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Comptexing with aluminum chIoride can change the specificity of the brominat ion of furfuraI 
in such a way that the major  product becomes 4-bromofurfura l .  Consequently, as in the 
thiophene se r ies ,  re inforcement  of the e lec t ron-accep tor  capacity of the carbonyl group by 
means of the complexing deactivates the free 5 position so much that the 4 position of the 
furan ring becomes the most  active.  

In a previous communication,  we set forth the resttlts of our study of the specifici ty of the isopropyla-  
tion and acetylat ion of the complex of furfural  with aluminum chloride.  However, the resul ts  did not en- 
able us to solve the problem of interest  to us - the relative activity of the individual positions of the furan 
ring under conditions where the carbonyl compound reacts  as a complex with a Lewis acid. The data p re -  
sented below, which per ta in  to the brominat ion of such a complex, make it possible to at least  qualitatively 
evaluate the relat ive capacity for substitution of the 4 and 5 positions of furfural  in its complex with A]C13. 

It is known that furfural  is converted to 5-bromofurfura l  on bromination without a catalyst  [2]. The 
bromination of furfural  and 2-acetylfuran in excess  aluminum chloride without a solvent gives the 4,5- 
d ibromo-subst i tu ted compound as the major  product,  r egard less  of the amount of bromine used [3-5]. A 
composit ion of the product of bromination of furfural  with a Br 2 to AIC13 to furfural  molar  rat io of 1.5 : 
1.8 : 1, which differs somewhat f rom the composit ion indicated in [3, 5], was presented  in a la ter  br ie f  note 
[6]. According to gas- l iquid chromatography (GLC), the product formed under these conditions contains 
58~0 4,5-dibromofurfural ,  28% 4-bromofurfura l ,  and 14~ 5-bromofurfura l .  Here one should note that some 
data presented in [6] remain  unclear .  The reason the authors specified using 1.5 moles of bromine per  
mole of furfural  is obscure.  Fur the rmore ,  the amount of 4-bromofurfura l  isolated (4.5~) deviates sharply 
f rom that detected by GLC (28%), and its melting point (28-29 ~ is substantially lower  than that of a sample 
obtained in our  l abora to ry  [7] and by Robba and Zaluski [8] (54-55~ 

We produced the experiment exactly under the same conditions that are  descr ibed in [6] using GLC 
and PMR spect roscopy for the analysis  of the mixture.  We were unable to select  the conditions for the 
chromatographic  separat ion of the 4- and 5-bromofurfura ls  (the GLC conditions are  not presented in [6]). 
The ch romatograms  contained peaks of the unchanged furfural,  monobromofurfura ls  (together), 4 ,5-d ibromo-  
furfural ,  and the peak of an unidentified substance, emerging between the mono- and dibromides.  The la t ter  
apparently cor responds  to a small  admixture of 5 -ch lo ro -4 -b romofur fu ra l  which, as was recently shown 
[9], is formed under the react ion conditions f rom 4,5-dibromofurfura l  as a resul t  of exchange of bromine 
by chlorine (from A1C13 [10]). After the furfural  has been removed by distillation, the mixture of bromides  
can be readily analyzed by PMR spect roscopy.  The data that we obtained (the ratio of 4,5-dibromide and 
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4- and 5-monobromides  is 75 : 20 : 5) differ f rom the resul ts  presented in [6], but there is no doubt that 
appreciable amounts of 4-bromofurfura l  a re  formed. This compound was also detected during a detailed 
study of the effect of the react ion conditions on the composition of the bromination products of furfural  [9], 
but the data presented in this paper  require refinement since 5-bromofurfura l  was not detected in the mix- 
ture formed. We note that GLC was used in [9] for the analysis  under conditions that do not make it pos-  
sible to separate  the 4- and 5-bromo-subst i tu ted  compounds, whereas we detected 5-bromofurfural  in the 
mixture obtained under s imi lar  conditions by using ]?MR spectroscopy.  

