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A study is made of the liquid phase hydrogenation of a-(a'-furyl)- 
and a-(a'-thienyl)-B-nitroethylenes over Pd black. It is shown that 
the nature of the substituent (phenyl, furyl, thienyl) does not affect 
the mode of addition of the hydrogen to the nitrovinyl group. Condi- 
tions are found for catalytic synthesis of high yields of heterylacetalde- 
hyde oximes from nirroalkenes. 

We previously [1] studied the catalytic hydrogenation 
of/9-ni trostyrene,  which contains a conjugated system 
of double bonds. 

CF .=c 
The present work deals with the reduction of hetero-  

cyclic analogs of /9-ni t rostyrene,  viz. ~-((~ '-furyl)-  
and a-(a ' - th ienyl)- /9-ni t ros tyrene.  A number of papers 
have described the reduction of those compounds by 
various chemical methods [2-4] ,  but their  catalytic 
hydrogenation has not been investigated. We have in- 
vestigated the hydrogenation of heterylnitroalkenes 
over Pd black using various solvents at atmospheric 
pressure  and 25 ~ C. 

Table 1 gives the average rates  of hydrogenation of 
(~-(c~ ' - furyl)-  (I) and (~-((~ ' thienyl)-/9-nitroethylene (If) 
compared with that of/9 ni t rostyrene (Ill). Under iden- 
tical conditions the furylnitroalkene is hydrogenated at 
the same high speed as /3 ni trostyrene.  The rate of r e -  
duction of the thiophene analog is considerably less.  
We previously showed [1, 5] that the react ion is of 
zero order  with respect  to the/9-ni t rostyrene.  The 
same order  is observed for  furylnitroethylene (Fig. 1). 
The rate of hydrogen absorption remains  constant till 
the unsaturated nitro compound is fully converted. At 
the instant when the ~-(~ '-furyl)-/9-nitroethylene van- 
ishes f rom the reaction mixture,  the process  slows 
down sharply. 

rv_(i~,_Thienyl)-/9_nitroethylene hydrogenates at de- 
creasing speed (Fig. I), but the initial reaction veloc- 
ity is independent of the initial concentration of thienyl- 
nitroalkene (Fig. 2). It can be assumed that the pecu- 
liarities in the kinetics of the hydrogenation of the thio- 
phene derivative are due to the known poisoning effect 
of compounds containing a sulfur atom with a free pair 
of electrons [6]. Actually the presence of 5 mole thio- 
phene, when hydrogenating fl-nitrostyrene over 0.2 g 
Pd black in 25 ml acetic acid, cuts the rate of hydro- 
gen absorption from 61. 5 to 11 ml min. However, de- 
spite the sharp drop in speed in the presence of large 
amounts of poison, reaction proceeds to complete con- 
version of the fl-nitrostyrene to phenylacetaldehyde 
oxime. Similarly in [7] it is shown that the degree of 
poisoning of Raney nickel in the presence of 1 mmole 

thiophene when hydrogenating nitromethane is only 
20%. This is probably because nitro compOunds can 
be hydrogenated by hydrogen with varied energy of 
linking to the catalyst [8]. Unsaturated nitro compounds 
are hydrogenated much more easily than saturated 
ones. Thus in a binary mixture with 1-phenyl-2-nitro- 
ethane/9-nitrostyrene is first hydrogenated. From 1 g 
palladium black, /9-nitrostyrene extracts up to 100 ml 
hydrogen [1]. 

It is of interest  that when hydrogenating binary mix- 
tures  of /9-ni trostyrene and ~-(~ '-thienyl)-/9-nitroeth- 
ylene (1. 25 : 1.0), hydrogen is absorbed at the same 
rate as when hydrogenating/9-nitrostyrene in the p res -  
ence of thiophene, when the thienylnitroalkene is pref-  
erentially hydrogenated. Figure 3 shows the change in 
the rat io ~-(c~ '-thienyl)-/9-nitroethylene//9-nitrostyrene 
during the process .  Apparently the preferential  hy- 
drogenation of the thiophene derivative is due to its 
being more  strongly absorbed on the catalyst.  

