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ABSTRACT

o-Iodoaryl aldehydes react with bicyclic alkenes in the presence of NiBr 2(dppe) and Zn powder in acetonitrile at 80 °C undergoing annulation
to give polycyclic ketone derivatives. Surprisingly, o-iodoaryl alkyl ketones also react with bicyclic alkenes to form polycyclic ketones with
structures the same as those from the corresponding o-iodoaryl aldehydes.

Selective C-C bond formation employing transition-metal
complexes as catalysts is at the core of modern synthetic
chemistry.1 Carbocyclization being an excellent method to
accomplish desired C-C bond formation, reports abound in
this field.2 Conversely, reports pertaining to transition-metal-
catalyzed C-C bond cleavage leading toâ-alkyl elimination
are few.3 However, some reports regarding catalyticâ-alkyl
eliminations in strained4 and other5 systems are worth noting.
Our long interest in nickel-promoted cyclizations6 prompted
us to investigate the reaction ofortho-iodophenyl carbonyl
compounds with norbornene derivatives. Recently, Larock

and co-workers reported a palladium-catalyzed annulation
of o-iodobenzonitriles with norbornene to give polycyclic
ketones.7 While extending our reaction of aldehydes to
ketones, we discovered an unprecedentedâ-alkyl elimination.
Amazingly, the products of reaction of aldehydes or ketones
with the same bicyclic alkene were the same, i.e., ketones
(Scheme 1). To the best of our knowledge, suchâ-alkyl

eliminations are unknown in the case of nickel-catalyzed
reactions.

We first set out to examine the products obtained from
the nickel-catalyzed reaction of variouso-iodobenzaldehydes
with a variety of bicyclic alkenes; the results are summarized
in Table 1. Thus, treatment of 2-iodobenzaldehyde (1a) with
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norbornene (2a) in the presence of Ni(dppe)Br2 catalyst and
Zn powder, in acetonitrile at 80°C, gave annulated product
3a in 80% isolated yield. Norbornadiene (2b) also reacted
similarly with 1a to furnish 3b in 77% yield. When
benzonorbornadiene (2c) was treated with1a, polycyclic
ketone3c was obtained in 75% yield. Electron-donating

6-iodopiperonal1b also underwent annulation with bicyclic
alkene2b to furnish the expected ketone product3d in 70%
yield. The reaction of1a with bicyclic alkene2d, wheren
) 2 (Scheme 1), also proceeded smoothly resulting in the
formation of product3e in 68% yield. Likewise, treatment
of 1awith naphthonorbornadiene2eresulted in the formation
of 3f in 74% isolated yield.

Encouraged by these results, we extended the present
catalytic annulation to includeo-iodophenyl alkyl ketones
as substrates. To our surprise, the reaction of these ketones
with norbornene derivatives under similar catalytic conditions
gave the same keto products as those from the corresponding
o-iodobenzaldehydes. Thus, 2-iodoacetophenone (4a) reacted
with norbornene (2a) in the presence of Ni(dppe)Br2 and
Zn powder in acetonitrile at 80°C to form keto product3a
(entry 1, Table 2), which is the same as that from the reaction
of o-iodobenzaldehyde (1a) with norbornene, in 70% yield.
The expected annulated indenol derivative8 was not observed.
Similarly, the reaction of4a with norbornadiene (2b)
afforded keto product3b in 61% yield. In the same vein,
benzonorbornadiene2c underwent annulation with4a to
provide multicyclic keto product3c in 52% yield. In all of
these cyclization reactions, a dealkylation step presumably
occurred during the process of catalysis prior to the formation
of the final product (Table 2, entries 1-3).

To further understand the nature and scope of the above
annulation reactions, we prepared several different alkyl
o-iodo-p-anisyl ketones,4b-d, for the cyclization with
norbornene derivatives. The reaction ofn-butyl o-iodo-p-
anisyl ketone (4b) with2a-c proceeded smoothly under
similar catalytic conditions to give the corresponding ketones
3h-j in 71∼63% yields (entries 10-12), respectively.
Clearly, the butyl group bonded to the carbonyl in4b was
cleaved during these catalytic reactions. In a similar manner,
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Table 1. Results of Nickel-Catalyzed Annulation of
o-Iodobenzaldehydes ando-Iodophenyl Alkyl Ketones with
Bicyclic Alkenesa

