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ABSTRACT

The nickel-catalyzed ring opening reaction of silacyclobutanes with aldehydes affords the corresponding alkoxyallylsilanes. In contrast, the
ring expansion reaction of benzosilacyclobutene with aldehydes occurs under nickel catalysis to give oxasilacyclohexenes.

Silacyclobutanes are an interesting class of compounds thatacid halide$. However, nickel-catalyzed reactions of sila-
have unique reactivity due to their ring strain and Lewis cyclobutanes have not been explored, although nickel belongs

acidity! Therefore, our grotpand othershave developed

to the same group, group 10. In this communication, we

their synthetic utilities. Among them, palladium and platinum describe the transformations of silacyclobutanes under nickel
complexes are known to catalyze quite useful transformationscatalysis.

including ring opening polymerizatichgycloaddition with
alkynes and allenésand coupling reactions with aryl and
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Treatment of 1,1-dimethylsilacyclobutane (1a, 0.5 mmol)
with benzaldehyde (2a, 0.6 mmol) in the presence of 5 mol
% of Ni(cod) and 10 mol % of R{-CsH11)s in toluene (5
mL) at 100°C for 12 h afforded allylbenzyloxydimethylsi-
lane (3a) in 20% yield (Table 1, entry 1)Apparently, a
carbon—silicon bond cleavage was involved in this trans-
formation, albeit the yield was low. We then screened various
ligands (Table 1). Although a number of phosphine ligands
have poor to moderate activity for this reaction, pN#& and
P(n-Bu} showed high efficiency (entries 3 and 7). Finally,
we found that the desired product was obtained in 88% yield
with 10 mol % of Ni(cod) and 20 mol % of PPiMe in
toluene (5 mL) at 100C (entry 10). This reaction is regarded
as a hydrosilane-free reductive silylation of aldehydes.
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15, 1524—1526. (b) Bhanu, P. S. C.; Tanaka, Y.; Yamashita, H.; Tanaka,
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Table 1. Optimization of the Ring Opening Reaction of
1,1-Dimethylsilacyclobutane (1a) with Benzaldehy@a)

Ni{cod), (5 mol %)

[+ erono lgand (0mol %) /\M?‘si'\ie/\
Sl'_Me toluene, 100 °C, time Ph™ O o
Me 1a 2a 3a
entry ligand time (h) yield of 3a (%)

1 P(c-CeHi11)3 12 20
2 P(¢-Bu)s 12 0
3 P(n-Bu)s 12 67
4 PMes 12 2
5 PPhs 12 7
6 PPhyEt 12 52
7 PPhyMe 12 67
8¢ P(n-Bu)s 12 67
9 PPhyMe 12 76
10 PPhsMe 20 88

a With 10 mol % of Ni(cod) and 20 mol % of ligand.

By using the optimal conditions, we surveyed the scope
and limitation of this reaction (Table 2). Reaction of sterically

Table 2. Scope and Limitation
Ni(COd)Q (10 mol %)

ﬁ ligand (20 mol %) Rj _,R1 5
RESTRT RCHO —ene, 100G, 20n” A~ 0 S
R" 4 2 3
entry 1° 2 ligand yield of 3 (%)
1 1la 2-MeCsH4CHO (2b) PPhsMe 85 (8b)
2 l1la 4-MeOCsH4CHO (2¢) PPhsMe 47 (3¢)
3 la 4-CF3C¢H4CHO (2d) PPhyMe 48 (3d)
42  la 2¢ P(n-Bu)s 53 (8¢)
5 la 2d P(n-Bu)s 77 (3d)
6 la 4-MeOCOC¢H4CHO (2e) P(n-Bu)s 53 (3e)
7 la Ph(CHjy)2;CHO (2f) P(n-Bu)s 73 (3f)
8¢ 1a c¢-CgH1:CHO (2g) P(n-Bu)s 69 (3g)
9 la trans-PhCH=CHCHO (2h) PPhyMe 51 (8h)
10 1b 2a PPhyMe 87 (3i)
11 1b 2f P(n-Bu)s 80 (3j)
12 lc 2a PPhsMe 63 (3k)©
13 1d 2a PPhoMe 0 (3D

aReaction time was 12 R.Structures of silacyclobutands—1d are
shown below Crotylsilane3k’ was obtained in 24% yield as a byproduct.

