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Abstract A nickel-catalyzed base-promoted rearrangement of cyclo-
butanone oxime esters to cyclopropanecarbonitriles was developed.
The ring opening of cyclobutanone oxime esters occurs at the sterically
less hindered side. A base-promoted nickelacyclobutane intermediate,
formed in situ, is assumed to be involved in the formation of the product.
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The cleavage and reorganization of C-C bonds is an im-
portant transformation in organic synthesis, and the past
two decades have witnessed great advances in this field.!
Most of the research reported to date relies on a strain-re-
lease strategy to achieve C-C bond scission, and therefore
small rings are required.? The strain release associated with
ring cleavage serves as the driving force. Consequently, the
reorganization of C-C bonds to form smaller rings is less
well developed, primarily because the formation of three-
or four-membered rings is thermodynamically unfavorable.
As a result of the pioneering work of Zard and co-workers,?
cyclobutanone oximes and other derivatives have been ex-
tensively studied.# As redox-active precursors, cyclobuta-
none oximes can be activated by photocatalysts or transi-
tion metals to afford iminyl radicals that subsequently de-
liver the corresponding alkyl radicals by B-scission of C-C
bonds.>® Capture of the alkyl radicals by unsaturated sys-
tems or organometallic intermediates provides powerful
and efficient methods for constructing valuable nitrile
groups, which are present in many pharmaceuticals and ag-
rochemicals. In those transformations, the strained cyclo-
butanone skeleton is converted into a linear strain-free
alkyl nitrile moiety.
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In 2000, Uemura and co-workers found that unsaturat-
ed nitriles can be obtained from oxime esters by using pal-
ladium as a catalyst.” In the case of 3,3-disubstituted oxime
esters, which have no -H atoms, a cyclopropane nitrile is
obtained (Scheme 1a). The formation of the strained cyclo-
propane product was rationalized in terms of the formation
of a palladacyclobutane intermediate. This type of intramo-
lecular C-H bond activation to form a palladacyclobutane
intermediate has also been reported elsewhere,? although
the scope was limited to substrates lacking a f-H atom.
Other catalytic system that used rhodium to activate cyclic
ketones to form rings smaller by one carbon atom have also
been reported.’

Recently, we disclosed a nickel-catalyzed Negishi cou-
pling of cyclobutanone oxime esters with aryl- or alkylzinc
reagents (Schemelc) in which ring opening occurs at the
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Scheme 1 Metal-catalyzed ring opening and cyclopropanation reactions
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sterically hindered site.!® In the reaction, the alkyl radical
that is formed is trapped by a nickel species to deliver the
corresponding acyclic nitrile. As a part of our continuing in-
terest in nickel catalysis and redox-active species, we found
that in the presence of base, cyclobutanone oxime esters
can be converted into more-strained cyclopropane deriva-
tives. Strategies for cyclopropane formation under nickel
catalysis are rare and can be divided into two categories
(Scheme 1b): nickel-catalyzed Simmons-Smith-type cyclo-
propanation and nickel-catalyzed intramolecular reductive
cross coupling.'1? Here, we report a new strategy to pre-
pare cyclopropane nitriles by using cyclobutanone oxime
esters as starting materials.

Initially, we attempted to extend our previous work to
the synthesis of the 1,1-diaryl product 3 from the 2-phenyl-
cyclobutanone oxime ester 1a (Scheme 2). Surprisingly, we
did not observe the desired product 3 and, instead, the
cyclopropanecarbonitrile 2a was obtained in 53% yield
(Scheme 2). This intriguing result prompted us to consider
the possible reaction pathway and the role of the arylzinc
reagent in the reaction. As shown in Scheme 2, oxime ester
1a is activated by the nickel catalyst to form an alkylnickel
intermediate Int a, which undergoes deprotonation at the
o-H atom (pK, = 22 in DMSO) to afford the cyclic intermedi-
ate Int b; this, in turn, undergoes reductive elimination to
give product 2a. The arylzinc compound is assumed to
serve as a base rather than an arylation reagent.
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Scheme 2 A possible reaction pathway for the formation of 2a;
[NiCly(glyme)] = nickel(ll) chloride-ethylene glycol dimethyl ether com-
plex; dtbbpy = 4,4'-di-tert-butyl-2,2'-bipyridine

On the basis of this hypothesis, we surmised that the
ease of removal of the acidic a-H of Int a was critical for the
reaction, and we examined the effects of various bases (Ta-
ble 1). In the absence of the [NiCl,(glyme)] catalyst and
dtbbpy ligand, no product was observed (Table 1, entry 2).
Ethyl- and methylzinc reagents and trimethylaluminum
gave none of the desired product (entries 3-5). However,
methyl and phenyl Grignard reagent afforded nitrile 2a in
yields of 28 and 21%, respectively (entries 6 and 7). Pleas-
ingly, the yield of 2a doubled when sodium tert-butoxide

was used as an additive, and the yield improved dramatical-
ly to 90% on using the stronger base LiIHMDS (entry 9).
NaHMDS and KHMDS, however, gave inferior result (entries
10 and 11), suggesting that the lithium cation has a benefi-
cial effect on the reaction.!® The solvent also plays an im-
portant role in this reaction. The yield slightly decreased
when THF was used as the solvent (entry 12), and the use of
the polar solvents MeCN and NMP resulted in severe de-
creases in the product yield (entries 13 and 14). Attempts to
lower the catalyst loading from 10 to 5 mmol% also led to an
inferior yield (entry 15). We also evaluated the possibility of
using a smaller amount of LiIHMDS (entry 16), but the yield
dropped to 62%, indicating that LIHMDS not only serves as a
base, but might also be responsible for catalyst activation.

