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Arylmethylenecyclopropanes 1 can react with 3-methoxy-1,3,3-triarylprop-1-yne 2 or 1,1,3-triarylprop-2-yn-1-ol 2-OH to give the corresponding
functionalized methylenecyclobutene, cyclobutane, and cyclopropane derivatives in the presence of Lewis acid BF 3*OEt, under mild conditions.
A plausible Meyer —Schuster rearrangement mechanism has been proposed.

Methylenecyclopropanes (MCPs) are highly strained but corresponding tetrahydrofuran and pyrrolidine skeletons in
readily accessible molecules that serve as useful buildinggood yields! In addition, we and others have developed a
blocks in organic synthestdMCPs undergo a variety of ring-  number of heterocycle-forming reactions from MCPs and
opening/cycloaddition reactions in the presence of transition
mEta}ls or Lewis acids because Fhe .re'llef of ring strain can (2) Selected recent articles about transition metal-catalyzed reactions of
provide a powerful thermodynamic driving foré&Thus far, MCPs: (a) Camacho, D. H.; Nakamura, |.; Saito, S.; Yamamotd, ©rg.

i i iti i Chem 2001, 66, 270. (b) Lautens, M.; Meyer, C.; Lorenz, A.Am. Chem.
a number of interesting cycloadditions and ring enlargementsSOC'lg%y118’ 10676, (<) Lautens, M.- Ren. 3. Am. Chem. S0d996,
of MCPs have been explored. For example, Yamamoto et11g, 9597. (d) Saito, S.; Masuda, M.; KomagawaJSAm. Chem. Soc.

al. reported cycloaddition reactions of MCPs with aldehydes 3882,71565 élgg4(% lgle)kShi, M-:I\Nl?ngyl?--'ji( -;\i(*uangy Jt--\FJJ(-grg- gﬂem-
.. . . , 70, . akamura, 1.; Itagaki, H.; Yamamoto, X .Org. em.
and imines, using a palladium catalyst, that afforded the 199563 6458 () Tsukada, N.: Hibuya, A.; Nakamura, I.; Yamamoto, Y.

J. Am. Chem. S0d.997,119, 8123. (h) Suginome, M.; Matsuda, T.; Ito,

T East China University of Science and Technology. Y. J. Am. Chem. SoQ000, 122, 11015. (i) Scott, M. E.; Bethuel, Y.;

* Chinese Academy of Sciences. Lautens, M.J. Am. Chem. So007,129, 1482.

(1) For recent reviews, see: (a) Nakamura, |.; Yamamotd\dy. Synth. (3) Selected recent articles about Lewis acid-mediated reactions of
Catal. 2002,344, 111. (b) Brandi, A.; Cicchi, S.; Cordero, F. M.; Goti, A.  MCPs: (a) Shi, M.; Xu, BOrg. Lett.2002,4, 2145. (b) Xu, B.; Shi, M.
Chem. Rev2003,103, 1213. (c) Nakamura, E.; Yamago,/&c. Chem. Org. Lett.2003,5, 1415. (c) Huang, X.; Zhou, H.-WOrg. Lett.2002,4,
Res.2002,35, 867. For the synthesis of MCPs, see: Brandi, A.; Goti, A. 4419. (d) Huang, J.-W.; Shi, MTetrahedron Lett2003 44, 9343 and
Chem. Rev1998,98, 598. references cited therein.
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aldehydes or imines as well as ring enlargements of MCPsa Brgnsted acid, trace &a was produced (Table 1, entry
in the presence of Lewis or Brgnsted aciddderein, we 1). However, in the presence of BPEL under identical
wish to report an interesting Lewis acid-catalyzed cascade conditions,3awas produced in 34% yield within 6 h (Table
reaction of MCP4l with 3-methoxy-1,3,3-triarylprop-1-yne 1, entry 6). Increasing the employed amounts of-BiEL
2 or 1,1,3-triarylprop-2-yn-1-oR-OH to produce function-  or raising the reaction temperature did not improve the yields
alized methylenecyclobutene, cyclobutane, and cyclopropaneof 3a under identical conditions (Table 1, entries I71).
derivatives3, 4, and5 in moderate to good yields under mild  Next, we attempted to improve the yield ® by adjusting
conditions. the ratios oflaand2aas well as by prolonging the reaction
Initial examinations with diphenylmethylenecyclopropane time. The results are shown in Table 2. As can be seen from
(1a, 0.2 mmol) and 3-methoxy-1,3,3-triphenylprop-1-y2e, (
0.2 mmol) as the substrates in the presence of various Lewi
acids (10 mol %) in 1,2-dichloroethane (DCE) were aimed
at determining the best catalyst for this intermolecular
reaction and the results of these experiments are summarizedc,x,

in Table 1. We found that when using Bi(OTfand Sn- =] + CgHs—=
9 BIOIR CeHs o CeHs Cets i, solvent CeHs
CeHs

