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The bromination of 2-arylfurans has been studied. The structures of the com- 
pounds obtained have been determined with the aid of NMR spectra. 

Continuing our investigations on the synthesis and transformations of arylfuran deriva- 
tives [i], we have studied the bromination of 2-arylfurans (Ia-c) by bromine in dichloro- 
ethane. Our investigations have shown that when an equimolar amount of bromine is used bro- 
mination takes place in the free a-position of the furan, and 2-aryl-5-bromofurans (IIa-c) 
are formed with yields of 75"84%. The further bromination of the 2-aryl-5-bromofurans, and 
also the bromination of 2-arylfurans with 2 moles of bromine leads to the formation of dibro- 
mo derivatives of 2-arylfurans (IIIa-c) with yields of 77-96%. 
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It was extremely important to determine the position of entry of the second bromine atom 
in the bromination of the 2-aryl-5-bromofurans, since there is a limited number of examples 
of electrophilic substitution reactions of 5-substituted 2-arylfurans in the literature [2]. 

The determination of the position of entry of the bromine atom into the furan ring in 
compounds (lla-c) and (Ilia-c) was performed with the aid of *H and '3C NMR spectra (Tables 
i and 4). 

In the ZH NMR spectra of compounds (lla-c), the observed spin--spin coupling constants 
(SSCC) (J = 3.4-3.5 Hz) correspond to the interaction of the 3-H and 4-H protons of the fu- 
ran ring; this leads to the conclusion that in the monobromo derivatives (lla-c) the bromine 
atom has entered position 5 of the furan nucleus. 
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The choice between the two possible variants of the position of the bromine atom in the di- 
bromo derivatives (IIIa-c) (structure A or B) was mede on the basis of a comparison of the 
experimental chemical shifts of the furan proton (~H) in compounds (IIIa-c) and its calcu- 
lated values for structures A and B. The calculation of the chemical shift ~H was performed 
by an additive scheme: 

53-H (4-H) =6HoZZ3(4), 
R 

where 6Ho is the chemical shift of the 3-H or 4-H proton of unsubstituted furan, and Z3(~) 
is the change in the value of Ho on the introduction into unsubstituted furan of a substi- 
tuent R (R = Br, p-BrC~H4, p-CIC~H~, p-NO2C~H4). We determined the increments Zs(~) from 
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TABLE i. Parameters of the :H NMR Spectra of Compounds (I-IV) 

Spin-spin coupling con- 
Com- Chemical shifts, 6, ppm stants, Hz 
pound 

5-H O - H  373~ 

l a  
Ib 
Ic 

IIa 
lib 
llC 

Ilia 
Illb 
Ill.C 

IV 

7,40 
7,42 
7,56 

7,98 

4-H 3-H m -H 

6,41 6,58 7,30 
6,4S 6,58 7,52 
6,54 6,87 8,25 
6,35 6,52 7,32 
6,3~ 6~53 7,45 
6,4~ 6,8t 8,21 
6,3 c 7,34 
6,3,q 7,49 
6,47 8,06 
6,51 7,52 

7,55 
7,52 
7,77 
7,60 
7,45 
7,70 
7,84 
7.77 
8,04 
7,79 

374~ 47~ 

1,8 0,75 
1,8 0,75 

N 2 , 0  ~ 1 ,0  

1 , 9 0  

3,45 
3,45 

~3,50 
3,50 
3,45 
3,50 

TABLE 2. Values of the 
Increments Z for Substi- 
tuted Furans* 

R z~, ppm z,, ppm 

2, p'BrC6H4 
2, p-C1CGH4 
2.p-NO2C6H4 
2-Br 
2,3-Br 
2,4-Br 

0,21 
0,21 
0,50 

-,0,07 

-0,05 

0,05 
0,04 
0,17 
0,01 
0,09 

*Solvents, CDCI3; for 
unsubstituted furans, 
~3-H = ~4-H = 6.37 ppm. 

the spectra of the bromofurans and of the p-substituted arylfurans (Ia-c). Their values are 
given in Table 2. 