a Unless stated otherwise, all reactions were conducted using iodo
compound1 or 4 (1.0 mmol), alkene2 (3.0 mmol), NiBr2(dppe) (0.10
mmol), and zinc powder (2.0 mmol), in CH3CN at 80°C for 12 h.b Isolated
yields.
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the very long-chain ketone, 1-(o-iodo-p-anisyl)hexadecan-
1-one (4c), underwent dealkylative annulation with2a and
2b successfully, giving rise to cyclic ketones3h and 3i,
respectively (entries 13 and 14), in decent yields. Finally,
the reaction ofo-iodoanisyl ketone4d consisting of a benzyl
moiety, with2a and2b, also furnished the same annulated
ketones3h and 3i, respectively (entries 15 and 16), in
moderate yields. To see the fate of the benzyl group in4d
after reaction, the reaction mixture of4d with 2a was
carefully analyzed leading to the isolation of product5d in
37% yield, in addition to product3h. It should be noted that
the catalytic reaction does not work for the reaction of
o-iodobenzophenone ando-iodophenyl 2-thienyl ketone with
2a, indicating that the annulation is limited to alkylo-iodoaryl
ketones.

On the basis of the foregoing observations and the
established nickel chemistry, we propose the mechanistic
pathway shown in Scheme 2 to account for the present

dealkylative annulation reaction. The catalytic reaction is
likely initiated by the reduction of Ni(II) to Ni(0). Oxidative
addition of theo-iodoaryl ketone to Ni(0) to give intermediate
6, coordination, and insertion of a norbornene molecule lead
to the formation of 7. Intramolecular addition of the
norbornenyl group to the keto moiety gives a cyclized alkoxy
intermediate8.6 After this step,â-alkyl elimination occurs
to yield the observed ketone product3 and a NiII alkyl species
9. The details of the fate of the alkyl group in the NiII alkyl
species are not entirely clear. For the alkyl species without
a â-hydrogen, a possible route is the transfer of the alkyl
group in9 to another molecule of intermediate6 to afford
10. Reductive elimination of10 leads to product5. Similar
pathways were proposed previously for the palladium-
catalyzed arylation oft-butylcyclobutanols by aryl bromide
that involved aâ-alkyl elimination as the key step.4b Strong
evidence of the formation of5 is the isolation of5d (Figure
1) in 37% yield from the reaction of4d with 2a. The
formation of 5 explains at least in part the low yields of
products3 from 4. For the dealkylative annulation reac-

tion of long-chain alkyl ketones4b or 4c with norborn-
ene derivative2, we did not observe the corresponding
product5. In these reactions, the NiII alkyl species9 likely
undergoes the facileâ-hydrogen elimination to give the
corresponding olefin. However, attempts to isolate the
expected olefin failed.

The present dealkylative annulation is interesting in view
of the fact that mostâ-alkyl eliminations occur with
cyclobutanols leading to a C-C bond cleavage in the butanol
rings. In the present nickel-catalyzed reactions, 1-alkylcy-
clopentenol is involved as a key intermediate and the C-C
bond between the alkyl and theR-carbon is cleaved in the
catalytic reaction. To the best of our knowledge, this is the
first time that such alkyl elimination was observed. A
possible driving force for the present alkyl elimination is
the large repulsion of the three bulky substituents on the
tertiary alkoxide8. A â-alkyl elimination of this intermediate
to give the final ketone product can greatly reduce the
repulsion.

Scheme 2 can also be used to account for the reaction of
o-iodoaryl aldehydes with norbornene derivatives catalyzed
by nickel complexes. The major difference is that intermedi-
ate 8 undergoesâ-hydride elimination to give ketone3
instead of theâ-alkyl elimination for the reaction of
o-iodoaryl ketones with norbornene derivatives.

We have demonstrated a novel nickel-mediated carbocy-
clization involvingo-iodoaryl ketones and aldehydes with a
variety of bicyclic alkene derivatives to yield the same
annulated ketone products. The reaction exhibits unique C-C
bond cleavage such that the alkyl group attached to the
starting ketone compound undergoesâ-alkyl elimination.
Further studies to pinpoint the mechanistic aberrations and
to broaden the scope of this interesting reaction are currently
underway.
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Scheme 2

Figure 1. Structure of compound5d.
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