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Studies are made of the reaction of 5-bromofurfurylidenaniline with 
aromatic amines (reaction 1), of the disproportionation of 5-bromo- 
furfurylidenaniline (reaction 2), and of the reaction of 5-bromofur- 
furylidenaniline and 5-bromofurfural with saturated secondary amines 
(reaction 3). It is shown that these reactions are of the autocatalytic 
type (the catalyst being a reaction product, the hydrobromide of the 
amine), that addition of acid accelerates them, while they are re- 
tarded by addition of alkali. The hypothesis is advanced that in these 
reactions the active form of the substrate is the salt containing the 

) +< fragment C=N The latter arises by protonation of the Schiff% 

base (reactions 1 and 2), or by quaternization of aminoacetals (which 
are products formed by addition of a secondary amine across the (dou- 

bonds in >C=O o, >C=N--) through the action of the ble) hydro- 

halide salt of the amine (reaction 3). 

T h e r e  a re  a l a r g e  n u m b e r  of paper s  [1-13] dea l ing  
with the poss ib i l i ty  of exchanging halogen in fu ran  de -  
r i v a t i v e s  fo r  nuc leophi l ic  groups .  However ,  the t r a d i -  
t ional  v iews  r e g a r d i n g  nuc leophi l ic  exchange at an un-  
s a t u r a t e d  ca rbon  a tom do not always expla in  the pecu-  
l i a r  qua l i t a t ive  r e g u l a r i t i e s  o b s e r v e d  when running 
t he se  r e a c t i o n s  f o r  p r e p a r a t i v e  pu rposes .  Hence ,  we 
dec ided  to inves t iga te  s o m e  r e a c t i o n s  of that  c l a s s  
k ine t ica l ly .  

It has been  shown [11-13] that the halogen in 5 -ha lo -  
genofu r fu ry l idenan i l ines  (Schiff 's  bases )  is r e a d i l y  r e -  

p l aced  by an a r o m a t i c  amino group ,  to g ive  a l m o s t  
quant i ta t ive  y ie lds  of 5 - N - a r y l a m i n o f u r f u r y l i d e n a r y l -  
amines .  It is d i f f icul t  to expla in  this phenomenon,  if 
one c o n s i d e r s  only the r e l a t i v e l y  m i n o r  e f fec t s  of the 

e l e c t r o n e g a t i v i t y  of the group C = N - -  of the s u b s t r a t e  

and the ba s i c i t y  of the r eagen t .  We inves t iga t ed  the 
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k ine t i c s  of the r eac t i on  of 5 - b r o m o f u r f u r i l i d e n a n i l i n e  

with a r o m a t i c  amines  (anil ine,  methy lan i l ine ) ,  and 
found that  it was  of the autoca ta ly t ic  type (Fig. l a ,  3), 
as indica ted  by the induction pe r iod  and the c o n c e n t r a -  
t ion a c c e l e r a t i o n  in the f i r s t  phase  of the reac t ion .  If 
m e a s u r e d  quant i t ies  of acid a re  added, the induction 
p e r i o d  d i s appea r s  and the r eac t i on  r a t e  i n c r e a s e s  (Fig.  
l a ,  1,2).  On the o ther  hand addit ion of alkal i  me ta l  
hydroxide  inhibi ts  the r eac t i on  (obviously the i n a p p r e c i -  
able s epa ra t i on  of B r -  ion is connec ted  with SN 2 with 
exchange of halogen fo r  an alkoxy group,  p r ev ious ly  
d e m o n s t r a t e d  [12]). F r o m  these  r e s u l t s  i t  can be con-  
c luded  that  a n e c e s s a r y  condit ion fo r  the above r e a c -  
t ion  to p r o c e e d  is  p ro tona t ion  of the C = N - -  group of 
the Schi f f ' s  base .  A mo lecu l e  of the r e a g e n t  a t tacks  
the m e s o c a t i o n  at pos i t ion  5 in the fu ran  r ing ,  fol lowed 
by s epa ra t i on  of halogen as an anion. The hydrogen  
ha l ide  funct ions  as a pro tonat ing  agent ,  be ing d i s t r i bu t -  
ed  at the m o m e n t  of f o r m a t i o n  be tween  all  the b a s e s  in 
the r e a c t i o n  m i x t u r e  in p ropo r t i on  to t he i r  pKs. 
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Fig .  1. Reac t i on  k ine t i c s :  a) r e a c t i o n  of V with me thy l an i l i ne ;  
b) d i sp ropo r t i ona t i on  of V fo r  v a r i o u s  s t a r t i ng  c o n c e n t r a t i o n s  

of the h y d r o b r o m i d e s  of the r e l e v a n t  ba se s :  1) CBr = 0 .02 M; 
2) 0. 004 M; 3) t r a c e s  of B r - ,  unde tec tab le  ana ly t i ca l ly ;  4) the 

s a m e  in the p r e s e n c e  of KOtt,  c = 0 .05  M ( Y - - r e a c t i o n  p roduc t  

yield) .  



2 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

Y, m o l e  f rac t ion  Y, m o l e  f r ac t ion  
10 

a ! 

32~0,75 

4 05 

100 200 

b 

! 