By using a method involving brominat ion in a solvent [11, 12], we were able to select  the conditions 
under which the formation of the dibromide is considerably suppressed.  Owing to this, the relative act iv-  
ity of the various positions during bromination of the complex of furfural  with A1C13 can be judged from the 
composition of the product.  In fact, when we used 1 mole o f  bromine per  mole of aldehyde at 0 ~ in chloro-  
form, we obtained a mixture of 4- and 5-monobromofurfura ls  and 4 ,5-dibromofurfura ls  in a ratio of 65 : 
20 : 15. Thus complexing with aluminum chloride changes the specificity of substitution of the furan ring 
in such a way that the 4 position of the ring becomes the most  active position, although substitution in the 
5 position cannot be completely suppressed.  

This conclusion is in good agreement  with the experimental  data available for carbonyl compounds 
of the thiophene ser ies  [13] and also with the resul ts  of quantum-chemical  calculations [14]. In this con- 
nection, it is interest ing to note that complexing apparently deactivates the furan ring to a g rea te r  degree 
than is the ease in the thiophene analogs. We drew this conclusion during a study of the acetylation of 2- 
acetylfuran and 2-methyl -5-ace ty l furan  [1], and it was confirmed in this study during an investigation of the 
bromination of furfural  and 2-formylthiophene by the competitive reaction method. 

It is apparent f rom the data presented above that the formation of 4 ,5-dibromofurfural  as the chief 
product of the bromination,  regard less  of the amount of bromine used, does not at test  to any "equalization" 
of the electron density in the 4 and 5 positions as a resul t  of complexing with aluminum chloride. It can be 
assumed that the 4 position is the most  active position under the complexing conditions, but the 4 -b romo-  
furfural  formed is brominated more  rapidly than the unsubstituted furfural and 5-bromofurfura l ,  just as is 
observed in the bromination of 2-formylthiophene and 2-acetothienone in sulfuric acid [15]. Unfortunately, 
because of considerable res in  formation, we could not give a quantitative evaluation for the differences in 
the reaet ivi t ies  of 4- and 5-bromofurfura ls ,  but there is no doubt of an analogy in the behavior  of carbonyl 
compounds of the furan and thiophene ser ies  under the conditions of complexing with A1C13. 

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

The chromatographic  analyses were per formed with an LKhM-8M chromatograph with a f lame- ioniza-  
tion detector,  ni trogen as the c a r r i e r  gas, and the following columns: 1) a 4 x 2000 m m  stainless steel 
column packed with 15% polyethylene glycol adipate on Chromosorb  W, 175 ~ gas flow rate 55 ml /min;  2) a 
4 • 3000 mm column with 5% SE-30 silicon e las tomer  on Chromaton N-AW, 140 ~ flow rate  40 ml /min .  

The PMR spect ra  were recorded  with an RS-60 spec t romete r  (Special Design Office of the Institute 
of Organic Chemistry,  Academy of Sciences of the USSR) with hexamethyldisiloxane as the internal standard.  
The chemical  shifts are  presented on the 6 scale relative to te t ramethyls i lane.  

Authentic samples for GLC and PMR spectroscopy were obtained by known methods: 5-bromofurfural  
[2], 4 -bromofurfura l  [7], and 4,5-dibromofurfural  [16]. 

