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gem-Dizinc reagents, which have two nucleophilic sites on a
carbon atom, have been used for a variety of molecular
transformations based on repetition of C�C bond formation
on the same carbon atom.[1] In our series of investigations on
their reactivity, we have also found that 1,4-addition of
bis(iodozincio)methane (1) to s-cis-a,b-unsaturated ketones
such as chalcone or phenyl 1-propenyl ketone in the presence
of chlorotrimethylsilane gives (Z)-trimethylsilyl enol ethers
of g-iodozincioketone stereoselectively.[2] If we can force
migration of the iodozincio group from the g position to the b

position stereospecifically, (Z)-3-siloxyallylmetal species,
which are considered to be a useful synthetic tool, will
become available (Scheme 1). Various 3-alkoxyallylmetal

species have been reported.[3,4] As achiral 3-alkoxyallylmetal
reagents which give vic-diols diastereoselectively by reaction
with aldehyde, derivatives of B,[5] In,[6] Sn,[7] Al,[8] Fe,[9] and
Cr[10] have been shown to be valuable. The corresponding
optically active reagents based on Al,[11] Sn,[12] Ti,[13] and B[14]

have also been applied for the enantioselective synthesis of
vic-diols. In all cases, some limitation arises from preparation
of the stereochemically defined 3-alkoxyallylmetal reagent.
Using our method (Scheme 1), we can prepare diastereose-
lectively (Z)-3-alkoxyallylmetal reagents containing an addi-
tional functional group R’. Here we describe a novel method

Scheme 1. Preparation of (Z)-3-siloxyallylzinc species (Z)-3 by 1,4-addi-
tion of bis(iodozincio)methane (1) via (Z)-2.
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to prepare the Z isomers of 3-siloxyallylzinc reagents as well
as their highly diastereoselective reaction with tosylimines.

To promote migration of the iodozincio group from the g-
to the b-position (i.e., (Z)-2!(Z)-3 in Scheme 1), we planned
to use ring opening of a cyclopropanol. As shown in
Scheme 2, our approach was to prepare enolate–homoenolate

derivative 6[15] by 1,4-addition of 1 to b-carboalkoxy a,b-
unsaturated ketone 4. The 1,4-addition of 1 to 4 in the
presence of trimethylsilyl cyanide would afford the (Z)-
trimethylsilyl enol ether of g-iodozincio ketone 5 in situ, as
shown in Scheme 2. Intramolecular nucleophilic attack on the
ester group would give cyclopropane derivative 6. This is an
equivalent of enolate–homoenolate derivative (Z)-7, since 1-
alkoxy-1-trialkylsiloxycyclopropane undergoes a ring-open-
ing reaction in the presence of Lewis acid as a mediator
to give a homoenolate, as reported by Nakamura.[16]

A mixture of ketoester 4a (R = Ph, R’= Et;
1.0 mmol), triethylamine (2.5 mmol), and trimethylsilyl
cyanide (1.1 mmol) in THF was treated with 1
(1.2 mmol) at 25 8C for 5 min. Some additional trime-
thylsilyl cyanide (1.1 mmol) was added and the mixture
was stirred for 10 min at room temperature. Triethyl-
amine was added to prevent hydrolysis of silyl enol ether
during aqueous workup. After aqueous workup, eno-
late–homoenolate equivalent 6a (R = Ph, R’= Et) was
obtained in 99 % yield. In the same way, enolate–
homoenolate equivalents 6b–e in Scheme 3 were
obtained in good yields. When chlorodimethylphenylsi-
lane was used as silylating reagent instead of trimethyl-
silyl cyanide, the corresponding phenyldimethylsilyl ether
derivatives 6 f–i were obtained (Scheme 3). Products 6a–i in
Scheme 3 were obtained as equimolar mixtures of two
diastereomers. Although the C=C bonds of these enol
ethers were exclusively in the Z configuration,[17] formation
of the cyclopropane ring (5!6 in Scheme 2) did not proceed
diastereoselectively.

