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Triethylsilane in presence of catalytic amount of palladium chloride is an efficient and selective system for reductive
dehalogenation of aryl halides under microwave irradiation.

Various procedures and reagents have been described for rediTable 1  Catalyst: PdCl,
tive dehalogenatioh.Among them organotin hydrides react Entry X,R

Solvent? Irradiation Time YieldsP

with many types of organic compounds. However, organotin (W) (min) (%)
compounds are highly toxic and difficult to remove from the
reaction product. The silicon hydrides which are non toxic anc? l, 4-OMe MeCN 490 7 >95°
stable compoundscan be considered as an alternative and? l, 4-OMe EtOH 300 7 >95¢
. . . . I, 3-COOMe  MeCN 490 7 >95¢
effective reducing reagentin presence of an appropriate tran- Br 4.0Me  THF 490 7 21
sition-metal compleg, despite their low ability to donate g Br, 4-OMe MeCN 490 7 90
hydrogen atom3.This combination is very attractive because 6 Br, 4-OMe  HSiEt, 560 8 95
of the ready insertion of the transition metal in the Si—H bond.7 Br, 4-OH MeCN 490 7 67
We have recentfy described the use of palladium (lI) 8 glr 4‘8%'\"9 megm 490 8 95
dichlorobis (triphenylphosphine) as an air stable precursor 03, ¢/ i:Noe MoGN igg Zo i?
palladium (0) (bis-triphenylphosphine) in the Heck reaction. 11 F '4_COZ|3| MeCN 490 10 d

The complex of palladium was reducmﬁsnu b,y triethylsi- 1 mmol of aryl halide, 1.5 mmol (1.5 eq) of Et,SiH in 2 ml of
lane. We observed that an excess of triethylsilane reduced ttsolvent and 5 % molar of catalyst under argon; 2dry solvents;
aryl halide substrate. The same observation was made durirGC analysis using toluene as internal standard; °confirmed by
the Arbuzov type phosphonation of aryl halilasmder  'Hand '3C NMR; no reaction.
microwave irradiatio. This reduction reaction of an aromatic
halide can be of synthetic interest and is also useful foi . .
destruction of highly toxic polyhalogenated aromatic hydro-tolerates the presence of different functions such as ketone,
carbons (e PCBs)? ester or nitro groups. _ _
The use of microwave for activation of homogeneous tran- 1N€ results reported in Table-2 show that the yields with the

sition metal catalyst is recérand it is not reported in reduc- complexes [(PP),PACL (A)] and [P(o-tol)],PdC}, (B)] are
tion by silanes. less important than those obtained with BdQlhe phos-

We report herein a new simple, efficient and selectivePhines stabilising the palladium zero are unfavourable in this
dehalogenation method of aryl halides using a silicon hydrigdeduction.
and palladium catalyst in a solvent under microwave irradia-Table 2 Catalysts: (PPh,),PdCl, (A) or [P(o-tol,)1,PdCl, (B)
tion (Scheme 1).

Entry catalyst X, R Solvent? Irradiation Time Yields®
(W) (min) (%)
ArX/silane/Pd : 1/1.2/0.05
1 A Br, 4-OMe MeCN 420 8 c
Pd-catalyst 2 A I, 4-OM HSIE 42 7
X + BtSH — 0 R + EtSiX ,4O0Me  HSIEt, 420 6
R i Solvent 3 A |, 4-OH MeCN 560 7 14
Microwave 4 B l,4-OMe  MeCN 500 7 50
Tmmol of aryl halide, 1.5 mmol (1.5 eq) of Et,SiH in 2 ml of sol-
Scheme 1 vent and 5-10 % molar of catalyst under argon; 2dry solvents;

bGC analysis using toluene as internal standard; °no reaction.

The results using triethylsilane in presence of catalytic
amount of palladium dichloride were summarised in Table 1. We have studied the influence of the silane on the reduction
Aryl iodides are quantitatively reduced in acetonitrile or of 4-iodoanisole catalysed by palladium chloride (Scheme 2).
ethanol after only 7 minutes of irradiation at 490 W (entries 1,Polymethylhydrosiloxane (PMHS§,is a non toxic, stable and
2 and 3). In a blank experiment, without palladium, no reac-commercially available polymer containing Si—-H bond and
tion was observed in the same conditions. 4-Bromoanisole ithe residues of its reaction are non hazardous. The results are
THF gave only 21% (entry 4), whilst 90% and 95% of dehalo-reported in Table 3. PMHS which is insoluble in acetonitrile
genated product were achieved, respectively, in acetonitril@nd slightly soluble in DMF (entries 2 and 4) gave poor yields
and triethylsilane as solvent (entries 5 and 6). The low yield0 and 15% respectively). In ethanol (entry 3), at a lower
obtained in THF is due to the small dielectric constant valuemicrowave power, the yield was better than that in DMF. The
of this solvent. Aryl chlorides react moderately and no reac-soluble silane diphenylsilane (f8iH,) is less efficient (32%)
tion was observed with aryl fluoride (entry 11). This methodthan triethylsilane.

