
432 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

SYNTHESIS OF VINYL ETHERS OF FURFURYLIDENEAMINOPHENOLS 

G. G. Skvortsova, Z. iVl. Garashchenko, V. V. An, N. N. Chipanina, and 
L. M. An 

Khimiya Geterotsiklicheskikh Soedinenii, Vol. 4, No. 4, 588-591, 1968 

UDC 547.724.2.07: 542.953.4 

The reaction of furfural and its homologs with vinyl and ethyl ethers 
of o% m-, and p-aminophenols at room temperature without the addi- 
tion of any catalyst whatever leads to the amine-aldehyde conden- 
sation with the formation of the corresponding ethers of furfurylidene- 
aminophenols. The structure of the latter has been shown by hydrolysis, 
hydrogenation, and independent synthesis. 

Vinyl e thers  of a roma t i c  amines  containing furan  
r ings  in the molecule  a re  ve ry  i n t e r e s t i ng  new mono-  
m e r s  with polyfunct ional  p rope r t i e s .  We have studied 
the r eac t ion  of fu r fu ra l  and its homologs with vinyl 
e thers  of o-, m- ,  and p -aminopheno l s  (I-III).  The re  
is in fo rmat ion  in the l i t e r a t u r e  on the condensat ion at 
100-105 ~ C of fu r fu ra l  with p -phene t id ine  [1] and with 
p -aminophenol  [2]. In addition i t  is lmown that on r e -  
act ion with a roma t i c  amines  furan  aldehydes not in-  
f requent ly  undergo r i ng  opening [3- 6]. 

We have shown that vinyl  e thers  of aminophenols  
r ead i ly  r eac t  with fu r fu ra l  (IV) and 5 -me thy l fu ra l  (V) 
in equ imola r  amount s  at room t e m p e r a t u r e .  With al l  
the i s o m e r i c  vinyl e thers  I - I I I  the r eac t ions  take place 
ve ry  rapid ly  with the fo rmat ion  of an a ld imine  bond 
and the l ibe ra t ion  of water  in accordance  with the 
equation 

. . .~N% O~ iT-'T] 
Clt~=CH--O -~. H ....C -~O,.~.-- R --H20 

l -n l  IV,V 

CH = CH__o--~N= C H - ~  R 

Vlll--Xln 
IV, VIII, IX, X R = H  
V, X l - - X l l l  R=CH3 

The ethyl e the r s  of o- and p -aminopheno l s  (VI) and 
(VII) behave analogously .  The .yield of vinyl  e thers  of 
fu r fu ry l ideneaminopheno l s  VIII-XIII  amounts  to 80-90% 
and of the co r re spond ing  phenet idine de r i va t i ve s - -  
XIV-XV--85-95%.  The in i t i a l  fu r fu ra l  and e thers  
were  r ecove red  f rom the r eac t ion  mix tu res  in sma l l  
amounts .  No products  whatever  indicat ing a t r a n s f o r -  
mat ion  or opening of the furan  r ing  were found. All  
the vinyl  and ethyl e thers  of fu r fu ry l ideneaminopheno ls  
synthes ized  a re  h igh-boi l ing  l iquids or c r y s t a l l i n e  sub-  
s tances  solubIe in alcohols,  acetone, and hyd roc a r -  
bons.  They a re  fa i r ly  s table  and do not decompose  on 
d i s t i l l a t ion  in vacuum.  The i r  cons tants  a re  given in 
the table.  D e t e r m i n a t i o n  of the r e f r ac t i ve  indices  is 
diff icult  because  of their  in tense  f luo rescence .  

The structure of the vinyl ethers of the furfurylidene- 
aminophenols is shown by the results of elementary 
analysis and infrared spectroscopy, by their hydrolytic 
decomposition and hydrogenation, and by independent 
synthesis, which was carried out in the following way: 

CH2~CH--O'--~N = C H - ~  

VIII, X 

+,\ 
CH3--C H 2 - - O - - - ~  N H --- C H2--- ~ 

XVI,XV" IZ 

CHa--C H 2 - - O ~  = C H ~ " 0 ~  

XIV.XV 

0% C CH~"-Ctt~ " - - 0 ~ ' ~ "  N H2 § H / ~ 0  / 

Vl, VII 

On acid hydrolys is ,  the vinyl  e thers  of the fu r -  
fu ry l ideneaminophenols  form a br ight ly  colored mix -  
ture  of products  containing ma in ly  acetaldehyde and 
aminophenols  with a sma l l  amount  of fur fura l .  The 
la t te r  can a lso  be detected on the hydrolyt ic  cleavage 
of the ethyl e thers  of the fu r fu ry l ideneaminopheno ls  
under  the condit ions ment ioned.  

