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Furyl  nitro alkanols were obtained by the condensation of 1- (2 ' - fury l ) -3-propanols  with 
ni tromethane.  Catalytic hydrogenation of the products gave the corresponding furyl 
amino alkanols.  

A considerable number of studies [3-6] have been devoted to the condensation of furfural with ni t ro-  
methane, which was f i rs t  described by Priebs [2]. The product in the presence of alkaline condensing agents 
is c~-(a ' - furyl)- /3-nitroethylene.  

Kanao [7] studied the condensation of furfural  with various nitroalkanes using KHCO 3 or  K2CO 3 as 
condensing agent and obtained good yields of the corresponding furyl nitro alcohols. 

This communication is devoted to a study of the condensation of 1- (2 ' - fury l ) -3-propanols  with n i t ro-  
methane for the synthesis of furyl nitro alkanols. The star t ing compounds were 1- (2 ' - fury l ) -  (I), 1- (5 ' -  
me thy l -2 ' - fu ry l ) -  (II), and 1- (2 ' fury l ) - l -methyl -3-propanoL (III). 

R - ~ C H C H 2 C H O  + CH:,N% 

R' 
I - I l l  

H~-R~CHCH2CHCH2NO 2 

R' OH 
IV - V1 

NaOH [ R_~_Ct tCH2CH_CH=NOO 1 Q N~ ~ 

,L R' o .  j 

1"12,  R ~ ' C H C H 2 C H C H 2 N H  2 - -  

R' OH 
VII - IX 

"u" I "l 
R' OCOCH 3 

X - XII 

I.IV VII.X R=R'-H: II.V VIII,XI R=CH3,R~ H: III.VI.IX,XII R=H.R'=CH:~ 

The condensation was ca r r i ed  out in ethanol with cooling in the presence of sodium hydroxide, and 
the furyl ni t ro  alkanols were obtained in high yields (73-80%). 

The s t ructure  of compounds IV-VI was confirmed by the IR spectra ,  which contain absorption bands 
at 1553 and 1345 cm-1 that cor respond to the asymmetr ica l  and symmetr ica l  s tretching vibrations of the 
nitro group. The presence  of a hydroxyl group was confirmed by the broad absorption band at 3450 cm -1 
(stretching vibrations of the associa ted OH groups).  

*See [1] for communication L. 
~Deceased. 

N. G. Chernyshevskii  Saratov State University.  Transla ted f rom Khimiya Geterotsiklicheskikh Soed- 
inenii, No. 2, pp. 147-151, February ,  1972. Original ar t ic le  submitted December 22, 1970. 

�9 }97.r Consultants Bureau~ a division of Plenum Pt~blishing Corporation, 227 [['est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced~ stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

129 



TABLE 1 

C o m - i  
pound R 
No. 

IV H 

V CH3 

VI H 

R t 

H 

H 

CHa 

R--'~:HcH2~:HCtf2NO ~ 
R' OH 

bp, "C (pressure, 
ram) a,~~ 

133--135 (l) 1,2280 

135--138 (2) 1,1807 

130--132 (2) 1,1750 

~D ~e 

1,5010 

1,4990 

1,4970 

IR spectrum, cm-1 
I 

VNOz V n H  VC=G I r  

1552 3450 1600 3100 
1345 1510 
1553 3450 1619 3100 
1357 1510 
1553 3450 1625 3090 
1345 1510 

Tab le  1 (continued) 

Com-[ MRD 
pound ~ �9 
No. [iouna I calc. 

IV 44,36 . 44,79 
V 49,54 49,41 

VI 49,61 49,41 

Empirical 
formula 

C~HIINO4 
CgHI3NO4 
CgHI3NO4 

Found, o 

C H 

52,09 6,00 
54,72 6,54 
54,34 6,79 

7,34 
7,04 
6,90 

51,89 
54,26 
54,26 

Calc.,% ~oield, 

H N 

5,99 7,56 78 
6,58 7,03 73 
6,58 7,03 80 

TABLE 2. 
of F u r y l  Ni t ro  Alkanols  

Furyl nitro 
alkanols 

IV 

V 

VI 

Condi t ions  and Resu l t s  of the Ca ta ly t ic  Hydrogena t ion  

R - - ' ~ -  ~: H C H2(~ H C H ~ NO2* 
R OH 

Catalyst Solvent 

Ethanol 
Ethanol saturated with 

ammonia 
Methanol saturated with 

ammonia 
Ethanol 
The same 

u 

n n 

n 

R I 

H H NiR 
NiR 

PIn2 

5% RulE 
10% Ru/C 

CH3 H NiR 
5% Ru/C 

H CHa NiR 
5% Ru/C 
10% Ru/C 

*The in i t i a l  hydrogen  p r e s s u r e  was  100-140 a tm.  