- faxeau e yeay B O

Table 1. Optimization of the Reaction Conditions

Table 2. Further Optimization of the Reaction Conditions
CeHs

OMe  BF, OFt, (10 mol %) CeHs ™\ Cefls

CgHs entry x y solvent time (h) yield of 3a (%)
% ?Me Lewis acid (10 mol %) Ceflsy_Cerls 1 1 15 DCE 6 54
+ CgHs—= oCE coH 2 1 2 DCE 8 65
CeHs CeHs Cells el 3 1 2.5 DCE 10 41
1a 2a 85 OMe 4 13 DCE 10 52
3a 5 12 DCE 10 58
6 1 2 Toulene 12 trace
1 2 M 12 1
entry® Lewis acid  temp (°C)  time (h)  yield of 3a (%)® g 1 2 TflgN 24 cNogl plex
1 TfOH rt 12 trace 9 1 2 pentane 24 trace
2 Bi(OTf); rt 8 18 10 1 2 EtOH 24 NR
3 Sc(OT t 8 1 )
4 Y(I:)((OT%g it 24 ﬁ)}r{np ex a|solated ylelds.
5 Sn(OTf), rt 12 13
6 BFg'OEtz rt 6 34
7 BF3-OEt; rt 6 32¢ ) i
8 BF3-OFEt; rt 6 33d Table 2, wherla (1.0 equiv) and?a (1.5 equiv) were used,
o Dront, " e o 3awas produced in 54% yield within 6 h and whaa (1.0
3° 2 . . .
11 BF3-OEt, 60 6 33 equiv) and2a (2.0 equiv) were used3a was produced in
o ;
a All reactions were carried out witha (0.2 mmol),2a (0.2 mmol), and 65% yleld after 8 h (T"’_"F"e 2 em”es 1 .and 2)' The !Jse of an
Lewis acid (10 mol %) in various solvents (2.0 mE)|50|ated yields. excess amount dfafacilitates this reaction becauga itself
¢ BF3-OEt, (20 mol %) was used! BFs-OEf (100 mol %) was used. can rearrange to an allenic product in the presence of Lewis

acid. Further increasing the amount 2d and prolonging
the reaction time did not improve the yield 8& (Table 2,
(OTf)2 (10 mol %) as Lewis acids, an interesting functonal- entries 3 and 4). Solvent effects have been examined with
ized methylenecyclobutene derivat®awas formed in 18%  BF..OEt, (10 mol %) at room temperature in dichlo-
and 13% yields at room temperature, respectively, althoughomethane (DCM), toluene, acetonitrile, THF, pentane, and
no reaction occurred, or complex product mixtures were ethanol. In THF or ethanol, no reaction occurred (Table 2,
obtained with use of Yb(OTf)or Sc(OTf} (10 mol %) asa  entries 8 and 10). In toluene and pentane, a traGaofas

) (3) Camacho, D. 1., Nakamura, I Saito, .. Yamamotoangew pbtained (Table 2, entrieg 6, 7, and 9_). We foqnd that DCM
Chem. Int. Ed.1999,38, 3365—3367. (b) Nakamura, I.; Oh, B.H. Sato, IS also the solvent of choice to givga in 58% yield under

S.; Yamamoto, YAngew. Chemlnt. Ed. 2001,40, 1298. (c) Oh, B. H.; otherwise identical conditions (Table 2, entry 5). Therefore,
Nakamura, I.; Saito, S.; Yamamoto, Yetrahedron Lett2001,42, 6203. o ; i :
(d) Oh, B. H.. Nakamura, .: Saito, S.: Yamamoto, Heterocycle2003, Fhe optimized reaction conditions are to carry out the rgactlon
61, 247. (e) Brase, S.; de Meijere, Angew. ChemInt. Ed. Engl 1995, in DCE or DCM at room temperature witha (1.0 equiv)

34, 2545, (f) Nakamura, I.; Nemoto, T.; Yamamoto, Y.; de Meijere, A. gnd2a (2.0 equiv) in the presence of BBEt (10 mol %)
Angew. Chemlnt. Ed. 2006,45, 5176.

