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Methylenecyclopropanes (MCPEpre highly strained but readily ~ Table 1.  Optimization of Reaction Conditions?
accessible molecules that have served as useful building blocks in VA 2_3
organic synthesis? MCPs undergo a variety of ring-opening (:?H catalyst, solvent, time J,
reactions in the presence of transition metal and Lewis acid catalysts oBn It O

because the relief of ring strain provides a potent thermodynamic 1a 2a 00"
driving force?* Several pathways for the cleavage of both proximal entry  catalyst solvent  time/h  2a yield/[%]® (conv./[%])°
and distal bonds pf MCPs catalyzed by transition mgtal; have.been 1 pdcl, DCE 24 62 (85)
reportect2® Herein, we report a new such reaction in which 2 PdBr DCE 24 84 (92)
palladium-catalyzed ring enlargement of aryl-substituted MCPs 3 Pd(OAc), DCE 24 N.R.
to the corresponding cyclobuten2eccurs in the presence of metal 4 Pd(PPh;),Cly DCE 24 N.R.
bromides in 1,2-dichloroethane (DCE) under mild conditions. 5  Pd(CH;CN).Cl, DCE 24 trace
Cyclobutenes are mainly used in cycloaddition and photochemi- 6 Pd(CH3;CN),Br; DCE 24 64 (74)
cal reaction$, and a few strategies have been reported for their 7 Pd(PhCN)Bry DCE 24 73 (87)
synthesis. One of the most common routes to cyclobutenes is the =~ 8  Pd(OAc); Cubr,  DCE 3 93 (>99)
photochemical or thermal [2 2] cycloaddition reaction of an 9 Pd(OAc),, LiBr DCE 24 69 (83)
P o 10 Pd(OAc), ZnBr,  DCE 3 91 (>99)
alkyne and an alken€ln our ongoing investigation of the trans- 11 Pd(OAC), NiBr DOE o4 trace
formation of MCPs, we envisioned that, if a metal carbene inter- 12 pd(OAC)i‘ Mngrz DCE 12 81 (>99)
mediate was generated at thesition of MCPs, a ring enlarge- 13 Pd(OAC)2’ Licl DCE 24 trace
ment would take place to give the corresponding cyclobutene pro- 14 Pd(OAC)2: CuCl,  DCE 24 trace
duct® In this paper, we disclose a new Pd-catalyzed method for 15 Pd(OAC),, Nal DCE 24 N. R
the synthesis of 1-aryl cyclobutenes. 16 Pd(OAC),, CuBr, THE 24 39 (53)
Using (2-benzyloxy)phenylmethylenecyclopropala &s the sub- 17 Pd(OAc),, CuBr, toluene 3 70 (>99)
strate, we investigated the feasibility of the proposed reaction and 18  Pd(OAc),, CuBr,  CH,Cl, 3 77 (>99)
found the optimal reaction conditions for the formation of the cor- 19 Pd(OAc);, CuBr,  CHCIy 3 77 (>99)
responding cyclobuten2a. The results are summarized in Table 1. 20 Pd(OAc);, CuBr, dioxane 24 79 (95)
Palladium chloride and palladium bromide catalyzed the reaction 21 Pd(OAc), CuBr,  CH,CN 24 trace
22  Pd(OAc),, CuBr; Et,0 24 trace

to afford 2a in 62 and 84% yields, respectively, within 24 h at
room temperature in DCE (entries 1 and 2). Palladium acetate and(loa 3%?%23’”5‘:3332{0&53%(&)% Irg(r)rllg')s,d pailleelxgisucné tcaaéﬁ:ystngtgqr?allf/g)o,gmgide
bis(triphenylphosphine)palladium chloride did not catalyze this Zger column chromatography. yielas: g

reaction under the same conditions (entries 3 and 4). Bis(nitrile)-
palladium halides, the more soluble Pd(ll) catalysts, did not give
better results than palladium halides (entries7h However, in

the presence of metal bromides such as copper brohmite;
bromide, and magnesium bromid&a was produced in excellent
conversions and high yields under Pd(OAchtalysis (entries
8—12). Chloride and iodide salts are less effective than the bromide
salts (entries 1315). Next, we examined the effect of solvent
choice on this reaction (entries 1@2). The reaction proceeded
smoothly in THF, toluene, dichloromethane, chloroform, and
dioxane, but the yields ¢fawere not as high as those within DCE
(entries 16-20). In both acetonitrile and diethyl ether, only a trace
of 2awas formed (entries 21 and 22). Other metal catalysts, suc
as RhCI(PP¥);, RuCk, PtCh, and Au(PPECI, did not catalyze
this reaction under identical conditions.

