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GENERATION AND ALKYLATION REACTION OF LITHIUM 1-HALOCYCLOPROPYLZINCATE
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Summary: Lithium dialkyl(l-halocyclopropyl)zincates which are generated
from 1,1-dibromocyclopropanes undergo intramolecular alkylation to give

l-alkylcyclopropanes stereoselectively.

o-Haloorganometallic compounds (so-called carbencids) are versatile re-
agents which possess ambiphilic reactivity. Many useful reactions have been
developed by utilizing carbenoids as «-halocarbanion equivalents.! In contrast
to this, synthetic potential of carbenoids as o-metallated carbocation equi-
valents has not been fully demonstrated.2? As shown in Scheme 1, substitution
reactions of carbon nucleophilis at the carbenoid carbon provide us with a
method for generating homologated organometallics. In this context, we recently
disclosed that lithium (l-bromoalkenyl)zincate 1 (R!, R2 = alkylidene, X = Br,
M = ZnR:Li) which can be generated by a Br/Zn exchange reaction of 1,1-dibromo-
alkene with lithium trialkylzincate {(RgZnLi) undergoes a facile intramolecular
alkylation reaction to give the corresponding organozinc species 2.3 We wish to
report here an extention of the intramolecular alkylation reaction of zincate

carbenoid to the stereoselective synthesis of 1,2-disubstituted cyclopropanes.
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(1-Bromocyclopropyl)zincate 4 was readily prepared by the reaction of

1,1-dibromocyclopropane 3 with lithium trialkylzincate. Thus, treatment of
1,1-dibromo-2-phenylcyclopropane (3b; R! = Ph) with (n~Bu)sZnLi4 (1.3 equiv) in
THF at -85 °C for 1 h followed by the addition of AcOH-THF gave the correspond-
ing bromocyclopropane 5 (trans:cis = 1.8:1) in 82% yield (eq 1-a). The inter-
mediate carbenoid 4 was stable at this temperature® but underwent alkylation
reaction to give l-butyl-2-phenylcyclopropane (6b) (86% yield) when the above
reaction mixture was warmed to 0 °*C before the addition of AcOH-THF (eq 1-b).

More conveniently, alkylation product 6 {(a mixture of trans and cis isomers)
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was obtained in a high yield by simply adding dibromocyclopropane 3 to a solu-
tion of (R2)3ZnLi (1.3 equiv) in THF at 0 °C followed by aqueous work-up after
0.5 h (Method A).8 As shown in Table I, various lithium trialkylzincates can be
employed in the present alkylation reaction whereas dibromocyclopropanes were
unreactive to triaryl- or trialkenylzincates under these reaction conditions.
In order to improve the low stereoselectivity observed in Method A, we
examined the generation of zincate carbenoid 4 from the corresponding lithium
carbenoid which was prepared stereoselectively.’7-28 Thus, trans-l-bromocyclo-
propyllithium 7 (M = Li) was prepared selectively by the reaction of 3 with
n-BuLi in THF at -85 °C.® Successive treatment of 7 (M = Li) with ZnCl. (1
equiv) and R2Li (2 equiv) followed by warming the resulting reaction mixture to
0 °C gave cis-6 with a high stereoselectivity {Method B¢ in Table I}. Since
the trans isomer of zincate carbenoid 7 (M = Zn(R2)3) is produced under these
reaction conditions,?® it is deduced that the intramolecular alkylation proceeds
with inversion of configuration at the carbenoid carbon through a Matteson-

Pasto-type rearrangement!? to give trans alkylation product 6.

Rl Br | _gse R1 N + e R} R2
a : 1) BuLi, -85°C a : H, 0°C . (2)
H Br 2) ZBQZ H Br H H
3) R7Li
3 / cis-6

Chlorination of trans-bromocyclopropyllithium 7 (M = Li) with hexachloro-
ethane or 1,1,2-trichloro-1,2,2-trifluoroethane (freon-113) gave trans-l-bromo-~
l-chlorocyclopropane 8 stereoselectively (eq 3). We anticipated that halogen/Zn
exchange reaction of 8 proceeds preferentially on bromine atom and the resulting
carbenoid undergoes alkylation reaction to afford the trans isomer of alkylation
product 6. Indeed, the reaction of 8 (R! = Ph) with (n-Bu)s;ZnLi in THF (-85 °C
- room temperature, 3 h) gave trans-6b stereoselectively in 62% yield {(trans:cis
= 35:1).

It should be noted that the above reaction sequences can be performed in a
single-flask operation without the isolation of bromodhlorocyclopropane 8

(Method C¢ in Table I). Thus, for example, successive treatment of dibromo-
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Table I Alkylation Reaction of 1,1-Dibromocyclopropanes via Zincate Carbenoid

Entry Dibromocyclopropane Method® R2 Products Yield® trans:cise
1 3a;  Bn0 A n-Bu 6a; Bn 2 95% 1:2.0
2 Br B } :R 85% 1:19
3 C - 70% 15:1

H’ BP H H
4 A sec-Bu 91% 1:1.4
5 B 56% 1:>10
6 C 63% 8.5:1
7 A tert-Bu 76% 1.1:1
8 B 67% 1:13
g o 50% 36:1
10 A Me 78% 1:2.0
11 B T6% 1:8.0
12 3b; Ph Br A n-Bu 6b; Ph RZ  88% 2.4:1
13 B b‘(’ 63% 1:33
14 "l Br c Hl H 60% 32:1
15 3¢; n A
16 Hex Br B

n-Bu 6c; p 2 94% 1:1.6
? : H"‘); (:: 43% 1:5.9
W br H

#All products were fully characterized by 1'H-NMR, IR, and high resolution MS.
bIsolated yield. ¢cRatios were determined by capillary GLC analysis.

cyclopropane 3b with 1) n-BuLi (1.0 equiv, -85 °C, 15 min), 2) freon-113 (1.0
equiv, -85 °C, 30 min), and 3) {(n-Bu)sZnLi (1.3 equiv, -85 °C - room tempera-
ture, 3 h) afforded trans-6b in 60% yield (trans:cis = 32:1).

We have shown here the alkylation reaction of 1,1-dibromocyclopropanes via
zincate carbenoids. This endows us with a preparative method of trans or cis
alkylation products stereoselectively. As shown in the following report, the
synthetic potential of the present reaction is extended further to the gem-di-
alkylation reaction where the intermediately formed cyclopropylzinc was treated

with various electrophiles in the presence of Pd(0) catalyst.1!
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