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t-BuOK-induced deprotonation of ω-haloalkylnitriles generates remarkably stable potassiated
nitriles. In situ deprotonation and alkylation of ω-chloroalkylnitriles with aldehyde electrophiles
trigger sequential nucleophilic-electrophilic alkylations generating substituted tetrahydrofuranyl
and tetrahydropyranyl nitriles. Redirecting the cyclization manifold with 5-iodopentanenitrile and
a ketone causes a complementary electrophilic-nucleophilic cyclization to the corresponding
carbonitrile. Collectively these cyclizations provide rapid assembly of five- and six-membered oxa-
and carbocyclic nitriles demonstrating the utility of ω-halonitriles in domino alkylations.

Haloalkyl organometallics are extremely versatile bi-
functional reagents.1 The value of haloalkyl organome-
tallics stems from incorporating two reactive centers of
opposite polarity within the same reagent, allowing
sequential deployment of two reactive centers in domino
reaction sequences2 (Scheme 1). Sequential conjugate
addition-alkylations of haloalkyl organometallics to
Michael acceptors, such as alkenenitrile 1,3 trigger
particularly efficient annulations4 (Scheme 1) whereas
addition-alkylations to imines, aldehydes, and ketones
rapidly assembles diverse heterocycles5 (Scheme 2).

Synthetically more attractive are the less common
haloalkyl organometallics generated by deprotonation.
The challenge lies in generating the haloalkyl organo-
metallic while avoiding cyclization,6 a requirement clev-
erly overcome in the metal iodide-induced cleavage of
cyclopropanes5 where ring opening reversibly generates
homoenolates for in situ alkylation with imine and
aldehyde electrophiles (4 f 6, Scheme 2). Alternatively,
homologous chlorobutyl-substituted nitrile,7 ester,8 acyl-
thiazolidine-2-thione,9 acylsilane,10 and aldehyde11 func-

tionalities are efficiently deprotonated and alkylated,
although only recently have pioneering alkylation-cy-
clizations emerged as a viable domino alkylation strategy
(Scheme 2, 7 f 9).12 Collectively these precedents estab-
lish the viability of generating haloalkyl organometallics
and their potential in domino reactions.
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SCHEME 2. ω-Haloalkyl Organometallic
Cyclizations
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Haloalkyl organometallics have two reactive centers
that can potentially be deployed in two complementary
bond-forming sequences: nucleophilic-electrophilic alky-
lations, or electrophilic-nucleophilic alkylations (Scheme
3). Conceptually, interchanging the alkylation order pro-
vides complementary strategies to heterocycles and car-
bocycles from the same haloalkyl organometallic reagent.
Independent alkylations of ω-halonitriles12a,b achieve
these two objectives, providing an array of nitrile-sub-
situted oxa- and carbocyclic nitriles in a single synthetic
operation.

Results and Discussion

Exploratory deprotonations employed chloronitrile 10a
as a prototype since the potentially deleterious internal
cyclization of 14a to a cyclobutane is significantly slower
than that for other medium-sized rings (Scheme 4).13

Deprotonating the chloronitrile 10a with t-BuOK,14 in the
presence of benzaldehyde, rapidly generates the tetrahy-
dropyranyl nitrile 12a. Presumably the transient potas-
siated nitrile 14a rapidly intercepts benzaldehyde gen-
erating 15a with the nucleophilic potassium alkoxide
ideally predisposed for internal displacement to the
tetrahydropyranyl nitrile 12a.

The facile cyclization of 10a with benzaldehyde is
typical of the reactivity exhibited with a range of elec-
trophiles (Table 1). Aromatic and aliphatic aldehydes
generate tetrahydropyrans equally efficiently, even with
the potentially enolizable cyclopropanecarboxaldehyde
(Table 1, entry 4). Alkylating potassiated chloropentan-

ecarbonitrile is not limited to aldehyde electrophiles with
ethyl benzoate generating the corresponding chloroke-
tonitrile 16a and MeI alkylation15 affording the substi-
tuted chloropentanenitrile 10b (Table 1, entries 5 and
6, respectively). The modest diastereoselectivity16 arises
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SCHEME 3. Halonitrile Anion Alkylation
Strategies

SCHEME 4. Nucleophilic-Electrophilic
Alkylation of 10a

TABLE 1. t-BuOK Alkylations of ω-Chloroalkylnitriles

a Isolated yields with diastereomeric ratios in parentheses.
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from epimerization of the cyclic nitriles12a with no facial
discrimination occurring for the attack of 10b on ben-
zaldehyde where formation of the quaternary center
prevents subsequent equilibration (Table 1, entry 7).17

Remarkably, 4-chlorocyclobutanenitrile (10c) triggers
an analogous cyclization to tetrahydrofuranyl nitriles
(Table 1, entries 8-11) despite the seemingly increased
propensity of the intermediate nitrile anion toward
internal cyclization to a cyclopropane.13 t-BuOK-initiated
deprotonation of 10c, with in situ trapping, generates
tetrahydrofuranyl nitriles with aryl- and alkyl-substi-
tuted aldehydes, with pivaldehyde affording 11c as a
single geometric isomer (Table 1, entry 10).

