
K I N E T I C S  A N D  M E C H A N I S M  OF T H E  R E A C T I O N  

OF 5 - B R O M O - 2 -  C A R B O N Y L  D E R I V A T I V E S  

O F  F U R A N  W I T H  A M I N E S  

V.  N. N o v i k o v  a n d  L .  D. B a b e s h k i n a  UDC 541.127 : 547.722.4 : 542.958.3 

The kinetics of exchange of bromine in 5 -b romo-2-ca rbony l  derivatives of furan by dimethyl- 
amino and morpholino groups was studied. The react ion is kinetically complicated for 5- 
bromofurfura l  (I) - aldehyde I initially reacts  simultaneously at both the carbonyl group to 
give the aminocarbinol  and at the bromine atom with exchange by an amino group. The ac- 
cumulation of the ammonium salt in the la t ter  react ion leads to the development of an auto- 
catalytic reaction,  the product of which is 5-N,N-dialkylaminofurfuryl idene-N.N-dialkylam- 
monium bromide.  Amines react  with the ketones without complications;  the second-orde r  
ra te  constants a re  presented.  The a:ate of exchange decreases  in the o rder  CHO > COCGH 5 > 
COCH=CHC6H 5 > COCH 3 > CH =CHCOC6H s. 

The react ion of aldehydes with nitrogen bases,  which takes place through the intermediate formation of 
aminocarbinols ,  has been well studied [1, 2]. Furfural  and its derivatives react  with amines s imilar ly .  Fur-  
fural reacts  with secondary amines to give a 1 : 1 complex, which subsequently undergoes a r rangement  to an 
aminocarbinol  [3]. The kinetics of the react ion of furfural  and its 5-substituted derivatives with phenylhydra-  
zinc have also been studied [4], and it has been shown that it proceeds  in conformity with the stepwise scheme 
of Jenks [2]. However, one should take into account the fact that the carbonyl group is an act ivator  (although 
of moderate  strength) of aromat ic  nucleophilic substitution [5-7]. The p resence  of a "good" leaving group in 
the 5 posit ion of the furan ring therefore  c rea tes  the possibil i ty of superimposi t ion of two paral lel  pathways 
of nucleophilic attack - at the carbonyl group and in the ring 5 posit ion [8]. In ea r l i e r  r e sea rch  [9] we ob- 
served a s imi l a r  unusual mechanism in the react ion of 5-halofurfurals  with secondary amines.  In o rder  to 
compare  the behavior  in this react ion of aldehydes and ketones, we investigated the react ion with secondary. 
amines of a more  extensive ser ies  of 5 -ha lo-2-carbonyl  derivat ives of furan. 
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Br CHO Br---~ ~--CH *l Br CH=NR2B r 
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I I - Y a  NR2~N(CH3)2; b NR2=~.__/O 

In compar ison with [9], the method used to analyze the react ion mixtures  was also modified: In addition 
to determinat ion of the ionic halogen, the mixture  was analyzed spect rophtometr ica l ly  during the reaction; 
this made it possible to formulate  a more  nearly complete concept of the mechanism of the p rocess .  

In o rder  to determine the percentages  of the components f rom the spectra l  data, we f i rs t  obtained the 
charac te r i s t i c s  of both start ing aldehyde I [in ethanol ~-max 283 nm (log e 4.24] and of the possible products  - 
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Fig. 1. Spectra of the react ion mixture for the react ion of I with dimethylamine (the numbers 
on the curve correspond to the numbers of the points in Figs. 2 and 3). 

Fig. 2. Theoret ical  yields of product with respect  to the consumption of I (a), accumulation of 
ionic halogen (10), and change in the aminocarbinol  II concentration (c) in the resc t ion of I with 

dimethylamine.  
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Fig. 3. Kinetics of the accumulation of quaternary  salt V (a), amino aldehyde W (t)), and qua- 
t e rna ry  salt III (c) in the react ion of I with dimethylamine. 

Fig. 4. Spectra of the react ion mixture for  the react ion of I with morpholine (the numbers on 
the curves  cor respond to the numbers of the points in Figs. 5 and 6). 

amino aldehydes IVa [kmax 361 mn (log ~ 4.51)] and Wb [Xmax 356 nm (log ~ 4.60)] and quaternary. 
salts Va [~max 396 nm (log e 4.68)] and Vb [~max 402 rtrn {log e 4.59)]. 

