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ABSTRACT

The arylation of dihydrosilanes with aryl iodides or heteroaryl iodides in the presence of a palladium catalyst provides the corresponding
monohydrosilanes in good to high yield. Moderate to good yields are obtained even in the presence of a variety of reactive functional groups,
such as —NH,, —OH, or —CN, without their protection.

The transition-metal-catalyzed cross-coupling reaction hasphosphorescent devicé# particular, monohydrosilanes are
become an important method for carbdreteroatom bond  extremely useful intermediates to construct novel organo-
formation? In particular, there have been significant devel- silicon compounds. Although their preparation has been
opments in the formation of carbersilicon bonds due to  traditionally accomplished by the treatment of Grignard or
the recent interest in organosilane compounds as intermedi-organolithium reagents with dichlorosilanes followed by the
ates for Hiyama couplirfgand in advanced materials such treatment of LiAlH, (Scheme 1, Route A), this method is a
as ultrahigh energy gap hosts in deep blue organic electro-multistep process and is available only for a limited number
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Scheme 1. Preparation of Monohydrosilanes Table 1. Optimization of the Preparation of
[Route A] 4-Methoxyphenyldiphenylsilage

Traditional route — 3 steps
R
CHSiR IOOMe
Oru—"— g
V. Vs - :
RS RS cl LIAH @?‘ H cat., base, solvent Q?Oome
V (M: MgX or Li) \ 4 H

_ — R entry cat. base solvent yield® (%)

) S )SR

R " R H 1 Pd(P(#-Bu)s): Et;N THF 79

HSiRr 2 Pd(PPhs)s EtsN THF 35

\ 4 3 Pd(PCys)s Et;N THF trace

[Route B] Pa0) 4 PA(P(t-Bu)s)s ¢ THF d

Ourroute — 1step! 5 PA(P(t-Bu)s)s i-ProEtN  THF 63

— 6 Pd(P(¢-Bu)s)2 K3POy4 THF 23

7 PA(P(t-Bu)s)s Na;CO;  THF 5

8 Pd(P(¢-Bu)s)2 EtsN dioxane 47

aryl halides with monohydrosilanes in the presence of 9 PA(P(¢-Bus)z EtsN toluene 43

KsPO." To expand th,e appllcatlon ,Of this method, we have aReaction conditions: 4-iodoanisole (1.0 mmol), diphenylsilane (1.5
developed a convenient and efficient approach (only one mmol), triethylamine (1.5 mmol), palladium catalyst (0.05 mmol), THF
step!) to the preparation of monohydrosilanes (Scheme 1,%.;)0?0? at rt for 2 d.° Isolated yield £ No base was addedNo appreciable
Route B)? '

Initially, the effects of catalysts, solvents, and bases in
the monoarylation of diphenylsilane with 4-iodoanisole were the monoarylation were 4-iodoanisole (1.0 equiv), diphenyl-
examined. The results are shown in Table 1. Among the silane (1.5 equiv), BN as base (1.5 equiv), and 5 mol % of
several transition-metal catalysts screened, RARY)). was Pd(P(t-Buj), in THF at room temperature under an argon
a quite effective palladium souré&The reaction proceeded atmosphere, which afforded the monoarylated productin 79%
smoothly at 5 mol % catalyst loading. The phosphine ligand isolated yield.
of palladium catalyst affected the silylation markedly; i.e., ~ We next focused our attention on the scope of the leaving
Pd(PCy), and Pd(PP¥), did not show good catalytic activity. ~ group on the aromatic ring. As outlined in Table 2, iodide,
After screening bases, we recognizegN=as being the most
effective. The desired product was obtained in low yield _
without base. Among the solvents examined, the use of THF Table 2. Effect of Leaving Group
was essential for this silylation. Room temperature was found

to be optimal for the reaction. The optimized conditions for © x@om

(5) Hydrosilanes generally work as reducing reagents in the presence of @‘ﬂ‘” PA(P(t-Bug))p, EtsN @ﬁOOMe

palladium catalyst. For example, see: (a) Boukherroub, R.; Chatgilialoglu,

C.; Manuel, G Organometallics1996,15, 1508. (b) Fuwa, H.; Sasaki, M. THF
Org. Bio. Chem2007,5, 1849.

