Ring Opening of Methylenecycloalkenes
via the C—C Bond Cleavage
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3-Methylenecycloalkene-1,1-dicarboxylates underwent facile ring opening via the cleavage of the unactivated C—C bond to yield aliphatic
alkenes. The reaction (intramolecular deallylation) was catalyzed by “Ni—H” species generated in situ from a NiXx(phosphine),/R;Al mixture
and proceeded under ambient conditions. In addition, the skeletal rearrangement of a diene could be carried out by a one-pot cycloisomerization/

deallylation sequence.

A transition metal complex catalyzed carbon—carbon bond
cleavage under mild reaction conditions has been a long
pursued process of considerable theoretical and practical
interest. Generally, it can be facilitated by the presence of
an activating group and driven by a decrease of steric strain.
Nevertheless, the ultimate goal in this area is to achieve the
cleavage of unstrained and unactivated carbon—carbon bonds
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under mild reaction conditions.? We have recently reported
the C—C bond cleavage in allylmalonates and related
compounds under a transition metal complex catalysis in the
presence of alkylaluminums. It resulted in the clean and
selective removal of the allyl moiety (deallylation).®*
Although this process was catalyzed by a number of
transition-metal complexes (Fe, Ru, Co, Rh, Ni, and Pd),
the highest catalytic activity and generality with respect to
the substitution pattern of the allylic moiety was achieved
with simple NiX,(PPhs), complexes.®* Since it was shown
that the prenyl group (sterically hindered double bond) could
also be cleaved,® we wanted to explore a possibility of the
cleavage of an unstrained ring system possessing a R(C=
0)—C—C—C=C moiety, e.g., methylenecycloalkanes (Scheme
1). If the reaction could proceed, then the net result would
be a skeletal rearrangement accompanied by the double-bond
shift.®
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Scheme 1. Cleavage of Methylenecycloalkanes
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As a model substrate 1a was chosen for the above-
mentioned study (it was prepared within five steps according
to the previously published procedure®). Initially, 1a was
subjected to action of the previously used complexes® and
Et;Al (Table 1). Rh and Co complexes showed a low

Table 1. Transition Metal Complex Catalyzed Ring Opening of

la
EtOOC><:/§ cat. (5 mol %) EtOOCU
EtOOC Et:Al (2 equiv)  Et0OC
1a 2a
yield® yield*
entry catalyst (%)  entry catalyst (%)

1 CoCly(PPhs), 52 9 NiBrg(PPhj)s 98
2 RhCl(PPhs)s 26 10 NiBra(PBus), 91
3 RuCly(PPhs)s nr? 11 NiBry(dppm) 69
4 PdCly(PPhy), nr 12 NiBry(dppe) 2
5 cis-PtCla(PPhs)s nr 13 NiBra(dppp) nr
6 RhCl;—BIAP 20 14 NiBra(dppb) nr
7 FeCl;—BIAP 1 15 NiBry—BIAP 85
8 NiCly(PPhs)s 99 16 Ni(OEtHex)o/ 88

2(o-tol)sP
214 NMR or GC yields. ® nr = no reaction.

catalytic activity, and the ring-opened product 2a was
obtained in 52 and 26% yields, respectively (entries 1 and
2). Ru, Pd, and Pt complexes did not react at all (entries
3—5). Also, previously catalytically active Rh and Fe
complexes failed to meet expectations: the use of the former
afforded 2ain just 20% yield, whereas the latter could cleave
the ring only in 1% (entries 6 and 7). On the other hand,
nickel chloride and bromide PPh; complexes catalyzed
deallylation cleanly in an almost quantitative manner afford-
ing 2a in 99 and 98% vyields, respectively (entries 8 and 9).
Good catalytic activity was also achieved with the PBus
complex (entry 10). As for bidentate phosphine complexes,
only the dppm complex promoted deallylation to 2a in 69%
yield (entry 11). Other complexes such as dppe, dppp, and
dppb were negligibly active if at all (entries 12—14). The
Ni—BIAP complex (BIAP = bis(imidazolonyl)pyridine) and
a combination of nickel hexanoate and tris(o-tolyl)phosphine’
gave 2ain good 85 and 88% yields, respectively (entries 15
and 16).