300 400 t, mIn 100 200 300 400 500 t, 1TIED 

Fig. 2. Kinetics of the react ion of: a) 5-bromofurfural ;  b) V, 
with secondary amines for var ious initial concentrations of the 
hydrobromides  of the respect ive  amines:  1) Dimethylamine,  
CBr = 0.05 M; 2) piperidine,  CBr = 0.05 M; 3) dimethylamine,  
t r aces  of B r -  analytically undetectable; 4) piperidine,  t r a ce s  
of B r -  not detectable analytically; 5) the same in the presence  

of KOH, c = 0.05 M (Y--yield of react ion product). 

Application of this react ion mechanism to the dis-  
proport ionat ion of 5-halogenofurfurylidenanilines,  
which takes place readily in ethanol solution, and 
which was discovered in [12], gives 

X . _ : ~ C H  =N_C6H5 " - - *  

I I  

" § + I I x 

x 

~=C| 12, Br  

We showed that this react ion is completely inhibited 
by alkali ,  and is acce lera ted  by adding acid (Fig. lb). 
Obviously the subs t ra te  in this par t icu lar  nucleophilic 
react ion is the protonated fo rm of the Schiff 's base I,  
and the reactant  is the amine fo rmed  by par t ia l  o r  

complete alcoholysis of the group ~ / C = N - -  of base  II. 

It  is important  to note that furan Schiff 's bases not 
containing halogen can reac t  in acid medium with amine 
by a mechanism closely resembl ing  that given above, 
opening of the furan taking place with format ion  of 
Stenhouse sal ts  [14]. 

The react ion of 5-halogenofurfural  and 5-halogeno- 

furfurl idenanil ines (III, A = 0, /~N--C6Hs) with excess  

secondary aliphatic amine (dimethylamine,  piperidine,  
morpholine,  react ion 3), which we have investigated,  
proceeds  by another mechanism.*  Here  too addition of 
a protonating substance has an accelera t ing  effect,  
while addition of alkali inhibits the reaction.  The s t r uc -  
ture  of the end product VI [6] in conjunction with the 
kinetic data (Fig. 2) gave grounds for  supposing that 
here  amine hydrohalide r eac t s  with IV to give qua te r -  
nary  sal t  V, which is the active exchange form.  At 
low amine sal t  concentrat ion the react ion is initially 

*[6] evaluates  this react ion  prepara t ive ly .  

accelera ted.  Special addition of amine sal t  leads to 
rapid accumulation of the exchange form V" 

II! IV NR~ 

+ ,, HNR2 ) 
, , D 

Br-- --CH=NR2 --HBr A-- O~ N--C6H 5 
V Br 

. R2N,-- --CH~NR 2 
VI Br 

The la t te r  subsequently splits up with increasing veloc-  
ity (due to a concentration effect) (Fig. 2, 1,2). 

The mechanism put forward above is confirmed by 
l i t e ra tu re  data [15] on the ease of format ion of type V 
quaternary  sal ts  by react ion of carbonyl compounds 
(among them furfural)  with sal ts  of secondary amines.  
When investigating the react ions  of furfural  and fu ry l -  
acrolein with dimethylamine in the p resence  of acids,  
KSnig [16] also observed format ion of type V qua te r -  
nary  sa l ts ,  fu r ther  attacked at ring position 5 by the 
amine,  with subsequent ring opening. Our resu l t s  show 
that with 5-halogenofuran der iva t ives ,  this react ion 
gives the nucleophilic meta thes is  exchange VI. 

Dimethylamine undergoes this react ion more  rapidly 
than piperidine and this may be due to s te r ic  s t ra in  ac-  
companying sp 3 -~ sp 2 nitrogen rehybridizat ion in the 
piperidine ring. 

A general  cha rac te r i s t i c  of the observed  mechan-  
i sms  is that electrophil ie  at tack of the substi tuent at 
posit ion 2, accompanied by format ion  of an e lec t ro -  
philie react ion  product ,  p recedes  nucleophilic at tack 
on the furan ring at position 5. A react ion invest igated 
by Gilman et a l . ,  [17] can be considered to be of that 
type. It  is the react ion of 5-halogenofurfurylcarbinols  
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a n d  t h e i r  e t h e r s  w i t h  a c i d  r e a g e n t s  t o  g i v e  t y p e  VI I  l a c -  
t o n e s .  

CeHs C~H s CeH s 

B,.\i-..~--- 1 - .8~,  
HO/~"-O,~=CH-'CsH5 . O=~O,J=CH--CsH5 

Vii 

U n s u b s t i t u t e d  f u r f u r y l e a r b i n o l s  r e a c t  w i t h  a c i d s  b y  

a s i m i l a r  m e c h a n i s m ,  b u t  i n  t h e  l a s t  s t a g e  t h e  f u r a n  

r i n g  i s  o p e n e d  to  g i v e  h o m o l o g s  o f  l e v u l i n i c  a c i d  [18 ,  

19]. 

EXPERIMENTAL 

The reaction kinetics were investigated in ethanol at 28 ~ using a 
0.1 M substrate concentration; the concentration of reactant was cho- 
sen in accordance with the stoichiometrie ratio; in the series shown in 
Fig. l a i t i s  0 . 1 M ,  inFig .  2, 0 . 2 M .  

Reaction was quenched by diluting tile sample with water; halogen 
was determined by potentinmetrie titration with 0.1 N AgNO s. Before 
the estimation the sample was acidified with nitric acid. The indicat- 
ing electrode was a silver one, the reference electrode a calomel  one. 
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