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cat. In(OAc)3, PhSiHz

R-X
THF or EtICH
X = halogen

The In(OAc)-catalyzed reaction of bromo- and

R|] — R-H

iodoalkanes with PRSiHTHF at 70 °C gave

dehalogenated alkanes in good to high yields. In the presence®faBd air, the reduction proceeded
smoothly at 30°C. When 2,6-lutidine and air were used as additives, the In(@éatplyzed system
enabled an efficient reduction of simple and functionalized iodoalkanes in EtOH. Catalytic use gf GaCl
was found to be effective in the reduction of haloalkanes with poly(methylhydrosiloxane) (PMHS). These
catalytic reductions probably involve a radical chain mechanism in which indium or gallium hydride

species work as the actual reductants.

Introduction

efficient reduction of carbon electrophiles. We then focused our
interest on the use of indium and gallium salts as the catalytic

Hydrosilanes have widely been used as mild reducing agentsactivator.

for fine organic synthesis.In general, they do not react

Baba and Shibata had reported the €idtalyzed reduction

spontaneously with carbon electrophiles; however, activation of organic halides using B6nH and NaBH as stoichiometric
of themselves or the substrates induces the reaction. A properreducing agents before we started the present stédsadical

choice of activator enables fine control of the reduction process.

In the course of our study on the synthetic use of hydrosilénes,

chain mechanism in which HIinglworks as radical mediator
was proposed for this reduction. Oshima’s group demonstrated

we found that a copper salt can activate hydrosilanes by that, in the presence of & (a radical initiator), organic halides
transmetalation and that the copper hydride species thus formedvere efficiently reduced with metal hydrides prepared from

is valuable for the reduction of carbonyl compoufdEhese

MCl3 (M=Ga, In) and aluminum hydridésWe expected that

observations prompted us to investigate catalytic activation of use of hydrosilanes as the hydride sources would enhance the

hydrosilanes with other metal salts and its application to an
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synthetic utility of these radical reductions because hydrosilanes
are less toxic and have moderate reactivity enabling high
compatibility with polar functional groups. In this context, Baba
and Shibata have recently introduced Igydrosilane systems
for radical reductior¥:.” We herein report the details of our study
on the indium- and gallium-catalyzed reductions of organic
halides with hydrosilanes.
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Results and Discussion TABLE 1. In(OAc)s-Catalyzed Reduction with PhSiH; in THF 2
Optimization of Reaction Conditions. Initially, the reaction Fx + PhSH cat. In(OAC), (EtsB) -
of 1-bromo-3-phenylpropanéd -Br) with PhSiH was selected N THF, 24 h
to examine catalytic activities of commercially available indium =X 2
and gallium salts (eq 1). Among the salts tested,dnl@(OH)s, yield (%)
In(OAc);, and Gad effectively catalyzed the reduction té-
A . compound
Br to propylbenzene2a) at 70°C. Particularly, the In(OAg) entry R-X hame  method & method B
catalyzed reduction achieved the best yiel@af Screening of 1 Ph(CH)s Br (128 o4 9163

hydrosilanes was then performed by using the In(@Ac) 5  ppich), (1a-1) 20 90 (913
catalyzed system. As a result, Phgiwas found to be much 3 Ph(CH)s-Cl (1a-Cl) 5 9
more effective than other hydrosilanes such aSiEt, PhSiH, 4 Nn-Ci2H25-Br (1b-Br) 94 96
PhSiHCI, and poly(methylhydrosiloxane) (PMHS) (eq 2). Use 5  N-Citas (1b-1) 78 83 (915
. . . 0 . 6 C-C12H23-BI’ (1c-Br) 91 86
of 0.5 equiv of PhSiklreduced the yield a2ato 47%. Judging 7 C-Coos ] (1c-1) 9% 90 (93
from the low reactivity of PhSi}_zCI, this di_sappointing result 8  c-CpoHosCl (1c-Cly 42 36
is probably due to low reactivity of PhSpM (X=Br, OAc) 9 1-adamantyl-Br (1d-Br) 94 96
generated from PhSiH 10 1-adamantyl-l (d-1) 78 87
11  1-adamantyl-Cl (1d-Cl) 19 35
MXs (10 mol%) 12 1-naphthyl-Br (1e-Br) 12 41
" - . 13 1-naphthyl-I (1e-1) 19 61
1
PhCHe)SBr PRSI, s oAy | CHCHs (1) 14  PhCQ(CHy):-Br (1f-Br) 75 82
1a-Br (1 equiv) 2a 15  PhCQ(CHy)s-l (af-) 75 93 (98¥
MXg (yield / %): none (0), InClg (86), In(acac)s (52), In(OH)s (88), i? ”'03:170(2"'2)3':3r (ig-IBr) 9892 gg o4
I(OTH3 (13), In(OAC), (94), GaCls (86), n-CgH170(CHy)s- (1g-1) 94y
Ga(acac) (72), Ga(OH); (trace) 18 CH;CH(OH)(CHz)u—Br (1h—Br) 33 84
19  CHCH(OH)(CHy)1s-l (1h-1) trace 26 (249
In(OAC)3 (10 mol%) 20  CHCH(OTBS)(CH)11-Br  (1i-Br) 40 93
1a-Br + Si-H 2a 2) 21 CH;CH(OTBS)(CI’&)H-| (1I-|) 80 81
_ THF,70°C,24h 22 PhC(O)(CH)s-Br (1j-Br) 12 38
(1 equiv) 23 PhC(O)(CH)s-| (1j-1) 20
SiH (yield / %): PhSiHj (94), EtsSiH (39), PhaSiH (3), a All reactions were carried out with a haloalkabél.00 or 0.50 mmol),
PhSiHLCl (21), PMHS (20) PhSiH; (1.0 equiv), and In(OA) (10 or 20 mol %) in THF (1.0 mL/1