The change in the spect rum of the react ion mixture in the react ion of aldehyde [ with dimethylamine is 
shown in Fig. 1, and data on the percentage halogen in the react ion mixture are  presented in Fig. 2 (curve b). 

A compar i son  of curves  a and b in Fig. z showed that the spectral ly determined consumption of aldehyde 
[ at the s tar t  of the react ion exceeds the yield of ionic halogen; this indicates accumulation of aminocarbinol 
Ha in the react ion (curve c). The spect rum of the mixture in the longwave region constitutes evidence that 
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Fig.  5. Theore t i ca l  y ie ld  of the product  with r e spec t  to the consumption of [ (a), accumula t ion  of ionic 
halogen (b), and change in the aminocarb ino l  II concent ra t ion  (c) in the r eac t ion  with merphol ine .  

Fig.  6. Kinet ics  of the accumula t ion  of qua te rna ry  sa l t  V (a), amino aldehyde IV (b), and qua te rna ry  
sa l t  III (c) in the r eac t ion  of I with morphol ine .  

amino aldehyde IVa p redomina te s  in the f i r s t  s a m p l e s .  Consequently,  until  the aldehyde I content in the r e -  
act ion mix tu re  is high, nucleophil ic  exchange of b romine  to give IVa (curve b in Fig. 3) p roceeds  at an app re -  
c iable  ra te .  However,  d imethy lammonium hydrobromide  VI is l i be ra t ed  in th is  react ion ,  and i ts  accumula t ion  
affects  the subsequent  cou r se  of the r eac t ion .  The pe rcen tage  of aminocarb ino l  [Ia drops  sharp ly  (Fig. 2, 
curve  c) as a r e su l t  of i ts conver s ion  to sa l t  IIIa. The ac t iva t ing  effect of the immonium group ensures  rapid 
nucleophil ic  subs t i tu t ion  of halogen in sa l t  I l ia  by a d imethylamino  group, and sal t  Va t h e r e f o r e  begins to ac-  
cumulate  rap id ly  in the r eac t ion  mix tu re  a f t e r  a shor t  induction pe r iod  (Fig. 3, curve  a). However,  the b ro -  
mine exchange in the f r ee  aldehyde (to give amino aldehyde IVa) is slowed down because  of the d e c r e a s e  in 
aldehyde I concentra t ion;  i ts  r a t e  at the end of the r eac t ion  drops  to p r a c t i c a l l y  ze ro .  Thus this  reac t ion  has 
complex  autoca ta ly t ic  c h a r a c t e r ,  and i ts  c a t a ly s t  is  ammonium sa l t  VI; an unusual " t r igge r ing  mechan i sm"  - 
the fo rmat ion  of sa l t  VI in the r eac t ion  of a ldehyde I with d imethylamine  - ope ra t e s  at the s t a r t  of the reac t ion .  
Salt VI is  subsequent ly  formed p r inc ipa l ly  by b romine  exchange in IIIa. 

Another  p e c u l i a r i t y  of this  r eac t ion  was observed  during an ana lys i s  of the change in the opt ical  densi ty  
of solut ion at 350 nm for l a t e r  s amples  (beginning with v =30 rain). Here  we observed  a s h a r p e r  i n c r e a s e  in 
the densi ty  that  could not be a s c r i b e d  to any of the p roduc ts  that  we studied as " r e f e r e n c e s "  (IVa or  Va). We 
explain  th is  phenomenon by accumula t ion  of sa l t  I l ia  at the end of the r eac t i on  as a r esu l t  of a d e c r e a s e  in the 
pe rcen tage  of d imethy lamine  in the mix tu re  and, consequently,  a d e c r e a s e  in the overa l l  r a t e  of exchange of 
b romine  in IIIa by an amino group (Fig. 3, curve  c).* 

S i m i l a r  r e su l t s  were  obtained in the r eac t ion  of a ldehyde I with morphol ine  (F ig s .  4-6), except that  the 
ent i re  p r o c e s s  had s lower  c h a r a c t e r  because  of the d e c r e a s e  in the bas ic i ty  of the nucleophile .  Some of the 
fea tu res  of the r eac t i on  t h e r e f o r e  show up m o r e  d is t inc t ly  in th is  c a se  - for  example,  a d is t inct  t r a n s i t i on  
f rom b romine  exchange in f r ee  aldehyde [ to au toca ta ly t ic  b romine  exchange in sa l t  IHb (which, as seen  f rom 
curve  c in Fig.  6, accumula tes  in cons ide rab l e  concent ra t ions)  can be observed  on curve  b in Fig.  5. On the 
whole, however ,  the r e a c t i o n  mechan i sms  fo r  the two invest igated amines  a r e  analogous.  

