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5 - C h l o r o - 2 - n i t r o f u r a n  was obtained for the f i r s t  t ime.  A compara t ive  study of the p r o p e r t i e s  
(UV, IR, and NMR spec t ra )  of 5 - X - 2 - n i t r o f u r a n s  (X = C1, Br ,  I) was made,  and the kinet ics  of 
the i r  r eac t ion  with d ie thylamine  in dioxane were  studied.  The ra t io  of the r a t e  constants  in the 
indicated o r d e r  is 29 : 23 : 1. 

5 - B r o m o - 2 - n i t r o f u r a n  (BNF) was obtained for the f i r s t  t ime by Rinkes [1] by n i t ra t ion  of 5 - b r o m o p y r o -  
mucic acid;  a f te r  c e r t a i n  modif ica t ions  [2-5], this  method was sol id ly  incorpora ted  in chemica l  p rac t i ce .  5- 
B r o m o - 2 - n i t r o f u r a n  is not only the s t a r t i ng  p r e p a r a t i o n  for the synthes is  of compounds of the n i t rofuran  s e r i e s  
[2-4, 6, 7] but has a lso  been the subjec t  for the invest igat ion of the kinet ics  of nucleophil ic  subst i tut ion of halo-  
gen [8, 9]. We bare  p rev ious ly  p roposed  [2] a s imple  method for the p r e p a r a t i o n  of 5 - i o d o - 2 - n i t r o f u r a n  (INF), 
and 5 - c h l o r o - 2 - n i t r o f u r a n  (CNF) was syn thes ized  for  the f i r s t  t ime  in the p re sen t  r e s e r a c h  via a modif icat ion 
of the Rinkes method. Thus we obtained a suff ic ient ly  comple te  s e r i e s  of 5 - X - 2 - n i t r o f u r a n s  (except  for the 5- 
f luoro de r iva t ive ,  which has not yet been desc r ibed) ,  and opened up the poss ib i l i ty  of making a compar i son  of 
the s t r uc tu r e s  and r e a c t i v i t i e s  of compounds of this  s e r i e s .  In o r d e r  to a s c e r t a i n  the effect of the nature  of the 
halogen on the r a t e  of its nucleophi l ic  exchange in furan de r iva t ives  [10, 11], in the p re sen t  r e s e a r c h  we studied 
the kinetics of the reaction of 5-X-2-nitrofurans with dimethylamine in dioxane. We also studied the spectral 
properties of the indicated compounds. 

A definite regularity in the change in the properties is observed in the indicated series; this regularity is 
due to an increase in the polarizability of the halogen atom and intensification of its interaction with the nitro 
group. 

In the UV spectrum this causes a bathochromic shift of the "charge-transfer" absorption band [12, 13]. In 
the IR spectrum one observes a shift to lower frequencies of both absorption bands of the nitro group-  a simi- 
lar phenomenon is characteristic for intramolecular "neutralization" of the nitro group and has been noted for 
aromatic nitro compounds that contain ring substituents with a positive mesomeric effect [14]. The NMR spectra 
of I-Ill contain two doublets ; this corresponds to a system of two nonequivalent protons (the assignment of the 
bands was made on the basis of the literature data on the NMR spectra of 2,5-disubstituted furans [15]). From 
the chemical shifts it can be concluded that leveling of the degree of shielding of the protons in the 3 and 4 
positions of the ring occurs in the I-III series. Whereas the difference in the chemical shifts A= 63H -- 54H for 
I is 0.80 ppm, it is 0.62 ppm for II and 0.33 ppm for Ill, since the shielding of 3-H increases on passing from 
the chloro to the iodo derivative, whereas the shielding of 4-H weakens. 

The "neutralizing" effect of the halogen atom, which removes the mesomeric effect of the nitro group to 
the diene system of the ring (shown in the scheme below), thus is reinforced in the indicated series. 

I - I I I  

Gavar  and S t radyn '  [16] on the bas is  of an ana lys i s  of the PMR s pe c t r a  of furan de r iva t ives  a r r i v e d  at the con- 
c lusion that polar  in terac t ion  between the 2 and 5 posi t ions  of the r ing is p r i m a r i l y  t r ansmi t t ed  through space 
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T A B L E  1. UV, IR,  and NMR S p e c t r a  of 5 - X - 2 - N i t r o f u r a n s  ( I - l iD 
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and t h r o u g h  the  r i n g  oxygen  a tom and tha t  on ly  a s m a l l  f r a c t i o n  of  the  e f fec t  is  due to the  d i ene  s y s t e m .  The  
i n c r e a s e  in the  p o l a r i z a b i l i t y  of the  ha logen  a t o m  in the  C1, B r ,  I s e r i e s  e v i d e n t l y  a l so  a f fec t s  the  o v e r a l l  d i s -  
t r i b u t i o n  of e l e c t r o n  d e n s i t y  p r i m a r i l y  due to t r a n s m i s s i o n  of the  ef fec t  v ia  the  s h o r t e s t  pa thway  - t h ro ugh  s p a c e  
and t h r o u g h  the  oxygen  a t o m .  S u p p r e s s i o n  of the  i nduc t ive  e f fec t  of the  n i t r o  g roup  a l so  w e a k e n s  i ts  m e s o m e r i c  
e f fec t ,  and th i s  l e a d s  to e q u a l i z a t i o n  of the e l e c t r o n  d e n s i t i e s  in the  3 and 4 p o s i t i o n s .  

