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SILICA GEL-ASSISTED REDUCTION OF NITROSTYRENES 

2 
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SUMMARY 

Reduction of n i t r o s t y r e n e s  with sodium borodeuteride i n  the  presence of 

s i l i c a  g e l  (70-270 mesh) i n  a mixture of  chloroform and 2-propanol gave t h e  

corresponding deuterated n i t roe thanes  i n  near q u a n t i t a t i v e  y i e l d s ,  f r e e  of dim- 

e r i c  products  with 72-81% deuterium incorporat ion.  The method was appl ied t o  

the  synthes is  of 2-phenyl-, 2-[4-methoxyphenylI-, 2-13,4-dimethoxyphenyl]-, 

2-[3,4,5-trimethoxyphenyl]-, and 2-[2,4,5-trimethoxyphenyll-2-[ HI-1-nitroethanes. 
2 

2 Key Words: S i l i c a  ge l -ass i s ted ,  deuterium l a b e l l i n g ,  2-aryl-2-[ Hl- l -ni t ro-  

e thanes,  phenylethylamines, sodium borodeuteride. 

INTRODUCTION 

A v a r i e t y  of s i d e  chain deuterium and tritium l a b e l l e d  phenylethylamine 

d e r i v a t i v e s ,  including catecholamines and t h e  neurotoxin 6-hydroxydopamine a r e  

of biochemical and pharmacological i n t e r e s t  (1-10). One of  t h e  major methods 

f o r  t h e i r  synthes is  involves  i n i t i a l  reduct ion of appropriate  n i t r o s t y r e n e s  with 

2 3 
NaBD4 o r  NaBT4 t o  t h e  2-[  H I -  o r  2- [  HI-2-aryl-1-nitroethanes (3,lO). 

ni t roe thane  d e r i v a t i v e s  are then f u r t h e r  reduced t o  give t h e  corresponding 

l a b e l l e d  phenylethylamines (3,lO) 

These 

One major problem assoc ia ted  with t h e  reduct ion of n i t ros tyrene  1 with 

NaBH4 (and hence, NaBD4 and NaBT4) is t h a t  i n  addi t ion  .-to t h e  dksired monomeric 

n i t roe thane  d e r i v a t i v e  2, dimeric product 3 i s  a l s o  formed, o f t e n  i n  y i e l d s  

comparable t o  t h e  y i e l d s  of t h e  monomeric product (11). The dimeric product 3 

i s  bel ieved t o  be formed by t h e  Michael addi t ion  of the  resonance s t a b i l i z e d  

*To whom correspondence should be s e n t .  
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R R R 

I NaBH4 I I 
ArCH=CNO ArCH2CHN0 

1 - 2 R-CP;02 
I 

- 
C H 2 A r  

a-carbanion 5 t o  1. The problem of dimer formation i s  most severe i n  t h e  case 

of v inyl  unsubst i tuted n i t r o s t y r e n e s  (1, R=H!. Even when t h e  pH of  the  reac t ion  

mixture i s  maintained between the  l i m i t s  3-6, dimeric products  a r e  s t i l l  formed, 

of ten  i n  s i g n i f i c a n t  amounts (11). 

We have recent ly  shown ( 1 2 )  t h a t  t h e  formation of dimeric products can be 

suppressed v i r t u a l l y  completely and t h e  monomeric products  can be i s o l a t e d  i n  

90-98% y i e l d s  by conducting t h e  reduct ion i n  t h e  presence of s i l i c a  ge l  i n  a 

r e l a t i v e l y  nonpolar solvent  system (6:l C H C l  /2-propanol). The a b i l i t y  of  

s i l i c a  g e l  t o  suppress dimer formation apparent ly  der ives  from i t s  a b i l i t y  t o  

bind polar  mater ia l s .  This binding process  i s  enhanced i n  t h e  presence of a non- 

polar  solvent  system (13) - It w a s  pos tu la ted  ( 1 2 )  t h a t  i n  t h e  s i l i c a  ge l -ass i s ted  