*We found the pe rcen t age  of product  IIIa (since it is  not de sc r ibed  and i ts  opt ical  p r o p e r t i e s  a r e  unknown) s t a r t -  
ing f rom the following cons ide ra t ions .  In analogy with the s i m i l a r l y  cons t ruc ted  5 - b r o m o - 2 - n i t r o f u r a n ,  it may 
be a s sumed  that  IIIa will  ab so rb  at 340-360 nm but will  be t r a n s p a r e n t  at ~400 nm. We t h e r e f o r e  de te rmined  
the pe rcen t age  of Va on the b a s i s  of the opt ica l  densi ty  at  396 nm (Fig. 3, curve  a); the o v e r a l l p e r c e n t a g e  of Va 
and IVa was adjus ted  to the pe rcen t age  of ionic halogen in the mix tu re  (Fig. 2, curve  b), and the pe rcen tage  of 
IVa was found f rom the d i f ference  (Fig. 3, cu rve  b). The surp lus  i n c r e a s e  in the densi ty  r e f e r r e d  to IIIa (Fig. 
3, curve  c) was de t e rmined  a f t e r  a p p r o p r i a t e  conve r s ion  with r e s pe c t  to the opt ical  densi ty  at 356 nm. A s i m -  
i l a r  ca lcu la t ion  was p e r f o r m e d  for  the r eac t ion  with morphol ine .  
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T A B L E  1. S e c o n d - O r d e r  Ra t e  C o n s t a n t s  

fo r  the  R e a c t i o n  

B,- z * 2 HNR 2 

(k 2 �9 10 -4 l i t e r "  m o l e  - i  s e e  -1) 

R:N--@Z + n~R.B7 
Z 

IINR.~ -COCH=CHC6Hs[-CII=CH-COCsH= - ClIO -COCH~ -COCdq~ 

H N  (CH3)2 7,9 0,69 2.77 2.00 0,19 

H N  . . /----~. 0 1.6 0,]3 0.48 0,39 0.032 \ _ _ /  

A l g k  0.69 0,72 0,76 0,71 0,77 

The q u a n t i t a t i v e  a n a l y s i s  of such  c o m p l e x  r e a c t i o n s  by s i m p l e  i n t e g r a l  m e t h o d s  is  i m p o s s i b l e ,  and we 
t h e r e f o r e  r e s t r i c t e d  o u r s e l v e s  wi th in  the  f r a m e w o r k  of th i s  r e s e a r c h  to d e t e r m i n a t i o n  of the  s e c o n d - o r d e r  
r a t e  cons t an t  fo r  b r o m i n e  exchange  in f r e e  a l d e h y d e  [ by a d i f f e r e n t i a l  me thod  fo r  ~-=0 ( f rom the  r e s u l t s  of 
k i n e t i c  c u r v e  b in  F ig .  3 and c u r v e  b in F ig .  6). T h e s e  da ta  a r e  p r e s e n t e d  in  T a b l e  1. 

F o r  c o m p a r i s o n  u n d e r  the  s a m e  cond i t i ons ,  we s tud ied  the  k i n e t i c s  of exchange  of b r o m i n e  by an  a m i n o  
group  in f u r a n  k e t o n e s .  It is  known f r o m  p r e p a r a t i v e  da ta  [10, 11] tha t  f u r a n  k e t o n e s  r e a c t  r e a d i l y  with s e c o n d -  
a r y  a m i n e s  to  g ive  the  c o r r e s p o n d i n g  e x c h a n g e  p r o d u c t s  in which the  c a r b o n y l  g roup  is  r e t a i n e d .  The  k ine t i c  
r e s u l t s  c o n f i r m e d  tha t  the  r e a c t i o n  p r o c e e d s  h e r e  without  c o m p l i c a t i o n  and is s u b j e c t  to  a s e c o n d - o r d e r  equa-  
t ion .  The  c o r r e s p o n d i n g  s e c o n d - o r d e r  r a t e  c o n s t a n t s  a r e  p r e s e n t e d  in  T a b l e  1. 