Table i 

Comparison of Hydrogenation Rates for fl-Nitrostyrene and its 
Heterocyolic Analogs 

Solvent 

Ethanol 
Acetic-sulfuric acid mixture (15:1 by 
volume) 

Acetic acid-ethanol mixture (I: I by 
volume) 

Dioxane 

dv/dt, ml/min (mean) 
a-(a'-furyl)- 
8-nitmethyl- 

ene (I) 

87 
59 

57 

72 

a-(a-thienyl)- 
8-nitroethylene 

(ID 

1.4 
10 

18 

7.5 

B-nitro- 
styrene 

(Ill) 

70 
61 

50 

6O 
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Ana lys i s  of the ea ta lyza tes  in the hydrogenat ion  of 
- ( a  ' - d u r y l ) - a n d  a - ( a  ' - t h i eny l ) - f l -n i t roe thy lenes  shows 

the reduc t ion  p roceeds  to complete  conver s ion  of the 
s t a r t i ng  n i t ro  compounds ,  af ter  which reac t ion  p r a c t i -  
cal ly  ceases .  The m a i n  reac t ion  products  a re  the ox-  
imes  of the co r r e spond ing  he te ry lace ta ldehydes  and 
h y d r o d i m e r s  (Table 2). 

The propor t ions  of these  products  in the ca ta lyzate  
is  a funct ion of the n a t u r e  of the so lvent  (Table 2). The 
total  amount  of hydrogen absorbed  is de t e rmined  by 
those p ropor t ions .  Ins ign i f ican t  amounts  of s a tu ra t ed  
n i t roa lkanes  and amines  are  formed.  

It is known that  when hydrogenat ing f l -n i t ro s ty rene ,  
s t rong  m i n e r a l  acids  r e p r e s s  the d i m e r i z a t i o n  r e a c -  
t ion [9]. However ,  thiophene and fu ran  de r iva t ives  a re  
uns tab le  under  such condi t ions .  We have shown [5] that  
the p r e s e n c e  of weak organic  acids is  suff icient  to r e -  
p r e s s  d i m e r i z a t i o n  and r a i s e  the y ie ld  of oxime.  We 
have hydrogenated  a-(a'-duryl)- and a - (c~ ' - th i eny l ) -  
f i -n i t roe thylene  in ethanol mixed  with aeet ic  aeid (1:1 
by volume) or  oxalic acid (0. 005 mole  pe r  25 ml  e than-  
ol) ,  when high y ie lds  (up to 90%) of ox imes  were  ob-  
ta ined.  To obviate  t he i r  be ing r e s in f i ed  at the end of 
the r eac t i on ,  the ca ta lyza te  was neu t r a l i z ed  unde r  hy-  
drogen with sodium b ica rbona te  solut ion.  This  method 
of p r e p a r i n g  fury1- and th ieny lace tox imes  can be r e c -  
o m m e n d e d  p repa ra t i ve ly .  

dv/d~ ml/min 
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Fig .  1. Kinet ic  plots  for  hydro-  
gena t ion  of unsa tu r a t ed  n i t ro  
compounds  over  Pd in an ETCH+ 
+AcOH m i x t u r e  (1:1): 1) a - ( a ' -  
F u r y l ) - f l - n i t r o e t h y l e n e ;  2) fi- 
n i t r o s t y r e n e ;  3) a - ( a ' - t h i e n y l ) -  

f i -n i t roe thylene .  

Thus the e x p e r i m e n t a l  r e s u l t s  show that  the k ind of 
a roma t i c  subs t i tuen t  at the /3 -carbon  a tom in  the group 

2fl2 * R--CH~CH ~NOH 

R__CH:~ CH__NO __ 1~2H I 
" RCH__CH2_NO ~ 

,/2H ~ 
RC|I--CHo--NO 2 

is without effect  on the mode of addi t ion of hydrogen  
to the conjugated  s y s t e m  in the p r e s e n c e  of Pd ca ta lys t .  

In t roduc t ion  of the thiophene r i ng  i n c r e a s e s  the ad-  

sorbability of the nitroalkene, and leads to a decrease 
in the rate of reaction due to self-poisoning of the 

process. 
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Fig.  2. Kinet ic  plots for  hydro-  
genat ion of a - ( a ' - t h i e n y l ) - f l - n i t r o -  
e thylene at d i f ferent  concen t ra t ions :  
1) 1.6 mmole ;  2) 2 .5  mmole ;  3) 
7 .5  m m o l e ;  4) 10 m m o l e  (0.2 g Pd,  

25 ml  EtOH+AcOH (1:1). 
\ 

EXPERIMEN TA L 

The starting a-(a'-furyl)-~-nitroethylene was prepared by condens- 
ing furfural with nitromethane in the presence of KOH; mp 74-76 ~ 
The literature gives [10] mp 76-76 ~ 

a-(a'-Thienyl)-B-nitroethylene was synthesized from c~-thiophene 
aldehyde and nitromethane. MP 78.5-81 ~ (ex ETCH), the literature 
gives [11] mp 79-80% 