Following the procedure for preparation of 6 a in
Scheme 3 without addition of triethylamine, we added the
tosylimine of benzaldehyde before aqueous workup and then
raised the reaction temperature to 80 8C. As shown in
Scheme 4, b-siloxylamine derivative 8a was obtained as a
single diastereomer after 4 h. The structure was also deter-
mined by X-ray analysis (Figure 1). The enolate–homoeno-
late equivalent 6a reacted as (Z)-3-trimethylsiloxyallylmetal
(Z)-7, since the 1-trimethylsiloxy-1-ethoxycyclopropane
group in 6a was converted to the homoenolate by the
mediation of divalent zinc salts such as zinc(ii) iodide and
cyanide that were present in the reaction mixture. Examples

Scheme 2. Reaction concept for preparation of enolate–homoenolate
equivalent 6.

Scheme 3. Synthesis of trialkylsilyl enolate–homoenolates 6.

Scheme 4. Reaction of enolate–homoenolate prepared from 4a with various
imines.

Figure 1. X-ray structure of 8a.
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of the reaction of 6a with other tosylimines are also shown in
Scheme 4. In all cases, the threo-b-siloxylamines were
obtained with high diasteroselectivity.[18]

The reason for these extraordinarily high diasteroselec-
tivities in the reaction of 6a with imines in Scheme 4 is not
clear. One possible explanation is that 6a transforms into the
b-zincioester (Z)-7a, which may have a fixed conformation
due to coordination (Figure 2). If b-zincioester (Z)-7a reacts
with (E)-tosylimine with activation by Lewis acid, as in 9, the
threo isomer 8a will be a major product.

Mediation with copper salt was required for reaction of
gem-dizinc reagent 1 with aliphatic derivatives of 4
(Scheme 5; 10, R = alkyl). Treatment of 1 with copper salt

in THF at �50 8C gave a copper reagent, which adds to
aliphatic enone as we reported previously.[2] Treatment of 10
with the copper reagent from 1 in the presence of silylating
agent gave enolate–homoenolate in situ, which added to
tosylimines at 80 8C. The diastereoselectivities were inferior
to those obtained with the aromatic substrates shown in
Scheme 4 but were sill good.

Thus, the results allow us to propose a novel method to
prepare stereochemically defined g-siloxyallyl zinc species
using 1,4-addition reactions of a gem-dizinc reagent. In
addition, these zinc reagents add to tosylimines with high
diastereoselectivity.

Experimental Section
1: A mixture of Zn (25 mmol), diiodomethane (1.0 mmol), and PbCl2

(0.005 mmol) in THF (2.0 mL) was sonicated for 1 h in an ultrasonic
cleaner bath under Ar. Diiodomethane (10 mmol) in THF (20 mL)
was added dropwise to the mixture over 15 min at 10 8C with vigorous
stirring. The mixture was stirred for 2 h at 25 8C. After the stirring was
stopped, the reaction vessel was allowed to stand undisturbed for

several hours. Excess zinc was separated by sedimentation. The
1H NMR spectra of the obtained supernatant showed a broad singlet
at �1.2 ppm at 0 8C corresponding to the methylene proton of 1. The
concentration was determined by 1H NMR spectroscopy with 2,2,3,3-
tetramethylbutane as an internal standard. The supernatant was used
for further reaction as a solution of 1 in THF (0.4–0.5m). In a sealed
vessel, a solution of 1 can be stored at room temperature at least for
two months.

6a (general procedure for 6): A solution of 1 (0.4m, 3.0 mL,
1.2 mmol) in THF was added dropwise to a solution of 4a (0.2 g,
1.0 mmol), triethylamine (0.35 mL, 2.5 mmol), and trimethylsilyl
cyanide (0.14 mL, 1.1 mmol) in THF (2.0 mL) at 25 8C. After the
mixture had been stirred for 5 min, some additional trimethylsilyl
cyanide (0.14 mL, 1.1 mmol) was added and stirring was continued for
10 min at 25 8C. Water (0.5 mL) was added to the reaction mixture at
0 8C. The mixture was extracted with diethyl ether. The combined
organic layers were washed with brine and dried over anhydrous
sodium sulfate. After chromatography on a short silica-gel column
with hexane/ether/triethylamine as eluent, 6a was obtained in 97%
yield as a mixture of two diastereomers (55:45). These diastereomers
arised from the configuration of the cyclopropane ring. 1H NMR
(500 MHz, CDCl3): d = 7.42–7.48 (m, 2H), 7.26–7.31 (m, 2H), 7.19–
7.24 (m, 1H), 5.08 (d, J = 9.6 Hz, 0.55H), 5.07 (d, J = 9.6 Hz, 0.45H),
3.60–3.76 (m, 2H), 2.18 (ddd, J = 6.5, 10.0, 10.0 Hz, 0.55H), 2.16 (ddd,
J = 6.0, 9.6, 10.5 Hz, 0.45H), 1.39 (dd, J = 5.5, 10.5 Hz, 0.55H), 1.28
(dd, J = 5.5, 10.5 Hz, 0.45H), 1.21 (t, J = 9.0 Hz, 1.35H), 1.20 (t, J =

