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catalytic free radical reduction of alkyl halides. A variety of alkyl and aryl halides could be reduced in high
to excellent yields and selectively to afford the desired products with simple work-up procedure.
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1. Introduction

During the past decades, a number of reactions using organotin
compounds1 (Stille coupling, radical dehalogenation, etc.) have
emerged as a result of the increasing demand to develop more ver-
satile and efficient synthetic methods. However, despite that such
impressive synthetic potential, organotin reagents have been
avoided for the synthesis of health care products and pharmaco-
logically active substances. They have undoubtedly a bad reputa-
tion because of their toxicity and the difficulties of removing
organotin residues2 from reaction products. Recently, efforts have
been done to overcome these problems, leading, for example, to
the use of solid-phase synthetic methods,3 phosphonium grafted
organotins,4 and other modified organotin reagents.5

As a part of our ongoing research program on the discovery of
potentialities of TSILs (task-specific ionic liquids) by supporting
organotin reagents on ionic liquid,6 we examined the activity of
organotin hydride in the reduction of alkyl halide7—one of the
important applications of organotin reagents. One approach to
minimize the pollution of organotin residue is with free radical cat-
alytic organotin hydride reactions, employing only a catalytic
amount of organotin hydride. For example, the in situ regeneration
of an organotin hydride is possible by employing hydrogenosilanes
or with sodium borohydride.8 Herein, we would like to report a
very simple method to reduce selectively alkyl halide. Moreover,
thanks to the organotin reagents supported on ionic liquid, by sim-
ll rights reserved.
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ple extraction and filtration, the desired product could be easily
isolated.

Typically, classical dehalogenation reaction using trialkyl hy-
dride requires an excess amount of the organotin reagent. During
the purification, some precautions must be taken to avoid the con-
tamination of the product by organotin residue. If organotin hy-
dride could be immobilized in an ionic liquid and used in a
catalytic amount (recycled by an external reducing agent), this
contamination could be limited (Fig. 1).

The organotin reagents incorporated on ionic liquid are con-
structed as shown in Scheme 1. Initially, treatment of the imidaz-
ole with 1-bromo-6-chlorohexane gave 1, which was stannylated
with Bu2SnPhH6 to afford 26 which was methylated by methyl io-
dide to give the ionic liquid 3.6 Conversion of 3 into 49 was
achieved by treatment with HCl in ether. Finally, NaBH4 reduction
of 4 in the presence of methanol led to the organotin hydride 5.10

We showed that the reductions of alkyl and aryl halides by 4
were very efficient with 65–97% good yield of isolated product.
After a standard work-up procedure,11 the pure products were iso-
lated in good yields.
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Figure 1. Organotin hydride in catalytic amount catalyzed dehalogenation reaction.
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Scheme 1. Preparation of organotin reagents supported on ionic liquid.
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In an initial study, without organotin reagent 4 and AIBN,
NaBH4 (1.5 equiv) could not reduce the aryl halides as shown in
Table 1, entries 1 and 3. No trace of the desired product was ob-
Table 1
Catalytic reduction of halides with organotin hydride in situ supported on ionic liquid

R X + R H
AIBN, CH3CN

NaBH4, MeOH, 80°C

1 - 25 mol%

N
N SnBu2Cl

( )6

I

46 7

Entry 4
(equiv)

Substrate Time
(h)

Product12 Yielda

(%)

1b 0 Br 6a 14 — 0

2 0.1 Br 6a 8 7a 95

3b 0

Br

6b 24 — 0

4 0.25

Br

6b 24 7b 96

5 0.25
Br

6c 24 7c 93c (91)d

6 0.25

Br

6d 4 7d —e

7 0.01 Br
Br

6e 3 Br 7e 70

8 0.15 Cl14
( ) 6f 36 14

( ) 7f 81f (55)g

9 0.25

Br

6g 3 7g 65

10 0.1
OMe

OMe

Br
6h 22

OMe

OMe

7h 83

a Isolated yield.
b In the absence of 4 and AIBN.
c Without AIBN under the same condition (5% conversion by 1H NMR).
d 91% yield by utilizing 4 with the counter anion BF4

� .
e Isolated product as unseparable mixture of anthracene (21% yield) and 9,90-

bianthracene (50% yield)
f Without AIBN under the same conditions (30% conversion by 1H NMR).
g By utilizing 4 with the counter anion BF4