It i s  ev iden t  f r o m  the da ta  in  T a b l e  1 tha t  the  r e a c t i o n  in a l l  c a s e s  is  s lowed  down by a f a c t o r  of a p p r o x -  
i m a t e l y  f ive  {A leg  k ~0.7)  on p a s s i n g  f r o m  d i m e t h y l a m i n e  to  m o r p h o l i n e ,  th i s  c o r r e s p o n d s  to an  i n c r e a s e  in  
the  f r e e  a c t i v a t i o n  e n e r g y  of 1 k c a l / m o l e  (the f r a c t i o n  in AAG ~ due to the  b a s i c i t y  of the  a m i n e  and the  s t e r i c  
p e c u l i a r i t i e s  of the  t r a n s i t i o n  s t a t e ) .  The  e f fec t  of g roup  Z on the  r e a c t i o n  r a t e  c o r r e s p o n d s  to  the  ana logous  
a c t i v a t i n g  e f fec t  of s u b s t i t u e n t s  in SN2Ar r e a c t i o n s .  Thus  M i l l e r  [5] a r r a n g e d  the  e a r b o n y l  s u b s t i t u e n t s  in the  
fo l lowing  o r d e r  of weaken ing  of the  a c t i v a t i n g  e f fec t :  CHO > COC~H~ > COCH 3. We a l s o  o b s e r v e d  a s i m i l a r  
s u b s t i t u e n t  o r d e r  in ou r  c a s e .  It is  a p p a r e n t  tha t  the  s h a r p  d e c r e a s e  in the  r a t e  on p a s s i n g  f r o m  the  a ldehyde  
to  the  ke tone  canno t  be exp la ined  only by the  e l e c t r o n i c  e f fec t  of the  m e t h y l  g roup  - i t s  s t e r i c  e f fec t ,  which 
h i n d e r s  c o n j u g a t i o n  of the  ke to  g roup  with the r i n g  and ~Teompression" of the  s y s t e m  d u r i n g  the  f o r m a t i o n  of 
the  i n t e r m e d i a t e  cr c o m p l e x ,  i s  m o r e  l i k e l y  m a n i f e s t e d  h e r e .  When  a pheny l  g r o u p  is  i n t r o d u c e d  a d j a c e n t  to 
the  e a r b o n y l  g roup ,  t h i s  c o m p l e x ,  on the  o t h e r  hand,  wi l l  be  s t a b i l i z e d  due to both the  a c c e p t o r  p r o p e r t i e s  of 
t he  pheny l  g roup  and p a r t i c u l a r l y  due to  con juga t i on  of the  pheny l  g roup  with the  e x o e y e l i c  double  bond d e v e l o p -  
ing in the  c o m p l e x .  R e m o v a l  of the  pheny l  g roup  f r o m  the  c a r b o w 1  group  by the i n t r o d u c t i o n  of a double  bond 
s l i g h t l y  r e d u c e s  t he  r a t e ,  but r e m o v a l  of the  a c t i v a t i n g  c a r b o n y l  g roup  f r o m  f u r a n  r e d u c e s  the  r a t e  cons t an t  
by a f a c t o r  of 10. We have  a l r e a d y  noted [12] the  s i m i l a r  d e a c t i v a t i n g  effect  of the  double  bond when it  is  i n t r o -  
duced  be tween  an  a c t i v a t i n g  g r o u p i n g  and the  h a l o f u r a n  r ing .  

EXPERIMENTAL 

The preparations used in this research were obtained in accordance with the following literature sources: 
5-bromofurfural [ 13], 5-bromo-2-acetylfuran [ 14], 5-bromo-2-furyl phenyl ketone [ 15], 5-bromofurfurylidene- 
acetophenone and benzylidene-5-bromo-2-acetofuran [16], and aldehydes lYa and IVb and quaternary salts Va 
and Vb [17]. 

