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Highly regioselective ring-opening coupling of
diarylmethylenecyclopropa[b]naphthalenes with
Grignard reagents†

Jian Cao,a Xian Huangzab and Luling Wu*a

Highly regioselective ring-opening coupling reactions of diaryl-

methylenecyclopropa[b]naphthalenes with Grignard reagents have

been developed, which provide differently substituted b-vinylic

naphthalenes in moderate to excellent yields.

The addition of organomagnesium compounds across carbon–carbon
unsaturated bonds (carbomagnesation) is one of the principal and
important methods employed for the generation of Grignard reagents
with concomitant C–C bond formation, providing a straightforward
entry into Grignard reagents having a unique carbon skeleton.1,2

Recently, highly regioselective carbomagnesation of carbon–carbon
unsaturated systems including alkenes, 1,3-butadienes, alkynes, enynes
and allenes by employing transition metal complexes as catalysts has
also been achieved, providing a variety of advanced organomagnesium
reagents which are ready to be converted to useful compounds by
reaction with various electrophiles (Scheme 1, eqn (1)–(3)).3 In these
studies, what should be particularly noted is that Terao and Kambe
reported interesting nickel-catalyzed regioselective carbomagnesation of
methylenecyclopropanes, wherein the selective cleavage of the proximal
or the distal carbon–carbon bond of the MCPs has been achieved with
different Grignard reagents (Scheme 1, eqn (4)).4

During our recent systematic study on methylenecyclopro-
pane (MCP) chemistry,5 we became interested in the chemistry
of the analogous diarylmethylenecyclopropa[b]naphthalenes,
which are a class of highly reactive but thermally stable and
readily accessible unsaturated hydrocarbons. Because of their
unusual structure, which contains a triafulvene, a [3]radialene,
and a cycloproparene, they have attracted much attention from

physical, theoretical, and synthetic viewpoints.6,7 In this regard,
we have reported a manganese(III) acetate-mediated cyclization
of diarylmethylenecyclopropa[b]naphthalenes with nucleophiles for
the synthesis of 1,2-benzanthracenes and a highly regioselective
Pd(0)-catalyzed [3+2] cycloaddition reaction of diarylmethylene-
cyclopropa[b]naphthalenes with alkenes, alkynes or arynes to
produce 1(3)-alkylidene-2,3-dihydro-1H-cyclopenta[b]naphthalene,
1-alkylidene-1H-cyclo-penta[b]naphthalene and 11-diarylmethylene-
11H-benzo[b]fluorine derivatives.8 In the continuous exploration of
the synthetic utility of these interesting compounds, we are inter-
ested in the reaction of diarylmethylenecyclopropa[b]naphthalenes
with Grignard reagents in the presence of palladium catalysts.
Herein, we wish to report such a reaction involving a naphthyl-
magnesium species through the selective cleavage of the carbon–
carbon bond of the three-membered ring controlled by palladium
(pre)catalysts (Scheme 1, eqn (5)).

In a preliminary experiment, we observed that treatment of
1-(diphenylmethylene)-1H-cyclopropa[b]naphthalene (1a) with p-tolyl-
magnesium bromide (2a, 1 M in THF, 1.5 equiv.) in the presence of
Pd(PPh3)4 (5 mol%) in THF at 25 1C for 5 minutes followed by an
aqueous workup gave 2-(2,2-diphenyl-1-(p-tolyl)vinyl)naphthalene (3a)

Scheme 1 Previous studies on highly regioselective carbomagnesation of
carbon–carbon unsaturated systems and our observation.
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and 2-(2,2-diphenylvinyl)-3-(p-tolyl)naphthalene (4a) in 87% with a
ratio of 95 : 5 (entry 2, Table 1). When we used Pd(PPh3)2Cl2, 3a was
obtained in 91% yield with a better regioselectivity (98 : 2) (entry 3,
Table 1). Among the solvents examined, toluene was found to be
better than THF, producing 3a in 93% with an excellent regio-
selectivity (99 : 1) within 5 minutes (entry 4, Table 1).

We then examined various electrophilic reagents to quench
the resulting mixture under the optimized reaction conditions.
When D2O was used, 3a0 was obtained in 83% (98% D) yield.
When I2, NBS, allyl bromide and acetyl chloride were employed,
all the reactions proceeded efficiently to give the corresponding
products 3b–3e in moderate to high yields with an excellent
regioselectivity (entries 3–6, Table 2). The regioselectivity of the
resulting compounds was confirmed using X-ray single crystal
diffraction analysis of 3b and 4b9 (Fig. S1, ESI†).

Considering the wide range of applications of aryl iodides, I2

was used as an electrophile to quench the reaction when we next
examined the scope of this reaction with various substrates. In
addition to 1a, diarylmethylenecyclopropa[b]naphthalenes 1b–1g,
which bear substituted phenyl rings as the Ar group in 1, all
smoothly generated the corresponding products in high yields
with good regioselectivities (entries 1–6, Table 3). However, the

reaction of 1h bearing nitro substituted phenyl rings only gave
an unidentified mixture (entry 7, Table 3).