Using the optimal reaction conditions, we carried out the
palladium-catalyzed ring enlargement of a variety of MQRsd
found that the corresponding cyclobuten2svere obtained in
moderate to high yields (Table 2). The product structures were
determined by*H and 3C NMR spectroscopic data, HRMS, and
microanalysis. Furthermore, the X-ray crystal structurgl&fwas

h at room temperature to give the corresponding cyclobut2ires
good yields and conversions (Table 2, entriest27, 9, and 1%
15). On the other hand, having either an electron-withdrawing group
or no substituent on the aromatic ring retarded the reaction (entries
1,5, 6, and 10). For MCRi, higher temperature (8@) and longer
reaction time were required to give the corresponding cyclobutenes
2i in high yield and conversion (entry 8). It should be noted that,
if R is an alkyl group, no reaction occurred even at high temperature
(80 °C).
A plausible mechanism for this unusual ring enlargemernt of
to 2 is presented in Scheme 1. Regioselective bromopalladation of
h MCPs15212with PdBr, which might be produced in situ from Pd-
(OAc), and MBF, (M = Cu, Zn, Mg, Li), affords intermediata.13
IntermediateA undergoegs-hydrogen elimination to form inter-
mediateB, which subsequently generates palladium carbe@oid
via hydropalladation with a reversed regioselectivity. Viaaan
bromo migrationt* C is transformed to a palladium carbebg®
which yields the produc® and regenerates the palladium bromide
catalyst. To test the plausibility of this proposed mechanism, we
designed a deuterium labeling experiment. When deuterated sub-
determined and is presented in the Supporting Informafion. stratela-d was subjected.to the sta.ndard reaction cond.mons, cy-
An electron-donaﬁng group on the aropmpatic ri?]gldgnificantly clobutene_z_ad (>99% D mcqrporiltlor_i)i with the deuterlur_n at
promoted the reaction, and these reactions were complete within 3j[he 2-position was obtained in 83% yield (Scheme 2). This result
is consistent with the mechanism proposed in Scheme 1.
* Chinese Academy of Sciences. In conclusion, we have found a versatile palladium-catalyzed
* East China Normal University. ring enlargement reaction where methylenecyclopropanes are con-
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Table 2. Ring Enlargement of MCPs 1 to Cyclobutenes? (KGCX2-210-01), and the National Natural Science Foundation of China
PA(OAC) (3 mol%) CUBr, (10 Mol% H for financial support (20025206, 203900502, and 20272069).
I (OAC), (3 mol%). CuBr, (10 mol%) ]D Supporting Information Available: H andC NMR, MS, HRMS,
R” H DCE R and analytic data of the compounds shown in Tables 1 and 2 and Schemes
1 2 1 and 2, X-ray crystal structure d?k, and a detailed description of
entry R temp./°C time/h  yield/[%]? (conv./[%])° experimental procedures. This material is available free of charge via the
y CoHs (1b) 20 4 2b, 46 (68) Internet at http://pubs.acs.org.
, t.
2 P-CH3CeHs (1) ) 8 2, 52 (>99) References
3 p-CHzOCeH, (1d) rt 1 2d, 60 (>99) (1) Synthesis of MCPs: Brandi, A.; Goti, Ahem. Re. 1998 98, 589.
4 0,p-(CH30),CgH3 (1) 1t 3 2e, 74 (>99) (2) For recent reviews, see: (a) Nakamura, I.; YamamotoAd:. Synth.
Catal. 2002 344, 111. (b) Brandi, A.; Cicchi, S.; Cordero, F. M.; Goti,
° p-ClCeHa (1D 80 24 2,41 (60) A. Chem. Re. 2003 103 1213. (c) Nakamura, E.; Yamago,/&c. Chem.
6 m-CiCgH, (19) 80 24 2g, 38 (62) Res 2002 35, 867.

7 @L /_@ ah)  rt 3 2h, 89 (>99)
N . .
8 @i 80 10 2i, 91 (>99)
o o
0 @ i) rt 3 2j, 91 (>99)
OBn

OMe

cl .

10 (k) 80 24 2k, 64 (82)
OBn

11 @L ,@ an rt 3 21, 93 (>99)

OMe
12 @L\ (1m) rt 3 2m, 91 (>99)
o\
\/
13 (1n) rt 3 2n, 85 (>99)
OPh
4 @/ (10) it 3 20, 83 (>99)
OCgH13-n
15 N (p) rt 3 2p, 90 (>99)
OBn

2 Reactions were carried out by use of MCR0.3 mmol) in 1,2-dichloroethane
(DCE) (2.0 mL) with palladium acetate (2.0 mg, 3 mol %) and copper(ll) bromide
(7.0 mg, 10 mol %)P Isolated yields¢ Starting material consumed after column
chromatography.

Scheme 1. Proposed Mechanism for the Pd-Catalyzed Ring
Enlargement of MCPs to Cyclobutenes
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Scheme 2. Deuterium Labeling Experiment of the Ring Enlargement
Reaction

D.

D Pd(OAC); (5 mol%), CuBr, (10 mol%)

OBn DCE,r.t,3h OBn
ta-d 2a-d, 83%
verted into the corresponding cyclobutene compounds. This rep-
resents a new ring-opening isomerization reaction pathway of meth-
ylenecyclopropane and a novel approach for the synthesis of 1-aryl-
substituted cyclobutenes. In this manner, a series of cyclobutenes
was obtained under mild conditions in moderate to good yields.
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