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Abstract—We report herein Brønsted acid TfOH-mediated reactions of 2-(arylmethylene)cyclopropylcarbinols with acetonitrile to
give the corresponding ring-enlarged N-(3-arylmethylidenecyclobutyl)acetamides in moderate to good yields under mild conditions.
A plausible mechanism is proposed on the basis of previous investigations.
� 2006 Elsevier Ltd. All rights reserved.
Methylenecyclopropanes (MCPs) are highly strained
but readily accessible molecules that serve as useful
building blocks in organic synthesis. MCPs undergo a
variety of ring-opening reactions because the relief of
ring strain provides a potent thermodynamic driving
force.1 Transition-metal (such as Pd, Rh, Ru and Pt)-
catalyzed reactions of MCPs with various reactants have
attracted much attention.2,3 Recently, we reported that
in the presence of Brønsted acid trifluoromethanesulf-
onic acid CF3SO3H (TfOH), methylenecyclopropanes
react with nitriles to give [3+2] cycloaddition products
in good to high yields along with Ritter reaction prod-
ucts.4 In this letter, we wish to report Brønsted acid
TfOH-mediated reactions of 2-(arylmethylene)cyclo-
propylcarbinols 1,5 another kind of MCPs bearing a
hydroxymethyl group, with acetonitrile to give the
corresponding N-(3-arylmethylidenecyclobutyl)acet-
amides 2 in moderate to good yields at 60 �C.

At the outset of our investigations, the reaction of 2-
(phenylmethylene)cyclopropylcarbinol E-1a with aceto-
nitrile was chosen as a model reaction and was carried
out in the presence of various Brønsted acids and under
different reaction conditions to develop the optimum
reaction conditions. Table 1 shows the representative
results. After several trials and errors, we were pleased
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to find out that the reaction of E-1a with acetonitrile
in the presence of TfOH (0.12–1.20 equiv) produced
the corresponding ring-enlarged N-(3-phenylmethylid-
enecyclobutyl)acetamide 2a in 37–76% yields at 60 �C
within 5 h (Table 1, entries 1–8). Traces of 2a were
obtained at room temperature under otherwise identical
conditions (Table 1, entry 2). Other Brønsted acids such
as methanesulfonic acid and trifluoroacetic acid (TFA)
did not promote this reaction (Table 1, entries 9 and
10). In the presence of sulfuric acid (0.7 equiv), 2a was
obtained in a 20% yield under the standard conditions
(Table 1, entry 11). Therefore, the best reaction condi-
tions are to carry out the reaction in acetonitrile in the
presence of TfOH (0.7 equiv) at 60 �C. It should be
emphasized here that using fresh TfOH as a catalyst,
the corresponding 2a was obtained in a lower yield
under identical conditions.6

With the optimal conditions in hand, we next carried
out the reactions of various 2-(arylmethylene)cyclo-
propylcarbinols 1 with acetonitrile in the presence of
TfOH (0.7 equiv). All reactions proceeded smoothly to
give the corresponding ring-enlarged products 2 in mod-
erate to good yields (Table 2). For 2-(arylmethylene)-
cyclopropylcarbinols E-1b, E-1c and E-1e–i having an
electron-withdrawing group on the benzene ring, the
corresponding ring-enlarged products 2b, 2c and 2e–i
were obtained in a good yields (60–73% yields) (Table
2, entries 2, 3 and 5–9). For 2-(4-methylphenylmethyl-
ene)cyclopropylcarbinol E-1d having a moderately elec-
tron-donating methyl group on the benzene ring, the
corresponding ring-enlarged product 2d was obtained
in 31% yield along with many unidentified products
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Table 1. Brønsted acids-mediated reactions of 2-(phenylmethylene)-
cyclopropylcarbinol E-1a with acetonitrile

OH

C6H5

2a
E-1a C6H5

NHCOCH3

+ CH3CN
Bronsted acid

Entrya Brønsted acid (equiv) Temperature (�C) 2a, Yieldb (%)

1 TfOH (0.12) 60 37
2 TfOH (0.34) rt Trace
3 TfOH (0.34) 60 56
4 TfOH (0.5) 60 71
5 TfOH (0.7) 60 76
6 TfOH (0.8) 60 65
7 TfOH (1.0) 60 63
8 TfOH (1.2) 60 62
9 CH3SO3H (0.7) 60 —

10 TFA (0.7) 60 —
11 H2SO4 (0.7) 60 20

a All reactions were carried out in 2.0 mL of CH3CN for 5 h.
b Isolated yields by alumina (Al2O3) column chromatography.

Table 2. Brønsted acids-mediated reactions of 2-(arylmethylene)cyclo-
propylcarbinol 1 with acetonitrile

OH

R1

21
R1

NHCOCH3

+ CH3CN
TfOH

R2

R2

60 oC

Entrya R1/R2 2a, Yield (%)b

1 C6H5/H 1a 2a, 76
2 4-BrC6H4/H 1b 2b, 65
3 2-BrC6H4/H 1c 2c, 73
4 4-MeC6H4/H 1d 2d, 31
5 4-ClC6H4/H 1e 2e, 68
6 3-FC6H4/H 1f 2f, 66
7 4-FC6H4/H 1g 2g, 60
8 2,3-Cl2C6H3/H 1h 2h, 64
9 2,4-Cl2C6H3/H 1i 2i, 71

10 H/4-ClC6H4/H 1j 2e, 33
11 H/H 1k 2k, 43

a All reactions were carried out in the presence TfOH (0.7 equiv) in
2.0 mL of CH3CN for 5 h.

b Isolated yields by alumina column chromatography.
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presumably due to its high reactivity (Table 2, entry 4).
For Z-2-(4-chlorophenylmethylene)cyclopropylcarbinol
1j and aliphatic methylenecyclopropylcarbinol 1k, the
corresponding ring-enlarged products 2e and 2j were ob-
tained in 33% and 34% yields, respectively, also along
with many unidentified products (Table 2, entries 10
and 11). These results suggest that the stability of cat-
ionic intermediate and steric effect of aromatic group
play a key role in this reaction.