reduction of 1 with NaBH4 i n  a r e l a t i v e l y  nonpolar so lvent  system, t h e  reson- 

ante s t a b i l i z e d  a-carbanion 4 i s  formed on t h e  s i l i c a  g e l  sur face  and conse- 

quently 4 accepts a proton from the  s i l i c a  gel sur face  before  it has a chance t o  

undergo Michael addi t ion  t o  1. In  t h i s  paper we repor t  t h e  r e s u l t s  of s i l i c a  

ge l -ass i s ted  reduct ion of  n i t r o s t y r e n e s  with NaDD 

RESULTS AND D I S C U S S I O N  

3 

- 

- 

- 
- 

4' 

T o  determine t h e  optimum reac t ion  condi t ions f o r  t h e  reduct ions using 

NaBD4, t h e  reduct ions were f i r s t  conducted with NaRH4. 

( 1 2 ) ,  t h e  reduct ions with NaBH4 were e f f e c t e d  a t  25°C i n  a mixture of  CHC13 and 

2-propanol i n  the  presence of varying amounts of s i l i c a  ge l .  The amount of 

s i l i c a  ge l  needed t o  suppress dimer formation var ied  but  was i n  the  range of 

1-3 g/mmol of the  n i t ros tyrene  reduced. We found t h a t  e s s e n t i a l l y  an i d e n t i c a l  

A s  w e  reported e a r l i e r  
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Table I 

Reduction of Nitrostyrenes with NaBD4 i n  t h e  Presence of 

S i l i c a  Gela i n  6: 1 CHCl3-2-Propanol 

Reaction time (min) % Deuterium 

mmolni t rostyrene)  ( %  i s o l a t e d y i e l d )  

D e u t e r i u m  Labelled 
Product N i  t ros tyrene  ( g  s i l i c a  g e l  per  incorporat ionb 

D 

rNo2 &NO2 \ 

Me0 
8 - 

Me0 
- 7 

35 
( 3 )  

40 
( 3 )  

35 
( 2 )  

D 
40 

( 2 . 5 )  MeorN02 Me0 OMe Me0 OMe 
13 - 14 - 

81 
(95) 

73 
(94) 

72 
(92) 

81 
(96) 

77 
(97) 

a S i l i c a  g e l  60,  70-270 mesh (Brinkmann) - bAs  determined by mass s p e c t r a l  ana lys i s  
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Other  Hydrogens 

Tab le  I1 

'H NMR S p e c t r a l  D a t a a :  Chemical S h i f t s  ( 8 ) b ,  Coupl ingsC 

and Coupl ing  Cons tan t s  (J)  

6n 6B 
c o u p l i n g  coup l ing  

6 
Ja,B 
i n  HZ 

5 8 .01  - 
d 

7.53 13 .5  
d 

7.48 ( s ,  5H, P h )  

6 4.58 - 
d 

3.26 7 . 8  
t 

7.27 (s, 5 H ,  Ph) 

13 .5  

7.4 

13 .5  

7.46 
d 

3.87 (s, 3H, O M e ) ,  6 .93  ( d ,  J=9Hz, 
2H, z), 7.49 ( d ,  J=9Hz, 2 H ,  g). 

8 4.55 - 
d 

3.22 
t 

3.77 (s, 3H, O M e ) ,  6 .83  ( d ,  J=9Hz, 
2 H ,  &), 7.13  (d, J=9Hz, 2 H ,  g). 

9 1 .97  - 
d 

7.48 
d 

3.93 ( s ,  6H, O M e ) ,  6.82-7.25 (m, 
3H, g). 

10 4.62 - 
d 

3.23 7.5 
t 

3.85 ( s ,  6H, O M e ) ,  6.66-6.92 ( m ,  
3H, g) . 