ElSi—Ph hi—Ph

P ,Si\/\/
Ph 1b Ph1a N O

§1—Ph
Ph 1¢

hindered 2-methylbenzaldehyd&b) proceeded smoothly to
afford the corresponding alkoxyallylsilane (3b) in high yield
(entry 1). Although reductive silylations of 4-methoxybenz-
aldehyde (2c¢) and 4-trifluoromethylbenzaldehy@e)(re-
sulted in low conversions (entries 2 and 3), the use of P(
Bu)s as a ligand instead of PRMe improved yields to 53%
and 77%, respectively (entries 4 and 5). Ester functionality
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was compatible under the reaction conditions (entry 6).
Aliphatic aldehydes as well as aromatic aldehydes were
converted to alkoxyallylsilanes. The reductive silylations of
dihydrocinnamaldehyde (2f) and cyclohexanecarbaldehyde
(29) furnished3f and3gin 73% and 69% yields, respectively
(entries 7 and 8). In the case w&ns-cinnamaldehyde2f),
1,2-reduction occurred preferentially to give allylcinnamyl-
oxysilane3h as a sole product (entry 9). Other silacyclobu-
tanes could be employed for this reaction. 1,1-Diphenylsi-
lacyclobutaneXb) reduced aromatic and aliphatic aldehydes
without any difficulties despite its increased steric hindrance
(entries 10 and 11). With 1,1-diphenyl-2-methylsilacyclobu-
tane (1c), cleavage of the primary carbailicon bond
predominated over that of the secondary carbsilicon bond
to produce benzyloxydiphenyl(1-methyl-2-propenyl)silane
(3k) as a major product (entry 12). The transfer of the
primary alkyl carbon to the nickel center is preferable to
that of the secondary one in the transmetalation step (vide
infra) 8 However, 1,1-diphenyl-3-methylsilacyclobutardel)
did not react with benzaldehyd2d) to recover the starting
materials (entry 13). The reason for the unsuccessful conver-
sion is not clear.

To determine the reaction mechanism, we performed two
experiments shown below (Scheme 1). Heating a solution

Scheme 1

E\ Ni(cod), (10 mol %)
Si—Ph PPh,Me (20 mol %)
l|3h - 1b quant (eg 1)
1b  toluene, 100 °C, 27 h
P
PhCHO +Ef3SiH ———~—~ Ph™ "OSiEty (eq 2)
2a same as above and/or Ph™” “OH

of 1,1-diphenylsilacyclobutane (1b), Ni(cedand PPEMe

in toluene at 100C for 27 h resulted in quantitative recovery
of 1b (eq 1)? In addition, treatment of benzaldehyd2aj
with triethylsilane in the presence of Ni(cedind PPkMe

in toluene at 10C°C did not afford the reduced products,
that is, benzyloxytriethylsilane and/or benzyl alcohol, at all
(eq 2)!° These facts excluded the possibility that isomer-
ization of silacyclobutanes to allylhydrosilanes followed by
hydrosilylation of aldehydes gives the products under nickel
catalysis.

On the basis of the above results, we are tempted to assume
the mechanism for the reductive silylation of aldehydes is
as follows (Scheme 2). A nickel(0) speciesitially reacts
with 2ato generatey?-coordinated compleX or its resonance
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Scheme 2
Me
Si.
6 Me .
Ni 2a
Ph 9 4
Reductive elimination L
n?-Coordination
Path B
M 9 N.' O
Ni 7 "Me mo T NE=—
o] Ph/ Ph)/
Ph 7 5 6
. Transmetalatio
B-H elimination 1
Path A a
# "\ Me Reductive elimination
. Si. 3a
H—Ni g Me \
Ph g 4

form 6.1 Subsequent transmetalationéivith silacyclobu-
tanelagives the intermediaté.'? Subsequens-H elimina-
tion and reductive elimination furnisBa and regeneraté
(path A).

If the intermediate/ had no hydrogens at th&position,
reductive elimination would proceed to afford the ring
expanded produ@ (path B). According to this assumption,
benzosilacyclobutenkewas treated with benzaldehydes]
under the same conditions as those for the ring opening

Scheme 3

Ni(cod), (10 mol %)} _,Me
©j oo 6and (0 mol %) S
i— +
f'/; Me toluene, 100 °C, 20 h 0
e
Te 2 ligand R 9
PPh,Me R=Ph9a 65%
PPhoMe =2-MeCgH, 9b 67%
P(n-Bu);  =4-CF3CgH, 9¢ 75%
P(n-Bu)s = Ph(CH,), 9d 50%
KF, KHCO3, aq Hy0. R=Ph10a 91%
MeOH/THF ° 1M 2 zi h 8: = 2-MeCGH4 10b 66%
° Tamao-Fi T = 4-CF3CeH, 10¢ 71%
amao-Fleming _ )
Oxidation R 10 =Ph(CH,),10d 59%

hydes. This is probably because transmetalation of arylsilane
is more favored than that of benzylsilatteReactions with
other aromatic and aliphatic aldehydes gave the correspond-
ing ring expanded producg—9din good yields. Tamae
Fleming oxidation could transforr@ to diols. The conver-
sions in Scheme 3 represent 2-(hydroxymethyl)phenylation
of aldehydes.

In summary, we have found two new transformations of
silacyclobutanes with aldehydes by nickel catalysis. Ring
opening allows silacyclobutanes to be reagents for hydrosi-
lane-free reductive silylation of aldehydes. Ring expansion
reactions can provide a facile access to 1,2-bis(hydroxymeth-
yl)benzenes from aldehydes.
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