Hydrogenation was carried out at atmospheric pressure and 28 ~ in 
a thermostatted long-necked hydrogenation vessel, shaken 700-800 
times a minute. Each run used 0. 005 mole nitrocompound, 25 ml sol- 
vent, and 0.2 g palladium black, prepared by reducing PdC12 with 
formaldehyde in alkaline solution. During the hydrogenation catalyzate 
samples (about 0.15 ml) were withdrawn for analysis. Polarography 
was used for quantitative determination of the starting heterylnitroal- 
kenes and the oximes formed from them. The polarographic behavior 
of these compounds and the method for determining them resembled 
those previously described for B-nitrostyrene and phenylacetoxime [12]. 
Inside the 0.1-2 mmole range investigated, wave heights were propor- 
tional to the concentrations of the compounds being determined. Table 
3 gives the polarographic properties. 

n 

t25 

5o ~60 H~ ml 

Fig. 3. Change in the ratio 

a - (a '-thienyl)-fl-nitroethyl- 

ene/fl-nitrostyrene = n when 

hydrogenating binary mixtures 

of these. 



16 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

Table 2 

Cata lyza te  Composi t ions  in the Hydrogenat ion of Unsaturated 
Nitro  Compounds over  Pd Black 

Compound 
hydrogenated 

I 
II 

III 
I 

II 
III 

I 
II 

Ill 
I 

II 
III 

EtOH 

H~ absorbed, 
moles Oxime 

Solvent 

Dioxane 

EtOH+AcOH(1 : 1) 

EtOH+(COOH)2 (0. 005 mole) 

1.2 
0.9 
0.9 
1.8 
1.6 
1.6 
2.0 
1.6 
2.0 
2,5 
1.8 
2.3 

25 
26 
27 
54 
43 
47 
97 
82.8* 
86 
75 
66.7** 
73 

Yields of reaction products, % 

Saturated 
nitro Amine 
compound 

3 

4.5 ~- 

- 

-- traces 
- -  8 - 9  

Occurrence 
of hydro- 

dimers 

+ 
+ 
+ 
+ 
-k 
+ 

*Found 15% unreacted a- (a ' - th ienyl ) -B-ni t roe thylene  
**Found 21% unreacted a- (a ' - th ienyl ) -B-ni t roe thylene  

Table  3 

HaII -Wave  Potent ia ls  and Diffusion Cur r en t  Constants  of H e t e r y l -  
n i t roa lkenes  and the Cor re spond ing  Oximes* 

Polarographic 
constants 

el/2 ( b )  
k=id/c,  m~h. t'l, 

a - ( a ' - T h i e n y l ) - B -  
nitroethylene 

wave I wave II 

--0.24 --1.14 
5.51 4.34 

a-Thienyl- 

acetoxime 

- 1 . 1 8  
4.28 

a-(a ' -Furyl)-IB-  
nitroethylene 

wave I wave II 

-0.26 -1.12 
5.66 4.06 

a -Fury l -  
acetoxime 

-1.18 
4.18 

*Buffer solution pH = 1.65 (HCI+KC1), containing 10% EtOH, concentration = 
= 2 mmole,  temperature 25 ~ 
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As in the hydrogenat ion of g-ni trostyrene,  saturated nitro c o m -  
pounds and amines  in the ca t a lyza t e  were checked by GLC. A column 
of Apiezon L on Chromosorb \,7 was used for the nitroalkanes,  and one 
of polye thylene  g lyco l  4500 on NaC1 for the amines .  

c~-Furylacetoxime was obtained by hydrogenat ing c~-(c~'-furyt)-8- 
n i t roethylene in e t h a n o l - a c e t i c  acid (1: 1). A mixture  of o i l  and crys- 
tals was obtained. The ox ime  is unstable  in air, After f i l ter ing off the 
crystals, mp 68.6 ~ (ex 50% EtOH), Found: C ,51, 18, 51, 45, H 5.28, 
5.08, N 10.13, 10.03, S 22.98, 23.01%. Calcu la ted  for C6H?ONS: 
C 61.03, H 5.00, N 9.91, S 22.'71%. 

As in the case of B-nitrostyrene,  hydrogenat ion of he te ry ln i t roa l -  

l<enes in the absence of ac id  gave  hydropolyme~s.  After recrys ta l l i z ing  

from g l ac i a l  ace t i c  acid the fnran der iva t ive  dinner had mp 218-214  ~ 

(decomp), whi le  the th iophene der iva t ive  d imer  had mp 236-289 ~ (de-  

comp).  
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