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ABSTRACT

Chelation between γ-hydroxybutynenitrile and Grignard reagents triggers a particularly facile anionic conjugate addition reaction. Structurally
diverse Grignard reagents add with equal efficiency, providing an intermediate anion that stereoselectively alkylates benzaldehyde in an
overall addition−alkylation reaction.

Anionic conjugate additions are among the most fundamental
of carbon-carbon bond forming reactions.1 Conjugate ad-
ditions to unsaturated carbonyl compounds occur with
excellent chemo- and stereoselectivity1 for a diverse array
of stabilized and organometallic nucleophiles. Unsaturated
nitriles, in contrast, are recalcitrant Michael acceptors,2

requiring activation3 or powerful nucleophiles4 to coax
otherwise difficult or impossible conjugate additions.

A particularly expedient solution for conjugate addition
to alkenenitriles5 is to temporarily chelate6 the nucleophile
proximal to the Michael acceptor (Scheme 1). Deprotonating
1, followed by addition of a second Grignard reagent,

generates a transient alkylmagnesium alkoxide2, triggering
a smooth conjugate addition. Protonation or alkylation of
the resulting chelate3 efficiently provides substituted nitriles
with two new bonds and the controlled formation of up to
two new stereocenters.

The enhanced Michael acceptor properties of alkynenitriles
suggested an analogous chelation-controlled addition as a
means of extending chelation strategies to encompass
conjugate additions to activated alkynes.7 Particularly ap-
pealing is the possibility of intercepting the intermediate
chelate in a sequential addition-alkylation route to stereo-
defined, tetra-substituted alkenes that are otherwise difficult
to synthesize.8 Achieving this goal would extend current
conjugate addition of organocopper reagents9 and alkyl-
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argentates10 to alkynenitriles and generate hydroxyalkene-
nitriles for further conjugate additions.5

Essential for this venture is a rapid, efficient synthesis of
hydroxybutynenitrile (7). The tendency of7 toward base-
initiated polymerization11 stimulated adapting the synthesis
of the corresponding ester12 where unmasking of the hydroxyl
group is performed under acidic conditions. Deprotonating
THP-protected propargyl alcohol5,12 (Scheme 2) followed

by cyanation with phenylcyanate,13 smoothly affords gram
quantities of the chromatographically stable alkynenitrile6.
THP removal with acidic Dowex quantitatively generates
alkynenitrile7, which is simply isolated, spectroscopically
pure, by filtration.

Conjugate additions to7 were initially probed with
PhMgBr. Addition of excess PhMgCl at-78 °C, followed
by warming to room temperature, initiates a smooth conju-
gate addition reaction generating11f in 96% yield (Scheme
3). Mechanistically, the reaction most likely proceeds through

initial formation of the chloromagnesium alkoxide814

followed by halogen-alkyl exchange.15 Alkyl transfer16 from
the resulting alkylmagnesium alkoxide9 leads to an inter-
mediate chelate106 that, upon protonation, affords the
conjugate addition product11f. The heightened reactivity
of the alkynenitrile7 is apparent from the smooth conjugate
addition at-78 °C, whereas the corresponding alkenenitrile
requires ambient temperature to initiate the addition.5

Despite the fact that the chelation-controlled conjugate
addition is significantly more facile than with alkenenitriles,

t-BuMgCl serves as an excellent sacrificial base for selective
deprotonation, without prematurely engaging in a potentially
deleterious conjugate addition reaction. Deprotonating7 with
t-BuMgCl, followed by addition of PhMgCl, triggers phenyl
transfer at-78 °C (Scheme 3) to afford the conjugate
addition product11f in 92% yield.17 Use oft-BuMgCl as a
sacrificial base effectively allows conjugate addition with
only a slight excess of a second, potentially more valuable,
Grignard reagent.

The chelation-controlled conjugate additions are effective
with a diverse range of Grignard reagents (Table 1). Alkyl

and aryl Grignard reagents add with equal efficiency, even
installing hindered tri-n-butylstannyl andtert-butyl groups
without difficulty (Table 1, entries 4 and 5). The reaction
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Table 1. Chelation-Controlled Conjugate Additions to7
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1, entries 1-5, 6 and 7, and 8, respectively) and even
proceeds smoothly with chlorobutylmagnesium bromide18

(Table 1, entry 2). In all cases thetrans-hydroxybutenenitrile
is the exclusive stereoisomer, suggesting that protonation of
the chelate occurs with retention of stereochemistry (Scheme
3).

The chelation-controlled conjugate addition generates a
chelate for potential alkylation with electrophiles. Addition
of chlorobutylmagnesium bromide18 to 7 (Table 1, entry 2),
without subsequent intramolecular alkylation, indicates a
particularly low nucleophilicity of the formal “dianion.”
Surprisingly, the intermediate chelate is even unreactive
toward PhCHO!19

With the presumption that a tightly bound alkylmagnesium
alkoxide prevents alkylation with PhCHO,t-BuLi (1.2 equiv)
was added to chelate10 in an attempt to generate the
corresponding magnesium ate complex20 (Scheme 4). Ad-

dition of t-BuLi effectively transforms the unreactive chelate
10 into a reactive species that stereoselectively reacts with
PhCHO to form the tetra-substituted alkenenitrile13.

Although speculative, addition oft-BuLi may generate the
ate complex12 (Scheme 4) with enhanced nucleophilicity
for an efficient alkylation21 with benzaldehyde. Stereochem-

ical assignment of the resulting tetra-substituted alkene13
was unequivocally determined by X-ray analysis22 (Figure
1). Alkylation and protonation of10 and 12 proceed with

the same stereochemical preference, consistent with the
intermediacy of cyclic chelates.6

Chelation-controlled conjugate addition of Grignard re-
agents toγ-hydroxybutynenitrile efficiently generates a
diverse array of tri-substituted alkenenitriles. Exclusive
formation of one stereoisomer stems from preferential
protonation of a particularly stable chelate that does not
directly alkylate aldehyde electrophiles. Alkylation of the
chelate requires activation with an equivalent oft-BuLi prior
to the addition of PhCHO, presumably allowing alkylation
through the more reactive ate complex. Collectively, the
sequential conjugate addition-alkylation stereoselectively
generates a tetra-substituted alkenenitrile in one synthetic
operation.
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Figure 1. ORTEP drawing of13.
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