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Abstract: Treatment of deactivated aromatic compounds with N-
bromosuccinimide in trifluoroacetic acid solvent in the presence of
sulfuric acid gave the corresponding monobromoaromatic com-
pounds in good to excellent yields.
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Bromoaromatics are highly useful synthetic intermedi-
ates, but ring bromination of strongly deactivated aromat-
ics continues to pose synthetic problems. Among the
reported methods for the bromination of deactivated aro-
matic compounds, many suffer from the use of hazardous
reagents or harsh reaction conditions.? Thus, reagents
which utilize N-bromosuccinimide (NBS) or the analo-
gous 1,3-dibromo-5,5-dimethylhydantoin (DBDMH) as
the source of electrophilic bromine have emerged as being
among the most useful for carrying out such difficult re-
actions.®’

The first significant report was that of Lambert,* who, in
alimited study, used NBS in an agueous H,SO, medium
to brominate nitrobenzene. In a much more thorough and
useful investigation, Eguchi used DBDMH with
CH;SO;H, CF;SO;H, or H,SO, in CH,CI, or CHCI; as
solvent to successfully brominate a number of electron-
deficient aromatics, including nitrobenzene, methyl ben-
zoate and trifluoromethylbenzene.®> However, more high-
ly deactivated aromatics than these, such as m-
dinitrobenzene, could not be brominated under such con-
ditions. Schlosser, with a specific interest in brominating
the highly unreactive 1,3-bis(trifluoromethyl)benzene,
found that DBDMH in concentrated H,SO, or CF;SO;H
(without CH,CI, solvent) did that job nicely.®

Though al the reported methods based on NBS or DBD-
MH work well for the active and moderately deactivated
aromatic compounds, they can not be applied to very
strongly deactivated aromatic compounds, such as 1,3-
dinitrobenzene. Our goal was to find bromination condi-
tions that would be generally useful for deactivated ben-
zenes, but most specifically, would be useful for
brominating trifluoromethyl-substituted benzenes without
giving rise to significant hydrolysis.
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At this time we wish to report that use of trifluoroacetic
acid (TFA) as solvent, with NBS and catalytic H,SO, as
the active source of electrophilic bromine, seemsto be an
ideal medium for bromination of deactivated aromatic
compounds. For example, treatment of trifluoromethyl-
benzene with 1.5 equivalents of NBS in the presence of
H,SO, in TFA at room temperature gave m-bromo(triflu-
oromethyl)-benzene in good yield, with the efficiency of
the reaction being dependent upon the concentration of
sulfuric acid, as shown in Table 1. Without sulfuric acid
the reaction does not occur, but if theratio (V/V) of H,SO,
to TFA getstoo high, (i.e., 0.4), hydrolysis of the trifluo-
romethyl group begins to be observed (Entry 4 of Table
1). Maintaining a ratio of 0.3 allows a good conversion,
with little, if any, benzoic acid being formed.

NBS/CF3CO,H
H,50,
81%

Tablel Effect of theratio of H,SO, to TFA (v/v) on the bromination
of (trifluoromethyl)benzene at 26 °C.

H,SOJ/TFA(v/v)  Time(h) Yield (%)
0 48 0
0.2 48 62
0.3 48 81
0.4 38 91°

2py 1%F NMR; P Benzoic acid was detected by *H NMR

Brominations of other deactivated aromatics were found
to proceed with similar success, with the resultsbeing giv-
eninTable 2. Eventhevery strongly deactivated aromatic
compound, 1,3-dinitrobenzene, which was not able to be
brominated under Eguchi conditions,® when subjected to
our reaction conditions at dlightly higher temperature
(45 °C) for 48 h, gave the 5-brominated product in mod-
erate (45%) yield.®2 As expected, relatively reactive aro-
matic compounds such as benzene reacted very rapidly
with NBS/TFA/H,SO, at room temperature. The reaction
was complete in 2 h, giving bromobenzene in high yield
(91%).

In our study, trifluoroacetic acid was found to be the most
effective solvent of those examined, better than CH,Cl,,
CH,CO,H, or H,0, and it was the only one of this group
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of solvents which allowed bromination of the least reac-
tive substrates. Whereas Schlosser found pure H,SO,to be
an effective solvent for bromination of m-bis (trifluorom-
ethyl)benzene,® we found that use of such conditions for
the more hydrolytically-reactive (trifluoromethyl)ben-
zene led to considerable hydrolysis of the trifluoromethyl

group.

X
| = NBS/CF;CO,H | A
= H,804 A A
Y/ Y Br

X = CF3, NOy, COzH, CHO, or H
Y =H, p-Cl, p-CF3. m-CF3, or m-NO,

Table 2 Reactions of aromatic compounds with NBS/TFA/H,SO,2

Substrate H,SOJ/TFA t(hr)  Yield bp, °C, (lit)
(viv) (%)
m-(CF3),CHy 04 51 84 152-153 (153-154)°
p-(CF3),CeHy 0.1 48 62° 153-155 (161-162)*
p-CIC¢H,CF; 0.2 44 86 100-102/55mm (190-191)*
m-(NO2),CeHy 0.4 48 45° mp, 74-75 (75-76)°
CHsCF; 0.3 48 81 150-152 (151-153)°
CsHsNO, 0.1 24 88 mp, 53-55 (53-54)°
C¢HsCO,H 0.2 44 78 mp, 154-156 (155)°
CsHsCHO 0.2 42 84 120-123/40mm (233-236)°
C¢Hs 0.1 2 91 155-156 (156)°

2 a 25°C; P isolated yields, with conversion of starting material,
>90%; purity of products, >98%; © 2,4-dibromo-1,4-bis-(trifluorome-
thyl)-benzene was formed in 5% yield; 9 reaction run at 45 °C.

The mechanism of the reaction was not investigated.
However, it is likely that the active brominating agent is
either the protonated NBS or CF;CO,Br.

In conclusion, a mild and efficient general procedure for
bromination of aromatics has been developed which be-
cause of its experimental simplicity, its selectivity, and its
ability to be applied to highly deactivated substrates,
should find wide application.
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General Experimental Procedure:

Into a 250 mL round-bottomed flask, equipped with overhead stir-
rer, was placed 50 mL trifluoroacetic acid, 100 mmol aromatic com-
pound, and an appropriate amount of sulfuric acid (98%). The
mixture was stirred vigorously, and 150 mmol of NBSwas added in
portions over an 8 hour period. After the appropriate reaction time
(reaction monitored by °F NMR or 'H NMR), the mixture was
poured into 200 mL of ice water, the organic layer separated, and
the agueous layer extracted with CH,Cl, (20 mL x 3). The com-
bined organic layers were washed with brine and dried over CaCl,,.
After the CH,CI, was evaporated, distillation or recrystallization
gave the desired product with the yields givenin Tables 1 and 2.
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