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ABSTRACT

1. n-BulLi, THF , -78°C

2. RaSnCl, THF , -78°C
@—NHZ Br—< >-NH2 76%
3.Brp, -78°C — rt

4. aqueous KF

Treatment of aniline with n-butyllithium and then trimethyltin chloride gave the tin amide (PhNH-SnMes) in situ. Without isolation of the tin
amide, reaction with bromine and workup with aqueous fluoride ion gave p-bromoaniline in 76% yield, with no dibromoaniline or o-bromoaniline.
Application of this sequence to 11 different aromatic amines gave selective bromination in 36—91% yields, without formation of dibromides.
This constitutes a good general method for the regioselective bromination of aromatic amines.

Electrophilic aromatic bromination is one of the older also react with elemental bromine to giebromoamines
reactions known to organic chemists. Aryl halides are (2), as shown in Scheme 1. When diisopropylamine was
important synthetic intermediates for a variety of transforma-

tions that range from formation of functionalized aromatic || IGNNNEGTNNENEGEGEGEGEGEGEGEEEEEEE

compounds to aryl organometallic reagents that are used in Scheme 1
other reactions. Despite the many halogenation methods that 1. BuLi, THF
are available, activated aromatic compounds such as aniline R\N_H 2. R'3SnCl R\N_ Snfts
derivatives remain a problem. Mixtures of ortho and para o =4
products and polybromination are problems that limit the 1
synthetic utility of many procedures. There are a handful of B, R,
selective bromination procedures, and we now report another —_— R/N‘B'
that gives good yields op-bromoaniline. The reaction is
rather general in scope, and many monobrominated aromatic 2
amines can be formed in good yield with high selectivity.

Tjn amides such a% are known, formed by treating an NH, 1. Buli, THF, 78°C NH;
amine with a strong base such as LDA, followed by addition 2. Me3SnCl , -78C
of a trialkyltin halide (RSnCl). We became interested in @ 3.Br, | THF
these compounds as putative amino transfer agents in -78°C — 1t Br
palladium-catalyzed coupling reactions but found that they 4.agKF
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are known compounds but are rather unstable upon isolation ||| | [ lEGcGcGcGNGNGNEEEEE

Although we prepared several different bromoamidgethe

Table 1. Selective Bromination of Aromatic Amines via Tin

isolated yields were lower than those reported with other apmiges

procedures. This process was not amenable to making large

amounts, possibly as a result of residual tin compounds that
promoted decomposition. Although we knew thabromo-
aniline was reported to be an unstable compound, we
explored the possibility of generating this compound in situ
for possible use. We therefore treated aniline withutyl-
lithium and added trimethyltin chloride in ether, also-at8

°C. We presumably generated the tin amide in situ, and
addition of bromine at-78 °C followed by warming at
workup with aqueous KF to remove tin residues led to a
76% vyield of p-bromoaniline, with no detectabtebromo

or dibromo compounds. Although the aromatic bromination
is not surprising in itself, the selectivity of the reaction was
notable.

Examining the literature revealed several previous methods
for selective bromination of aniline. Tetrabutylammonium
tribromide? DBUH-Br3® cetyltrimethylammonium tribro-
mide; and pyridinium bromide perbromiélehave been
reported as mild brominating agents. Aniline reacted with
tetrabutylammonium tribromide, for example, to give an 82%
yield of 3, along with some dibrominated products. However,
acetanilide and pyridine did not react with this readefhis
contrasts with pyridinium bromide perbromide, which bro-
minated pyridine, aniline, and its derivatives, although
reaction with aniline gave a 19:68 ratio af- to p-
bromoaniline® A recent study used LiBr/ceric ammonium
nitrate as a brominating agent, convertiNgN-dimethyl-
aniline to a 2:3 mixture ob- and p-bromo derivatives in
70% vyield!! Majetich and co-workers, who showed that
aniline reacted with HBr/DMSO to give a 76% vyield 8f
after 6 h, in a remarkably selective reaction, reported one of
the most useful methods.

We were pleased to find that conversion of aniline to the
corresponding tin amide, followed by directed bromination,

entry amine product % yield
1 @NHZ Me—ONHg 76
Br
2 Mr@—NHZ 30
M NHo
Me Me
3 73
NH, B NH;
4 @—NHMe Br—@NHMe 83
5 @NHAC Br—@-NHAc 58
—N =N
6 <\: )—NH;, B /—NH. 88
N N
NH, NHp
’ O »
Br
NHp Br
8 O O NH, 91
NH, NHp
s s
N N Br
Br
o O
N 80
Y N
11 69

Oa®

N

f

o

led to good yields of monobrominated product, 4-bromo-
aniline® with excellent selectivity (entry 1 in Table 1). We
were interested in expanding this reaction to other aromatic
amines, with the hope that monobrominated products could
be obtained. Our results are presented in Table 1, and it is
clear that this technique is both general and selective.

