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A  SHORT STEP SYNTHESIS OF CLAVICIPITIC ACIDS FROM 4-CYANOMETHYLINDOLE 
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A b s t r a c t  - 4-(3-methyl-1-0x0-2-buten-1-y1)indole (3) was e f f i c ~ e n t l y  synthes ized 

from 4-cyanomethyl-l-(p-toluenesulfonyl)indole b y  a l k y l a t i o n  w l t h  2-methy l -Z-  

b u t e n - 1 - y l  t o s y l a t e  and b y  s u c c e s s i v e  a e r o b i c  o x i d a t i o n  and d e p r o t e c t i o n  o f  N- 

t o s y l  group. The a c y l i n d o l e  3  was used f o r  a  s h o r t  s t e p  synthes7s o f  c l a v i c i p i t i c  

a c i d s  (4). 

E rgo t  a l k a l o i d s  and t h e i r  r e l a t e d  compounds have go t  a  cons ide rab le  a t t e n t i o n  owing t o  t h e i r  

i n t e r e s t i n g  biological a c t i v i t i e s .  and much e f f o r t s  have  been made t o  s y n t h e s i z e  t hem 

e f f i c i e n t l y .  These a l k a l o i d s  commonly compr ise  o f  the  i n d o l e  s k e l e t o n  w i t h  an a - s u b s t i t u t e d  

C5 ' s o p r e n e  u n i t  a t  t h e  4 - p o s i t ~ o n . '  F o r  t h e i r  s y n t h e s i s ,  4 - a c y l i n d o l e s  1  s h o u l d  

c o n v i n c i n g l y  be a  v e r s a t i l e  i n te rmed ia te .  There have, however, been few examples s t a r t i n g  

f r o m  1  e x c e p t  f o r  4 - f 0 r m ~ l i n d o l e . ~  because t h a t  any p r e c u r s o r s  l e a d i n g  t o  1  have  p r o b a b l y  

been known w i t h  easy a v a i l a b i l i t y  and v e r s a t i l i t y .  

4 trans 4 cis 



I t  o c c u r r e d  t o  us t h a t  4 - c y a n o m e t h y l i n d o l e  (213 w o u l d  j u s t  f 7 t  above s i t u a t i o n  f o r  t h e  

reasons t h a t  (i) the  l n d o l e  2  has become e a s i l y  a v a i l a b l e  i n  a  l a r g e  scale. (ii) 2 possesses 

an a c t i v e  m e t h y l e n e  t o  e x t e n d  a  c a r b o n  cha in .  and ( i i i )  a l s o  i t s  cyano g roup  i s  a h l e  t o  

su f fe r  o x i d a t i v e  e x t r u s i o n .  We w i s h  t o  d e s c r i b e  h e r e  t h a t  t h e  i d e a  was p r o v e d  by  t h e  

s y n t h e s i s  o f  4-(3-methyl-1-0x0-2-buten-1-y1)indole (3) as a  r e p r e s e n t a t i v e .  and t h a t  t h e  

indole 3  prov ided a shor t -s tep synthes is  o f  c l a v i c ~ p i t i c  ac ids  (4). w h ~ c h  a re  i n t e r e s t i n g  

dera i lment  product  i n  t h e  b iosyn thes is  o f  e rgo t  a l k a l 0 7 d s . ~ ~ ~  

F i r s t ,  a  m e t h a l l y l  (2-methyl-2-propen-1-yl) group was introduced t o  a - p o s ~ t i o n  of t h e  s ide  

chain i n  2 (R=tosyl). Anion o f  2  (500 mg. 1.61 mmol) prepared w i t h  b u t y l l i t h i u m  (1.64 mmol) 

was reacted ~ 7 t h  m e t h a l l y l  t o s y l a t e  (1.62 mmol) i n  d r y  THF ( 5  mL) under argon atmosphere a t  - 
78 "C f o r  2  h. A f t e r  usual workup, t h e  m i x t u r e  was chromatographed on s i l i c a  g e l  and e l u t e d  

w i th  CH2C12 t o  g i v e  the  des i red i n d o l e  5  i n  85% y i e l d  ( se lec t7v1 ty  91%). 

Tn orde r  t o  vemove t h e  c y m e  g r ~ n p  of  t h e  i n d n l e  5, we used aerob ic  o x i d s t i o n  of n i o n  of 5. 

The ~ n d o l e  5 (1.29 mmol) was s t i r r e d  w i t h  p o t a s s i u m  t - b u t o x i d e  (1.30 mmol) i n  d r y  

dimethoxyethane (DME) (5 mL) under argon a t  -78'C f o r  30 min t o  y i e l d  a red  co lo red  s o l u t i o n  

o f  t h e  an lon ,  w h i c h  was i n  t u r n  exposed t o  d r y  d i o x y g e n  a t  -7E°C u n t i l  t h e  r e d  c o l o r  

d i sappeared  ( < I  h). The r e a c t i o n  m i x t u r e  gave ke tones  6  and 7  (617 = 58/42) 7n 74% y i e l d .  

The f o r m a t i o n  o f  t h e  m i x t u r e  6  and 7  d i d  n o t  d i s t u r b  o u r  work  a t  a l l  ( v i d e  i n f r a ) .  The 

ae rob ic  o x i d a t i o n  o f  5  was f u r t h e r  examined under  v a r i o u s  c o n d i t i o n s  (NaH o r  B u L i /  THF o r  

d i o x a n e l  -78°C - room tempera tu re ) .  where none exceeded t h e  sys tem o f  ~ - B u O K / D M E / - ~ ~ ~ C .  