mmol of 1) for 24 h under M (2 L balloon).? The yield was determined

Scope and Limitations.With the initial results in hand, we by GC analysis (entries-113, 16, and 17), byH NMR analysis (entries
investigated the scope and limitations of the In(OAtalyzed |18 O""A”d 191)6 or ?yo/iso;%tjcén z(inrt]fifiﬂ 1&1{ é5é.a?d62‘:)- c ’\zﬂgthocli O'/Ai
reduction with PhSiglat 70°C (Method A in Table 1). Non- Ent(gs (f)ggvl inn;]gxa;)é, 20 mol 96), dry air (10 L 1(3), 30°C, o)
functionalized bromo- and iodoalkanes were efficiently reduced p e The result without EB-dry air is shown in parentheses.
to the corresponding alkanes (entries 1,2749, and 10). The
reduction of chloroalkanes and 1-bromonaphthalebeRr)
resulted in low yields (entries 3, 8, 11, and 12). This reduction
system was tolerant to ester and alkyl ether moieties (entries
14—17). However, the presence of hydroxy and siloxy groups
complicated the In(OAg)catalyzed reaction (entries 18—20).

incorporation of deuterium in the dehalogenated product. On
the other hand, use of PhSibDnstead of PhSikl gave the
deuterated produ@a-d (78%d, eq 4). This result indicates that
PhSiH; works as the main hydrogen source in the reduction of

Bromoketonelj-Br underwent competitive reduction of-€Br la-Br.
and C=0 bonds to give the desired prod@gtand carbonyl In(OAG)s (10 mol%)
reduction prOdUCt§ and4 (entry 22, eq 3) 1a-Br + PhSiD, Ph(CHg),CH,D (4
THF, 70°C, 24 h
PhSiHz (1 equiv) 2a-d, 82%, 78%d
[e] In{OAc);
Ph)k(\/);\x THE The reaction of In(OAg)with an excess amount of PhSiH

(10 equiv) gave indium foil in 93% yield with the evolution of
H, (THF, 70°C, 24 h). Identification of the product was based

0 OH OH . . . :
+ + (3) on measurement of the melting point (1%7). Since InH easily
PhM Ph)\(‘/)f\x Ph)\(\/ﬁ
2j 3 4

1j

decomposes to indium metal and,#this observation suggests
the formation of InH and other indium hydride species from

Method A, X = Br:  12% 29% 32% In(OAc); and PhSiH. In addition, the reduction afa-Br was
Method B, X = Br:  38% <9% 27% completely suppressed by galvinoxyl, a radical scavenger, while
Method B, X=1-  20% <12% 53% it was accelerated by EB-air, a radical initiator (vide infra3?

Accordingly, the reaction mechanism would involve transmeta-

Mechanistic Aspects.To gain mechanistic insight, the In- lation (hydride transfer) of the hydride source and subsequent

(OAc)s-catalyzed reaction dfa-Br with PhSiH was quenched
with D,O. GC-MS analysis of the reaction mixture revealed no

(8) (a) Hibbs, D. E.; Hursthouse, M. B.; Jones, C.; Smithies, NCem.
Commun.1998, 869. (b) Hibbs, D. E.; Jones, C.; Smithies, N.Ghem.