The proposed system of calculating the chemical shift of the furan proton was first 
checked on the 2-aryl-5-bromofurans (IIIa-c) as a result of which it was found that the ex- 
perimental and calculated values obtained agreed to within • ppm. 

For the aryldibromofurans (IIIa-c), calculation by the additive scheme showed that the 
chemical shift of the proton of the furan ring agreed well with the value of ~H calculated 
for structure A (Table 3). 

On this basis, it was concluded that the second bromine atom in the 2-aryldibromofurans 
(III) had entered position 3 of the furan ring. In favor of this idea also is the width of 
the signal of the proton of the furan ring, which is 0.3 Hz and coincides with the natural 
width of the standard line of the substance in the spectrum (CHaCIa, 0.3 Hz), since the 4-H 
proton scarcely interacts with the other protons in (IIIa-c). In contrast to the 4-H proton, 
the 3-H proton of the furan ring is characterized by an interaction with the protons of the 
2-p-substituted aryl ring, which leads to a broadening of the 3-H signal (0.48 Hz). 

The results of 13C NMR spectroscopy also agree with the structure shown for the dibromo 
derivatives (IIIa-c). We used the 2,3- and 2,4-dibromofurans as model compounds for the as- 
signment of the signals in the ~3C NMR spectra of the 2-aryl-3,5-dibromofurans and to esti- 
mate the influence of a bromine atom on the parameters of the :3C spectra. 

Table 4 gives the chemical shifts of the 13C atoms of the furan nucleus and the direct 
spin-spin coupling constants J~3CH for unsubstituted furan, 2,3- and 2,4-dibromofurans, and 
2-arylfurans. 

An analysis of the figures in Table 4 relating to the model compounds shows that when 
two bromine atoms are present in the furan nucleus the signal of an ~-C atom directly bound 
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TABLE 3. Calculated and Experimental Values 
of the Chemical Shifts of the Protons of the 
Furan Rings in the 2-Aryl-3,5-dibromofurans 
(Ilia-c) 

Struc- 
ture 

t 

t 

C o m -  
pound 

I l l a  

l l lb  

l l le  

Calculated chemical  
shifts, 6, ppm 

3-H 4-H 

-- 6.36 
6,65 
-- 6,37 

6,67 
- -  6,49 

6,96 

Experimentally 
determined cHemi- 
cal shift of the 
proton, 6, ppm 

6,39 

6,39 

6,47 

TABLE 4. X3C Chemical Shifts and SSCCs in Furan, the Dibromo- 
furans, and 2-Arylfurans 

R, 

H 
Br 
H 
p-BrC~H4 
p -BrC6H4 
p -C1C~H4 
p-BrC~H4 

R2 

~ r  
# 
H 
Br 

Br  

R~ 

i r 
Br 

2-C 

142,6 
123,3 
123,0 
153,2 
155,1 
150,6 
147,7 

6, ppm 

3-C 4-C 

109.6 109,6 
lOI,8 115,7 
114,2 101,2 
105,7 !11,8 
107,9 113,6 
97,7 117,4 
96,4 116,2 

5-C 

142,6 
144,6 
142,5 
142,4 
122,1 
122,5 
141,7 

'J [~-cH, H z 

174,7 
181,6 
186,8 

181,6 
186,8 
180,9 

*J3-CH = 173.8 Hz; J4-CH = 175.5 Hz. 

to a bromine atom shifts upfield by 20 ppm relative to the ~-C signal in unsubstituted furan. 
In these circumstances, the signal of a substituted B-carbon atom shifts upfield by ~8 ppm 
and that of an unsubstituted B-carbon atom downfield by 5-6 ppm. The effect of substituents 
(bromine atoms) on JB-CH is shown in an increase of this constant when a bromine atom is 
present in a position adjacent to the given carbon atom. The presence of bromine atoms in 
both neighboring positions causes a further rise in the constant JB-CH- 

