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The composition of the products  formed in the brominat ion of complexes of furfural  with 
A I C l s  and methyl furan-2-carboxyla te  with A1Br s in chloroform and dichloroethane was 
studied by PMR spec t roscopy and gas - l i qu id  chromatography.  Some l i te ra ture  data p e r -  
taining to these react ions  are refined and correc ted .  The pathways for the formation of 
chloro derivatives under the examined conditions are  discussed. 

The bromination of furfural  and methyl fu ran-2-carboxyla te  in the presence  of aluminum chloride 
has been descr ibed in a communicat ion by Chadwick and co-workers  [2]. They are apparently unfamiliar 
with one of our recent  papers  devoted to the bromination of furfural  complex with aluminum chloride [3]. 
In this connection, it seems expedient to us to repor t  some new facts pertaining to the problems examined 
in [2,3]. 

According to the data in [2], a mixture of 4-bromo,  5-chloro,  4 ,5-dibromo,  and 5 -ch lo ro -4 -b romo 
derivatives in a rat io of 20 : 2 : 40 : 4 is obtained by the action of 2 moles of bromine in the presence  of 2.5 
moles of A1Cls on furfural  in dichloroethane at 50 ~ and 34% of the s tar t ing furfural  is recovered.  The 
absence in this mixture of even a smal l  amount of 5 -bromo-fur fura l  seemed incomprehensible and cont ra-  
dicted our resu l t s  [3], which we obtained under s imilar  conditions (by the action of 1 mole of bromine on 
furfural  in the presence  of 2.5 moles of A1C1 s in chloroform at 0~ As we have already noted [3], sepa-  
rat ion of the 4- and 5-bromofurfura ls  by gas chromatography is an ext remely  complex task,  and this, in 
par t icu lar ,  explains the fact that 5-bromofurfural  was not detected in the products  of bromination of fur-  
fural by Roques and co-workers  [4], whose study is cited in [2]. As one may suppose, the 5-bromo der i -  
vative also was not detected in [2] because only gas - l i qu id  chromatography (GLC) was used to analyze the 
mixtures.  

We therefore  reproduced some of the experiments descr ibed by Chadwick and co-workers  [2] using, 
as in [3], a combination of GLC and PMR methods for the analysis of the composition of the mixture. We 
ascer ta ined that 20-25% of the s tar t ing furfural  is r ecovered  under the conditions presented in [2], and 4- 
b romo- ,  5 -b romo- ,  5 -ch loro- ,  4 ,5-d ibromo- ,  and 5 -ch lo ro -4-bromofur fu ra l s  are  formed in the rat io close 

* See [1] for communication XIX. 
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T A B L E  1. PMtt Spec t ra  of Halo Der iva t ives  of F u r f u r a l  and Methyl 
F u r a n - 2 - c a x b o x y l a t e  

Compound 

4~ Bromofurfural 
4-Chlorofuffural 
5-Brornofurfural 
5 -Chlorofuffural 
4,5-Dibromofuffural 
5-Chloro-4-bromofuffural (according 

to the data in [2]) 
Methyl 4-bromofuran-2-ear- 

boxylate 
Methyl 5-bromofuran-2-car- 

boxylate 
Methyl 5-ehlorofuran-2 -car- 

boxylate . 
Methyl 4, 5-dibrom ofuran-2-car- 

boxyIate 
Methyl 5-chloro-4-bromofuran-2- 

carboxylate 

Chemical shift, 5, ppm 

3-H 

7,14 
7,16 
7,08 
7,17 
7,19 
7,20 

7,14 

7,03 

7,06 

7,10 

7,14 

4-H 

3,38 

5,34 

5,25 

5-H 

7,61 
7,65 

7,55 

CHO 

9,60 
9,62 
9,45 
9;50 
9,50 

CH~ 

3,85 

3,83 

3,83 

3,84 

3,84 

Spin-spin 
coupling 
constants, 
Hz 

]3~ ]SS 

0,6 

1,0 

a 

. . . .  t ' ', �9 . ppm __~__._~ ' ~ ~ , 

7,5 %0 e,s 6,0 7,5 7,0 S,5 6,'0- 
| 
F 

Fig,  1 F r a g m e n t s  of the PMR s p e c t r a  (4-H and 3 -H  
s ignals)  of: a) 5 - c h l o r o f u r f u r a l  ( ) and 5 - b r o m o -  
f u r f u r a l  ( - - - - ) ;  b) a mix tu re  of the s a m e  a ldehydes .  