(6) For example, see: (a) Murata, M.; Ota, K.; Yamasaki, H.; Watanabe, entry X additive yield® (%)
S.; Masuda, Y Synlett2007, 1387. (b) Murata, M.; Yamasaki, H.; Ueta,
T.; Nagata, M.; Ishikura, M.; Watanabe, S.; MasudaT¥trahedror2007, 1 1 c 79
63, 4087. (c) Murata, M.; Ohara, H.; Oiwa, R.; Watanabe, S.; Masuda, Y. 9 Br c trace
Synthesi2006, 1771. (d) Hamze, A.; Provot, O.; Alami, M.; Brion, J.-D.
Org. Lett. 2006, 8, 931. (e) Karshtedt, D.; Bell, A. T.; Tilley, T. D. 3 Br Et4NI 14
Organometallic2006 25, 4471. (f) Denmark, S. E.; Kallemeyn, J. Krg. 4 Cl c d
Lett. 2003,5, 3483. (g) Komuro, K.; Ishizaki, K.; Suzuki, H.ouagousei- 5 OTf c d

kenkyu-nenp@003,6, 24. (h) Gu, W.; Liu, S.; Silverman, R. Brg. Lett.

2002,4, 4171. (i) Murata, M.; Ishikura, M.; Nagata, M.; Watanabe, S.; 2 Reaction conditions: aryl halide or triflate (1.0 mmol), diphenylsilane
Masuda, Y.Org. Lett.2002,4, 1843. (j) Manoso, A. S.; Deshong, P. J. (1.5 mmol), triethylamine (1.5 mmol), palladium catalyst (0.05 mmol), THF
Org. Chem.2001, 66, 7455. (k) Murata, M.; Watanabe, S.; Masuda, Y. (1.0 mL), at rt for 2 days? Isolated yield°No additive.4 Almost full
Tetrahedron Lett1999,40, 9255. (I) Murata, M.; Suzuki, K.; Watanabe,  recovery of starting material.

S.; Masuda, YJ. Org. Chem1997,62, 8569.

(7) Although the transition-metal-catalyzed hydrogenative coupling of
Si—H bonds with aromatic C—H bonds has been reported, the reaction is . . . .
a little problematic with regard to the control of selectivity due to the drastic Promide, chloride, and triflate were all tested as leaving
gor;dj]ticzms. Iz:or: recegt ggorgsle;;atis\gezrzep(g;tsé see: (?) T;ukg_da, N-;hHegtwig,groups. Unfortunately, bromide, chloride, and triflate did not

. F.J. Am. Chem. So ,127, . zbiansky, K.; Djurovich, P.
|.; LaForest, M.; Sinning, D. J.; Zayes, R.; Berry, D. Brganometallics have enough rqactmty, I_'e" there was almost complete
1998,17, 1455. recovery of starting materials. In the case of aryl bromide,

(8) (&) Yamanoi, Y.J. Org. Chem2005, 70, 9607. (b) Yamanoi, Y.; i i iti
Nishihara, L Tetrahedron L st2006 47, 7157 we then examined a treatn_1ent .Wlt_h an addmona.I equal

(9) Fujiwara et al. reported the selective preparation of monohydrosilanes @mount of tetraethylammonium iodide, and the yield of
by the reactions of dihydrosilanes with an equivalent amount of organo- silylation slightly increased.
lanthanide iodides. (a) Jin, W.-S.; Makioka, Y.; Kitamura, T.; Fujiwara, Y. . . . o
Chem. Commuri.999, 955. (b) Makioka, .. Fujiwara, Y. Kitamura, T. On the basis of these results, we examined the applicability

J. Organomet. Chen2000,611, 509. of this catalytic system to other aryl iodides and dihydro-
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silanes. A variety of triorganosilanes were synthesized in a substituted aryl halides gave corresponding arylsilanes in
one-step process in good to high yields in the presence ofgood yields (entries 3, 7, 13, 14, 19, and 20). However, it
Pd(P(t-Bu)), with EtN in THF at rt for 2 d** The was difficult to couple 2,6-disubstituted aryl iodide with
representative results are shown in Table 3. Substituents ordiphenylsilane because of the large steric effect (entry 11).
Furthermore, heteroaromatic iodides were also coupled with
s dihydrosilanes without any difficulty (entries 8, 9, and 17).
Table 3. Arylation of Dihydrosilanes Mediated by Palladium As a whole, the silylated products were Contamlnated with
a small amount of the reduced byproducts in every case.