9.0 Hz, 1.65H), 0.88 (dd, J = 5.5, 6.0 Hz, 0.45H), 0.76 (dd, J = 5.5,
6.0 Hz, 0.55H), 0.22 (s, 5H), 0.20 ppm (s, 4H), 0.16 (s,
9H); 13C NMR (125 MHz, CDCl3): minor product d =
149.6, 139.0. 128.2, 127.4, 125.2, 109.7, 89.5, 62.1, 25.4,
23.7, 22.2, 15.5, 0.94, 0.83 ppm; major product d = 149.5,
139.0. 128.2, 127.4, 125.2, 110.0, 89.9, 61.9, 25.4, 23.7, 22.6,
15.5, 0.94, 0.83 ppm; MS (ESI): m/z : 387 [M+(C19H32O3-
Si2)+Na+].

8b (general procedure for 8): A solution of 1 in THF
(0.4m, 3.0 mL, 1.2 mmol) was added dropwise to a
solution of 4a (0.2 g, 1.0 mmol) and trimethylsilyl cyanide
(0.14 mL, 1.1 mmol) in THF (2.0 mL) at 25 8C. After the
mixture had been stirred for 5 min, trimethylsilyl cyanide
(0.14 mL, 1.1 mmol) was added, and stirring was con-
tinued for 10 min at 25 8C. A solution of the N-tosylimine
of butanal (0.27 g, 1.2 mmol) in THF (1.5 mL) was added
to the mixture at 25 8C, and the mixture was warmed to
80 8C and stirred at this temperature for 5 h. The resulting
mixture was cooled to 0 8C. After addition of water, the

resulting mixture was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous sodium
sulfate, and concentrated in vacuo. The residue was purified by
column chromatography on silica gel to provide 8b as a single
diastereomer in 92 % yield. Single-crystal X-ray analysis determined
the stereochemistry of the product. 1H NMR (CDCl3): d = 7.69 (d, J =

6.5 Hz, 2H), 7.33 (d, J = 6.5 Hz, 2H), 7.2–7.3 (m, 5H), 5.99 (d, J =
15.5 Hz, 1H), 5.76 (dt, J = 7.0, 15.5 Hz, 1H), 4.55 (d, J = 9.0 Hz, 1H),
4.14 (q, J = 7.5 Hz, 2H), 3.76 (ddd, J = 2.5, 9.0, 9.0 Hz, 1H), 3.08 (d,
J = 7.0 Hz, 2H), 2.39 (s, 3H), 1.20–1.42 (m, 2H), 1.27 (t, J = 7.5 Hz,
3H), 1.06–1.19 (m, 1H), 0.85–0.95 (m, 1H), 0.71(t, J=7.0 Hz, 3H),
0.16 ppm (s, 9H); 13C NMR (125 Hz, CDCl3): d = 171.5, 142.7, 142.3,
139.8, 135.8, 129.6, 128.2. 127.9, 127.8, 127.1, 126.8, 81.5, 63.7, 61.1,
38.1, 34.6, 21.7, 19.9, 14.4, 14.1, 2.2 ppm; m.p. 80.0 8C (recrystallized
from CH3CN); HRMS (FAB): m/z : calcd for C27H40NO5SiS: 518.2396
[(M+1)+]; found: 518.2405. Crystal structure data: Triclinic, a =

10.842(10), b = 12.134(11), c = 13.608(13) �, b = 110.316(15)8, V =
1489(2) �3, Z = 2, 1calcd = 1.154 Mgm�3, l(MoKa) = 0.71073 �, T=

296 K, qmax = 54.08, R = 0.051 for 6267 reflections (I> 2s(I)).
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Figure 2. Proposed conformation of (Z)-7a and the transition state 9.

Scheme 5. Reaction of enolate–homoenolate prepared from aliphatic enone 10
with various imines.
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