(7) Baba’s group as well as us have succeeded in catalytic generation of Commun. 1999, 185. (c) Abernethy, C. D.; Cole, M. L.; Jones, C.
indium hydrides with hydrosilanes and its application of reductive aldol Organometallics2000,19, 4852.

reaction ofa-enones with aldehydes. (a) Shibata, I.; Kato, H.; Ishida, T; (9) For EgB-initiated radical reduction of haloalkanes with $unH,
Yasuda, M.; Baba, AAngew. Chem., Int. EQR004,43, 711. (b) Miura, see: Miura, K.; Ichinose, Y.; Nozaki, K.; Fugami, K.; Oshima, K.; Utimoto,
K.; Yamada, Y.; Tomita, M.; Hosomi, ASynlett2004, 1985. K. Bull. Chem. Soc. Jpri989,62, 143.
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SCHEME 1
PhSiHg + IN(OAC)s

JOC Article

In(OAc) s-Catalyzed Reduction with PhSiH; in EtOH 2
In(OAc)3 (20 mol%), additive

TABLE 2.

R-X + PhSiH, R-H
transmetalation | — PhSiH,(OAc) 1x EtOH 5
PhS|H2(OAc)
HInX,(OAC), 1-X yield (%)
PhSiH,X n=0-"2
compound
transmetalatl§< radical reduction entry R-X name method € method ¥
1 Ph(CH)s-Br (1a-Br) 66 trace
PhSiH, InXne1(OAC) 2 2 Nn-CyoHz5-Br (1b-Br) 56 trace
3 N-CioHos| (1b-1) 67 (458 87 (79
radical reduction with indium hydride species as proposed by 4 C-CiHazBr (1c-Br) 65 99
Baba and Shibata (Scheme 4%)The initiation step is the 2 ‘i‘cle??' (1c-) 80(43y  97(77)
. . . -adamantyl-I (1d-1) 55 (37F 35 (3
formation of HIn(OAc) from In(OAc) and PhSiH. The indium 7 1-naphthyl-| (le-l) 24 (5% 6% (0)
hydride reacts with a haloalkang-X by a radical chain 8 PhCQ(CHy)z| (af-) 67 (37 100
mechanism to give the corresponding dehalogenated pr@duct 9 n-CeH17(O(C)"(|2)3-|) §1§r;]-l)) 89
45 indi i 10  CHCH(OH)(CHp)1s-l 1h-| 98
and InX(QAc)Z. The indium sa!t updergoes hydrlde'transfer 11 CHCHOTBS)CH (1) ol
from PhSiH to regenerate the indium hydride species, Hin- 15 PhC(O)(CH)s-Br (1j-B1) 0
(OAc), and HInX(OAc). After the first turnover, further 13 PhC(O)(CH)s| (1j-1) 87
reduction of the remaining haloalkane was carried out with 14  CHCH(O)(CH)1s- (1k-1) 96

HInX,(OAC),—n (n = 0—-2).

Reduction at 30 °C. Our efforts were next directed at
developing an efficient catalytic reduction of haloalkanes under
milder conditions. The reduction dfa-Br using In(OAcj (10
mol %) and PhSiklat room temperature for 24 h resulted in a
low yield of 2a (35%). Use of 20 mol % In(OAg)at 30°C
improved the yield to 61%. Additionally, when4Bt (0.2 equiv)
and dry air were employed as radical initiat8ithie reduction
was completed within 24 h to giv@ain 91% yield. The EB-
initiated reduction at 30C was applied to various haloalkanes

a All reactions were carried out with a haloalkah€.50 mmol), PhSiki
(0.50 mmol), and In(OAg)(0.10 mmol) in ethanol (1.0 mL) under,N2
L balloon).b GC yields in entries 7 and 9. Isolated yields in entries 8
and 10—14°¢ Method C: E4B (1.0 M in hexane, 0.10 mmol), dry air (5
mL), 30 °C, 24 h.4 Method D: 2,6-lutidine (0.25 mmol), dry air (5 mL),
rt, 1.5 h.e The result without EB-dry air is shown in parenthesésThe
result without dry air is shown in parenthesé#n increased amount of
dry air (38 mL) was used! The reaction time is 3 h.

