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Cyclic Alkenenitriles: Chemoselective Oxonitrile Cyclizations
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Potassium tert-butoxide triggers the chemoselective cyclization between nitrile anions and remote,
enolizable carbonyl groups, despite the acidity difference favoring enolate formation and addition
to the nitrile group. Domino deprotonation, cyclization, and dehydration efficiently transform a
diverse array of w-oxonitriles into carbocyclic and heterocyclic five- and six-membered alkenenitriles

in a single synthetic operation.

Introduction

a,B-Alkenenitriles are versatile intermediates! to an
array of heterocycles,? carbocycles,® and nitrile-containing
natural products.* Cyclic alkenenitriles in particular are
ideal precursors to substituted alkanenitriles that often
exhibit unusual reactivity motifs that are inaccessible
with the corresponding carbonyl compounds. For ex-
ample, the cyclic nitrile 1 exhibits a unique solvent-
dependent cyclization to cis- and trans-decalins 2 and 3,°
whereas ester enolates cyclize to cis-decalins regardless
of the solvent® (Scheme 1).
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Despite the unique reactivity of cyclic nitriles, few are
commercially available. Alternatively, synthesizing’ cy-
clic alkenenitriles is attended by the inherent difficulty
in sequentially performing an efficient cyclization—ole-
fination sequence in a single synthetic operation.® A
conceptually attractive solution® (4—7, Scheme 2) is the
chemoselective condensation of a nitrile anion with a
remote carbonyl group—chemoselective in cyclizing via
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a nitrile anion despite the presence of a more acidic
carbonyl group (ApK, = 5—10)° favoring enolate forma-
tion and addition to the nitrile group (8 or 9, Scheme 2).
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Cyclic Alkenenitriles

Conceptually, several competitive cyclizations exist for
carbonyl-containing nitriles with only one mode leading
to cyclic alkenenitriles. The cyclization chemoselectivity
depends on the relative basicity and electrophilicity of
the ketone and nitrile groups with the later being more
critical.!* Despite a perception to the contrary, nitriles
are relatively poor electrophiles that often resist nucleo-
philic attack by organometallic reagents,? even allowing
C=N incorporation within organolithium*® and Grignard
reagents!** Ketones, by contrast, are excellent electro-
philes that condense rapidly with nitrile anions.*®> The
combination of poor nitrile and high ketone electrophi-
licity favorably disposes carbonyl-containing nitriles
toward nitrile anion cyclization.

Results and Discussion

Exploratory cyclizations with potassium tert-butoxide
(t-BUOK) and commercially available ketonitrile 4a
established the viability of chemoselectively cyclizing
oxonitriles (Table 1, entry 1). Base optimization revealed
a minimum requirement for 2—3 equiv® of either t-
BuOK? or i-BuOK, with 5 equiv permitting the complete
conversion to the alkenenitrile 7a within 5 h in refluxing
tetrahydrofuran (THF).

The alkoxide-promoted cyclization effectively assembles
a diverse range of carbocyclic and heterocyclic alkeneni-
triles. Acyclic and cyclic ketonitriles (Table 1, entries 1—2
and 3—8, respectively) cyclize equally efficiently, generat-
ing a variety of monocyclic and bicyclic five- and six-
membered alkenenitriles. Ketone electrophiles tolerate
aliphatic, olefinic, and aromatic substituents (Table 1,
entries 1 and 3—5, 6, and 2, respectively) with the
cyclization being favored over a potentially competitive
conjugate addition in the case of enone 4f (Table 1, entry
6). The cyclization is not limited to ketones,*® with imide
4g and lactam 4h readily cyclizing to the corresponding
indolizidine 7g and quinolizidine 7h.*® Cyclization of 4h
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TABLE 1. Chemoselective Oxonitrile Cyclizations

entry nitrile base alkenenitrile  yield
CN CN
(o]
1 \L}—{ +-BuOK® 60%
4a 7a
CN CN
Ph_0 . Ph
2 #-BuOK 66%
4b 7b
CN CN
(0]
s D ok C@ 79%:
4c 7c
CN CN
O
4 @ #-BuOK C© 67%
4d 7d
CN CN
) o0
500 A ~BuOK N 61%
4e Te
CN CN
O
6 m i-BuOK m 61%
af 7t
CN CN
(0] Z 4
7 g +-BuOK T 62%
o 4g ] 79
CN CN
(o] =
8 ng +-BuOK Qﬁ 60%
7h

