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Synthetic methods of highly stereocontrolled E- and Z-allylsilanes were developed. When a toluene solution of diene having a silicon moiety
and aldehyde was refluxed in the presence of silane using a catalytic amount of Ni(cod), bearing PPhs, E-allylsilane was obtained in high
yield. On the other hand, when the reaction was carried out in THF upon heating in the presence of Ni(cod),, imidazolium salt, Cs,CO;, and
PPhs;, Z-allylsilane was formed as a sole product.

Since the isolation and characterization of the fishet- of nickel complex bearing PRlor NHC. Our plan is shown
erocyclic carbene (NHC) in 1991 by Arduengjmuch in- in Scheme 1. If dienylsilang can be reacted with aldehyde
terest has been shown in this compound as a ligand of various? in the presence of Ni(0), PRhand hydrosilanek-allyl-
metals, and many reactions using the transition metals suchsilane E-3 should be formed via ayn-z-allylnickelsilane

as palladium, nickel, ruthenium, and rhodium with these complexll generated by nickel-catalyzed hydrosilylation of
ligands were reportetiHowever, although the use of NHC  1.#2¢On the other hand, if a nickel complex having NHMC

as a ligand in a metal complex accelerates the reaction ratejs used for this reactiorZ-allylsilaneZ-3 should be forme€.
ligand-controlled reactions by phosphine and NHC for the  Although the reaction pathway for formation @folefin
same reaction are scarcely knoWwitere, we report the by the coupling reaction of a diene and an aldehyde in the
syntheses of highly stereocontrollBdandZ-allylsilanes by presence of silane using Ni(NHC) is uncléame possible
coupling reactions of dienes having a silicon moiety and reaction course is shown in Scheme 2. Oxidative cyclization
aldehyde in the presence of silane using a catalytic amountof the diene and the carbonyl group of the aldehyde gives
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Scheme 1. Plan for Syntheses d&- andZ-Allylsilanes
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oxanickelacycldV, & which is in equilibrium withsz-allyl-
nickel complexV and oxanickelacycl&/l. o-Bond meta-
thesis betweerVl and hydrosilane gives Z-allylnickel

hydride complexVIl, from which Z-3 should be formed

(Scheme 2).

When EtSiH (5.0 equiv) was added to a THF solution of

Ni(cod), (20 mol %) and PPh(40 mol %) at 0°C and then

diene (1.0 equiv) ang-tolulaldehyde (1.0 equiv) were added

and the solution was stirred at 5@ for 6 h, E-allyl-

silaneE-3aawas obtained in 56% yield along with vinyl-

silane5 and the hydrosilylation produ@& of 1 in 21% and

17% yields, respectively, after the usual workup (Table 1,

entry 1).
On the other hand, when imidazolium sa# (20 mol %)

and CsCOs® (40 mol %) were used to generate the NHC as

(6) Although the reaction df and aldehyd@ausing Ni(0)-NHC should

give four oxanickelacycles, two allylnickel complexes would be more stable
than homoallylnickel complexe€,and seven-membered oxanickelacycle
VI, which is in a state of equilibrium with five-membered oxanickelacycle
IV, would be more stable because of the effect of the silyl group. See:

Buchwald, S. L.; Nielsen, R. Bl. Am. Chem. S0d.989,111, 2870.
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ain the absence of GEQOs. P Vinylsilane 5 and allylsilane6 were
obtained in 21% yield and 17% yield, respectively.

a ligand in situ instead of PRhunder similar reaction
conditions,Z-allylsilane Z-3aawas obtained in 38% yield
along withE-allylsilaneE-3aain 13% vyield (entry 2). These
results clearly indicate that the use of RBhveE-3aaas a
major product but thaf-3aawas obtained using NHC as a
ligand.

To improve the yield of the desireB-allylsilane E-3a,
the reactions were carried out using various silanes because
E-allylsilaneE-3 should be obtained via-allylnickelsilane
complexll. 44¢As a result, in the presence oftBiMeH
instead of E4SiH, E-3ab was obtained in 60% yield as a
sole product. The use of toluene as a solvent allowed heating
which increased the yield d£-3abto 68% (Scheme 3).