TABLE 3. Effects of Additives on Reduction of 1b-F

In(OAc)3 (20 mol%)

(Method B in Table 1). The results with non-functionalized _ additive

haloalkanes are similar to those of Method A (entriesl1). e S —— 2

In the reduction of 1-halonaphthalenes and functionalized (1 equiv) T

haloglkanes, Method B was generally superior to Method A yieldof _ recovery of

(entries 12—21). Unfortunately, Method B as well as Method  entry additive 2b (%) 1b-l (%)

A was not effective in selective reduction of haloketorig¢s 1 None a1 12

(entries 22 and 23, eq 3). 2 dry air (5 mL) 62 27
lodoalkanes were efficiently reduced even in the absence of 3 EtB (0.2 equiv) and dry air (5mL) 74 19

EtsB-dry air (entries 2, 5, 7, 15, and 17). In these cases, 4 K2CQ; (0.5 equiv) 7 trace

adventitious oxygen (air) might initiate the radical reduction. g EtsNd-(o'S equiv) 2 86

o . . pyridine (0.5 equiv) 5 83
The initiation by oxygen might also affect the reduction by 7 2,6-lutidine (0.5 equiv) 79 10
Method A. Indeed, as described next, it turned out that addition 8 2,6-lutidine (0.5 equiv) and 87 4

of only air accelerated the In-catalyzed reduction of organic
halides.

Reduction in EtOH. We have recently reported the genera-
tion of indium hydride species from In(OAcand PhSiH in
EtOH and its application to catalytic 1,4-reductioroeénones?

dry air (5 mL)
aSee footnote a in Table 2 Determined by GC analysis.

clean conversion ofb-I to 2b (entry 7). The combined use of

Since EtOH is an environmentally benign organic solvent, we 2.6- lutidine and dry air realized a high yield @b (entry 8).
examined the In(OAg)catalyzed reduction in EtOH. First, the The reaction system using 2,6-lutidine and dry air (Method
EtsB-initiated method used for Method B was applied to the D) was applied to other haloalkanes. The results are shown in
reduction of bromo- and iodoalkanes (Method C in Table 2). the last column of Table 2. Unfortunately, primary bromoalkanes
However, except for the case df-I, the yields of2 were were not reduced at all by Method D, and they remained
moderate because of incomplete conversion of haloalkanes (caunchanged (entries 1, 2, and 12 in Table 2). In these cases, the
70—80% conversion). The reduction of bromoalkanes was formation of indium metal was more rapid than that in the
accompanied by the formation of indium metal. reaction by Method C. In sharp contrast to primary bromoal-
Effects of additives on the reduction ©b-I in ethanol were kanes,1c-Br and iodoalkanes excegdid-l were efficiently
further investigated to improve the reaction system (Table 3). reduced to the corresponding alkanes without deposition of
The reaction was accelerated bysEdry air; however, the indium metal (entries 3—5, 8—11, 13, and 14 in Table 2).
addition of only dry air was also effective (entries 2 and 3). Particularly, iodoketonesj-I and 1k-I were converted into the
Molecular oxygen itself presumably serves as radical initiator dehalogenated ketones in high yield. They hardly underwent
in the latter case. Use of.KO; gave2b in good yield, although carbonyl reduction under these conditions. The reactidrdelf
the reaction mixture included many unidentified byproducts gave a complex mixture of products, and the yiel®2dfwas
(entry 4). Among the bases tested, 2,6-lutidine brought about arather low (entry 6). 1-lodonaphthalentefl) was reduced to

J. Org. ChemVol. 72, No. 3, 2007 789



]OCAT’tiCle Miura et al.

naphthalene2e) in moderate yield. This reduction did not occur TABLE 4. In(OAc)s-Catalyzed Cyclization of 5a-I with PhSiHs?

at all in the a.bsence of air (entry 7). ) ~entry additive (equiv)  solvent T(°C) time (h) vield (%}
As shown in Table 2, EtOH was not an effective solvent in None THE 70 oa M
the In(OAc)-catalyzed reduction of primary bromoalkanes. > AcOK (2) THE 70 24 83
Irrespective of the use of 2,6-lutidine, this reduction was 3 KoCOs (1) THF 70 24 95
accompanied with the formation of indium metal (In(0)); 4%  KaCOs3(1) THF 30 24 42
therefore, the poor result is probably due to deactivation of the None EOH 1t 6 46 (59)
) L . i KoCOs (1) EtOH rt 7 65 (83}
In(Ill) catalyst by its conversion into In(0). Since In(0) is formed 7 2.6-lutidine (0.5)  EtOH it 6 68 (87)