Selectivity in the reduction by triethylsilane catalysed by

* To receive any correspondence. E-mail: didier.villemin@isma.fr palladium Chl_or'de was then teSte‘?' in the reaction of several
T This is a Short Paper, there is therefore no corresponding material ifubstrates, with two different functions. The results (Table 4)
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! PdCl,
Sil PdCl,
+ Silane @—M—M———» :
Solvent OMe HSiEt;
Microwave .
OMe Cl , CISiEty
Scheme 2 Pd
R—-H R-X

Table 3 Effect of nature of the silane
Entry Silane Solvent Conditions Yield® (%)
1 Et,SiH MeCN 490W / 8min >95
2 PMHS? MeCN 490W / 8min 0°
3 PMHS EtOH (95%)  140W /8min 47
4 PMHS DMF 590W / 7min 15
5 Ph,SiH, MeCN 490W / 8min 32
ArX/silane/Pd : 1/1.2/0.05 R /R
aPolymethylhydrosiloxane, °GC yields, °no reaction (PMHS is Pd Pd\
not soluble in MeCN). \H X

of an aryl chloride (entry 1) and a bromoketone can be dehalc

genated quantitatively yielding the parent carbonyl compounc

(entry 2). Benzyl bromide is selectively reduced in presence o SiEt;

an aryl bromide (entry 3). Finally, it is possible to reduce

selectively, in the same molecule, one of two different bro-

mides (entry 4). XSiEt3
This method was also applied to reduce acyl chlorides intc

aldehydes. We have obtained 48% yield of benzaldehyde fror

benzoyl chloride after irradiation at 490W during 8 minutes.

This result is better than the one obtained by Citron (31%)

using E{SiH/Pd-C system. The reaction of 2, iodobenzoyl oy17 column and a catharometer detector which is connected to a

chloride, gave exclusively the reductive-decarbonylation prod-spectra Physics integrator-recorder. Microwave irradiations were car-

uct (iodobenzene). This last result was attributed to the prefred out in a Toshiba microwave oven ER 7620 at 2450 MHz. All

erential oxidative insertion taking place in the C—Cl bond ofreactions were done in a Teflon Savilex autoclave under argon atmos-
acid chloride. phere. Solvents were dried and degassed before use.
Typical experiment: with 4-bromoanisoléA mixture of 4-
) ) ) bromoanisole (0.18 g, 1 mmol) and triethylsilane (0.24 ml, 1.5 mmol)
Table 4 Reduction of different halides in 2 ml of dried acetonitrile was added under argon atmosphere to
PdCl, (9 mg, 0.05mmol) in an hermetically closed Teflon autoclave.

Scheme 3 Proposed mechanism for the palladium catalysed
reduction of halides by the triethylsilane

Entry Substrate Conditions Major products 0.1 ml of toluene (internal standard) was added. Irradiation at 490 W
during 2 minutes, 5 times 1 minutes at the same irradiation, the solu-

1 c1@1 490 W, 7 min c1© tion become black. After cooling, the mixture was filtered over Celite
and analysed by GC. The products were isolated by a flash chro-
(100%) matography on short column of silica (cyclohexane/ethyl acetate) the

solvent were eliminated by distillation under vacuum. The products

2 @COCHZBr 490 W, 9 min @COMC were identified by NMRH, 13C) and mass spectroscopy.

(100%) The reactional mixtures before flash chromatography were

analysed by G.C. The column used is a column OV17 (5%) of 1.5 m
3 /—@Br 490 W. 10 min Me@Br length, the oven temperature was programmed from 140 to 200°C
Br ’ (>95%) (10°C per minute), injector and detector temperature were at 220°C,

OMe OMe and the gas flow (5} was 40-50 ml/min Toluene was use as internal

Br . Br standard, with a retention times of anisole equal to 0.93 min.
4 490 W, 8 min OO The complexes of triphenylphosphine [(F%gﬁdcg (A)] and tri-
>95%) o-tolylphosphine [P(o-tg)],PdCl, (B)]were obtained by complexa-
tion of the corresponding phosphines respectively with palladium
Substrate/Et,SiH/Pd : 1/1/0.05 chloride in DMF at room temperature.

We propose the mechanism outlined in the scheme for th&eceived 10 July 2000; accepted 28 July 2000
reduction of aryl halides by triethylsilane in presence of palla-Paper 00/429
dium chloride in acetonitrile.
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