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The reaction of d-silyl-y,0-epoxypentanenitrile derivatives with a base and an alkylating agent affords o-siloxy-y,0-unsaturated pentanenitrile
derivatives via a tandem process that involves the formation of the cyclopropane derivative by epoxy nitrile cyclization followed by Brook
rearrangement and an anion-induced cleavage of the cyclopropane ring.

Since the pioneering studies of Stdrthere has been great We became interested in determining whether epoxysilane
interest in epoxy nitrile cyclizatioh,which was recently 3, a substrate in which one more carbon atom is introduced
further enhanced because of the ready availability of enan-between the epoxide and the nitrile groud.jrcould undergo
tiomerically pure epoxides. The main reason that nitrile the same type of reaction as that bflf so, epoxy nitrile
anions have been used extensively in synthesis is their highderivative 3 by reaction with a base would affordvia a
thermal stability and small steric demand. We have recently tandem process that involves the formation of cyclopropane
found thaty-silyl-3,y-epoxybutanenitrile derivatives and derivativeb by epoxy nitrile cyclization followed by Brook

2 can serve as functionalized nitrile carbanion equivalents rearrangement and an anion-induced cleavage of the cyclo-
via a tandem sequence that involves a base-promoted ringpropane ring. In this case, the nucleophilic characters of
opening, Brook rearrangemetand alkylation of the result-  the a-nitrile carbanionst and6 might be critical factors in

ing allylic anion (Scheme 1.
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Scheme 2. Nitrile Anion Cyclization with Epoxysilanes Table 1. Base-Mediated Isomerization 6f
Followed by Brook Rearrangement/Ring Opening of ¢ )
o . 1) Bu'Me,SiO
Cyclopropane Nitriles/Alkylation CcN 1. base
o ButMe2Si/<1/\,/ — X CN
- ON base ﬂ) o o H 2. AcOH 12 4
R3S R4S >
3 HY 4 :
base solvent T (°C) yield (%)
(@] Y .
LDA (4 equiv) THF —30to 0
o CN  Rx
R‘3Si/)\.t\[})<CN — R3S|OW KHMDS (4 equiv)  THF —-30t0 0 25
- 5 H 6 Y KHMDS (4 equiv) toulene —30to0 18
ON KHMDS (4 equiv) Et,0 —30to 0 20
n'gsiow NHMDS (4 equiv)  THF —30t0 +5 58
7H Y R NHMDS (4 equiv) THF —30to+5 73

out using a combination o® and acetic acid as an

controlling the reaction. In contrast to the casd.Gh which electrophile with bases in several solvents (Table 1). The
a base-promoted ring-opening proceeds in a concerteddest result was obtained with 2 equiv of NaN(Sgye
process via an anti-opening of the epoxide followed by the (NHMDS) in THF, which afforded enol silyl ethek2 with
formation of an O—Si bond, the three processes, cyclopro- Z-geometry (Js = 5.6 Hz) in 73% yield. Use of LDA or
pane formation fromd (4 — 5), carbanion-mediated ring- KHMDS resulted in significant decomposition. TRdsomer
opening of the Cyc|opropane 65 6)’ and a|ky|ation (6—» could not be detected even with the addition of HMPA. On
7), should be affected more by the nature of the carbanions.the other hand10 was recovered unchanged under same
Thus, the ring-opening of the epoxide and the alkylation can conditions, suggesting that the malononitrile carbanion is too
be facilitated by increasing the nucleophilicity of the car- Stable to attack at the epoxide carbon atom.

banions, whereas the cyclopropane ring cleavage can be The observed-selectivity can be explained by assuming
enhanced by increasing the stability of the aniof.i€orbel the formation of silicate intermediaté3 via backside
and Durst reported that reaction of epoxy nitrile derivatives displacement of the epoxide by toenitrile carbanion and

(Y = H, Ph) lacking the silyl group i with LDA afforded the O—Si bond formation followed by concerted processes
the corresponding cyclopropane derivatives in 59% and 94%involving Brook rearrangement and the anti mode of
yields, respectively.Stirling and co-workers also reported  €liminative ring fission of the cyclopropane from the rotamer
carbanion-activated eliminative ring fissions of cylopropanes 14° in which the C4-Si bond can adopt a coplanar

in which the leaving group is stabilized by a cyano group, a arrangement with the C2—C3 bond (Scheme 4).
reaction corresponding to the process frbrto 6.5 With this result in hand, we next examined the behavior

With the above consideration in mind, we chose com- of 9 toward the alkylation reaction. Whénwas treated with

pounds9—11 as substrates, in which generateehitrile NHMDS (2 equiv) at-30 to+5 °C followed by the addition

carbanions should have different stabilities. They were of Mel (1.1 equiv) at-15 °C, monomethylated produt¢b
prepared starting from 3-silyl-2-propen8l by the route was obtained in 63% yield (Scheme 5). Although the reaction

summarized in Scheme’3. with Etl gave a similar result, in the case 6Prl, 12, a
product of protonation, was obtained. To obtain information

_ about the alkylation process {~ 7), alkylation reaction of
. 12 was carried out using NHMDS. Reaction with Mel gave

Scherr\rlwssfﬂ].vlezssyntheas 0b-11 15ain 94% yield, while reaction with-Prl resulted in the

RS " 0H RS gy THF. 80°C recovery of12, presumably due to competition with the
CH.CI \eHL: ) ) M
8 20°G tort  53% (4steps) NC(RICHU ellmlnatlor_] reaction. _The fact that a similar trend was
o observed in the reactions of both ®fand 12 suggests that
ng]/\/\(o'\‘ %» BuiMeZSi&/\(CN the tandem sequence involving ring opening of the epoxide,
R 3 R Brook rearrangement, and ring opening of the cyclopropane
8 (R' = H)(83%)(2 steps) ring is a relatively fast process.
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Scheme 4. Stereochemical Process of Base-Mediated
isomerization o9

Table 2. Alkylation of 11

1. NHMDS (4 eq)
0 cN 30°to15°C = CN
‘BuMeZSiM 4>‘BuMezs|o/—\—€R
11ab ph 2 ﬁé oG 16 Ph

RX yield (%)

a Mel 84

b Etl 73

c i-Prl 65

d CH;=CHCH,BR 75

e PhCH,Br 75

alkylating agents affords-siloxy-y,0-unsaturated pentane-
nitrile derivatives via nitrile anion cyclization with epoxy-
silanes, Brook rearrangement-mediated eliminative ring
phenyl derivativesl1a,b under reaction conditions similar  fissions of cyclopropanes, angalkylation of nitrile in a

to those used fo® resulted in recovery of the starting tandem fashion. The realization of the overall process
material, but use of four equivalents of NHMDS and elevated depends on the electronic character ofdhsitrile carbanion,
temperature (15C) gavel6 in good to excellent yields  which can affect the processes in different ways. The above
(Table 2). The reduced reactivity observed withcan be  finding indicates that phenyl-substituteehitrile carbanions
attributed to the phenyl-stabilized carbanidn(R = Ph), have an appropriate nucleophilic character and stability for
which is supported by the fact that treatmenfidband11b the overall reaction. Studies on the generality and scope of
separately with NHMDS at-30 °C followed by quenching  the methodology is underway in our laboratory.

with AcOH afforded a mixture ollaand11bin the same ) )
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