by the decomposition of Inti(vide supra), the formation of aUnless otherwise noted, all reactions were carried out &t (0.50
In(0) |nd|catgs that EtOH induces hydrlde_transfer from PRSiH mmol), PhSik (0.50 mmol). and In(0A)(0.05 mmol) in THF (0.5 r‘m_)
to |n(QAC)3 (in other words, transmetala“_on of PhS)Hn_ore or EtOH (1.0 mL) under M (2 L balloon).? Isolated yield. The diastere-
effectively than THF. The rapid formation of In(0) in the omeric rat;olrezg%c;fzgnlwoemse tlc)a 76:Z4Com§_lﬁi< mlxturle.d A?]lncreasedd
reaction of primary bromoalkanes by Method D suggests that amount of In(OAc (0.10 mmol) was used.The result with increase
2,6-lutidine should further accelerate the hydride transfer. The a?rgﬁ?ﬁzsc’efgwhséﬂ%gga?ﬁg nfgfmlg(o%ﬁ)éﬁgﬂgzlgﬁvzrr‘eoﬂvsneén
origin of the rate-accelerating effects of EtOH and 2,6-lutidine b . '

) . - the reaction was performed for 4.5 h.

is not clear, but it may be the nucleophilic attack of EtOH to

PhSiI—ll; and.its acceleration by deprotonation with 2,6-lutidine. Intramolecular Radical Addition. The reduction system
Unlike primary bromoalkaned.c-Br (a secondary bromoal- using In(OAc) and PhSiH was also applied to radical cycliza-

kane) and iodoalkanes were efficiently reduced with the aid of {jon of haloalkenes. Our attempts at an efficient cyclization of

2,6-lutidine. This remarkable difference is explainable by the pomoalkenesa-Br were not successful (eq 5). We therefore

difference in reactivity toward radical reduction. With primary  jirected our efforts to the cyclization of iodoalkeBa-I. The

bromoalkanes, less reactive substrafethieir slow reduction In(OAC)s-catalyzed reaction dsa-1 with PhSiH in THF at 70

and the fast hydride transfer in EtOH containing 2,6-lutidine o~ (Method A) gave a complex mixture of products (entry 1 in

would cause further hydride transfer from Phgitd indium Table 4). However, the addition of KO3 or KOAc enabled
monohydride species, which ultimately forms unreactive In(0) high yields of6a (entries 2 and 3} The cyclization in THF at

to impede the catalytic cycle (Scheme 1). In contrdstBr 30°C resulted in a low yield o6a (entry 4). In the presence of
and iodoalkanes can eliminate the undesired pathway becausnkzca or 2,6-lutidine, an efficient cyclization in EtOH was
they react much faster with indium hydride species. The rapid 4chieved with increased amounts of In(OA@nd PhSiH
reduction of these substrates is likely due to a fast turnover of (entries 6 and 7). Thus, the use of bases was effective in a
the catalytic cycle by acceleration of both hydride transfer and g0th conversion da-l into 6a. The bases would suppress

radical reduction. , destructive reactions of acetdla-I and6a with acidic species
As shown in Scheme 1, the reduction of haloalkanes would generated in situ.

form Lewis acidic species such as IpX(OAcC),—, and
PhSiHX, which can lead to HX and its equivalents by the 0.0 PhSiHg, cat. INn(OAc)3 00

reaction with EtOH. The incomplete reduction of iodoalkanes U “ addive @ 5
by Method C is attributable to the acid-catalyzed solvolysis of X pr
PhSiH; with EtOH. To prove this hypothesis, the p& (0.2 5a-X 6a

equiv)-catalyzed reaction of PhSjih EtOH (2 mL per 1 mmol o ) )

of PhSiH) was performed and followed by GC analysis. The ~ Next, the cyclization of iodoalkengb-I was examined. Use
conversion of PhSikireached 54% at 40 min, and PhSias of THF as a solvent gave discouraged results even in the
mostly consumed in 3 h with the formation of PhSiH(QEt) ~Presence of KCOs. As the result of some reactions in EtOH,
and PhSI(OEY Thus, PhSiH easily underwent ethanolysis the combined use of dry air and€0; or 2,6-lutidine as
under the acidic conditions. The acid-catalyzed solvolysis of additives was found to achieve an efficient, rapid cyclization
PhSiH; as well as the over-reduction of the In(lll) catalyst is Of 5b-1 (€q 6). Without these additives, the yield 8b was
likely responsible for the incomplete reduction of bromoalkanes rather low.