Table 1 Optimization of the Reaction Conditions?

N-OR NiClx(glyme) (10 mol%)
Eﬁ dtbbpy (10 mol%) ><CN
Ph additives (2.0 eq) Ph
1a solvent (0.2 mL) 2a
R = p-F3CCeH4CO n12h
Entry Additive Solvent Yield® (%)

1 (p-MeOCgH,),Zn DMF 53%

2 (p-MeOCgH,),Zn DMF NR

3 Et,Zn DMF NR

4 Me,Zn DMF NR

5 Me;Al DMF NR

6 MeMgBr DMF 28

7 PhMgBr DMF 21

8 t-BuONa DMF 42

9 LiIHMDS DMF 90
10 NaHMDS DMF 57
11 KHMDS DMF 85
12 LiIHMDS THF 80
13 LiIHMDS NMP 10
14 LiIHMDS MeCN 15
154 LiIHMDS DMF 71
16¢ LiIHMDS DMF 62

3 Reaction conditions: NiCl,(glyme) (10 mol%), dtbbpy (10 mol%), 1a (0.2
mmol, 1.0 equiv), LIHMDS (0.4 mmol, 2.0 equiv), DMF (0.2 mL), rt, 12 h.
bYield determined by 'H NMR with 1,4-dimethoxybenzene as internal stan-
dard.

¢ No nickel catalyst or dtbbpy.

45 mol% each of NiCl,(glyme) and dtbbpy were used.

€ 1.0 equiv of LIHMDS was used.

With the optimized conditions in hand, we moved on to
investigate the substrate scope of this nickel-catalyzed Fa-
vorskii-type rearrangement. A variety of 2-substituted ox-
ime esters were successfully converted into the correspond-
ing cyclopropanecarbonitriles in good yields (Scheme 3).
Substrates bearing various electron-donating-groups, such
as methyl, tert-butyl, sec-butyl, or methoxy, reacted
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smoothly to afford the desired product 2a-e and 2k. More
importantly, fluoro, chloro, bromo, and iodo groups were all
well tolerated under the standard reaction conditions (2f-j,
2m). A phenylselanyl-group-containing oxime was also in-
vestigated and proved to be an efficient substrate (21). Inter-
estingly, when oxime 1n was used as substrate, nitrile 2n
was isolated in 77% yield, whereas oxime 10 afforded a 3:1
mixture of 20 and 2p. A five-membered substrate, the cor-
responding 2-phenylcyclopentanone oxime ester, decom-
posed under the standard conditions and delivered none of
the desired product.
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Scheme 3 Substrate scope for 2-substituted oxime esters. Isolated
yields are reported.

Our success in using oxime 1n as a substrate encouraged
us to extend this method to the rearrangement of 3-substi-
tuted oxime esters. To our delight, oxime esters 1 with vari-
ous functional groups delivered the corresponding nitriles 2
in good yields (Scheme 4). For aryl-substituted oximes, the
corresponding cyclopropanecarbonitriles were obtained
with a trans-configuration, as determined by NOESY stud-
ies. However, for substrate 3k with two alkyl groups, the
product 4k was formed with low diastereoselectivity. The
difference in selectivity between aryl and alkyl groups
might arise from steric hindrance. The aryl group is bulky
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Scheme 4 Substrate scope for 3-substituted oxime esters. Isolated
yields are reported.

and the nickelcyclobutane intermediate is more stable
when the aryl and cyano group adopt a trans-configuration.

To gain insights into the reaction mechanism, we per-
formed some control experiments. For 2-aryl-substituted
oxime esters in the presence of a weak base, nickel is neces-
sary for product formation. However, when the base was
sufficiently strong (for example, LiHMDS), the product
formed in 80% yield in the absence of a nickel catalyst; addi-
tion of nickel resulted in a slight improvement of the yield
to 88% (Scheme 5a). For 2-alkyl and 3-substituted oxime es-
ters, no product was observed in the absence of the nickel
catalyst (Schemes 5b and 5c). This indicates that the puta-
tive reaction pathway shown in Scheme 2 is responsible for
product formation in the presence of a weak base but is not
a major pathway when a strong base is used. When oxime
ester 1c or 3a reacted under the standard conditions in the
presence of a stoichiometric amount of TEMPO, the corre-
sponding products 2c¢ and 4a were isolated in yields of 73%
and 69%, respectively (Schemes 5d and 5e). No radical-trap-
ping product was observed, suggesting that radical forma-
tion was not involved in product formation.

On the basis of the above results, we propose that in the
presence of a weak base, the product is formed by Pathway
A (Scheme 6), whereas in the presence of a strong base, the
proton in the a-position of the 2-aryl oxime esters can be
deprotonated to form an anion (Pathway C). A Favorskii-
type rearrangement then occurs to deliver the product. At
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Scheme 5 Control experiments

the same time, Pathway A might make a small contribution
to product formation. For 2-alkyl and 3-substituted sub-
strates, the base was not strong enough to remove the o-H
atom of the oxime, so the nickel-catalyzed Pathway A is re-
sponsible for product formation.

e [Ni] N-OR
2
Ni/\)kR1 pathway A J:[
R2 o 1
Inta' R R R2 = Ar
i base pathway C l base
~
Ni CN CN . N-OR
Qm b :
R2 R2 R!
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Scheme 6 Proposed reaction mechanism

In conclusion, we have developed a nickel-catalyzed Fa-
vorskii-type rearrangement of cyclobutanone oxime es-
ters.!* In the reaction, C-C bond cleavage occurs at the ster-
ically less hindered side, which represents complementary

reactivity with respect to previous work. Preliminary
mechanistic experiments suggest that no radical species are
involved in the product formation.
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