On assigning the signals to 3-C and 4-C in the 2-arylfurans, we made use of an analogy 
with benzene, in which an aryl substituent shifts upfield the signal of a carbon atom present 
in the ortho position to the substituent and downfield that of a carbon atom in the meta po- 
sitlon to the substituent [3]. Accordingly, the signal at 6 105.7 ppm in a 2-arylfuran, 
shifted upfield relative to the signal at ~ 109.6 ppm in unsubstituted furan, was assigned 
to the 3-C atom, and the signal at 6 111.8 ppm was assigned to the 4-C atom. The subsequent 
introduction of two bromine atoms in the ~- and B-positions of the furan ring of a 2-aryl- 
furan caused an upfield shift of the 5-C signal by ~20 ppm relative to the initial 2-aryl- 
furan. As follows from Table 4, the signals of substitutedand unsubstituted B-carbon atoms 
shift upfield and downfield, respectively, and the assignment of these signals to 3-C and 4-C 
corresponds to the structure of the 3,5-dibromo derivative and leads to complete correspond- 
ence between the change in the ~3C chemical shifts caused by the introduction of these bro- 
mine atoms into furan (A6 = --8 and ~ +6 ppm) and into a 2-arylfuran (A~ =--8 and +5.6 ppm). 
The opposite assignment of the two signals mentioned, corresponding to the structure of a 
4,5-dibromo derivative, would lead to far greater discrepancy in the corresponding changes 
of the chemical shifts, which would amount to ~ --14 and +11.7 ppm for 2-arylfuran deriva- 
tives. It follows from this that the dibromo derivatives (Ilia-c) formed are, in accordance 
with what has been said above, 2-aryl-3,5-dibromofurans. 

In harmony with this conclusion are the SSCC values ~JB-CH in the 2-aryl-3,5-dibromo- 
furans (Ilia-c) and in 2,4-dibromofuran, which may be considered as a consequence of the 
similar mutual arrangement of the CH group and the bromine atoms in these compounds. 
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TABLE 5. Brominated 2-Arylfurans 

Com  
p~ 1 

Ila 

Ilb 

IIc 

IIIa 
I l Ib  
IIIc 

rap, "C a 

83--85 

68,5--69 

118,5--119,5 

94--95 
73--74 

122--124 

R! 

0,79 b 

0,80 c 

0,72 d 

0,90 d 

0,78 d 

I UV spec- Found, % 
trum 

1o[ max 1 C H Br 

t 
223 3,92] 39,3 2,0 
295 4,44 I 
222 3.931 46,5 2,3 
293 4,46] 30,2[ 242 3,951 44,7 2,3 
352 4,26 31,4 62,911 

1 35,6 !'7 I, 

Empirical 
formula 

Calculated, 
% 

C H [ Br ! 

39,8 

46,6 

44,8 

31,5 
35,7 
34,5 

CloH6Br20 

CloHsBrCIO 

CIoHsBrNO3 

CmHsBrsO 
CloHsBr~CIO 
CIoHsBr2NO~ ~ 

2,C 

2,2 

2,2 

1,7 
1,~ 
1,4 

.29,8 

62,9 

46,1 

.d 

75 

84 

75 

96 
77 
77 

aCompounds (lla) and (Ilia and b) were crystallized from metha- 
nol, and (lib and c) and (lllc) from ethanol, bin chloroform. 
Cln a mixture of chloroform and hexane (i:i). din benzene, 
eFound: N 3.6%. Calculated: N 4.0%. 

We have effected the reduction of 3,5-dibromo-2-(p-bromophenyl)furan (Ilia) with zinc 
in acetic acid. 

Br Br 

Br-- Br CHaCOO H Br--  

I l l  a IV  

The structure of the 3-bromo-2-(p-bromophenyl)furan (IV) so formed was shown with the 
aid of IH and 13C NMR spectra (Table s 1-4). The fact that in compound (IV) the bromine atom 
is present in position 3 of the furan nucleus is an additional proof of the entry of the sec- 
ond bromine atom into position 3 of the furan ring in the bromination of a 2-aryl-5-bromo- 
furan. This direction of electrophilic substitution is probably explained by the greater 
stability of the intermediate o-complex because of better conditions of the delocalization 
of the charge on attack in position 3 than in position 4. 