by Method C. PhSiHs (2 equiv)

Expectedly, addition of 2,6-lutidine (0.5 equiv) effectively @O In(OAc)3 (0.2 equiv) ©
suppressed the N8il-catalyzed ethanolysis of PhSiK13% N ©

conversion at 2 h). This result indicates that, in the reduction o 5 Pr
by Method D, 2,6-lutidine serves not only for acceleration of 5b-| 6b
hydride transfer from PhSibut also for neutralization of the no additive 239,
reaction system to prevent the undesired reaction. The highly  dryair . 31%
selective reduction of iodoketonég| and 1k-I is explainable 26lutidine (0.5 equiv) 5
by the neutralization with 2,6-lutidine, which can suppress the i’ec"g'd'”e (0-5 equiv)-dry air 87%, 96%
. R K R 2CO3 (0.5 equiv)-dry air 94%
acid-catalyzed reduction of the carbonyl group with PhSiH 210 mL of air per 0.5 mmol of 5b-1. ’The reaction time is 6 h.

(10) Bond dissociation enthalpies of carbdralogen bonds suggest that Use of PMHS. Poly(methylhydrosiloxane) (PMHS) has

primary bromoalkanes are less reactive toward homolytic substitution than ; ; ;
iodoalkanes and secondary bromoalkanes. (a) Isaacs RtySical Organic frequently been used as an inexpensive, stable reducing #gent.

Chemistry Longman: Harlow, UK, 1987; p 36. Actually, halogen abstrac-
tion from iodoalkanes and secondary bromoalkanes with triorganostannyl  (11) Oshima et al. reported that the Ga(ll.2 equiv)-catalyzed cycliza-
radicals is faster than that from primary bromoalkanes. (b) Davies, A. G. tion of 5a-1 using Red-Al (1.5 equiv) and £8 (0.2 equiv) gavésain 79%
Organotin Chemistry; Wiley-VCH: Weinheim, 2004; p 340. (c) lto, O.; vyield. See ref 5.

Hoteiya, K.; Watanabe, A.; Matsuda, Null. Chem. Soc. Jprl991,64, (12) Lawrence, N. J.; Drew, M. D.; Bushell, S. Nl.Chem. Soc., Perkin
962. Trans. 11999, 3381.
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Aiming at a more practical method for radical reduction of

JOC Article

2,6-lutidine and dry air. In addition, we have found that GaCl

haloalkanes, PMHS was selected as a stoichiometric hydrideis an effective catalyst of radical reduction with PMHS, an

source. In the reduction dfa-Br with PMHS at 70°0C, GaC}
showed higher activity than Ingand In(OAc) (eq 7). Use of
1,2-dimethoxyethane (DME) as solvent remarkably improved

inexpensive hydrosilane. The present study has also disclosed
that air plays an important role probably as radical initiator in
these radical reductions using indium and gallium hydride

the reaction efficiency. The reaction at room temperature species. In summary, we have developed new catalytic systems

resulted in a poor yield oRa (DME, rt, 24 h, 10% yield).
Raising the reaction temperature (9G) with an increased

valuable for tin-free radical reactioi$Application of the In-
(OAC)s-PhSiH; system to intermolecular radical addition of

amount of PMHS (3 equiv) shortened the reaction time, and haloalkanes to electron-deficient alkenes is now under investiga-

the introduction of dry air (15 mL per 1 mmol dfa-Br) also

accelerated the reduction. Under the optimized conditions, the

reduction ofla-Br was completed within 1 h to giv@a in a
guantitative yield (eq 8). Even with 5 mol % GaClhe yield
of 2areached 90%.

MX3 (10 mol%)

1a-Br + Me,Si(OSiHMe),0SiMe, 2a

PMHS

)
solvent
70°C,24h

MXg (yield / %) (THF as solvent, PMHS (1 equiv)):
In(OAc); (20), InClj (3), GaCl; (45)

solvent (yield / %) (GaClj as catalyst, PMHS (2 equiv)):
THF (65), MeCN (15), AcOEt (0),1,4-dioxane (80), DME (94)

GaClg (10 mol%)
dry air (15 mL / mmol)

R-X

+ PMHS
DME, 90°C, 1h

1-X (3 equiv) 2

1-X (yield / %): Ph(CHy)gBr (99, 90%), Ph(CHy)sl (99), Ph(CH,)Cl (6),
G-CyoHp3Br (92), 0-CyaHagl (94), 6-CoHpsCl (<34),
1-CgH70(CH,)gBr (69), CHsCH(OTBS)(CHy)11Br (74)

*With 5 mol% GaCl,.