Catalyst However, their separation was very easy. Accordingly, the
R I—Ar R present reaction provides a simple and widely available
P ?L,' : Pd(P(t-Bu)s)z, EtsN P ?ﬂ Ar procedure for the preparation of monohydrosil&he.
THF 1-19 Although the mechanistic details of the reaction are not
yet clear, we envisaged the pathway for-8i bond forma-
yield® tion as depicted in Scheme 2. Initially, dihydrosilanes would
entry R Ar conditions® product (%)
1 Ph 4MeOCGH, A 1 7 |
2 Ph Ph A 2 63 Scheme 2. Reaction Mechanism
3 Ph 2-MeOCsHy A 3 78 (a) o-bond metathesis (b) Pd(IV) species
4 Ph 4-MeCeH,4 A 4 62 B
5 Ph 3-MeCsH,4 A 5 63 A
6 Ph 3-H>NCeH, A 6 66 Lyt g
7 Ph 1-naphthyl A 7 60 tBugP” ii‘R - [
8 Ph 2-C4H4S A 8 66 ’ L. |lV,Ar
9 Ph 3-C4H,S A 9 7 “ = | aeger [ o | S
10 Ph 4-F3CCeHy A 10 67 P A B
11 Ph 2,6-MesCeHs A - c Lpdt R
12 1l-naphthyl 4-MeOCqH, A 11 91 CBLPT 3R
13 1-naphthyl 2-MeOCgH; A 12 79 (L £BusP or solven)
14  1-naphthyl 2,4-Me.CgHs A 13 84
15 l-naphthyl ~ 4-HOCeH, B 14 46 add oxidatively to Pd(0) to generate the HYPGiHR,
16  1-naphthyl 4-NCCeHy C 15 64 . 15
17 l-naphthyl 2-C,HLS A 16 60 species. Then, a pathv_vay through_bond metathesté
18  l-naphthyl 4-F3CCeH, A 17 76 between the Pd(Il) species and aryl iodide would lead to the
19 Me 2-MeOCgH, A 18 65 arylsilanes (Scheme 2(a)). However, we cannot completely
20 Me 2-MeCgH, A 19 70 rule out a pathway through further oxidative addition of-Ar

aReaction conditions. A: aryl iodide (1.0 mmol), dihydrosilane (1.5 ; - -
mmol), triethylamine (1.5 mmol), Pd(®Bu)s)» (0.05 mmol), THF (1.0 mL), (11) Typical Experimental Procedure for a Palladium-Catalyzed
at rt for 2 d. B: aryl iodide (1.0 mmol), dihydrosilane (3.0 mmol), ~Monoarylation Reaction. The general procedure for palladium-catalyzed
triethylamine (3.0 mmol), Pd(RBu)s). (0.05 mmol), THF (1.0 mL), at rt silylation is illustrated by the synthesis of (4-methoxyphenyl)diphenylsilane.
for 2d. C: aryl iodide (1.0 mmol), dihydrosilane (3.0 mmol), triethylamine 0 & solution of Pd(R{Bu)3), (25 mg 0.049 mmol) in THF (1.0 mL) were
(3.0 mmol), Pd(R¢Bu)s). (0.05 mmol), THF (1.0 mL), at OC for 5 d. added diphenylisilane (0.32 mL, 1.5 mmol), 4-iodoanisole (234 mg 1.0
b Isolated yield ¢ Not obtained. mmol), and triethylamine (0.40 mL, 3.0 mmol). After being stirred for 2 d

at room temperature, the reaction mixture was quenched with water,

extracted with CHCI, three times, and dried over b&0Os. The solvent

was evaporated under reduced pressure, and column chromatography on
P : ; : ; slica gel (eluent: hexane/EtOAe 10/1) afforded (4-methoxyphenyl)-

the aromatlc_ ring Iltﬂe influenced the yield of SI_IyIate(_i diphenylsilane (229 mg, 79%).