to 30 : 10 : 5 : 40 : 10, respectively. Ill addition, N 0.5% 4-chlorofurfural and two unidentified compounds 
(,~ 5%), possible 4-chloro-5-bromo- and 4,5-dichlorofurfurals, are detected. 

x~.. o/'--cxo 

X andX'--Cl or Br 

The chemical shifts of the protons of 5-chloro- and 5-bromofurfurals are quite close (see Table D. 

The p e r c e n t a g e  of 5 - b r o m o f u r f u r a l  in the mix tu re  can be rough ly  d e t e r m i n e d  by sub t rac t ion  of the amount  
o f  the 5 - c h l o r o  der iva t ive  (GLC d a t a ) f r o m t h e  tota l  amount  of  these  a ldehydes  ( f rom PM1R data). In addi -  
t ion,  a m o r e  tho rough  ana lys i s  of the s p e c t r a  of authent ic  s a m p l e s  and the i r  m i x t u r e s  (see Fig.  1) shows 
that  at  l eas t  the 4 -H s ignals  of these  compounds  and of unchanged fu r fu ra l  (6 4 -H 6.59 ppm) differ  quite 
d is t inc t ly  f r o m  one another .  This  c r e a t e s  an addi t ional  poss ib i l i t y  for  the de t e rmina t ion  of the compos i t i on  
of  the p r o d u c t s  f o r m e d  in the b r o m a t i o n  of the fu r fu ra l  complex  with A1Cls; In p a r t i c u l a r ,  the r a t io  of 5- 
b r o m o -  and 5 - c h l o r o f u r f u r a l s  in the p r o d u c t s  of b r o m i n a t i o n  at 0 ~ [3] is ~ 3 : 1  ( f rom PM:R data);  the r e -  
main ing  components  a r e  r e l i a b l y  d e t e r m i n e d  by GLC. Thus  under  the condi t ions  d e s c r i b e d  b y u s  [3], 4 -  
b r o m o - ,  4 - c h l o r o - ,  5 - b r o m o - ,  5 - c h l o r o - ,  4 , 5 - d i b r o m o - ,  and 5 - c h l o r o - 4 - b r o m o f u r f u r a l s  a r e  f o r m e d  ha a 
r a t io  of 60 : 5 : 15 : 5 : 10 : 5. We note tha t  the indicated  mix tu re  conta ins  an app rec i ab l e  amount  (~ 5%) of  the 
p r e v i o u s l y  unidentif ied 4 - c h l o r o f u r f u r a l .  
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The interpretat ion of the pathways for the formation of chloro derivatives under the examined condi 
t[ons is fraught with severa l  difficulties. It has previously  been assumed [4] that 5 - ch lo ro -4 -b romofu r -  
fural a r i ses  as a resul t  of nucleophilic substitution of one of the bromine atoms in 4 ,5-dibromofurfural  by 
chlorine (from A1CI~). 5-Chlorofurfura l  might have been s imi lar ly  formed f rom 5-bromofurfural .  5- 
Bromofurfura l  was not detected in [2], and an ext remely  questionable pathway involving intramolecular  
migrat ion of chlorine f rom A1Cls, bonded at the CHO group in the complex, to the 5 position of the r i n g  
was proposed for the format ion of the 5-chloro  derivative. It should be stated that neither the f i rs t  nor the 
second assumption is adequate to explain the observed formation of the 4-chloro  derivative. In this con- 
nection, one can consider a third possibi l i ty  - direct  chlorination of the complex of furfural  (or its mono- 
halo derivatives) with aluminum halide. The source of chlorine in this case might be a react ion between 
bromine and aluminum chloride. Despite the apparent impossibil i ty of displacement of chlorine f rom its 
salts by the less electronegat ive bromine,  such p r o c e s s e s  are known [5] and are  favored by higher t em-  
pera tu res ;  this is in agreement  with the re la t ively  higher yields of chloro derivatives at 50 ~ [2] than at 0 ~ 
[31. 