Control experiments at 0 °C indicate that, in the
absence of an electrophile, complete cyclization of 10a
occurs within 3 h whereas 10c cyclizes in less than 10
min.18 The viability of deprotonating ω-chloronitriles 10a,
10b, and 10c prompted analogous in situ alkylations with
ω-chlorohexane- and ω-chloroheptanenitriles, 10d and
10e, that can potentially cyclize to five- and six-
membered carbonitriles 17 (Scheme 5). Remarkably, no
observable intramolecular cyclization to five- or six-
membered carbonitriles occurs on deprotonating 10d or
10e in the presence of benzaldehyde. Exclusive inter-
molecular alkylation generates intermediate alkoxides
without forming oxacycles, reflecting the increased
steric demands required for cyclizations to medium-sized
rings.13

Collectively the sequential nucleophilic-electrophilic
alkylations of 10a-e demonstrate the viability and utility
of metalated ω-halonitriles. The remaining challenge of
a reversed electrophilic-nucleophilic alkylation sequence
was probed with the more electrophilic bromopentane-
nitrile 10f (Scheme 6).19 Addition of the nitrile 10f to an
excess of t-BuOK and ketone 19 triggers the desired
enolate alkylation-cyclization20 generating 13 in a modest
32% yield, in addition to the tetrahydropyranyl nitrile
12f (8%), and the alkenenitrile 22 (20%). Formation of

the alkenenitrile 22 arises by a t-BuOK-initiated ring
opening of the first-formed nitrile 12f as implied by
resubjecting 12f to t-BuOK, which affords 22.21 Consis-
tent with this mechanism is the substitution of the less
electrophilic chloropentanenitrile (10a) for bromopen-
tanenitrile (10f) that diverts the cascade sequence en-
tirely toward formation of 12f and 22 with no detectable
formation of the carbonitrile 13.

Formation of the nitriles 12f and 22 provided key
mechanistic insight for optimizing the electrophilic-
nucleophilic alkylation sequence. Formation of nitriles
12f and 22 requires facile proton transfer22 between the
ketone enolate 20 and nitrile 10f (∆pKa ) 5-10),23

followed by preferential nitrile anion-ketone condensa-
tion (14f + 19 f 15f).22 Whereas moderating the proton
transfer is difficult, redirecting the cascade manifold in
favor of carbonitrile 13 simply requires a more reactive
electrophile. Indeed, repeating the electrophilic-nucleo-
philic alkylation cascade with the more electrophilic
iodopentanenitrile 10g (10f, Br ) I) redirects the cycliza-
tion cascade to exclusively24 afford carbonitrile 13 in 63%
yield.25 Mechanistically the reaction is remarkably ef-
ficient given the series of proton transfers required
during the sequential alkylations leading to installation
of the two new bonds.

Conclusion

t-BuOK readily deprotonates ω-haloalkylnitriles to
generate remarkably stable potassiated nitriles. Inter-
cepting the potassiated nitriles with ester and alkyl
halide electrophiles generates substituted ω-halonitriles
whereas aldehyde electrophiles trigger sequential nu-
cleophilic-electrophilic alkylations affording tetrahydro-
furanyl and tetrahydropyranyl nitriles. Redirecting the
cyclization manifold with the corresponding iodonitrile
permits a reversed electrophilic-nucleophilic alkylation
sequence where in situ enolate alkylation, deprotonation,
and cyclization generates the corresponding carbonitrile.
The complementary cyclization manifolds provide rapid
assembly of five- and six-membered oxa- and carbocyclic
nitriles demonstrating the utility of metalated ω-haloni-
triles in domino alkylation-cyclizations.

Experimental Section

General Procedure for Alkylations of Chloronitriles
10a-c. Addition of the electrophile (1 equiv, neat) to a 0 °C,

SCHEME 5. Alkylations of Homologous
ω-Haloalkylnitriles

SCHEME 6. Electrophilic-Nucleophilic Alkylation Cascade to Carbonitrile 13

ω-Halonitriles
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THF solution of t-BuOK (1 equiv) was followed immediately
by the addition of the ω-chloronitrile. After 3 h, the reaction
mixture was allowed to warm to room temperature and
saturated, aqueous NH4Cl was then added. The crude reaction

mixture was then separated, the aqueous fraction extracted
with EtOAc, and the combined crude product passed through
a short plug of silica, concentrated, and purified by radial
chromatography.
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