products. This arylation has proved to be compatible with (12)'In all cases, reduced products (arenes) were observed as side

reactive functional groups such as the free aminblil,), products, and no double- arylated products were observed byMsC
measurement of the reaction mixture. However, double-arylated products

phenolic moiety (—OH), or nitrile group<CN) (entries 6, were obtained in the presence of an excess amount of aryl iodides for a
15, and 16) on the aromatic ring. In contrast, the traditional prolonged reaction time. For the preparation of double- arylated products,

. L . see ref 13.
methods through Grignard or organolithium reagents require (13) Typical Experimental Procedure for Palladium-Catalyzed

protection of the functional group.In addition, ortho- Double-Arylation Reactions. The procedure for palladium-catalyzed
silylation is illustrated by the synthesis of di(4-methoxyphenyl)diphenyl-
silane. To a solution of Pd(RBu)s)> (12.8 mg, 0.025 mmol) in THF (1.0

(10) For representative studies on the use dfBR(); in palladium- mL) were added diphenylsilane (@4, 0.5 mmol), aryl iodide (1.5 mmol),
catalyzed coupling reactions, see: (a) Nishiyama, M.; Yamamoto, T.; Koie, and triethylamine (0.2 mL, 1.5 mmol). After being stirred #bd atroom
Y. Tetrahedron Lett1998,39, 617. (b) Yamamoto, T.; Nishiyama, M.; temperature, the reaction mixture was quenched with water, extracted with
Koie, Y. Tetrahedron Lett1998,39, 2367. (c) Watanabe, M.; Nishiyama, = CH,Cl, three times, and dried over b80s. The solvent was evaporated
M.; Koie, Y. Tetrahedron Lett.1999, 40, 8837. (d) Watanabe, M.; under reduced pressure, and fractionated column chromatography was
Nishiyama, M.; Yamamoto, T.; Koie, YTetrahedron Lett2000,41, 481. carried out on silica gel to afford the double-arylated product: tetra-
(e) Littke, A. F.; Fu, G. CAngew. Chem., Int. EAL998, 37, 3387. (f) phenylsilane 20), 49%; di(4-methoxyphenyl)diphenylsilarilj, 72%; and
Shaughnessy, K. H.; Kim, P.; Hartwig, J. F.Am. Chem. S0d.999,121, di(4-methylthiophenyl)diphenylsilane (22), 58%.
2123. (g) Littke, A. F.; Fu, G. CJ. Org. Chem1999 64, 10. (h) Netherton, (14) Kunai and his co-workers reported that the Befatalyzed reaction

M. R.; Fu, G. C.Org. Lett.2001,3, 4295. (i) Hundertmark, T.; Littke, A. of alkyl iodides with EfSiH, afforded REsSil and EtSil, througho-bond

F.; Buchwald, S. L.; Fu, G. Qrg. Lett.2000,2, 1729. (j) Dai, C.; Fu, G. metathesis. Kunai, A.; Sakurai, T.; Toyoda, E.; Ishikawa, M.; Yamamoto,
C.J. Am. Chem. So2001,123, 2719. (k) Littke, A. F.; Dai, C.; Fu, G. C. Y. Organometallics1994,13, 3233.

J. Am. Chem. So000, 122, 4020. (I) Littke, A. F.; Fu, G. CJ. Am. (15) For a review, see: Perutz, R. N.; Sabo-Etienné\rigiew. Chem.,
Chem. So0c2001,123, 6989. (m) Fu, G. Cl. Org. Chem2004,69, 3245. Int. Ed.2007,46, 2578.
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to form a Pd(IV) intermediate (Scheme 2(Bj)The present reaction mechanism and to extend the application of the
experimental studies cannot ascertain which mechanism issystem are underway in our laboratory.
actually taking place.
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