The structures of products 2 were determined by 1H
NMR and 13C NMR spectroscopic data, microanalyzes
and HRMS (see the Supporting Information). The
structure of 2a was confirmed ambiguously by an
X-ray diffraction.7 The ORTEP drawing of 2a is shown
in Figure 1.

A plausible mechanism is shown in Scheme 1 on the
basis of our previous investigations4 and Ritter reaction
Figure 1. ORTEP drawing of 2a.
mechanism.8 In the presence of Brønsted acid TfOH, 2-
(arylmethylene)cyclopropylcarbinol 1 first produces a
non-classic carbocation: bicyclobutonium ion A9,10 due
to the neighbouring-group participation of the cyclopro-
pyl ring after dehydration (Scheme 1). Then, the corre-
sponding cationic intermediate B is formed from the
reaction of cationic intermediate A with acetonitrile,
which affords the corresponding N-(3-arylmethylidene-
cyclobutyl)acetamide 2 via a Ritter reaction pathway.

In conclusion, we have found an interesting Brønsted
acid TfOH-mediated reaction of 2-(arylmethylene)
cyclopropylcarbinols 1 with acetonitrile to give the
corresponding ring-enlarged N-(3-arylmethylidene-
cyclobutyl)acetamides 2 in moderate to good yields
under mild conditions.11 Since aliphatic methylene-
cyclopropylcarbinols are difficult to be prepared at the
present stage, we are unable to examine them under
the standard conditions in this letter. A plausible



R1

OH

R2
R1 R2

1
3

2

A

H2O

+
N C R'

1

TfOH

1
2

3 +
N Me

R1 R2

1
3

2

B
2

R1

NHCCH3

R2

O

-H2O

C

Scheme 1. Proposed mechanism for the formation of N-(3-arylmethylidnecyclobutyl)acetamides 2.
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reaction mechanism has been proposed on the basis of
previous investigations and Ritter reaction pathway. In
addition, scope and limitations of this reaction has been
disclosed. Efforts are under way to elucidate the mecha-
nistic details and subsequent transformation. Work
along these lines is currently in progress.
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de Meijere, A. Angew. Chem., Int. Ed. Engl. 1995, 34,
2545–2547; (f) Tsukada, N.; Hibuya, A.; Nakamura, I.;
Yamamoto, Y. J. Am. Chem. Soc. 1997, 119, 8123–8124;
(g) Inoue, Y.; Hibi, T.; Sataka, H.; Hashimoto, H. Chem.
Commun. 1979, 982; (h) Binger, P.; Germer, A. Chem. Ber.
1981, 114, 3325–3335; (i) Nakamura, I.; Oh, B. H.; Saito,
S.; Yamamoto, Y. Angew. Chem., Int. Ed. 2001, 40, 1298–
1300; (j) Oh, B. H.; Nakamura, I.; Saito, S.; Yamamoto,
Y. Tetrahedron Lett. 2001, 42, 6203–6205; For the ring-
opening of MCPs by type II or III, please see: (k)
Bessmertnykh, A. G.; Blinov, K. A.; Grishin, Y. K.;
Donskaya, N. A.; Tveritinova, E. V.; Yur’eva, N. M.;
Beletskaya, I. P. J. Org. Chem. 1997, 62, 6069–6076; (l)
Lautens, M.; Meyer, C.; Lorenz, A. J. Am. Chem. Soc.
1996, 118, 10676–10677; (m) Ishiyama, T.; Momota, S.;
Miyaura, N. Synlett 1999, 1790–1792; (n) Suginome, M.;
Matsuda, T.; Ito, Y. J. Am. Chem. Soc. 2000, 122, 11015–
11016; (o) Chatani, N.; Takaya, H.; Hanafusa, T. Tetra-
hedron Lett. 1988, 29, 3979–3982; For the metal-catalyzed
cocyclizations reactions of MCPs with unsaturated car-
bon bonds had been extensively studied; please see the
review: (p) Lautens, M.; Klute, W.; Tam, W. Chem. Rev.
1996, 96, 49–92; (q) Ohta, T.; Takaya, H. In Comprehen-
sive Organic Chemistry; Trost, B. M., Fleming, I.,
Paquette, L. A., Eds.; Pergamon Press: Oxford, 1991;
Vol. 5, pp 1185–1196; (r) Binger, P.; Schmidt, T. In
Methods of Organic Chemistry. In Houben-Weyl; de
Meijere, A., Ed.; Thieme: Stuttgart, 1997; Vol. E 17c, pp
2217–2294;; (s) Binger, P.; Buch, H. M. Top. Curr. Chem.
1987, 135, 77–151.

3. For some more recent papers related to MCPs, please see:
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