The  r e a c t i v i t i e s  of I - I I I  w e r e  e s t i m a t e d  f r o m  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  in t h e i r  r e a c t i o n  wi th  d i -  
m e t h y l a m i n e  in d ioxane .  It fo l lows  f r o m  the  da t a  in T a b l e  1 tha t  CNF and BNF d i f f e r  only s l i g h t l y  wi th  r e s p e c t  
to  t h e i r  r e a e t i v i t i e s ,  w h e r e a s  a s h a r p  d e c r e a s e  in the  r a t e  is  o b s e r v e d  for  INF - the  r a t i o  of the  r a t e  c o n s t a n t s  
in the  i nd i ca t ed  s e r i e s  is  29 : 23 : 1. T h e s e  r e s u l t s  can  be c o m p a r e d  with  s i m i l a r  da t a  on the e f fec t  of the  n a t u r e  
of the  ha logen  a t o m  on the  r a t e  of  n u c l e o p h i l i c  s u b s t i t u t i o n  in the  be nz e ne  r ing .  It is  not  p o s s i b l e  to p r e d i c t  the  
o v e r a l l  o r d e r  of r e a c t i v i t i e s  of  the  ha logens  fo r  r e a c t i o n s  of th is  t ype  [17]. The  only th ing  that  is  known is tha t  
in a l l  c a s e s  the  iodo d e r i v a t i v e s  r e a c t  m o r e  s lowly  than  the  c h l o r o  and b r o m o  d e r i v a t i v e s ,  a s  we o b s e r v e d  in 
o u r  s tudy ,  and the  r a t e s  of the  l a t t e r  two a r e  c o m m e n s u r a b l e  and can  be i n t e r c h a n g e d  in th i s  s e r i e s .  F o r  
e x a m p l e ,  the  r a t i o  of the  r a t e  c o n s t a n t s  in the  r e a c t i o n  of 2 , 4 - d i n i t r o h a l o b e n z e n e s  wi th  p i p e r i d i n e  in m e t h a n o l  
is  4.3 : 4.3 : 1, w h e r e a s  the r a t i o  chan'ges to 3.84 : 4.50 : i in the  r e a c t i o n  of 4 - n i t r o h a l o b e n z e n e s  with p i p e r i d i n e  
in DMSO [17]. It is  i n t e r e s t i n g  to no te  tha t  t h e r e  is  not such  a s h a r p  d rop  in the  r e a c t i v i t i e s  be tween  the c h l o r o  
and iodo d e r i v a t i v e s  a s  tha t  o b s e r v e d  in ou r  s tudy  in any one of  the  c a s e s  a n a l y z e d  in [17]. 

It fo l lows  f r o m  T a b l e  1 tha t  the  o r d e r  of the  r e a c t i v i t i e s  c o r r e s p o n d s  to the  o r d e r  of the  change  in the  
s p e c t r o s c o p i c  p r o p e r t i e s  of I - I I I ,  a l though  the  l i m i t e d  n u m b e r  of c o m p o u n d s  does  not  m a k e  i t  p o s s i b l e  to m a k e  
a m o r e  r i g o r o u s  c o r r e l a t i o n  h e r e .  A q u a l i t a t i v e  c o m p a r i s o n  shows  that  the  p h y s i c a l  p a r a m e t e r s  of the  c h l o r o  
and b r o m o  d e r i v a t i v e s  d i f f e r  only  s l i g h t l y ,  w h e r e a s  t h e r e  is  a s h a r p  change  in t h e s e  v a l u e s  on p a s s i n g  to the  
lode  d e r i v a t i v e .  Th is  is  e s p e c i a l l y  the  c a s e  wi th  r e g a r d  to the  UV s p e c t r a  ( A X C I ~ B r  = 2 rim, A ~ B r ~ I  = 13 nm) 
and the  NMR s p e c t r a  ( A 6 4 H c l _ B r  = 0.12 p p m ,  A 4 H B r _ I  = 0.23 ppm) .  The  c h a n g e  in the  e l e c t r o n  d e n s i t y  in the  
r i n g ,  which  is  c h a r a c t e r i z e d  by the  s p e c t r a l  p r o p e r t i e s ,  a l s o  r e g u l a t e s  in th i s  way the  g e n e r a l  t e n d e n c y  t o w a r d  
a change  in the  r e a c t i v i t i e s  of  the  c o m p o u n d s ,  a l though  one a l s o  should  not  o b s e r v e  a c o m p l e t e  ana logy  h e r e  
b e c a u s e  of  the  e f fec t  on the  f r e e  e n e r g y  of a c t i v a t i o n  of  s p e c i f i c  f a c t o r s  due to the  g e o m e t r y  and e n e r g y  of the  

t r a n s i t i o n  s t a t e .  