Scheme 3. Reaction of Diene and Aldehyde Using-NPPh
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Subsequently, to improve the yield and the selectivity of
Z-allylsilane, optimization reactions were performed under
the various conditions. The use @b instead of7a as an
imidazolium salt gave onlg-allylsilaneZ-3aain 47% yield
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(Table 1, entry 3). A higher reaction temperature resulted in ||| || A GG
an increase in the yleld.of the P'es'fed Compoﬂrﬁha(entry Table 2. Coupling Reactions of Diene and Various Aldehydes
4). It has been established in the coupling of dienes and

Ni(cod); (20 mal %) OR®
aldehydes that optimum yields resulted from the use of Ni/ 1+ RT\H/H Ligand s,‘vzhm/kR1
NHC ratio of 1° However, the nickel species (Ni/NHC ratio O , R%SH(50equv)  Zz-3aR'=SiEt;  Z-10; R%=H
of 1) was unstable because the dark red color of Ni(0) E-3b; R%=Si'BuMe;
changed to light red during a longer reaction time upon Si=MeoPhSi
heating. It was thought that PPtould act as a stabilizer of time yield (%)
unstable Ni(NHC) since Ni(NHC)(PRhshould be in equi- entry  Substrate product (hy method® 7.3 E3
librium with Ni(NHC) and PPR® When a THF solution of OR® 5 A  59° —
1 and2a was refluxed in the presence of Ni(ceq20 mol 1 @/CHO S"\/:‘“u/\©
%), 7b (20 mol %), PPk (20 mol %), and C&O; (40 mol 2o 3b 1 B — 7

%), the color of Ni(0) remained unchanged during the
reaction. Surprisingly, only-3aawas obtained as the sole ) cHo g OR® 16 A T70° —
product despite the presence of RRImd the yield was OO o OO

0.5

increased to 64% (entry 5). B — 1
Probably, Ni(NHC)(PP¥) 8 is formed from Ni(cod), PPh, oR® 5 oA 700
imidazolium salt7b and CgCO;s, but Ni(NHC) 9b, not 3 CHO i _—
Ni(PPh), acts as an active species since Hallylsilane 2d 3d -
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was formed in this reaction (Scheme 4).
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Slr?ce the ro,le of PRiis thought tO,Stablllze a Ni(NHC) aMethod A: ligand,7b (20 mol %)+ PPh (20 mol %); silane, BSiH;
species, the yield aZ-3aashould be improved. THF reflux. Method B: ligand, PRH40 mol %); silane'BuMe,SiH; toluene
i - - i i reflux. ® Yields were obtained from gas chromatography becii46 is
.Varlo.us E- and Z allylsHanes were synthe_5|zed f_rom unstable. 1.5 equiv & was used in each casé3ba/Z-10b= 4.4:1.Z-3ca
dienylsilanel and aldehyde& (Table 2). It was interesting  z.10c=1.8:1.2-3da/z-10d= 1:0.Z-3ea/Z-10e= 1.0. Z-3fa/Z-10f= 2.8:
that the use of Ni(NHC)(PRh generated from Ni(cod) 1. P Reaction temperature, 5.

PPh, 7b, and CgCO; (method A) gave only the desired

Z-allylsilaneZ-3, while the use of Ni(PRJ; generated from ;554 can be added as a stabilizer of unstable Ni(NHC)
Ni(cod), and PPh(method B) gavé-allylsilaneE-3 as the because Ni(PR) is not generated from Ni(NHC)(PBh

sole product. The electron-donating group on the aromatic g thermore, it is a novel example showing different reaction

ring gave a high yield of the desiretiallylsilane (entries 3 a4 avs in the same coupling reaction by phosphine and
and 4), bute-olefins were obtained in high yield in the case NHC ligands on Ni(0).

of an aldehyde having an electron-withdrawing group on the
aromatic ring (entries 5 and 6).

These results indicated that when the reaction was carried  Sypporting Information Available: Information on
out using Ni(NHC) (ratio of Ni to NHC being 1:1), phosphine  experimental procedures and spectral data-8ka,E-3ab,

o | boar Sohosomne have b OIZ-3ba—3ha, E-3bb-3-hb, Z-10b, Z-10c, andZ-10f. This
(a)(ﬂeﬁfmir:ﬁmvs?”geeé(gﬁme%f'”gwqggwﬂrﬁ;ﬂ 'S Vf‘,ve}(eg?ggfﬁge ‘material is available free of charge via the Internet at

Further studies are now in progress.
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