Bromination of Furfural  in Excess A1CI,~ without a Solvent (see [6]). A 24 g (0.25 mole) sample of f u r -  
fural was added with s t i r r ing and i ce -wa te r  cooling to 60 g (0.45 mole) of anhydrous A1C13, and 19 ml (0.375 
mole) of bromine was then added to the mixture without cooling. The mixture was allowed to stand over -  
night at 20 ~ af ter  which it was poured over ice. The aqueous mixture was extracted with chloroform, and 
the extract  was s team distilled. The distillate was extracted with chloroform,  and the extract  was dried 
with MgSO 4. Distillation gave the following fract ions:  a f i rs t  f ract ion (5.2 g) with bp 65-110~ (16 mm), a 
second fraction (2.6 g) with bp 112-120 ~ (16 ram), and a third fraction (22.5 g) with bp 120-126 ~ (16 ram). 
Fract ion 1 was heated on a boi l ing-water  bath for 1 h with 25 ml of 5% sodium sulfide solution, and the mix-  
ture was then s team distilled. The distillate was extracted with chloroform, and the extract  was dried with 
MgSO 4 and distilled to give 1.9 g of a substance that crys ta l l ized in the r ece ive r  and had bp 93-113 ~ (18 mm) 
and mp 52 ~ (from heptane); a mixture with 4-bromofurfura l  melted at 52-53 ~ Fract ion 2 was not investi-  
gated. Fract ion 3 was 4 ,5-dibromofurfura l  with mp 37-37.2 ~ (from heptane), which is in agreement  with the 
data in [5]. 
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The ratio of the bromides  was determined by PMR spect roscopy of the undistilled mixture f romwhich  
only the unchanged furfural  had been removed (monitored by GLC). The calculation was made f rom the 
a reas  of the 7.06 ppm [3-H of all of the bromfdes  (overlapped)], 6.49 ppm (4H in 5-bromofurfural) ,  and 
7.63 ppm (5-H in 4-bromofurfura l )  signals. The ratio of 4 -b romo- ,  5 -bromo- ,  and 4 ,5-dibromofurfura ls  
in the product obtained trader the conditions presented above was ~20 �9 5 : 75. 

Bromination of Furfural  with an Equimolar  Amount of Bromine in Cooled Chloroform. A solution of 
19.2 g (0.2 mole) of furfural  in 120 ml of ch loroform was added with s t i r r ing  to 66.4 g (0.5 mole) of AIC13 
while maintaining the tempera ture  at ~0% A 32 g (0.2 mole) sample of bromine was then added at the same 
temperature ,  and the mixture was s t i r red  for 6 h and allowed to stand overnight without s t i r r ing at 0 ~ The 
mixture was poured over  ice, and the aqueous mixture was extracted with chloroform.  The extract  was 
washed with water,  sodium hyposulfite and sodium carbonate solutions, and water.  It was then steam dis- 
tilled, and the distillate Was extracted with ch]oroform.  The extract  was dried with MgSO 4 and distilled to 
give the following fract ions:  a f i rs t  f ract ion (5 g) with bp 66-79 ~ (20 mm) (chiefly unchanged furfural); a 
second fraction (1.9 g) with bp 79-90 ~ (20 ram) (which contained furfural ,  a mixture of monobromides,  and 
t races  of 4 ,5-dibromofurfural ) ;  and a third fraction (5.7 g) with bp 90-120 ~ (20 ram) [which contained t races  
of furfural ,  considerable  amounts of a mixture of monobromofurfura ls ,  as well as 4 ,5-dibromofurfural  and 
unidentified impuri t ies  (GLC)]. By means of GLC with an internal standard (4-bromo-2-formylthiophene) ,  
it was found that fract ion 2 contains ~30% (by weight) monobromofurfura ls ,  while fraction 3 contains ~60% 
(by weight) monobromofurfura ls .  The mola r  ratio of 4 -b romo-  and 5-bromo- ,  and 4 ,5-dibromofurfura ls  
was found robe ~65 : 20 : 15 in fract ion 3 by PMR spectroscopy.  

Competitive Bromination of Furfural  and 2-Formylthiophene in the Presence  of Excess Aluminum 
Chloride. A 4 g (0.025 mole) sample of bromine was added to a solution obtained f rom 16.6 g (0.125 mole) 
of aluminum chloride,  2.4 g (0.025 mole) of furfuraI ,  and 2.8 g (0.025 mole) of 2-formylthiophene in 30 ml 
of chloroform,  and the mixture was held at 20 ~ for 24 h, af ter  which it was poured over ice and worked up 
in the usual way to give ~5 g of a s team-dis t i l led  mixture of aldehydes boiling at 65-130 ~ (20 mm) and con- 
taining furfural ,  2-formylthiophene,  monobromofurfura ts ,  and 4-bromo-2- formyl th iophene  in a molar  ratio 
of 1 : 0.35 : 0.25 : 2.0. The mixture also contained a very small  amount of 4 ,5-dibromo-2-formyl th iophene 
and scarce ly  any 4 ,5-dibromofurfural  (according to GLC). Thus more  than 70~ of the bromine taken for 
the react ion was consumed in the bromination of 2-formylthiophene.  
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