Since the best results were obtained with a combination
of Etz;Al and NiX,(PPhs),, we decided to use it in further
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studies. In the next stage, the C—C bond cleavage of various
cyclic compounds with the double bond was tested. The
results are presented in Table 2 (in entry 1 is presented the

Table 2. Intramolecular Deallylation of 1
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314 NMR or GC yields. ® nr = no reaction.

reaction of 1a for comparison). The C—C bond cleavage of
1b possessing the diene moiety proceeded cleanly giving
diene 2b as 9/8 mixture of trans/cis isomers in a nice yield
of 95% (entry 2). The reaction with 1c proceeded almost
quantitatively (98%) to afford butenyl derivative 2c (entry
3). Analogous reaction of 1d yielded diene 2d in good 90%
yield (entry 4). The reaction of vinylcyclopropane 1e gave
a mixture of products, the distribution of which was not very
different from the uncatalyzed reaction with EtsAl.® The
expected intramolecularly deallylated product 2e was ob-
tained only in ~5% yield (entry 5). Evidently, the rate of
the catalytic deallylation reaction could not override the rate
of the uncatalyzed process. Surprisingly, the C—C bond
cleavage did not take place with 1f; instead, nucleophilic
addition to one ester moiety gave rise to a mixture of 2f and
2f' (entry 6). Finally, deallylation of 1g did not proceed (entry
7).

As for the reaction mechanism, we assume that it proceeds
analogously to the one proposed earlier by us (Scheme 2).3¢
At the outset, EtzAl generates a cationic nickel hydride 3
that hydronickelates the double bond giving a tertiary alkyl
nickel species 4. The favorable spatial arrangement of the
nickel atom and the carbonyl group (1-nickela-6-0xo species)
enable a lone electron pair of the carbonyl oxygen to
coordinate into the empty coordination place on the nickel
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Scheme 2. Reaction Mechanism of the C—C Bond Cleavage
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atom allowing electron pairs to migrate via a six-membered
cyclic transition state. The electron-pair migration ac-
companied by the cleavage and formation of the C—C bonds
yields a nickel enolate 5. The formation of 5 with the strong
Ni—O bond is probably the driving force of the whole
process. Additional activation of the carbonyl group by Et;Al
through Lewis acid and base pairing is probably also
involved.®® Subsequent transmetalation of 5 by EtsAl forms
the aluminum enolate 6 and releases the nickel species back
into the catalytic cycle.

In this regard, it is rather surprising that the hydronick-
elation of 1f did not proceed to give a secondary alkylnickel
intermediate. From a steric point of view, it should be easier
than in the case of methylidenecycloalkanes 1a—d. Perhaps
other so far unknown factors disfavor the addition of the
Ni—H species to the double bond. As for the reaction with
1g, the condition of the favorable spatial arrangement
enabling a six-membered cyclic transition state was not
fulfilled.

As for other organoaluminums, the C—C bond cleavage
proceeded also in the presence of (i-Bu)sAl, albeit in average
yield of 50% (Table 3, entry 1). Of a special interest was

Table 3. Reaction of 1a with Various Organoaluminums

HO Me
><:/§ 5mo| %) EU A$<:/§
RAAl

1a E = COOEt

entry organoaluminum equiv product yield* (%)
1 (i-Bu)sAl 2 2a 50
2 MesAl 2 7+8 25 + 50
3 MAO 2 7+8 8 + 50
4 MAO 5 8 99
5 MAO + MesAl 2+ 2 8 99
6 MesAl + NaBPhy 2 7+8 10 + 50

IH NMR or GC yields.

the reaction in the presence of MezAl. The intermediate
methylnickel species could not undergo 5-hydrogen elimina-
tion, and thus, the transfer of methyl group onto the double
bond followed by the C—C bond cleavage was expected.
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Although a small amount of the expected product 7 was
formed when Me;zAl (25%, entry 2) or MAO (8%, entry 3)
were used, the major product was a compound with alkylated
ester group 8 (ca. 50%). An increase of the amount of MAO
(Entry 4) or the use of its combination with MezAl did not
have a positive effect on the formation of 7 (entries 4 and
5). An attempt to generate nickel species with noncoordi-
nating tetraphenyl borate also failed (entry 6). Evidently,
nucleophilic addition to the carbonyl group was the prevailing
process.

Finally, we realized one-pot cycloisomerization®*" followed
by skeletal rearrangement of diallylmalonate 9 (Scheme 3).

Scheme 3. One-Pot Cyclization—Rearrangement Sequence of 9
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Initial treatment of diallylmalonate 9 with NiBry(PBus),/
Et,AICI (0.05/0.2 equiv) resulted in smooth cycloisomer-
ization to methylenemethylcyclopentane 1c, which after
addition of EtsAl (2 equiv) underwent the C—C bond
cleavage to give butenylmalonate 2c in 75% isolated yield.
The neat result of this two-step reaction is molecular
rearrangement with transfer of an alkyl moiety.

In conclusion, we have shown that the C—C bond cleavage
of unactivated methylenecycloalkenes with 5- and 6-membered
rings is feasible with high selectivity. The reaction seems to be
general with respect to nickel based catalytic systems. The
reaction could also proceed via methylnickelation of the double
bond combining methyl group transfer with the C—C bond
cleavage in one step, albeit in low yields. Last but not least, a
combination of cycloisomerization/skeletal rearrangement (mi-
gration of alkyl moiety) could be carried out in a one-pot
reaction resulting in a skeletal rearrangement.
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