EXPERIMENTAL 

The tH and IaC NMR spectra were taken on C-60HL (Jeol), XL-IO0 (Varian), and WH-90 
(Bruker) instruments with CDCIs as solvent and TMS as internal standard. 

The UV spectra were obtained in ethanol on a EP-3 spectrophotometer. TLC was performed 
on Silufol UV-254, and the spots were detected in UV light. 

2-(p-Bromophenyl)furan (Ia). At 0-2~ a solution of 13.8 g (200 mmole) of sodium ni- 
trite in 20 ml of water cooled to 0~ was added to a solution of 34.4 g (154 mmole) of p- 
bromoaniline in 350 ml of 5% hydrochloric acid cooled to 0~ The reaction mixture was stir- 
red at 0~ for 30 min, and then a solution of 27.2 g (200 mmole) of zinc chloride in i00 ml 
of water cooled to 10~ was added and stirring was continued at 2-50C for another i0 min. 
The precipitate that had deposited was combined with the distillate isolated from the mother 
liquor on salting out with sodium chloride. The combined precipitates were dried on the fil- 
ter with suction at a water-jet pump for 2 h, and were added to 300 ml of furan. Then 2 g 
of caustic soda ground to a powder and 20 g of anhydrous sodium acetate were added to the re- 
action mixture. It was stirred at room temperature for 9 h, the furan was driven off, and 
then the 2-(p-bromophenyl)furan was distilled in a current of nitrogen. Yield 23.3 g (52%), 
mp 82-84~ (see [5]). 

2-Bromo-5-(p-bromophenyl)furan (lla). Over 2 h, 1.5 ml (29.2 mmole) of dry bromine in 
Ii ml-of dry dichloroethane was added to a boiling solution of 5 g (22.4 mmole) of 2-(p- 
bromophenyl)furan in 14 ml of dry dichloroethane. The reaction mixture was boiled for 4 h, 
cooled, washed with saturated sodium bicarbonate solution, dried with calcined sodium sul- 
fate, boiled with activated carbon, and evaporated in vacuum. The precipitate that deposited 
was filtered off and washed with petroleum ether. The bromofurans (IIb and c) (Table 5) 
were obtained similarly. 
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3,5-Dibromo-2-(p-bromophenyl)furan (Ilia!. Over 2 h, 3.7 ml (73 mmole) of dry bromine 
in 29 ml of dry dichloroethane was added to a boiling solution of 8 g (35.9 mmole) of com- 
pound (la) in 27 ml of dry dichloroethane. The reaction mixture was boiled for 7 h cooled, 
washed with saturated sodium bicarbonate solution, dried with calcined sodium sulfate, and 
evaporated in vacuum, and the precipitate that had deposited was filtered off. The dibromo- 
furans (lllb and c) (Table 5) were obtained similarly. The same dibromofuran (Ilia) was ob- 
tained by brominating 4 g (13.2 mmole) of (lla) in 7 ml of dry dichloroethane with 0.7 ml 
(13.2 mmole) of dry bromine in6 ml of dry dichloroethane, mp 94-95~ A mixture with the di- 
bromo derivative obtained by the bromination of (la) showed no depression of the melting 
point. 

3-Bromo-2-(p-bromophenyl)furan (IV). At 85~ 4 g (i0.4 m mole) of (Ilia) was added in 
portions to a mixture of 2.0 g (30.7 mmoie) of zinc, 1.8 ml of acetic acid, and 5ml of wa- 
ter. The reaction mixture was heated at I00-I04~ for 4 h, cooled, treated with 20 ml of 
water, and extracted with ether; the ethereal extracts were washed with water, dried with so- 
dium sulfate, and evaporated in vacuum. This gave 2 g (63%) of compound (IV); mp 53.5-54~ 
(from petroleum ether). Found: C 39.4; H 2.0; Br 52.9%. C~oH6Br20. Calculated: C 39.8; 
H 2.0; Br 52.9%. 
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