The addit ion of hydrogen to the e thers  VIII and X 
in the p r e sence  of a n ickel  ca ta lys t  takes place s i m u l -  
taneously  at the vinyl  and the n i t r o g e n - c a r b o n  bonds, 
leading to the ethyl e thers  of the fu r fu ry laminophenols  
XVI and XVII with yie lds  of 87-96%. 

The la t te r  was synthes ized  independent ly  by the con-  
densa t ion  of the phenet idines  VI and VII with fu r fu ra l  
and the subsequent  hydrogenat ion of the e thers  XIV 
and XV so obtained. The phys ieochemica l  constants  of 
the products  of the hydrogenat ion of XIV and XV agreed 
comple te ly  with the p rope r t i e s  of XVI and XVII. The i r  
IR spec t ra  were comple te ly  ident ical ;  one of them is 
given in the f igure (curve  6). 

As can be seen f rom the f igure ,  the spec t r a  of the 
vinyl e thers  VIII-XIII  have in tense  bands of the s t r e t c h -  
ing v ib ra t ions  of a CH2------ CH-- group in the 1620-1630 em-  1 
region,  and the f requenc ies  of the deformat ion  non-  
p lanar  v ib ra t ions  at 960 em -1. The ethyl e thers  syn-  
thesized f rom the phenet id ines  and fu r fu ra l  and a lso  
the products  of their  hydrogenat ion XIV-XVII do not 
contain a band at 960 em -1. The absorpt ion  at 1390 and 
2878 cm - t  co r responds  to the deformat ion  and s t r e t ch -  
ing v ibra t ions  of the CH~ groups of compounds XVI and 
XVII. 

For  the v iny l -g roup -con t a in ing  compounds XVII-XIII 
studied, the accura te  a s s i g n m e n t  of the absorp t ion  
bands of the ~ N  group is diff icult  because  supe rpos i -  
tion of the CH2=CH-- v ibra t ions  takes place in the r e -  
gion of their  s t r e t ch ing  v ib ra t ions .  This  is conf i rmed  
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by  a c o m p a r i s o n  of  t h e  s p e c t r a  o f  t h e  v i n y l  e t h e r s  w i t h  

t h e  s p e c t r a  of  t h e  e t h y l  e t h e r s  o f  t h e  f u r f u r y l i d e n e a m i -  

n o p h e n o i s  X I V  a n d  X V  in w h i c h  b a n d s  w i t h  f r e q u e n c i e s  

of  1630 a n d  1625 e m  -1, r e s p e c t i v e l y ,  a r e  w e l l  d e f i n e d .  

S0 

4O 

, L i , i , i i , i 

40- 

~. 4o- 

i r , , i 

BO- d 

i~ ,0 
, i i , , , 

~30 ~ ,0 %@'r s 

, , , . , i i i i i i 

40- 

, , , , i , i r , , , 

40-  

-Z 
6 ' 0 0  8'00 1(}00 |~00 1400 1600 2gO0 3bOO SiO0 .~0 3~00 ~ , c m  

11t s p e c t r a :  1) v i n y l  e t h e r  o f  o - f u r f u r y l i d e n e -  

a m i n o p h e n o l  (VIII) ;  2) v i n y l  e t h e r  o f  m - f u r -  

f u r y l i d e n e a m i n o p h e n o l  ( IX);  3) v i n y l  e t h e r  of  
p - f u r f u r y l i d e n e a m i n o p h e n o l  (X);  4) e t h y l  

e t h e r  o f  o - f u r f u r y l i d e n e a m i n o p h e n o l  (XIV) ;  

5) e t h y l  e t h e r  o f  p - f u r f u r y l i d e n e a m i n o p h e n o l  

(XV) ;  6) e t h y l  e t h e r  o f  N - f u r f u r y l - o - a m i n o -  

p h e n o l  (XVI) ;  7) e t h y l  e t h e r  o f  N - f u r f u r y l - p -  

a m i n o p h e n o l  (XVII ) .  

According to literature data, the band of the stretching 

vibrations of C-~N groups should be located at 

1690-1640 cm -I [7]. The displacement of these bands 

to the low-frequency end of the range can apparently 

be explained by the presence in compounds XIII-XV of 

conjugation ~of the C-~-~N bond with aromatic and furan 

rings. The same effect has been observed by other 

authors for a whole series of systems conjugated with 

aromatic rings, limiting the interval mentioned to 
1660-1630 cm -I [8]. 

After the hydrogenation of XIV and XV, the bands at 
1630 and 1625 cm -I disappear and characteristic bands 

of a secondary amino group with frequencies of 3435 

and 3410 cm -I, respectively for XVI and XVII, appear. 

Thus, the structure of the substances synthesized 

is not a matter of doubt and shows the occurrence of 

amino-aldehyde condensation. 