4h

a Reaction performed at ambient temperature.2! ® A 1 equiv
amount of t-BuOK was employed to prevent deleterious decyana-
tion.22 ¢ Reaction time was 3 h. 9 Brief exposure to aqueous HCI
was performed during workup to ensure complete dehydration of
the carbinol amine intermediate.

(Table 1, entry 8), obtained by alkylating d-valerolactam
with bromopentanenitrile, expediently provides a rapid
entry to alkaloids through quinolizidine 7h.?°
Mechanistically the cyclization involves sequential
anion equilibration,?® cyclization, and elimination®*
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SCHEME 3.
Mechanism
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(Scheme 3). Evidence for anion equilibration with t-BuOK
emanates from the unusual cyclization of 4h with excess
KH (63% yield) that is anticipated to generate both the
enolate 9 and the nitrile anion 5 (Scheme 3). Complete
conversion to the cyclic alkenenitrile 7, without recovery
of 4, implies a relatively efficient inter- or intramolecular
proton transfer that converges the enolate 9 to the nitrile
anion 5. Cyclization (5—6), proton transfer (6—10), and
dehydration (10—7)? then furnishes the respective cyclic
alkenenitriles.

Consistent with the proposed mechanism is the cy-
clization of 4f with i-BuOK rather than t-BuOK (Table
1, entry 6), which induces cyclization without concomi-
tant dehydration. Presumably the intermediate alkoxide
6 (Scheme 3) is generated in each case, with the subse-
guent protonation being more favorable from i-BuOH
than t-BuOH, allowing displacement of the equilibrium
toward the alkenenitrile 7.

Ejection of hydroxide during the cyclization generates
hydroxide ideally suited for nitrile hydrolysis. Performing
the cyclization in t-BuOH enhances the hydroxide nu-
cleophilicity,?® triggering a domino sequence in which
nitrile 4i is transformed into the cyclic amide 11i%’
(Scheme 4). The overall sequence of proton transfers is
remarkably efficient for the deprotonation, cyclization,
dehydration, and nitrile hydrolysis cascade.
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SCHEME 4. Domino
Cyclization—Dehydration—Hydrolysis
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Alkoxide-induced cyclizations of w-oxonitriles smoothly
generate cyclic o,8-alkenenitriles in a single synthetic
operation. Selective nitrile anion formation triggers facile
cyclization onto tethered ketone, enone, lactam, and
imide carbonyls, generating cyclic five- and six-membered
alkenenitriles. Performing the cyclization in t-BuOH,
rather than THF, enhances the nucleophilicity of the
ejected hydroxide, expediently triggering a cyclization,
dehydration, hydrolysis cascade to the corresponding
amide. Collectively, the chemoselective cyclizations afford
a diverse array of carbocyclic and heterocyclic nitriles
that are otherwise difficult to synthesize.

Experimental Section?®

General Cyclization Procedure. Solid t-BuOK (5 equiv)
was added to a refluxing, THF solution of the ketonitrile (1
equiv, 0.01-0.05 M). After 5 h the solution was cooled,
saturated, aqueous NH,Cl was added, the organic phase was
separated, and the aqueous phase was extracted with CH,Cl,
(3x). The combined organic extracts were dried (Na,SO,),
concentrated under reduced pressure, and then purified by
radial chromatography (EtOAc/hexanes).
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