The format ion of chloro derivat ives may occur even when the bromination is ca r r i ed  out with alumi-  
num bromide ra ther  than with aluminum chloride if a chlorine-containing solvent is used. It is known that 
chloro hydrocarbons give the corresponding bromo derivatives in high yields on react ion with aluminum 
bromide,  and the A1Br 3 is converted to the chloride. These react ions  take place even at r o o m  tempera ture  
and are  sharply acce le ra ted  on heating [6, 7]. In par t icu la r ,  p r o c e s s e s  of this sor t  have been descr ibed 
for ch loroform and dichloroethane [7]. However, the format ion of aluminum chloride under the conditions 
of brominat[on of carbonyl compounds of the furan ser ies  can, of course ,  as in the cases considered above, 
Iead to the development of chloro derivat ives.  In this connection, one might suppose that the formation of 
chloro and chlorobromo derivatives remained  undetected in [2] in the bromination of methyl f u r an -2 -ca rbo -  
xylate in dichloroethane in the presence  of A1Br$. * In fact, reproducing the experiment under the condi- 
tions in [2], we found that a mixture consist ing of 5-chloro,  5 -ch lo ro -4 -b romo,  and 4,5-dibromo derivatives 
in a rat io of 3 : 79 : 18 (from GLC data) is obtained by the action of 2 moles of bromine.  

Thus appreciable amounts of chloro derivatives that decrease  sharply as the react ion is ca r r i ed  out 
at low tempera tu res  are  formed in a number of cases  during bromination in the p resence  of A1C13 or 
A1Br 3 in a chlorine-containing solvent. The react ions  of furfural  and pyromucic  acid es te r  that we ex-  
amined in this r e s e a r c h  are  undoubtedly not the only examples of such "anomalous!'  t ransformat ions .  

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

The chromatographic  analyses were made wi than  LKhM-Sm chromatograph with a f lame-ionization 
detector;  the c a r r i e r  gas was nitrogen, the flow rate was 30 m l / m i n ,  and the stainless steel column (2 by 
1500 mm) was filled with polyethylene glycol adipate (10%) on the Chromosorb R. The tempera ture  during 
the analysis  of the halofurfurals  was 150 ~ and the tempera ture  during the analysis of the halo derivatives 
of fu ran-2 -  carboxylic acid was 165 ~ 

The PMR spect ra  of CCI~. solutions of the compounds were recorded  with a Varian DA-60-IL spec-  
t romete r  with hexamethyldisiloxane as the internal standard. 

Furfural  and methyl furan-2-carboxyla te  were brominated under the conditions described in [2, 3]. 

Samples for GLC and PMR spect roscopy were obtained as described below. 

4-Chlorofurfural .  This compound was isolated by crystal l izat ion of a mixture obtained by chlorina- 
tion of furfural  in the presence  of 2.5 moles of A1Cls in chloroform under conditions similar  to those 
used for bromination [3, 8]; the product had mp 27-29 ~ (from hexane). Found: C 46.1; H 2.4; C1 27.1%. 
C5H3C102. Calculated:  C 46.0; H 2.3; C1 27.2%. 

5-Chlorofurfural .  This compound was obtained by chlorination of furfural  in CS~ in the presence  of 
benzoyl peroxide [9]. 

5 -Chloro-4-bromofur fura l  [4, 10]. This compound was obtained by bromination of 5-chlorofurfural  
without a solvent in excess  (2.5 moles) A1C13. The products  contained ~25% unchanged start ing compound. 