The  k i n e t i c s  of the  r e a c t i o n  in 96.5% e thano l  at  50 ~ w e r e  s tud ied .  The s u b s t r a t e  c o n c e n t r a t i o n  was 0.1 M, 
and the  r e a g e n t  c o n c e n t r a t i o n  was  0.3 M; the  r e a c t i o n  m i x t u r e  was  a n a l y z e d  fo r  ionic  ha loge n  by the  me thod  in 
[9]. A c e r t a i n  p o r t i o n  of the  r e a c t i o n  m i x t u r e  was  d i lu ted  wi th  e thanol  to  a c o n c e n t r a t i o n  of 4.3" 10 -5 {with a l -  
l owance  fo r  the  s t a r t i n g  s u b s t r a t e  c o n c e n t r a t i o n )  and a n a l y z e d  with  an  S F - 4 A  s p e c t r o p h o t o m e t e r .  

The  s p e c t r o p h o t o m e t r i c  da ta  fo r  the  r e a c t i o n  of a l d e h y d e  I with a m i n e s  w e r e  t r e a t e d  by a n a d d i t i v e  s c h e m e  
[18]. The  s e c o n d - o r d e r  r a t e  c o n s t a n t s  w e r e  c a l c u l a t e d  g r a p h i c a l l y  by the  s e m i l o g a r i t h m i c  m e t h o d  [19] 

2,303 " a I b - - 2 x )  
k2 - -  lg  - -  

"r ib- -2a)  b ( a - v )  ' 

w h e r e  a i s  the  s t a r t i n g  s u b s t r a t e  c o n c e n t r a t i o n ,  b i s  the  s t a r t i n g  r e a g e n t  c o n c e n t r a t i o n ,  and x is  the  c o n c e n t r a -  
t i on  of the  r e a c t i o n  p r o d u c t  a t  t i m e  r .  
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S Y N T H E S I S  O F  

ON T H E  B A S I S  O F  A C E T Y L E N I C  ~/- A N D  5 - K E T O  A L C O H O L S  

A N D  A C E T A L S  OF "y- A N D  6 - F O R M Y L  A L C O H O L S  

L .  I .  V e r e s h c h a g i n ,  L .  D. G a v r i l o v ,  
E .  I .  T l t o v a ,  L .  G .  T i k h o n o v a ,  
a n d  S. R .  B u z i l o v a  

$ - D I H Y D R O P Y R O N E S  A N D  f l - D [ H Y D R O F U R A N O N E S  

UDC 547.722.3'724.812.5.07 

Acetylenic  T- and 5-keto alcohols and ace ta l s  of acetylenic  %- and 5-keto alcohols and aceta ls  
of aeetylenic  7- and 5 - fo rmyl  alcohols undergo cycl iza t ion  to T-dihydropyrones  and f l-dihydro- 
furanones  under  the influence of acids .  

Aeeta ls  (I) of acetylenic  5-hydroxy aldehydes [1] a r e  potential  sources  of the cor responding  6-hydroxy 
aldehydes - they a r e  conver ted  to ~ -pyrones  {V) when the aceta l  p ro tec t ive  group is removed by acidic r e -  
agents .  It was found that this t r a n s f o r m a t i o n  is also common to o ther  acetylenic  carbonyl-conta in ing com-  
pounds - %,- and 5-keto alcohols (II) and ace ta l s  (I) of acetylenic  ~,-formyl alcohols,  which a re  converted,  r e -  
spect ively,  to 7 -d ihydropyrones  (V) and f l -dihydrofuranones (VII). This opens up a method for  the p repa ra t ion  
of compounds that  have repel lent  p rope r t i e s .  Thus 2 ,2 -d ime thy l -5 -pheny l -4 ,5 -d ihydro fu ran-3 -one  (VHh) is 
a natural  repel lent .  

The t r an s fo r m a t i ons  found in this r e s e a r c h  can be explained by hydra t ionof  the t r ip le  bond of the above-  
indicated compounds to give hydroxydicarbonyl  compounds (IV), which undergo cycl izat ion with the loss  of a 
wa te r  molecule  to ~-pyrones  V or  f l - furanones VII or  a r e  dehydrated to vinyl ketones or  vinylketo aldehydes 
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