I Furyl amino 
Temp., I alkanols 
�9 c 

~ onnd % 

5O VII 4O 
1O0 VII 60 

100 VII 50 

25 VII 65 
25 VII 65 
50 VIII 22 
25 VIII 75 
50 IX -- 
25 IX 
25 IX 

The fu ry l  n i t ro  a lkano l s  (the phys ica l  c o n s t a n t s ,  the r e s u l t s  of the a n a l y s e s ,  and some c h a r a c t e r i s t i c s  
of the IR s p e c t r a  a r e  p r e s e n t e d  in Tab le  1) a r e  v i s c o u s ,  ye l low,  uns t ab l e  l iqu ids  that  da rken  r ap id ly  on 
s t and ing  and decompose  to the s t a r t i n g  compounds .  

We a l so  a c c o m p l i s h e d  the ca ta ly t i c  hydrogena t ion  of the n i t r o  a lcohols  in o r d e r  to obta in  fury l  amino  
a lkano l s ,  which  a re  of i n t e r e s t  for  s u b s e q u e n t  t r a n s f o r m a t i o n s ,  inc lud ing  the p r e p a r a t i o n  of 4 - ( 2 ' - f u r y l ) -  
n - b u t y l a m i n e s  and for  the syn the s i s  of a m i n o m e t h y l - l , 6 - d i o x a s p i r o [ 4 . 4 ] - 3 - n o n e n e s .  Data on the condi t ions  
and the r e s u l t s  of the hydrogena t ion  of the n i t ro  a lcohols  a r e  p r e s e n t e d  in Tab le  2. The data  in  Tab le  2 
a r e  ev idence  that  the y i e lds  of the amino  a lcohols  a r e  d e t e r m i n e d  by the s t r u c t u r e  of the s t a r t i n g  n i t r o  a l -  
cohol and the type of ca t a lys t .  The bes t  y i e ld s  of the t a r g e t  p roduc t s  a r e  ob ta ined  when r u t h e n i u m  ca t a ly s t s  
a r e  used.  The phys ica l  c o n s t a n t s ,  r e s u l t s  of a n a l y s e s ,  and s e v e r a l  c h a r a c t e r i s t i c  f r e q u e n c i e s  of the IR 
s p e c t r a  of the fu ry l  amino  a lkano l s ,  t he i r  d iace ty l  d e r i v a t i v e s ,  and oxa la tes  a re  p r e s e n t e d  in Tab le  3. 

Very  in t ense  bands  at  1736-1740 and 1662 c m  -1, which  a re  due to the s t r e t c h i n g  v i b r a t i o n s  of the 
C =O groups  of e s t e r s  and s e c o n d a r y  a m i d e s ,  r e s p e c t i v e l y ,  a r e  o b s e r v e d  in  the IR s p e c t r a  of X-XII .  The 
p r e s e n c e  of hydroxyl  and p r i m a r y  amino  groups  in VII-IX is  t he reby  c o n f i r m e d .  

An inves t i ga t i on  of the a n t i b a c t e r i a l  ac t iv i ty  of fury l  n i t ro  a lkano ls  IV-VI wi th  r e s p e c t  to G r a m - p o s -  
i t ive  and G r a m - n e g a t i v e  b a c t e r i a  d e m o n s t r a t e d  that  the a n t i b a c t e r i a l  p r o p e r t i e s  a r e  e x p r e s s e d  mos t  c l e a r l y  
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T A B L E  3 

C o r n -  I 
pound R R' 

R" OR" 

VII H H 

VIII CH3 H 

IX H CHz 

X H  H 

XI CH3 H 

X l l  H CH3 
I 

R u 

bp, "C (presq 
sure, mm) / 

IR spectrum, cm -I 

n~~ vc=cl ~r YC=O 

I =CH ester 

H 

H 

H 

COCHs 

COCH~ 

COCH3 

125--127 (3) 

