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ABSTRACT

ω-Chloro Grignard reagents chelate with cyclic γ-hydroxy-r,â-alkenenitriles to trigger a conjugate addition−alkylation annulation. The chelation-
controlled conjugate addition−alkylation is the first anionic annulation with r, â-alkenenitriles, providing cis bicyclo[3.3.0]octane, hydrindane,
and decalin ring systems in a single synthetic operation.

Multicomponent reactions are extremely powerful for install-
ing high levels of molecular complexity in a single synthetic
operation.1 Historically, conjugate addition-alkylations2 have
long harnessed the intrinsic efficiency of installing multiple
bonds in a single operation, typically by intercepting
intermediate enolates with reactive alkyl halides.3 Pioneering
syntheses of halogen-containing organocopper reagents,
derived fromω-chloro Grignard reagents,4 transforms con-
jugate addition-alkylations into a versatile annulation with
carbonyl-based Michael acceptors, efficiently providing a
diverse array of bicyclic ring systems.5

Anionic conjugate addition-alkylation annulations with
alkenenitriles constitute a significant challenge.6 The chal-
lenge lies in overcoming the inherent difficulty in performing

anionic conjugate additions to a recalcitrant Michael accep-
tor.7 Conjugate addition is dramatically enhanced by tem-
porarily chelating reactive Grignard8 and organolithium9

derived nucleophiles directly adjacent to theâ-carbon of
alkenenitriles (Scheme 1). Transient formation of the alkyl-

magnesium alkoxide2, by sequential deprotonation and
halogen-alkyl exchange,10 promotes the otherwise difficult
conjugate addition that does not occur in the absence of an
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Scheme 1. Chelation-Controlled Addition Mechanism
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adjacent hydroxyl group.9 Alkylative interception of the
intermediate nitrile anion4 installs an additional C-C bond,
with modest stereoselectivity, in an efficient intermolecular
conjugate addition-alkylation.8b

Conceptually,intramolecularconjugate addition-alkylation
with an ω-chloro Grignard reagent constitutes a viable
annulation for alkenenitriles. Experimentally, sequential
addition of t-BuMgCl and chlorobutylmagnesium bromide
(6a)11 triggers a smooth four-carbon annulation with the
hydroxy alkenenitrile1a12 (Scheme 2). Mechanistically,

deprotonation and alkyl transfer from a modest excess of
6a generates the key alkylmagnesium alkoxide2a. Prefer-
ential equatorial disposition of the magnesium alkoxide2a
favorably positions the nucleophile for a stereoelectronically
favored axial delivery13 of the alkyl chain, directly generating
the nitrile anion3a. Rapid cyclization14 from the ensuing
conformation, prior to ring-flipping, directs cyclization to
the cis-decalin5a, whose stereochemistry was secured by
conversion to the crystalline xanthate7a15 (Figure 1).

The rapid annulation ofω-chloro Grignard6awith cyclic
alkenenitrile1a is in stark contrast to the analogous reaction
of 6a with acyclic alkenenitrile1 (Scheme 1) where no
cyclization occurs. Presumably stable chelates16 4 form with
acyclic alkenenitriles, preventing cyclization, whereas axial

addition through2a leads to conformation3awhere chelation
is geometrically precluded. The ensuing rapid cyclization,
from an uncomplexed, reactive nitrile anion, is typical of
the reactivity exhibited for a variety of cyclic five- and six-
membered alkenenitriles (Table 1).

ω-Chloro Grignard initiated annulations to cyclic alkene-
nitriles efficiently provide a diverse array of bicyclic nitriles
(Table 1).17 Chelation of chlorobutylmagnesium bromide
with secondary and tertiary alkoxides, from1a,12 1b,18 and
1c18 (Table 1, entries 1, 2, and 5, respectively), are equally
effective in alkenenitrile annulations, exhibiting complete
control over the two newly formed stereocenters.19 Similarly,
sp2 hybridized Grignard reagents6b20 and 6c20 assemble
exomethylene decalin and hydrindanes5c, 5d, and5f (Table
1, entries 3, 4, and 6, respectively). Annulations to the five-
membered nitrile1c provides hydrindanes5eand5f (Table
1, entries 5 and 6) with substitution patterns complementing
those obtained by annulation to the cyclohexanecarbonitrile
1b (Table 1, entry 4). Collectively, conjugate addition-
alkylations provide an efficient annulation route to octaline-,
hydrindane-, and decalin-containing bicyclic nitriles.

Annulations with6b and6c reveal key mechanistic insight
for the alkyl transfer. Grignard6b (Table 1, entries 3 and
6), prepared by MgBr2 transmetalation of the corresponding
organolithium,4a is unstable above-50 °C, whereas the
chelation-controlled conjugate addition to alkenenitriles
requires temperatures in excess of-20 °C. Despite annu-
lations being unsuccessful with the colloidal solutions of6b,
generated by sequential iodine-lithium exchange and MgBr2

transmetalation, the Grignard reagent derived by direct
iodine-magnesium ate exchange20 affords a homogeneous
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Scheme 2. ω-Chloro Grignard Annulation
Figure 1. ORTEP ofcis-decalin xanthate7a.
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solution of 6b that triggers efficient annulations (Table 1,
entries 3 and 6). Curiously, the homologous Grignard6c
successfully annulates the six-membered nitrile1b (Table

1, entry 4) but not the five-membered nitrile1c (Table 1,
entry 7). Suspecting formation of chelate2g (Scheme 3),

where alkyl transfer is geometrically retarded, Grignard6c
was prepared byi-PrMgCl21 exchange followed by addition
of tert-butyllithium to the chelate to stimulate conjugate
addition from the more nucleophilic ate complex9g.9

Synthetically,t-BuLi addition stimulates the conjugate ad-
dition-alkylation with6c resulting in the smooth assembly
of bicyclo[3.3.0]nitrile5g.

ω-Chloro Grignard reagents trigger efficient chelation-
controlled conjugate addition-alkylations to cyclic alkene-
nitriles. Chelation is essential for conjugate addition, either
through an alkylmagnesium alkoxide or from the more
reactive ate complexes. Rapid cyclization of the resulting
nitrile anions establishes thecis-ring junction with complete
stereochemical fidelity. Collectively,ω-chloro Grignard
annulations to cyclic alkenenitriles efficiently provide the
ubiquitous decalin, hydrindane, and octaline ring systems,
installing two new stereocenters and two new bonds, in a
single synthetic operation.
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Table 1. Annulations of Alkenenitriles withω-Chloro
Grignardsa

a The hydroxynitiles were sequentially treated witht-BuMgCl followed
by theω-chloro Grignard indicated.b Prepared byi-PrMgCl exchange.

Scheme 3. Chelation-Controlled Annulation
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