The GaC}-PMHS system was efficient in the reduction of
non-functionalized bromo- and iodoalkanes but not in the
reduction of chloroalkanes (eq 8). BromoalkatgsBr andli-

Br, bearing an ether moiety, were reduced in good yield. In
contrast, the reduction dfh-Br and1j-Br, bearing a hydroxy

tion, and the results will be reported in due course.

Experimental Section

General Procedure for In(OAc)s-Catalyzed Reduction of
Organic Halides with PhSiHz in THF (Method A, Entry 1 in
Table 1). Under a nitrogen atmosphere (2 L balloon), 1-bromo-3-
phenylpropane (1a-Br, 99 mg, 0.50 mmol) and PhS{¥4 mg,
0.50 mmol) were added to a stirred suspension of In(QAL)
mg, 0.050 mmol) in THF (0.5 mL). The mixture was warmed to
70 °C and stirred for 24 h. Saturated aqueous NaklQIb6 mL)
was added to the stirred reaction mixture at room temperature. The
mixture was diluted witht-BuOMe and dried over N&O,. The
dried solution was subjected to GC analysis using an internal
standard (undecane) to determine the yield of the product, propy-
Ibenzene (2a, 94%); otherwise, it was evaporated and purified by
silica gel column chromatography (hexane) to demonstrate the
identity and purity of the product.

General Procedure for EB-Initiated, In(OAc) s-Catalyzed
Reduction of Organic Halides with PhSiH; (Methods B and C,
Entry 1 in Table 1). Under a nitrogen atmosphere (2 L balloon),
1-bromo-3-phenylpropané-Br, 99 mg, 0.50 mmol), PhSiH{54
mg, 0.50 mmol), EB (1.0 M in hexane, 0.10 mmol), and dry air
(5 mL) were successively added to a stirred suspension of In(DACc)
(29 mg, 0.10 mmol) in THF (0.5 mL) at 3T (Method B). After
being stirred for 24 h, the mixture was subjected to the same workup
as performed in Method A. The yield of the produza was
determined by GC analysis (91%). In Method C, EtOH (1.0 mL)
was used instead of THF.

General Procedure for In(OAc)s-Catalyzed Reduction of
Organic Halides with PhSiHz in EtOH Containing 2,6-Lutidine

or carbonyl group, caused the destruction of these functionalities. (\ethod D, Entry 3 in Table 2). Under a nitrogen atmosphere (2

The GaCj-catalyzed reduction dfa-Br with PMHS did not

L balloon), 1-iodododecane (148 mg, 0.50 mmol), PhB4 mg,

occur in the presence of galvinoxyl. This observation and the 0.50 mmol), dry air (5 mL), and 2,6-lutidine (27 mg, 0.25 mmol)
rate-accelerating effect of air imply that the reduction proceeds were successively added to a stirred suspension of In((R6)
via a radical chain process mediated by a gallium hydride mg, 0.10 mmol) in ethanol (1.0 mL) at room temperature. After

specie$; '3 although the detailed mechanism is not clear.

Conclusion

being stirred for 1.5 h, the mixture was subjected to the same
workup as performed in Method A. The yield of the product,
dodecane?b), was determined by GC analysis (87%). Purification
of the crude product by silica gel column chromatography (hexane)

We have demonstrated that indium and gallium salts can Was performed to demonstrate the identity and purity of the product.

catalyze the dehalogenation of organic halides with hydrosilanes.

The In(OAc}-PhSiH; reduction system is applicable to various
bromo- and iodoalkanes. A plausible mechanism for this
reduction involves radical reduction of haloalkanes with indium

hydride species catalytically generated by transmetalation of

PhSiHs. Similar indium-catalyzed systems using NaBBus-

General Procedure for GaCk-Catalyzed Reduction of Or-
ganic Halides with PMHS in DME (eq 8). In a glove box filled
with argon, GaG (18 mg, 0.10 mmol) was introduced into a
reaction flask, which was brought out from the box and connected
with an argon balloon (2 L). DME (1.0 mL), 1-bromo-3-phenyl-
propane (1a-Br, 199 mg, 1.00 mmol), PMHS (180 mg, 3.00 mmol
of Si—H), and dry air (15 mL) were added to the flask. The stirred

SnH, hydrosilanes, and DIBAL-H as terminal reductants have mixture was warmed to 96C. After being stirred for 1 h, the

been reported by other research grotifisiVe have succeeded
in catalytic radical reduction using PhSjth mild and less toxic
reducing agent. The In(OAgPhSiH; system enables an ef-

resultant mixture was cooled to room temperature and subjected
to the same workup as performed in Method A. The yield of the
product2a was determined by GC analysis (99%). Purification of

ficient reduction of both simple and functionalized iodoalkanes the crude product by silica gel column chromatography (hexane)

in EtOH, a environmentally friendly solvent, with the aid of

was performed to demonstrate the identity and purity of the product.