152--155 (4) 

117--120 (1) 

I66-17o (2) 

168--169 (1) 

157--159 (1) 

1,5050 

1,5070 

1,5110 

1,4900 

1,4920 

1,4985 

1600 
1506 
1615 
1570 
1600 
1510 
1600 
1510 
1600 
1570 
1600 
1510 

3100 

3100 

3100 

3100 

3100 

3100 

1736 

1740 

1736 

vC=O 
amide 

1662 

1662 

1662 

T A B L E  3 (cont inued)  

, ~om-  
)ound 

VIII I 

x 1 

with r e s p e c t  to St. au reus .*  

Empirical 
formula 

C8HI3NO2 
CgHtsNO~ 
CgH15NO2 
CmHI7NO4 
CI3HI9NO4 
CI~HmN04 

Found, % 

C H 

61,69 8,51 
63,65 8,57 
63,86 8,26 
60,52 7,10 
61,25 7,67 
62,79 7,13 

9,12 
8,02 
7,95 
5,83 
5,53 
5,39 

Calc., % 
I 

61,93 8,40 
63,88 8,09 
63,88 8,09 
60,24 7,17 
61,64 7.56 
61,64 7,56 

Oxalates 

rap, I N, % . 
N ~ If~ I talc, 

9,03 213--214 6,67 6,99 
8,27 --  6,41 6,54 
827 6,54 6,03 
5,85 --  - -  
5,52 
5,52 ~ 

The  b a e t e r i o s t a t i c  t i t e r s  of the p r e p a r a t i o n s  a r e  17.5 # g / m l .  Compound  V 
d i s p l a y s  f u n g i s t a t i c  a c t i v i t y ,  inh ib i t ing  the  g r o w t h  of Cand ida  fungi a t  a c o n c e n t r a t i o n  of 25 ]~g/ml.  

A m i n o  a l c h o l s  VI I - IX  and t h e i r  d i a c e t y l  d e r i v a t i v e s  (X-XII) do not  have a n t i b a c t e r i a l  p r o p e r t i e s  wi th  
r e s p e c t  to  the  t e s t e d  b a c t e r i a .  

E X P E R I M E N T A L $  

1 - ( 2 ' - F u r y l ) -  (I) [8] and  1 - ( 5 ' - M e t h y l - 2 ' - f u r y l ) - 3 - p r o p a n o l  (II) [9]. T h e s e  compounds  w e r e  ob t a ined  
by known m e t h o d s .  Raney  n i cke l ,  5% Ru/C [10], 10% Ru/C [11], and A d a m s  P tO 2 [12] w e r e  u sed  as  cata~ 
l y s t s .  

1 - ( 2 ' - F u r y l ) - 4 - n i t r o - 3 - b u t a n o l  (IV). A 100 ml  t h r e e - n e c k e d  r o u n d - b o t t o m  f l a s k  equ ipped  w i t h a m e c h -  
a n i c a l  s t i r r e r ,  t h e r m o m e t e r ,  and  d r o p p i n g  funnel  w a s  c h a r g e d  wi th  13.6 g (0.11 mole)  of I, 20 .4g  (0.33 mole)  
of n i t r o m e t h a n e ,  and  30 ml  of e thano l .  A to t a l  of 11 ml  of 10 N aqueous  s o d i u m  h y d r o x i d e  was  a d d e d  d r o p -  
w i s e  wi th  c o n s t a n t  s t i r r i n g  and coo l ing  in such  a w a y  tha t  the  t e m p e r a t u r e  of the  m i x t u r e  did  not  r i s e  above  
+ 10~ A t t h e e n d  of the  add i t i on  of the  a l k a l i ,  the r e a c t i o n  m a s s  was  s t i r r e d  fo r  1 h a t  20-25 ~ The  r e s u l t -  
Lug abundan t  c r y s t a l l i n e  p r e c i p i t a t e  w a s  d i s s o l v e d  in i ce  w a t e r ,  and  the  so lu t i on  was  a c i d i f i e d  to pH 6 wi th  
10% a c e t i c  a c i d .  The  oi l  tha t  f o r m e d  was  s e p a r a t e d ,  and the aqueous  p o r t i o n  was  e x t r a c t e d  s e v e r a l  t i m e s  
w i th  e t h e r .  The  oi l  and  e t h e r  e x t r a c t s  w e r e  c o m b i n e d  and d r i e d  o v e r  c a l c i n e d  m a g n e s i u m  su l f a t e .  The  
e t h e r  was  r e m o v e d  by d i s t i l l a t i o n ,  and  the  r e s i d u e  was  v a c u u m  d i s t i l l e d  to  g ive  15.8 g (78%) of IV. C o m -  
pounds  V and VI (Tab le  1) w e r e  s i m i l a r l y  ob ta ined .  

