  - 7.77 (4h ,  m,  4  x  ArH), 8 .33  ( lH,  s ,  NH); 

MS m/e 356.1585 (MI) .  ClgH22N203 r e q u i r e s  356.1630. 

L t k & * k & * k t ~ ~ 8 ~ ? k E ~ % ~ k ~ 9 ~ ~ & 2 ~ & Z c ~ i % i k t % ~ ~ i k ~ k k £ k c t % t & t 9 t k t L ? c ~ d 8 ~ & t t k i ~ i t ~  
& { ~ ~ @ ~ ~ Q ; z @ ; ~ ~ ~ ~ ~ & z k -  A m i x t u r e  o f  t h e  enamide (21)  (100 mg) , p l a t i n u m  

o x i d e  (20  mg) and  methanol  (30 ml) was shaken  a t  ambient  t e m p e r a t u r e  f o r  1 h  u n d e r  

2  atm o f  hydrogen .  The c a t a l y s t  was f i l t e r e d  o f f  and  t h e  f i l t r a t e  was c o n c e n t r a t e d  

t o  t h e  r e s i d u e  which was e x t r a c t e d  w i t h  benzene .  The benzene  l a y e r  was washed w i t h  

w a t e r  and d r i e d  (Na2S04).  E v a p o r a t i o n  o f  t h e  s o l v e n t  gave a  y e l l o w i s h  s o l i d  which 

was s u b j e c t e d  t o  s i l i c a  g e l  column chromatography .  E l u t i o n  w i t h  xh loroform-  

methanol  (98  : 2 v /v )  a f f o r d e d  t h e  amide (22)  ( 7 5 . 3  mg, 74 .9%)  a s  c o l o r l e s s  p r i s m ,  

m.p. 196 - 197'C ( f rom b e n z e n e - n - h e x a n e ) ;  I R V ~ ; : ~ ~  cm-' : 3460 (NH), 1625 (C = 0 ) ;  

NMR (CDC13)S: 3 . 3 3  (6H, s ,  2  x  0CH3), 4 .47  (IH,  m,  , 5 . 1 3  ( l H ,  m ,  C3-H), 7 .00 - 
7.53 (4H, m,  4  x  ArH), 8 . 0 3  ( lH,  s ,  NH); MS m/e 328.1786 (Mt).  ClgH24N203 r e q u i r e s  

328.1786.  Anal. c a l c d  f o r  ClgH24N203: C ,  6 9 . 4 9 ;  H ,  7 . 3 7 ;  N ,  8 .53 .  Found: C ,  69 .53 ;  

H, 7 .36 ;  N ,  8 . 4 8 % .  F u r t h e r  e l u t i o n  w i t h  c h l o r o f o r m - m e t h a n o l  (39 : 1 v / v )  gave t h e  

amide (23)  ( 1 3 . 7  mg, 1 3 . 7 % )  a s  a  y e l l o w i s h  o i l ;  NMR (CDC13)6: 3 .30 (3H, s ,  0CH3), 3 . 3 3  

(3H, s ,  0CH3), 4 . 4 8  (IH,  t ,  J = 5 . 7  Hz, CH:::), 4 .77  - 5 .17  (3H, rn, CZO-Hz and  C15-H), 

7.07 - 7 .51  (4H, m, 4  x  ArH), 8 .26 ( lH,  s ,  NH); MS m/e 328.1773 (M'). ClgHZ4N2O3 

r e q u i r e s  328.1786. 

~ & ~ ~ E ~ . ~ ~ . ~ ~ ~ . C ~ ~ R . G Z ~ . ~ Z ~ ~ ~ R . F . ~ ~ X . $ & R ~ R @ ~ Z . G ~ ~ $ ~ E R L ~ % E X E ~ ~ X ~ ~ & ~ ~ ~ % ~ Z ~ ~ & ~ ~ ~ R ~ & ~ ~ ~  
&tk - To a  s t i r r e d  s o l u t i o n  o f  l i t h i u m  aluminium h y d r i d e  (20  mg) i n  d r y  t e t r a -  

h y d r o f u r a n  (10 ml) was added  a  s o l u t i o n  o f  t h e  amide (22)  (46 mg) i n  d r y  t e t r a h y d r a -  

f u r a n  (5 ml) a t  ambien t  t e m p e r a t u r e  o v e r  t h e  p e r i o d  o f  10 min. The m i x t u r e  was 

t h e n  r e f l u x e d  f o r  1 h  and  t h e  e x c e s s  o f  r e a g e n t  was decomposed w i t h  a n  a d d i t i o n  o f  

1 0 %  aqueous  sodium h y d r o x i d e .  A f t e r  t h e  s e p a r a t i o n  of  t h e  o r g a n i c  l a y e r  by d e c a n t a t i o n ,  

t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  c h l o r o f o r m .  The combined o r g a n i c  l a y e r  was 

c o n c e n t r a t e d  t o  t h e  r e s i d u e ,  which was t a k e n  up i n t o  5% aqueous  h y d r o c h l o r i c  a c i d  

and  washed w i t h  e t h e r .  The a c i d i c  s o l u t i o n  was b a s i f i e d  w i t h  s a t u r a t e d  sodium 

h y d r o g e n c a r b o n a t e  s o l u t i o n  and  e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  l a y e r  was washed 

w i t h  w a t e r  and d r i e d  (Na2S04) .  Removal o f  t h e  s o l v e n t  gave t h e  amine (24)  (28  mg, 

6 3 . 6 % )  as a y e l l o w i s h  o i l ;  1 ~ ~ ~ ~ ~ ~ 3  cm-' : 3480 (NH), 2700 - 2900 (Bohlmann b a n d s ) ;  

NMR (CDC13) 6 : 3 . 3 3  (6H, s ,  2  x  0CH3), 4 . 5 3  ( lH,  t ,  J = 5 . 0  Hz, CH::), 6 . 9 3  - 7.50 



(4H, m ,  4  x  ArH), 7.80 ( lH,  s ,  NH); MS m/e 314.1968 ($1. C19HZ6N202 r e q u i r e s  

314.1993 

d r y  t e t r a h y d r o f u r a n ,  a s  d e s c r i b e d  above,  t o  y i e l d  t h e  arnine (25) ( 3 . 5  mg, 6 1 % )  a s  a 

y e l l o w i s h  o i l ;  IRumax CHC13 cm-' 3480 (NH) ; NMR (CDC13) 6 : 3.30 (3H, s ,  0CH3), 3 .33  

(3H, s ,  0CH3), 3.96 ( l H ,  m ,  C3-H), 4 .46 ( lH,  t ,  J = 5H, CHI::), 6 .96 - 7.50 (4H, m ,  

4  x  ArH), 7 .83 ( lH,  5 ,  NH); MS m/e 314.1966 (g+) . C19H26N202 r e q u i r e s  314.1992. 
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