*One cannot exclude the possibi l i ty that there was a misprint  in the description of this experiment ([ in 
[2]), inasmuch as,  in contras t  to the remaining experiments  in which the sum of the products is 100%, in 
this case the sum is 40%. 
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Methyl 4,5-Dibromofuran-2-carboxylate. This ester was obtained by bromination of methyl furan- 
2-earboxylate in excess of AICI 3 without a solvent by the method in [2]. 

Samples of methyl 5-ehloro- [2], 5-bromo- [11], 4-bromo-, and 5-chloro-4-bromofuran-2-earboxy- 
late [2] were obtained from the corresponding aldehydes by oxidation with silver oxide and subsequent es- 
terfieation with methanol in the presence of sulfuric acid. 

L I T E R A T U R E  C I T E D  

1. Ya. L. Gol 'dfarb, G. P. Gromova,  and L. I. Belen'kii ,  Izv. Akad. Nauk SSSR, Ser. Khim., 2275 (1974). 
2. D . J .  Chadwick, J. Chambers ,  G. D. Meekins, and R. L. Snowden, J.  Chem. Soc., Perkin  I, 1766 (1973). 
3. L . I .  Belen'kii ,  G. P. Gromova,  and Ya. L. Gol 'dfarb,  Khim Geterotsikl .  Soedin., 597 (1972). 
4. B. Roques, M.-C~ Zaluski, and M. Dutheil, Bull. Soe. Chim. France ,  238 (1971). 
5. Gmelins Handbueh der anorganischen Chemic, Eighth Edition, Vol. 7 (1931), p. 123. 
6. G. Gustavson, Zh. Russk. Fiz. -Khim. Obshchestva, 133,286 (1881). 
7. C. Pouret ,  Bull. Soc. Chim. France ,  [3], 2_55, 191 (1901). 
8. L . I .  Belen'kit ,  G. P. Pokhil, and Ya. L. Gol 'dfarb,  USSR Author 's  Cert if icate No. 206568 (1968); Byull. 

Izobr. ,  No. 1 (1968). 
9. W . J .  Chute and G. F. Wright,  J. Org. Chem., 1__00, 541 (1945). 

10. B. Roques, M.-C. Zaluski,  M. Bonhomme, and M. Robba, Bull. Soc. Chim. France ,  242 (1971). 
11. A. Dunlop and F. Pe t e r s ,  The Furans ,  New York (1953), 

5 - A R Y L F U R A N - 2 , 3 - D I O N E S *  
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5-Arylfuran-2 ,3-diones  were  obtained by eyelization of aroylpyruvic  acids in the p r e s -  
ence of thionyl chloride.  It is shown that the f i ve -membered  r ing of 5 -a ry l fu ran-2 ,3 -  
diones is unstable and is cleaved under mild conditions under the influence of nucleo- 
philtc reagents .  

In contras t  to their  i somers ,  ex t remely  little study has been devoted to a ry l furan-2 ,3-d iones .  Only 
one study devoted to the synthesis  of 4-benzoyl-5-phenylfuran-2,3-dione f rom oxalyl chloride and diben-  
zoylmethane is known [1]. 

We have found that cyelization,  the products  of which are  5-ary l furan-2 ,3-d iones  (II), occurs  in the 
reac t ion  of aroylpyruvic  acids (I) with thionyl chloride (see Table 1). 

A band corresponding to the vibrations of the ethylene bond appears  in the IR spec t ra  of the cycl iza-  
tion products .  The charac te r i s t i c  band of the carbonyl group is shifted f rom 1625 (in the spec t ra  of the 
s tar t ing compounds) to 1713 em -1. The absorption band of the lactone grouping, in conformity with the 
l i te ra ture  data [2], is found at 1840 em -1. 

dO 
SOCI2 ~ - 0 ~ 0  p.RC~H4COCH2COCOOH - , ~p.RC6H 4 

1 II 

I, I I  R = H, CH3, CH30, Br, CI 

* Communication I f rom the se r ies  "Chemis t ry  of Oxalyl Derivat ives of Methyl Ketones." 
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