1 - ( 2 ' - F u r y l ) - 4 - a m i n o - 3 - b u t a n o l  (VII). A) A r o t a t i n g  250 ml  a u t o c l a v e  w a s  c h a r g e d  wi th  10 g of IV, 
130 ml  of e thano l ,  and  1 g of Raney  n i cke l .  The  in i t i a l  h y d r o g e n  p r e s s u r e  was  120 a t m  a t  50 ~ The h y d r o g e n -  
a t i on  w a s  c a r r i e d  out unt i l  h y d r o g e n  a b s o r p t i o n  c e a s e d .  The  c a t a l y s t  was  r e m o v e d  by f i l t r a t i o n ,  and the 
e thano l  w a s  r e m o v e d  by d i s t i l l a t i o n  a t  r e d u c e d  p r e s s u r e .  The r e s u l t i n g  a m i n o  a l coho l  was  i s o l a t e d  as  the  
h y d r o c b l o r i d e  in a y i e l d  of 3.3 g (40%). 

B) When the  r e a c t i o n  w a s  c a r r i e d  out in the  p r e s e n c e  of e thano l  s a t u r a t e d  wi th  a m m o n i a  and a Raney  
n i c k e l  c a t a l y s t ,  a h y d r o g e n  p r e s s u r e  of 120 a rm at  100 ~ was  used .  At  the  end  of the  h y d r o g e n a t i o n ,  the  c a t -  

*The a n t i b a c t e r i a l  a c t i v i t y  w a s  s t u d i e d  by cand ida t e  of b i o l o g i c a l  s c i e n c e s  L.  K. Kul ikova .  
r Bash tova  p a r t i c i p a t e d  in the  e x p e r i m e n t a l  w o r k .  
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alyst  was removed by filtration, the solvent was removed by distillation under reduced p ressu re ,  and the 
residue was vacuum distilled to give 60% of VII. 

C) When 5% or 10% Ru/C was used as the catalyst ,  the initial hydrogen p res su re  was 100 atm at 25 ~ 
and the yield was 65%. 

D) When the hydrogenation was car r ied  out in the presence of a PtO 2 catalyst ,  methanol saturated 
with ammonia was used as the solvent, and the initial hydrogen p ressu re  was 140 atm at 100 ~ The yield 
was 50%. The hydrogenation of V and VI (Table 2) was accomplished s imilar ly .  

Diacetyl Derivative of 1 - (2 ' -Fury l ) -4 -amino-3-bu tano l  (X). A mixture of 3.2 g (0.02 mole) of VII and 
10.2 g (0.1 mole) of acetic anhydride was refluxed at 120 ~ for 3 h. At the end of the reaction,  the excess 
acetic anhydride and the acetic acid formed were removed by distillation at reduced p ressure ,  and the r e s -  
idue was vacuum distilled to give 3.2 g (64%) of X. Compounds XI and XII were s imilar ly  obtained. 

1 - (2 ' -Fury l ) -4 -amino-3-bu tano l  Oxalate. A 0.56 g (0.0036 mole) sample of VII was dissolved in an- 
hydrous ethanol and mixed with a solution of 0.16 g (0.0018 mole) of oxalic acid in anhydrous alcohol togive 
0.6 g (50%) of a white crystal l ine precipitate.  The oxalates of VIII and IX (Table 3) were s imilar ly  obtained. 

The IR spect ra  were recorded  with an H-800 (Hilger) spectrophotometer  at 700-4000 cm -1 with a 
sodium chloride pr i sm.  All of the substances were  investigated in the liquid state as a capil lary-thin layer  
between sodium chloride plates.  
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