The reaction of 1i with 2a gave the desired compounds 3l and 3l0

as a 1 : 1 mixture of inseparable isomers in 88% overall yield
(Scheme 2, eqn (1)). However, the reaction became complicated
when 1h was employed (Scheme 2, eqn (2)). In order to replace the
simple naphthalene with other aryl groups, substrate 1k with two
methoxy groups on the naphthalene ring was employed to react with
2a, the reaction proceeded smoothly to give 3m in 90% yield.

We further examined the reaction of 1a using a variety of Grignard
reagents. It showed that all aryl magnesium bromides efficiently
underwent carbomagnesation to produce the corresponding products
in good yields with high regioselectivity (Table 4).

Although the detailed mechanism of the present ring-
opening coupling reaction has not yet been clarified, we would
like to propose the reaction pathways shown in Scheme 3.
First, the reduction of Pd(PPh3)2Cl2 with two equivalents of
Grignard reagents affords Pd0(PPh3)2. Subsequently, oxidative
addition of Pd0(PPh3)2 with the cyclopropane C–C bond of
diarylmethylenecyclopropa[b]naphthalene generates metalla-
cyclobutane A.7 This metallacyclobutane A leads to the nucleophilic
attack of Grignard reagents at the less sterically hindered side
to yield dimetallic intermediate B with a high regioselectivity.

Table 1 Optimization of reaction conditions for the Pd-catalyzed ring-opening
coupling of 1a with 2aa

Entry Catalyst (5 mol%) Solvent Time (min) Yieldb/% (3a : 4a)

1c No THF 5 No reaction
2 Pd(PPh3)4 THF 5 87 (95 : 5)
3 Pd(PPh3)2Cl2 THF 5 91 (98 : 2)
4 Pd(PPh3)2Cl2 PhMe 5 93 (99 : 1)
5 Pd(PPh3)2Cl2 Dioxane 5 92 (97 : 3)

a The reaction was conducted with 0.2 mmol of 1a, 0.01 mmol of the
catalyst, 2 mL of solvent, 1.5 equiv. of p-tolylmagnesium bromide (1.0 M
solution in THF) and 0.1 mL of H2O. b Yields and radios of 3a and 4a
determined using 1H NMR using dibromomethane as the internal
standard. c No reaction occurred in 24 hours.

Table 2 Pd-catalyzed ring-opening coupling of 1a with 2a, quenching with
various electrophilic reagentsa

Entry E+ E Yield of 3b/% 3/4c

1 H2Od H 82 (3a) 93/1
2 D2Oe D 83, 98% D (3a0) 95/1
3 I2 I 87 (3b) 94/1
4 NBS Br 82 (3c) 90/1
5 Allyl bromide Allyl 80 (3d) 95/1
6 Acetyl chloride Ac 87 (3e) 95/1

a The reaction was conducted with 0.2 mmol of 1a, 0.01 mmol of the catalyst,
2 mL of solvent, 1.5 equiv. of p-tolylmagnesium bromide (1.0 M solution in
THF) and 1.5 equiv. of electrophilic reagent. b Isolated yield. c NMR yields of
3 and 4 determined using NMR using dibromomethane as the internal
standard. d 0.1 mL of H2O was used. e 0.1 mL of D2O was used.

Table 3 Pd-catalyzed ring-opening coupling of diarylmethylenecyclo-
propa[b]naphthalenes 1 with 2a quenching with I2

a

Entry Ar Yield of 3b/% 3/4c

1 4-MeOC6H4 (1b) 78 (3f) 86/1
2 4-MeC6H4 (1c) 86 (3g) 98/1
3 3-MeC6H4 (1d) 86 (3h) 95/1
4 3,5-(MeO)2C6H3 (1e) 87 (3i) 95/1
5 4-ClC6H4 (1f) 85 (3j)d 96/1
6 4-FC6H4 (1g) 86 (3k)d 94/1
7 4-NO2C6H4 (1h) Complicated

a The reaction was conducted with 0.2 mmol of 1, 0.01 mmol of the
catalyst, 2 mL of solvent, 1.5 equiv. of p-tolylmagnesium bromide (1.0 M
solution in THF) and 1.5 equiv. of I2. b Isolated yield. c NMR yields of 3
and 4 determined using 1H NMR using dibromomethane as the
internal standard. d The reaction time was 5 min.

Scheme 2 Reaction of 1i, 1j and 1k with 2a.
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Finally, the products 3 were formed via the reductive elimina-
tion and quenching with electrophilic reagents.

In conclusion, we have developed highly regioselective ring-
opening coupling reactions of diarylmethylenecyclopropa[b]-
naphthalenes with Grignard reagents to produce differently
substituted b-vinylic naphthalenes in moderate to excellent
yields under mild conditions. Further studies on the scope,
mechanism, and synthetic applications of this transformation
are being carried out in our laboratory.
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a The reaction was conducted with 0.2 mmol of 1a, 0.01 mmol of the
catalyst, 2 mL of solvent, 1.5 equiv. of aryl magnesium bromide (1.0 M
solution in THF) and 1.5 equiv. of I2. b Isolated yield. c NMR yields of 3
and 4 determined using 1H NMR using dibromomethane as the
internal standard. d The reaction time was 5 min.

Scheme 3 Proposed mechanism.
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