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

Starting materials. The vinyl ethers o f o - ,  m- ,  and p-amino- 
phenols (I-Ill)  were obtained from acetylene and the aminophenols 
[9]: I, bp 69~ ~ C (2mm), d~ ~ 1.0676, n}~ 1.5715; II, bp 92~ ~ C 
(2 ram), d~ ~ 1.0760, n~ 1.5825; Ill bp 94 ~ C (5 ram), d~ a 1.0759, 
n~ 1.5767. The o-phenetidine (VI) was obtained by reducing the 
ether I over a nickel catalyslst [9]- bp 81~ ~ C (1 ram). n~ 1 5545 

�9 " o ' . . 

The 5-methylfurfural (V>, wlth bp 64 C (5 ram), dl~ L~2, n}~ 
1.5310 was synthesized by the formylation of sylvane with dimethyl- 
formamide [10]. The p-phenetidine (VII), bp 110~ ~ C (1 ram), 
n~ 1.5635 and the furfural (IV), bp 61~ ~ C (18 mm), n~ 1.5260 
were commercial reagents purified by vacuum distillation. 

Condensation of the vinyl ether of o-aminophenol with furfuraL 
A three-necked flask with a reflux condemer was charged with 5.2 g 
(65 mole) of furfural and then, with Stirring, 7.8 g (54 mM) of the 
ether I was added dropwise. The reaction took place with the evolu- 
tion of heat and was complete after 30-40 rain. The water was 
eliminated from the turbid reaction mixture under vacuum and the 
residue was distilled. This gave 9.3 g of the vinyl ether of o-fuffuryli- 
deneaminophenol (VIII) in the form of a greenish-yellow oily liquid 
strongly fluorescent in the tighr. Compounds IX-XIII were obtained 
similarly; their properties are given in the table. 

k~&yl ethers of fu~fu~lideneamlnophenoh, At room temperature 
(18~ ~ C) with continuous stirring, 3.16 g (23 raM) of o-pheneti- 
dine was slowly added to 2.32 g (30 mM) of furfural. The reaction 
mixture was treated as in the preceding cases. Distillation yielded 
2.89 g of the ether XIV in the form of a yellow-green liquid. The 
crystaIline compound XV (table) was obtained similarly. According to 
the literature, the ether XV has mp 72~ ~ C. 

Hydrolysis of the vinyl ether of p-furfurylideneamtnophenol.(X). 
A mixture 0.57 g of the ether X and 20 ml of 2% HzSO4 was heated in 
a 5O-ml tube in the boiling water bath for 2 hr. After cooling, the 
tube was opened, 10 ml of sodium bisulfite solution was added to the 
reaction mixture, and the excess of it was baek-titrated with 0.1 N 
iodine solution. Calculated from the aldehyde liberated, 89.4% hy- 
drolysis had taken place. 

Hydrogenation of the vinyl ether of p-fudurylideneaminophenol 
(X). 2.45 g of the ether X was added to 0.4 g of Raney nickel catalyst 
in 28 ml of absolute ethanol and reduction was carried out. After 12 hr, 
615 ml of hydrogen had been absorbed, the theoretical amount being 
601.2 ml. Vacuum distillation yielded thecethyl ether of N-fur- 
furyl-p-aminophenoI (XVII) in the form of crystals with mp 56~ C, 
weight 2.38 g. When 1.62 g of the ethyl ether of p-fuffurylideneamino- 
phenol (XV) was hydrogenated, the absorption of hydrogen ceased 
after 6 hr. The total absorbed was 203 ml and the theoretical amount 
192.7 ml. This yielded 1.59 g of compound XVII. A mixture of the 
first and second sets of crystals gave no depression of the melting point. 

Ethyl ether of N-fuffuryl-o-aminophenol (XVI). When 2.70 g of 
substance XIV was hydrogenated in 30 ml of ethanol in the presence of 
Raney nickel, 342.0 ml of hydrogen (20 ~ C, 716 ram) was absorbed, 
the theoretical amount being 328.2 ml. The ether XVI, 2.2 g, was 
obtained in the form of an oil which crystallized on standing, 

o o o �9 2 0  mp 37 -38.5 C, bp 145 -147 C (8-9 ram); d4 1.1067, n~ 1.5628. 
Found: MR D 63.66. Calculated for ClsHzsNO2: MR D 63.15. 

The reduction of 2.95 g of the vinyl ether VIII gave an 86% yield 
of the ether XVI, mp 37.5 ~ C (table), the amount of hydrogen con- 
sumed being 782 ml and the theoretical amount 765.4 ml. 

The IRspectra of the compounds VIII-XVII synthesized were recorded 
on a UR-10 spectrophotometer in the 700- 3600 cm- I region in a micro- 
layer or, for the crystalline substances, in tables with potassium bromide. 
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