11 7.95  - 
d 

7.49 13 .5  
d 

3.92 ( s ,  9H, O M e ) ,  6.77 (s, 2 H ,  
A r ) .  - 

3.86 ( s ,  9H, O M e ) ,  6 .44  ( s ,  2 H ,  
A r )  . - 

1 2  4.63 - 
d 

3.26 7 .5  
L 

3.87 (s, 3H, O M e ) ,  3.93 (s, 3H, 
O M e ) ,  3.96 (s, 3H, O M e ) ,  6 .53  ( s ,  
l H ,  g), 6.89  (s, l H ,  z). 

13  8 .13  - 
d 

7 .71  13 .5  
d 

14 4.56 - 
d 

3.22 7.5 
5 

3.83 (s, 6H. OMe), 3.87 ( s ,  3H, 
O M e ) ,  6 .55  (s, l H ,  g), 6 .72  (s, 
l H ,  2). 

b 
-In p a r t s  p e r  m i l l i o n  downf ie ld  from ? A l l  s p e c t r a  were r eco rded  i n  CDC13. 

t e t r a m e t h y l s i l a n e  i n t e r n a l  s t a n d a r d .  a b r e v i a t i o n s  f o r  c o u p l i n g s :  s ,  s i n g l e t ;  
d ,  d o u b l e t ;  t ,  t r i p l e t  and m ,  m u l t i p l e t .  
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procedure i s  s u i t a b l e  f o r  t h e  reduct ions using NaBD4 and t h e  deutera ted  n i t r o -  

ethanes a r e  produced i n  near  q u a n t i t a t i v e  y i e l d s  (Table I). 

t h e  reac t ions  were conveniently monitored by TLC ( s i l i c a  g e l ,  CH2C12 o r  CH c1 - 
2 2  

hexane) and also by observing t h e  disappearance of the  yellow color  due t o  t h e  

s t a r t i n g  material. The s i t e  of deuterium l a b e l l i n g  i n  t h e  reduced product w a s  

determined by 'H NMR (Table 11) and as expected was t h e  p o s i t i o n  B t o  t h e  n i t r o  

group. 

ana lys i s  and w a s  i n  t h e  range of 72-81% f o r  t h e  f i v e  n i t r o s t y r e n e s  reduced 

(Table I ) .  The amounts of deuterium incorporat ion r e a l i z e d  by t h e  present  

method a r e  s l i g h t l y  l e s s  than those reported i n  the  l i t e r a t u r e  (3,10), using 

NaBD i n  EtOH. 

(10) t o  proceed i n  37% y i e l d  with 85% deuterium incorporat ion.  The v a r i a t i o n  

i n  t h e  amount of  deuterium incorporated from one s u b s t r a t e  t o  another ,  a l b e i t  

s m a l l ,  cannot be explained readi ly .  N o  c o r r e l a t i o n s  could be found between 

t h e  percent  deuterium incorporat ion and t h e  amount of s i l i ca  g e l  used o r  t h e  

length o f  t h e  reac t ion  t i m e  required i n  t h e  presence of a f ixed  amount of  N a B D  

and a f ixed  r a t i o  of  CHC13 and 2-propanol (Table I). 

The progress  of 

The amount of deuterium incorporat ion was determined by mass s p e c t r a l  

For example, reduct ion o f  13 with NaBD4 i n  EtOH has been shown 4 

4 

Since t h e  method reported here in  f o r  the  reduct ion of  n i t r o s t y r e n e s  with 

NaBD i s  opera t iona l ly  simple and furn ishes  pure products d i r e c t l y  with high 

deuterium incorporat ion,  it should be of p a r t i c u l a r  value i n  t h e  synthes is  of 

t r i t i u m  l a b e l l e d  a ry ln i t roe thanes  using NaBT4 a s  t h e  reducing agent. 

4 

EXPERIMENTAL 

General Methods: 'H NMR s p e c t r a  were recorded on a Varian T-60 spectrometer. 

