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A b s t r a c t  - The r e d u c t i o n  o f  s u b s t i t u t e d  n i t r o v i n y l i n d o l e s  t o  t h e  correspond-  - 
i n g  n i t r o e t h y l i n d o l e s  proceeds i n  e x c e l l e n t  y ie ld ,  w i t h  t h e  suppress ion of 

d i m e r i c  M ichae l  byproducts, when an a lkoxyborohydr ide i s  t h e  reduc ing  

agent .  A  s t u d y  of t h e  r e a c t i o n  demonstrates the equ iva lence  of preformed 

sodium t r ime thoxyborohydr ide  and a lkoxyborohydr ide generated fin from 

excess sodium borohydr ide  and methanol. 

S u b s t i t u t e d  n i t r o e t h y l i n d o l e s  have proven v a l u a b l e  as in te rmed ia tes  i n  t h e  s y n t h e s i s  o f  

f u n c t i o n a l i r e d  p o l y c y c l i c  i n d o l e s  and n a t u r a l  p r o d u c t s  o f  the e r g o l i n e  c lass. '  N i t r o a l k y l i n -  

d o l e s  have been prepared f rom qua te rnary  gramine sa l ts , '  by the d isp lacement  of gramines a c t i v a -  

t e d  fi situ,3 by M ichae l  a d d i t i o n  o f  n i t romethane  t o  unsaturated c a r b o n y l s , l c s f  and more 

r e c e n t l y ,  by t h e  d i r e c t  n i t r o e t h y l a t i o n  o f  t h e  i n d o l e  3 p o s i t i o n .  
4 

5  
Dur ing  a  s t u d y  of r i g i d  5-hydroxyt ryptamine d e r i v a t i v e s  we r e q u i r e d  v a r i o u s  s u b s t i t u t e d  

n i t r o e t h y l i n d o l e s ,  %. 2b-5b, which a r e  i n a c c e s s i b l e  -known procedures.  N i t r o v i n y l i n d o l e s ,  
0 N 

l a - 5 a  (Tab le  I ) ,  a r e  obv ious  p recurso rs  t o  t h e  corresponding s a t u r a t e d  compounds, s i n c e  o n l y  a  
N 0 

change i n  o x i d a t i o n  s t a t e  i s  r e q u i r e d .  Un fo r tuna te ly ,  c a t a l y t i c  h y d r o g e n a t i ~ n , ~  sodium 

8 borohydr ide  ( w i t h  o r  w i t h o u t  b ~ f f e r ) , ~  o r  sodium cyanoborohydride a l l  proved i n e f f e c t i v e ,  

p roduc ing  e i t h e r  l ow y i e l d s  o f  p roduc t  o r  complex m ix tu res .  In p a r t i c u l a r ,  sodium b o r o h y d r i d e  i s  

r e p o r t e d  t o  be u n s a t i s f a c t o r y  when a p p l i e d  t o  t h e  r e d u c t i o n  o f  n i t r o ~ i n y l i n d o l e . ~ ~  a  r e s u l t  t h a t  

we con f i rmed  i n  m u l t i p l e  exper iments w i t h  l a .  Dur ing experiments w i t h  t h i s  reduc ing  agent, however, 
JV1 

a  s u r p r i s i n g  s o l v e n t  e f f e c t  was observed (Table 11). While r e d u c t i o n  o f  l a  w i t h  sodium borohydr ide  
0 

i n  2-propanol a f forded ;$ and Michael  dimer l c  i n  a  2 : l  r a t i o ,  t h e  use o f  e thanol ,  o r  b e t t e r ,  
.VI 

methanol, as t h e  s o l v e n t  markedly  i nc reased  t h e  r a t i o  of & t o  1& 

Format ion  o f  d imer  l c  by Michael  r e a c t i o n  of l b  (present  i n  t h e  b a s i c  r e a c t i o n  m i x t u r e  as 
JV1 N 

n i t r o n a t e  an ion )  w i t h  s t a r t i n g  n i t r o o l e f i n  l a  competes w i t h  con juga te  r e d u c t i o n  of 1~ t o  1& 
rhP 

A c c e l e r a t i n g  t h e  r e d u c t i o n  s t e p  would t h e r e f o r e  be expected t o  i n c r e a s e  t h e  r a t i o  o f  l b  t o  l c .  The 
N N 



Table I. Reduct ion o f  S u b s t i t u t e d  N i t r o v i n y l i n d o l e s  w i t h  NaBH,/MeOH 