(13) It is known that HGaGlcan be prepared from GaCind MeSiH
by transmetalation. Ohshita, J.; SchmidbaurJ HOrganomet. Cheni993
453, 7.

(14) (a) Radicals in Organic Synthesi®enaud, P., Sibi, M. P., Eds.;
Wiley-VCH: Weinheim, 2001. (b) Baguley, P. A.; Walton, J. Aagew.
Chem., Int. Ed1998,37, 3073.
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Demonstration of Identity and Purity of Products. When the 185 (Mt — CHjs, 0.5), 182 (M — H,0, 0.7), 45 (100). Anal. Calcd
product was known and commercially available, its identity was for CigH»0: C, 77.93; H, 14.09%. Found: C, 77.75; H, 14.24%.

demonstrated by comparison with the authentic sampliel NMR 2-(t-Butyldimethylsiloxy)tridecane (2i). Bp 190°C (0.5 Torr,
and GC data. When the product was known, but not commercially bath temp). IR (neat) 2927, 2856, 1254, 835, 773triH NMR
available, its identity was demonstrated by comparison oftthe ~ (CDCls) 6 0.04 (s, 6H), 0.850.90 (m, 12H) including 0.88 (s),
NMR data with the reported ones. For demonstration of purity of 1.11 (d,J = 6.1 Hz, 3H), 1.19—1.45 (m, 20H), 3.71—-3.82 (m,
the known products, copies of thel NMR spectra are presented  1H); 13C NMR (CDCk), 6 —4.7 (CHy), —4.4 (CH), 14.1 (CH),

in the Supporting Information. Identity and purity of products whose 18.2 (C), 22.7 (Ch), 23.8 (CH), 25.8 (CH), 25.9 (CH x 3),
IH NMR data are not available were demonstrated by full 29.3 (CH), 29.7 (CH x 5), 31.9 (CH), 39.8 (CH), 68.7 (CH);

characterization as described next.

1-Propoxyoctane (2g)Bp 95°C (0.5 Torr, bath temp). IR (neat)
2958, 2927, 2856, 1120 crh *H NMR (CDCl;) 6 0.88 (t,J = 6.8
Hz, 3H), 0.92 (t,J = 7.4 Hz, 3H), 1.25—-1.36 (m, 10H), 1.52—
1.66 (m, 4H), 3.36 (tJ = 6.8 Hz, 2H), 3.40 (tJ = 6.7 Hz, 2H);
13C NMR (CDCk) 6 10.6 (CHy), 14.1 (CH), 22.7 (CH), 22.9
(CHyp), 26.2 (CH), 29.3 (CH), 29.5 (CH), 29.8 (CH), 31.8 (CH),
70.9 (CH), 72.6 (CH); MS m/z (relative intensity) 143 (M —
C;Hs, 0.3), 129 (M — C3H7, 0.3), 57 (100). Anal. Calcd for
CiiH240: C, 76.68; H, 14.04%. Found: C, 76.29; H, 13.99%.

2-Tridecanol (2h). Bp 155°C (0.5 Torr, bath temp). IR (neat)
3346 (br, OH), 2958, 2925, 2854 ci *H NMR (CDCl;) 6 0.88
(t, J=6.7 Hz, 3H), 1.19 (dJ = 6.3 Hz, 3H), 1.26-1.50 (m, 21H),
3.73—3.84 (m, 1H)3C NMR (CDCk) ¢ 14.1 (CH), 22.7 (CH),
23.4 (CH), 25.8 (CH), 29.3 (CH), 29.61 (CH x 3), 29.64 (CH
x 2), 31.9 (CH), 39.3 (CH), 68.2 (CH); MSm/z (relative intensity)

792 J. Org. Chem.Vol. 72, No. 3, 2007

MS m/z (relative intensity) 257 (M — C4Hg, 18), 159 (4.0), 75
(100). Anal. Calcd for @H40Si: C, 72.53; H, 13.46%. Found:
C, 72.60; H, 13.12%.
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