Electron impact mass s p e c t r a  were recorded on a Varian MAT CH-5 mass spectro-  

meter with RDS Data System f o r  computer ana lys i s  of  spec t ra .  

atom % deuterium) w a s  purchased from Sigma Chemical Co. The s i l i c a  g e l  used 

f o r  the  s i l i c a  ge l -ass i s ted  reac t ions  as wel l  a s  column chromatography w a s  s i l i ca  

g e l  60, 70-270 mesh (Brinkmann) . 
Synthesis  of Nitrostyrenes ( 1 4 ) .  Ni t rostyrenes 2 and 2 were prepared by t h e  

procedure of Worral (15) .  Synthesis  of n i t ros t ryenes  9, 11 and i n  75-809 

y i e l d s  were c a r r i e d  out  using Gairaud and Lappin's method (16) with modif icat ion 

i n  t h e  i s o l a t i o n  procedure and i s  i l l u s t r a t e d  with t h e  synthes is  of  3,4-dimethoxy- 

The NaBD4 (98 



1032 A .  K .  Sinhababu and R. T. Borchardt 

6-ni t rostyrene (2 ) .  A mixture of  3,4-dimethoxybenzaldehyde (3.32 g ,  20 mmol). 

anhydrous CH3N02 (3.06 g ,  50 mmol) and anhydrous NH OAc (4.62 g ,  60 mmol, d r i e d  

before  use a t  0.01 mm of Hg u n t i l  f r e e  flowing) i n  20 mL of g l a c i a l  HOAc w a s  

ref luxed pro tec ted  from moisture. TLC ( s i l i ca  g e l ,  CH C 1  ) ind ica ted  completion 

of reac t ion  a f t e r  1.5 h of re f lux .  

200 mL of water and t h e  p r e c i p i t a t e d  s o l i d  was c o l l e c t e d  by f i l t r a t i o n .  The 

crude s o l i d  w a s  d i sso lved  i n  CH C 1  and t h e  r e s u l t i n g  s o l u t i o n  w a s  washed with 

NaHC03 so lu t ion ,  d r i e d  (Na SO ) and then passed d i r e c t l y  through a column of 

s i l i c a  g e l  60 (10 g)  i n  CH2C12-  Further  e l u t i o n  with CH2C12 and evaporation 

of solvent  gave e s s e n t i a l l y  pure 2. R e c r y s t a l l i z a t i o n  from E t O H  gave yellow 

needles ( 3 . 3  g ,  79%):  mp 141-142"C, lit. (16) m p  141-142°C. 

General Procedure f o r  t h e  S i l i c a  Gel-Assisted Reduction of Nitrostyrenes with 

NaBD,: To a s t i r r e d  mixture of the  n i t r o s t y r e n e  (1 mmol), s i l i c a  g e l  60 ( see  

Table I f o r  amounts), 2-propanol (1.5 mL/g of s i l i c a  g e l )  and CHC13 (6  m/mL of 

2-propanol) a t  25OC was added NaBD4 (168 mg, 4 mmol) i n  3-4 por t ions  over a per iod 

of 15-20 min. The progress  of the  reac t ion  was monitored by TLC ( s i l i . c a  g e l ,  

CH C 1  o r  CH C 1  -hexanel and/or by t h e  v i s u a l  observat ion of t h e  disappearance 

of the  yellow color due to t h e  s t a r t i n g  n i t ros tyrene .  Af te r  the  reac t ion  w a s  

complete (see Table I f o r  reac t ion  t imes;  these  times include time needed t o  add 

NaBD4), excess NaBD4 w a s  decomposed by adding 1 N H C 1  with cool ing.  The mixture 

was f i l t e r e d  immediately and the  f i l t e r  was washed with CH2C12. The combined 

f i l t r a t e s  were washed with b r i n e ,  d r i e d  ( N a  S O  ) and then evaporated i n  vacuo 

t o  dryness t o  give the  deutera ted  a ry ln i t roe thane .  See Table I f o r  i s o l a t e d  

y i e l d s  and percent  deuterium incorporat ion and Table I1 f o r  'H NMR da ta .  
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4 

2 2  

The mixture was cooled t o  2SoC, poured i n t o  

2 2  

2 4  

2 2  2 2  

2 4  
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