� (55% conversion by 1H NMR).
tained. In the presence of 4, 6a, 6b could be easily reduced in
excellent yield (Table 1, entries 2 and 4). As an extension, aryl
bromides of different structures (2-fluorenyl, 9-anthracenyl, and
3,4-dimethoxy-2-methylphenyl) could be also reduced but re-
quired higher organotin catalyst charge and longer reaction times
(entries 5, 6, and 10). Interestingly, in the case of 9-anthracenyl
bromide (entry 6), the formation of dimerized product 9,90-
bianthracenyl was observed as the result of a coupling reaction.
Furthermore, the hexadecylchloride could also be reduced with
long-reaction time to afford the pure product in high yield (entry
8). Despite, total and clean conversion of the reduction of ada-
mantyl bromide (entry 9), the product was isolated in moderate
yield (65%) possibly due to high volatility. Taking advantage of
the reactivity difference between an aryl and a benzyl bromide
by applying an appropriated reaction time (3 h), we could reduce
selectively the more reactive one by employing 1 mol % of
organotin reagent 4 (entry 7) to yield 7e (70%). Surprisingly, with-
out AIBN (entries 5 and 8), the conversion into the dehalogenated
product is 5% (entry 5), and 30% (entry 8). It is plausible that
organotin radical could be formed by thermal homolysis but in
very low concentration. Although AIBN is not so stable at 80 �C,
it could promote the formation of organotin radical that is more
stable at high concentration than under purely thermal condi-
tions. In addition, the role of the counter anion (I�) was also
tested. As demonstrated in our recent trials, dehalogenation of
hexadecylchloride was carried out in the presence of BF4

� vs I�

counter anion (conversion 55% vs 100% (81% yield) (Table 1, entry
8)). I/Br,Cl exchange is strongly possible under these reaction con-
ditions (CH3CN, MeOH, 80 �C) and could result in an enhanced
reactivity. Besides, in the case of 6c, counter anion exchange
could not be carried out ðBF4

�=I�Þ because the same reduction
rate of 2-fluorenylbromide was observed (entry 5) (91% yield
(100% conversion) vs 93% yield (100% conversion)). Analysis by
ICP-AES13 of the 7h (entry 10) showed that the concentration in
residual tin was <5 ppm. In all reactions (Table 1, entries 2, 4–
10), 1H NMR and 119Sn NMR analyses showed no contamination
by organotin byproducts.

Furthermore, by employing directly the organotin hydride 5 in
the radical dehalogenation reaction, the aryl halides could be re-
duced chemoselectively to afford 9a, 9b in good yield without
touching the ester function (Table 2). Analysis by ICP-AES13 of
9a indicated that the concentration in residual tin was <8 ppm.
In all reactions (Table 2, entries 1 and 2), 1H NMR and 119Sn
NMR analyses showed no contamination by organotin
byproducts.
Table 2
Reduction of halides with organotin hydride supported on ionic liquid15

R X + R H
AIBN, CH3CN

80 °C
N

N SnBu2H
( )6

I

58 91.2 equiv

Entry Substrate Time (h) Product14 Yielda (%)

1 O

O

Br

8a

24 O

O

9a

62

2
H3COOC

10( ) Br

8b
6

H3COOC
10( )

9b
80

a Isolated yield.
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2. Conclusion

In conclusion, the new ionic liquid-supported organotin re-
agents 4 and 5 were prepared in very high yield and demonstrated
a convenient catalytic free radical reduction of alkyl halides. A vari-
ety of alkyl and aryl halides could be reduced in high to excellent
yields and selectively to afford the desired product with simple
work-up procedure.
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11. Representative procedure for the reduction of halides using organotin hydride 4

(Table 1). 1-(Bromomethyl)-4-methylbenzene 6e (Table 1, entry 7).A mixture
of 6e (472 mg, 1.89 mmol, 1 equiv), organotin chloride 4 (10.6 mg, 0.019 mmol,
0.01 equiv), NaBH4 (107 mg, 2.84 mmol, 1.5 equiv), AIBN (3 mg, 0.019 mmol,
0.01 equiv), CH3CN (2 mL), and MeOH (20 lL) was placed in a Schlenk tube
which was then evacuated and back filled with nitrogen five times. The
solution was heated under reflux for required time, the conversion was
checked by 1H NMR. The mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was dissolved in Et2O
(10 mL) and filtered over a short pad of silica gel to afford the desired product
(70%).

12. 1H NMR of 7a–h and the corresponding commercially available product were
identical.

13. ICP-AES measurements were carried out at UT2A (Ultra Traces Analyses
Chimiques), Hélioparc Pau—Pyrénées 2, avenue du président Angot F-64053
PAU Cedex 9, France.

14. 1H NMR of 9a, 9b and the corresponding commercially available product were
identical.

15. Representative procedure for the reduction of halides using tin hydride 5 (Table 2).
3,5-dimethylphenyl 2-bromobenzoate 8a (Table 2, entry 1).A mixture of
methyl 3,5-dimethylphenyl 2-bromobenzoate 8a (48 mg, 0.16 mmol,
1.0 equiv), organotin hydride 5 (100 mg, 0.19 mmol, 1.2 equiv), AIBN
(0.016 mmol, 2.6 mg, 0.1 equiv), and CH3CN (1 mL) was placed in a Schlenk
tube which was then evacuated and back filled with nitrogen five times. The
solution was heated under reflux for required time, the conversion was
checked by 1H NMR. The mixture was cooled to room temperature and
concentrated under reduced pressure. The residue was dissolved in Et2O
(10 mL) and filtered over a short pad of silica gel to give a pure product in 62%.