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

S y n t h e s i s  of the  C o m p o u n d s .  5 - B r o m o - 2 - n i t r o f u r a n  and 5 - i o d o - 2 - n i t r o f u r a n  w e r e  ob ta ined  by m e t h o d s  

d e s c r i b e d  in [2, 5]. 

5 - C h l o r o - 2 - n i t r o f u r a n .  A c e t i c  anhydride (20 ml)  was  p l a c e d  in a t h r e e - n e c k e d  1 0 0 - m l  f l a s k  equ ipped  with  
a s t i r r e r ,  a d r o p p i n g  funnel ,  and a t h e r m o m e t e r ,  and the f l a s k  was  c o o l e d  t o - 1 0  ~ A 2 1 - g  s a m p l e  of n i t r i c  ac id  
(sp.  g r .  = 1.5) was  added  d r o p w i s e  wi th  s t i r r i n g ,  du r ing  which  the  r a t e  of  addition was r e g u l a t e d  in such  a way 
tha t  the  t e m p e r a t u r e  in the  f l a s k  was m a i n t a i n e d  at  ~ - 1 0  ~ A 4 . 6 - g  s a m p l e  of  5 - c h l o r o p y r o m u c i c  ac id  was  
d i s s o l v e d  s e p a r a t e l y  in 25 m l  of a c e t i c  a n h y d r i d e ,  and the  so lu t i on  was  added  f r o m  the  d r o p p i n g  funnel  wi th  
v i g o r o u s  s t i r r i n g  in the  c o u r s e  of 1 h to the  n i t r a t i n g  m i x t u r e  whi le  m a i n t a i n i n g  the  s a m e  t e m p e r a t u r e .  S t i r r i n g  
was  con t inued  fo r  a n o t h e r  hour ,  a f t e r  which  the  t e m p e r a t u r e  was g r a d u a l l y  r a i s e d  to 0 ~ in the  c o u r s e  of 2 h, 
and the  m i x t u r e  was  s t i r r e d  a t  0 ~ fo r  a n o t h e r  hour .  The  s o l u t i o n  was p o u r e d  o v e r  i ce ,  and the aqueous  m i x t u r e  
was s a t u r a t e d  with  s o d i u m  c h l o r i d e  and e x t r a c t e d  f ive  t i m e s  with e t h e r .  The  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 
s t e a m  d i s t i l l e d .  A f t e r  r e m o v a l  of the  e t h e r  by d i s t i l l a t i o n ,  the  CNF was r e m o v e d  by d i s t i l l a t i o n  in the  f o r m  of 
an oi l  t ha t  s o l i d i f i e d  a f t e r  coo l ing .  The  CNF c r y s t a l s  w e r e  r e m o v e d  by f i l t r a t i o n  with  a coo l ed  Buc hne r  funnel ,  
d r i e d  in a d e s i c c a t o r ,  and s t o r e d  in a r e f r i g e r a t o r .  The  y i e l d  of p r o d u c t  wi th  mp 23 ~ was  1.05 g (23%). F o u n d :  

C1 24.1870. C a l c u l a t e d :  C1 24.1270. 

P u r i f i c a t i o n  of the  Solvent  and P r e p a r a t i o n  of  the  S o l u t i o n s .  Dioxane  was p u r i f i e d  by the  u s u a l  me thod  
[18]. A s o l u t i o n  of  d i m e t h y l a m i n e  in d ioxane  was  p r e p a r e d  by bubbl ing  d r i e d  (over  p o t a s s i u m  hydrox ide )  
d i m e t h y l a m i n e  gas  t h r o u g h  d ioxane .  The  a m i n e  c o n c e n t r a t i o n  in s o l u t i o n  was  d e t e r m i n e d  by t i t r a t i o n  with  0.1 
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N H2SO ~ with an LPU-01 po ten t iomete r ,  a f te r  which the solut ion was di luted with dioxane to the r equ i red  
concent ra t ion .  

Kinetic M e a s u r e m e n t s .  The kIne t ics  of the r eac t i on  were  studied at 50~ the s u b s t r a t e  concentra t ion  was 
0.05 M, and the r eagen t  concen t ra t ion  was 0.15 M. The r eac t ion  was c a r r i e d  out in Landolt  v e s s e l s  in an u l t r a -  
t h e r m o s t a t  and was stopped by dilution of the mix tu re  with wate r  and ac id i f ica t ion  with n i t r ic  acid.  The cour se  
of the r eac t ion  was moni tored  f rom the pe rcen tage  of ionic halogen, which was de te rmIned  by po ten t iomet r ic  
t i t r a t ion  by the usual  method [10]. 

Spectral Measurements. The UV spectra of dioxane solutions of the compounds were recorded with an 
SF-4a speetrophotometer. The IR spectra of carbon tetrachloride solutions were recorded with a UR-20 spec- 

trometer. The NMR spectra of carbon tetrachloride solutions of the compounds were obtaIned with a Tesla 
spectrometer (operating frequency 80 MHz). 
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