We examined the reactivity of both 4-methylaniline and
2-methylaniline. 2-Methylaniline (entry 3) reacted much like
aniline, giving a 73% yield of 4-bromo-2-methylanilifte.
We were particularly interested in the reaction of 4-methyl-

(5) (a) Buckels, R. E.; Popov, A. I.; Zelezny, F.; Smith, RJJAm.
Chem. Socl951, 73, 4525-4528. (b) Chaudhuri, M. K.; Khan, A. T.; Patel,
B. K. Tetrahedron Lett1998,39, 8163—8166

(6) Muathen, H. AJ. Org. Chem1992,57, 2740—2741.
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T. Chem. Lett1987, 627—630.

(8) Fieser, L. F.; Fieser, MReagents for Organic Synthesiley: New
York, 1967, Vol. 1, p 967.

(9) Berthlot, J.; Guette, C.; Essayegh, M.; Desbene, P. L.; Basselier, J.
J. Synth. Commuril986,16, 1641—1645.

(10) Reeves, W. P.; King, R. Msynth. Commuri993,23, 855—859.
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42, 6941—6942.

(12) Majetich, G.; Hicks, R.; Reister, 3. Org. Chem1997,62, 4321—

4326.
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aniline (entry 2), in which bromination was forced to the
ortho position or there would be no reaction. Although a
30% vyield of 2-bromo-4-methylanilifewas obtained, it is
clear that reactivity is greatly diminished. We have not clearly
determined the source of this para selectivity. Two possibili-
ties are a steric effect or an electronic effect of the $h
unit. If the brominating agent were coordinated to the tin,
one might expect delivery of bromine to the ortho position.
This was not observed. We also observed that 2-methyl-
aniline reacted rapidly to give the 4-bromo product but
4-methylaniline reacted sluggishly to give a poor yield of
the 2-bromo derivative. These results are consistent with a
steric effect that inhibits delivery to the ortho position but
do not prove it. Another report involves coordination of
aniline to a metal, in which aniline was converted to the

(13) Yasuhara, A.; Kasano, A.; Sakamoto,JT.Org. Chem1999,64,
2301—2303.
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So0c.1985,107, 4499—4503.
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N-magnesium compound (PhNHMgBFr), and upon reaction carbazole withN-bromosuccinimide has been reported, but

with oxygen, p-bromoaniline was obtainéf.It was sug- with only modest selectivity for monobrominatiéh.

gested that Br was formed in situ, but ne-bromoaniline We were also interested in the scope of this halogenation
was reported. The authors did not comment on the selectivity, reaction. When iodine replaced bromine in the sequence,
and we believe that bromination of the tin amides proceeds shown in Scheme 2 using aniline as the starting material,

Py a different mechanism. -

The bromination of aminonaphthalenes shows that the

steric argument may be too simplistic. While 2-aminonaph- Scheme 2

thalene (entry 8) gave a 91% yield of 1-bromo-2-amino- NHp,  1.Buli, THF, -78°C hiH2
naphthalené’ 1-aminonaphthalene (entry 7) gave only a 40% 2. MeaSnCl , ~78C +  Mel
yield of 4-bromo-1-aminonaphthale#eAlthough the para” 3.1z, THF

position is blocked in entry 8, there are two ortho positions, . ;;’jzg — RT '

with bromination at @ favored. Although ortho attack is a
forced, the reaction proceeds in excellent yield in contrast
to that of 4-methylaniline (entry 2). 1-Aminonaphthalene has
an open para position, but the reaction is very sluggish and
gives a poor yield of product. Without additional work,
including internal competition experiments, we cannot further
speculate on a mechanism.

we obtained a 4550% yield of 4-iodoaniline4.2> Although

the reaction was selective, showing no 2-iodoaniline or

diiodination products, the yield was poor. In addition, we

found that iodine (or iodide) attacked the methyl group

attached to tin, producing iodomethane. This was confirmed
The bromination proceeded normally when there were when we used tri-n-butyltin chloride to form the tin amide.

substituents on nitrogehl-Methylaniline gave an 83% yield  Subsequent reaction with iodine led4as well as a good

of 4-bromoN-methylaniline® Acetanilide gave a 58% yield  yield of iodobutane. We did not attempt the reaction with

of the 4-bromo derivativé#® without formation of other  chorine gas.

isomers. We have discovered a remarkably selective bromination

Attempts to extend this methodology to other useful Fechnique that yvorks W§|.| forayarigty of aromatic amines,
aromatic systems were successful. The tin amide vehicle forincluding substituted aniline derivatives. Although there are
bromination showed great selectivity for the reaction of foUr distinct steps, including the aqueous fluoride workup,
indole, 3-aminoquinoline, carbazole, and 2-aminopyrazole. it is a one-pot reaction. The tin l?yproducts are easily re_moved
In all cases, the bromination gave a single product in good and _sep_arable from the_ bron_wmated products by using the
yield. Indole (entry 10) gave an 80% yield of 3-bromo- fluoride ion workup, making this an excellent synthetic route

indole?® and 3-aminoquinoline (entry 9) gave 2-bromo-3- to monobrominated aromatic amines.

aminoquinoliné® but in only 36% yield. Presumably, this is Acknowledgment. We thank the National Science Foun-
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