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acyclic a-formyl ketone which is enolized toward the alde- 
hyde carbonyl. Because the photoproducts can only under- 
go aldolization in a single sense, a fourfold simplification in 
the overall annelation sequence has resulted, compared 
with the analogous reactions with ,6 diketones. In terms of 
net structural change, the reaction can be summarized by 
the following equation. 

The single remaining point of ambiguity, orientation of 
the photoaddition with unsymmetrical alkenes, is currently 
under investigation. Based on preliminary findings we ex- 
pect our studies to result in a general cyclohexenone syn- 
thesis which complements existing methods.13 
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New compounds gave satisfactory elemental and spectral analyses. Al- 
though the yields of the reactions reported here have not been opti- 
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and 60-90% for the aidoi cyclization. 
Careful analysis of the aldehyde region of the NMR spectra of the crude 
photoproductrs permitted the assignment of structure 3 vs. 5. These re- 
sults are in accord with a similar anaiysis of the cyclized material, 4 vs. 
6. For instance, 3b exhibited a singlet at 6 9.64 while 4b showed a sin- 
glet at 8 6.05. Compounds 5b and 6b would be expected to show a trip- 
let and double doublet, respectively, for the same two protons. Because 
we could detect no trace of the alternate absorptions, we feel justified in 
assigning a conservative value of >95% for the enol specificity in the 
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Indirect Bromination 
by Reaction of Aniline Hydrobromide 

with Dimethyl Sulfoxide 

Summary:  Indirect bromination of aniline can be achieved 
by reaction of the aniline hydrobromide salt with dimethyl 
sulfoxide to afford p-bromoaniline and o-bromoaniline in a 
12:l ratio. This simple indirect bromination proceeds with 
a high degree of regiospecificity to afford predominantly 
p -  bromoaniline. 

Sir: Fletcher and coworkers1 have reported that 2-amino- 
3-bromofluorenone is obtained from the reaction of tert- 
butyl bromide and 2-aminofluorenone in dimethyl sulfox- 
ide and from the reaction of 2-aminofluorenone with 48% 
HBr in dimethyl sulfoxide. We wish to report that the reac- 
tion of aniline hydrobromide with dimethyl sulfoxide at  an 
elevated temperature (refluxed for 45 min) afforded pre- 
dominantly the p-bromoaniline in 74% yield and only 6% 
0- bromoaniline. This indirect bromination process is sum- 
marized in Scheme I which depicts the DMSO-Br2 adduct2 
I1 as the active brominating species. 
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The process depicted in Scheme I illustrates the selective 
indirect bromination of aniline by way of its hydrobromide 
salt to yield almost exclusively p-bromoaniline.3 This re- 
sult is somewhat surprising since direct b r ~ m i n a t i o n ~ ~  of 
aniline in most instances yields di- and trisubstituted de- 
rivatives. 

Although the DMSO-Br2 adduct has been depicted in 
Scheme I as the brominating species we have no direct evi- 
dence of its constitution. A second possible brominating 
agent is the M e 2 s - B ~  a d d ~ c t ; ~  dimethyl sulfide formed in 
the oxidation of hydrogen bromide could complex with free 
bromine. However the formation of both of the bromine 
adducts would be expected to be reversible processes, and 
it would be anticipated that the reaction conditions would 
favor the formation of the DMSO-Br2 adduct (provided 
that the thermodynamic stabilities of the two adducts are 
not vastly different), since the reaction is normally carried 
out in the presence of a large excess of DMSO. 

p -  and o-Bromoaniline. Aniline hydrobromide (13.05 g, 0.075 
mol) was added to 100 ml of dimethyl sulfoxide5 and the resulting 
mixture was refluxed for 45 min. The reaction was allowed to cool 
to room temperature and poured into a dilute solution of sodium 
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hydroxide (3.0 g in 750 ml of HzO). The resulting mixture was ex- 
tracted with two 150-ml portions of a 5:l Skelly B:ethyl ether solu- 
tion. The extracts were combined, washed with 100 ml of HzO, 
dried over anhydrous sodium sulfate, and filtered. Concentration 
of the organic phase and distillation of the resulting oil afforded 
10.1 g (80%) of a semisolid, bp 76-80" (0.5 mm); GLC analysis 
showed that the mixture consisted of -74% p-bromoaniline and 
6% 0- bromoaniline. Recrystallization of the semisolid from aque- 
ous ethanol afforded 8.7 g (67%) of pure p-bromoaniline, mp 
62.4-64" mp 66-66.5"). 
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