Entry Structure Product 
14 - % yields 

d Yie lds  are f o r  i s o l a t e d  pure m a t e r i a l s .  
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v igo rous  r e a c t i o n  of sodium borohydr ide  w i t h  methanol, and p r i o r  observa t ionsg  i m p l i c a t i n g  sodium 

borohydr ide lmethano l  m i x t u r e s  o r  preformed a lkoxyborohydr ides t o  be more power fu l  reduc ing  agents 

than  sodium borohydr ide  alone, l e d  us t o  suspect  an i n c i p i e n t  a l koxyborohydr ide  as t h e  reduc ing  

agent  i n  t h e  p resen t  r e a c t i o n .  T h i s  l i n e  o f  reason ing  was suppor ted by Experiment 5 (Table 11), 

where sodium trimethoxyborohydridel2-propanol reproduced the p r o d u c t  r a t i o  o b t a i n e d  w i t h  sodium 

b o r ~ h y d r i d e l m e t h a n o l . ~ ~  When te t rahydro fu ran ,  a n  a p r o t i c  so lven t ,  was used t h e  r a t i o  of 1b: lc  * 0 

i nc reased  t o  >35:1 (Tab le  11, Experiment 6 )  b u t  t h e  y i e l d  of l b  remained c o n s t a n t  due t o  t h e  
w 

f o r m a t i o n  o f  sma l l  amounts of severa l  u n i d e n t i f i e d  byproducts. 

A p p l i c a t i o n  of t h e  sodium borohydr ide lmethanol  reduc t ion  t o  a v a r i e t y  o f  n i t r o v i n y l i n d o l e s  

p r o v i d e s  good t o  e x c e l l e n t  y i e l d s  o f  n i t r o a l k y l i n d o l e s  (Table I )  i n  a procedure wh ich  i s  e a s i l y  

performed on a p r e p a r a t i v e  s c a l e  ( I l l u s t r a t i v e  Experiment).  Th is  r e d u c t i o n  coup led  w i t h  t h e  ready  

a v a i l a b i l i t y  of n i t r o v i n y l i n d o l e s  from condensat ion of indolecarboxaldehydes w i t h  n i t romethane  11 

o r  d i r e c t  n i t r o v i n y l a t i o n  o f  t h e  i n d o l e  r ingi2 p r o v i d e s  a s imple and conven ien t  access t o  a 

v a r i e t y  o f  s u b s t i t u t e d  n i t r o e t h y l i n d o l e s .  

An a t tempt  t o  reduce n i t r o s t y r e n e  w i t h  sodium tr imethoxyborohydr idel tetrahydrofuran produced an 

i n f e r i o r  y i e l d  (20%) of n i t r o e t h y l b e n z e n e .  T h i s  r e s u l t  suggests t h e  p r e s e n t  method may be l i m i t e d  

t o  s u b s t i t u t e d  i n d o l e s  and t h e r e f o r e  complements t h e  method r e c e n t l y  desc r ibed  by 6 o r c h a r d t l 3  f o r  

t h e  r e d u c t i o n  o f  s u b s t i t u t e d  n i t r o s t y r e n e s  t o  n i t roe thy lbenzenes .  

ILLUSTRATIVE EXPERIMENT: 5-Methoxy-4-(Z-nitroethyl)-lH i ndo le  (5b ) .  
w 

A m i x t u r e  of i n d o l e  5a (9.1 g, 41.7 mmole) and methanol (420 mL) was s t i r r e d  d u r i n g  t h e  * 
p o r t i o n w i s e  a d d i t i o n  (20 m in )  o f  sodium borohydr ide  (7.0 g, 185 mnoie, 4.4 eq.). The s o l u t i o n  was 

s i t r r e d  f o r  20 m i "  a f t e r  t h e  a d d i t i o n  of sodium borohydr ide was completed, then  a d j u s t e d  t o  pH 6 

w i t h  a c e t i c  a c i d  (E. 15 m l ) ,  and concentrated.  The res idue was d i l u t e d  w i t h  wa te r  and e x t r a c t e d  

t h r e e  t imes  w i t h  e t h y l  ace ta te .  The e t h y l  ace ta te  e x t r a c t s  were combined, washed w i t h  water ,  d r i e d  

15 ( b r i n e ,  Na2S04) and concen t ra ted .  F l a s h  chromatography of t h e  s o l i d  p r o d u c t  w i t h  40% e t h y l  

acetate-hexane as e l u a n t  y i e l d e d  8.38 g (91%) o f  5b  as l i g h t  y e l l o w  c r y s t a l s :  mp 8 0 - 8 1 ~ . ~ ~  
JVI 

Anal. Calcd. f o r  CllH12N203: C, 59.99; H, 5.49; N, 12.72. - 
Found: C, 60.04; H, 5.50; N, 12.62. 
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~ ~ b l ~  11. Reduction of  3 -N i t r ov i ny l i ndo le  

r=QJNO+ la H H H H 

,- lb ,.,- 1c - 
Experiment condi t ions3 b Product Ratio- X Y i e l d  l b  s 

l b  : l c  

d Reducing agent (10.6 m o l e )  was added (1-5 min) t o  a s o l u t i o n  o r  suspension o f  (200 

mg, 1.06 m o l e )  i n  the  s ta ted  so lven t  (10 ml ) .  

b -Determined from i s o l a t e d  y i e l d s  o f  l b  and l c  . 
J\P 0 

4 Iso la ted  y i e l d  o f  pure product. 
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