M O O ~ . P ~ . ( H M P A ) ~  was a l s o  l ess  e f f e c t i v e  as an ox idan t  f o r  t h e  present  purpose. 

D e p r o t e c t i o n  o f  t h e  N - t o s y l  g r o u p  o f  6  accompanied w i t h  d o u b l e  bond i s o m e r i z a t 7 o n  

(NaOHIMeOH): t h e  m ~ x t u r e  o f  6  and 7  gave s o l e l y  a  conjugated ketone 3.' The depro tec t i on  was 

also ab le  t o  be done w i t h o u t  i s o l a t i o n  o f  6  and 7  a f t e r  t h e  ox idat7on o f  5. 

The s t a r t i n g  a c y l i n d o l e  3  was now i n  our  hand. so t h a t  we s t a r t e d  t o  synthes ize c l a v i c i p i t i c  

acids (4). I n t r o d u c t i o n  o f  an a l a n i n e  equ iva len t  a t  t h e  3 -pos i t i on  o f  3  was requ i red  i n  the  

f i r s t  p l a c e .  and was a t t a i n e d  by  t h e  s t a n d a r d  p r o c e d u r e  t h r o u g h  a  g r a m i n e  8. w h i c h  was 

q u a n t ~ t a t i v e l y  obta7ned f rom 3  and ( c H ~ ) ~ N = c H ~ + c ~ - . ~  The condensation o f  8 w i t h  d i e t h y l  N- 

form~laminomalonate was ef fec ted by d ~ r n e t h y l  acety lenedicarboxy la teg (THF/ODC/5.5 h) t o  y i e l d  

the des i red  3 .4-d isubst i tu ted i n d o l e  91° i n  87% y i e l d .  

The step t h a t  we f e l t  t h e  most anxious was the  ~ n t r a m o l e c u l a r  fo rma t ion  o f  Sch7ff's base 10 

from 9  a f t e r  h y d r o l y s i s  of N-formyl group. s ince  t h e  r e a c t i o n  o f  u.&unsaturated ketones 
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w i t h  p r i m a r y  amine g i v e  i n  g e n e r a l  c o n j u g a t e  a d d i t i o n  products. ~ - a m i n o k e t o n e s . ~ ~  On the  

o the r  hand, we expected t h a t  t h e  s t e r i c  f a c t o r s  o f  9 would f a v o r  t h e  des7red  c y c l i z a t i o n .  

When t h e  indo le  9 was t rea ted  i n  HC1/H20/DME (1.2N HC1:DME = 1:1) under argon atmosphere a t  

r e f l u x i n g  temperature f o r  1.5 h. the  Schi f f 's  base 1012 formed i n  52% y i e l d  toge ther  w i t h  11 

(16%). The l a t t e r  was l i k e l y  produced by the  re t ro -a ldo l  r e a c t i o n  o f  10 o r  9. 

The compound 1 0  was an e t h y l  analogue o f  K o z i k o w s k i ' s  i n t e r m e d i a t e ,  so t h a t  f u r t h e r  

transformation was made i n  accord w i t h  h i s  method.5c Catecholborane reduced s e l e c t i v e l y  t h e  

C-N doub le  bond of 1 0  (CHCl3/O'CI30 m in )  t o  g i v e  d i e s t e r  1 2 j 3  i n  72Z y i e l d .  F i n a l l y ,  t h e  

d ies te r  12 was hydrolyzed w i t h  KOHIMeOH a t  room temperature f o r  6 h, and successive t reatment  

of t h e  m i x t u r e  w i t h  ion-exchanger  r e s i n  (IRC-50. H+-form), as shown b y  ~ a t s u m e . ~ ~  gave 

c l a v i c i p i t i c  a c i d s  (4) ( c i s l t r a n s  = 1).14 D i r e c t  compar i son  o f  o u r  p r o d u c t  4 w i t h  

Natsume's s y n t h e t i c  sample ( p u r e  c i s -  and t r a n s - f o r m )  c o n f i r m e d  t h e  above r e s u l t s .  

C....+L^..-^..^ ?..-"-,."A ,-.- ."A +..-..- -<..A ..--, ...-.. C..""."., ."+.. A&" .-<- <."-".. . ., ,,,,, .,,",,. ,,. ,,.,.,,.,," ,,,. ,,," ., ,,,, ,.,.,,., ,, .,, ., ,,,S,". ,.,=" ,.,." L..F L . > - . > "  .,.c, o f  ?!- - - 

I 
a c e t y l  m e t h y l  e s t e r  13. whose p h y s i c a l  p r o p e r t i e s  were i d e n t i c a l  w i t h  t h o s e  r e p o r t e d  by 

Kozikowsk~ and ~atsume.' 

4-Cyanomethy l indole (2) was shown t o  be u s e f u l  as a p r e c u r s o r  of 4 - a c y l i n d o l e s  w h i c h  was 

a p p l i e d  t o  a s h o r t  s t e p  s y n t h e s i s  o f  c l a v i c i p i t i c  ac7ds. F u r t h e r  application o f  2 t o  

synthesis of va luable indoles i s  now progress. 
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The NMR(400MHz) spect ra  o f  4 i n  CD30D w i t h  b e t a i n  form were as fo l l ows :  

t-4: 61.96(d. J=l.lHz. 3H). 1.99(d. J-1.1Hz. 3H), 3.21(ddd. J=16.6. 11.5. and 1.3Hz. 
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c o u p l i n g .  J=9.5Hz. 1H). 5.62(d. J=9.5Hz. 1H). 6.85(d. J=7.4Hz. 1H). 7.12(dd. J=8.1 and 
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7.4Hz. 1H). 7.22(broad s, 1H). and 7.34(d. J=8.4Hz. 1H)ppm. 
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