(5) () Shi, M.; Xu, B.; Huang, J.-WOrg. Lett.2004,6, 1175. (b) Shi, ~ for 8 h. _ _ N _
M.; Shao, L.-X.; Xu, B.Org. Lett.2003,5, 579. (c) Shao, L.-X.; Xu, B,; Under these optimal reaction conditions, we next carried

Huang, J.-W.; Shi, MChem. Eur. J2006,12, 510. (d) Huang, J.-W.; Shi, ; ~ ; ; ;
M. Synlett 2004, 2343. (e) Patient, L; Berry, M. B.. Kiburn, 3. p. OUt this methylenecyclobutene-forming reaction using a
Tetrahedron Lett2003,44, 1015. variety of starting materials and 3-methoxy-1,3,3-triaryl-

(6) (&) Ma, S.-M.; Zhang, J.-L1. Am. Chem. So2003,125, 12386. (b) 12 i i
Lautens, M.; Han, WJ. Am. Chem. So2002,124, 6312. (c) Lautens, M.; prop-1 ynesz. The results are Summanzed. in Table 3. As
Han, W.: Liu, J. H.-C.J. Am. Chem. So@003,125, 4028. (d) Scott, M. Can be seen from Table 3, the corresponding methylenecy-
'\EA.;gan,tN.; Ié%%tgn?sél\é%g-é-_ett-ZO(l)él 6, 3309. (fe),\ASchtt, I\Zlf) Iéh _La,\xteC_s, clobutene derivative8 were obtained in 4065% yields

. Org. ett. e . RIng en argemento S: 1, M.} LIu. . . . .
L. P.; Tang, JJ. Am. Chem. So@006.128, 7430. (g) Furstner, A.: Aissa, (Table 3, entries 18). Substituents on the aromatic rings

C.J. Am. Chem. SoQ006,128, 6306. of 1 and 2 have little influence on the reaction. By using
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Table 3. Construction of Methylenecyclobutenes frdnand 2

Scheme 1. Proposed Mechanism for the Formation3of
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R>7 I+ cg= OR® " BE,OEt, (10 mol %) \ e
Rf e g7 Ré  DCEt8h R
1 R?
2 3 OR®
entry RY/R? R3/R* R>  yield of 3 (%)*
1 p-CIC¢Hy/ 2a Me 3b, 55
CeHs, 1b
2 p-MeCeHy/ 2a Me 3¢, 56
p-MeCgHy, 1¢
3  p-CICsH4/ 2a Me 3d, 54
p-CIC¢Hy, 1d
4  p-FCeHy 2a Me 3e, 59
p-FCeH4, le
5 la p-MeOCgHy/ Me 3f, 65°
p-MeOCGH4, 2b
6 1la p-FCe¢Hy/ Me 3g, 40°
p-FCeH4, 2¢c
7 la p-MeCgHy/ Me 3h, 63
p-MeCsH4, 2d
8 la p-MeCgHy/ Me 3i, 544
CGH5, 2e
9 la 2a-OH H 3j, 36
10 la 2¢-OH H 3k, 30
11 la 2d-OH H 31, 50

a|solated yields? 15% of lawas recoveredt 10% of lawas recovered.
d10% of lawas recovered and mixtures of cis- and trans-isomer (1:1) were
obtained.

1,1,3-triarylprop-2-yn-1-ol2a-OH, 2c-OH, and2d-OH, in
which R = H, as the substrates, the corresponding methyl-
enecyclobutene derivativedj, 3k, and 3l (R®> = H) were
obtained in 36-50% vyields (Table 2, entries9L1). Product
structures of3a—| were determined byH and *3C NMR

Interestingly, as for monoaromatic group substituted MCP
1f, an allenic group attached cyclobutane derivadiagwhich
was unambiguously determined by X-ray diffraction (Figure
2),was formed in 40% yield at room temperature (£5)

Figure 2. ORTEP drawing ofia.

spectroscopic data, HRMS, microanalysis. Furthermore, the
X-ray crystal structure oBa was determined and its CIF
data are presented in the Supporting Information (Figure 1).

Figure 1. ORTEP drawing of3a.

A plausible reaction mechanism is outlined in Scheme 1.
In the presence of BFOE®, 2a produces cationic intermedi-
ate A via a Meyer-Schuster rearrangeméehiyhich reacts
with MCP 1 to afford intermediateB stabilized by two
aromatic rings and one cyclopropane gréuptramolecular
cyclization gives intermediat€, which undergoes nucleo-
philic attack by the counteranion to provide prod@ct

Org. Lett, Vol. 9, No. 25, 2007

(Table 4, entry 1). For monoaromatic group substituted MCPs
1g-j, similar results were obtained for other 3-methoxy-
1,3,3-triarylprop-1-yne2 or 1,1,3-triaryl-prop-2-yn-1-ols
2-OH under identical conditions (Table 4, entries7). As

for aliphatic MCP1k, a similar adductth was obtained in
52% yield (Table 4, entry 8).

In addition, under the standard conditions-&0 °C, the
corresponding cyclopropane derivativieBearing an allenic
moiety were formed in 3055% yields for MCP<f—h and
11, indicating the formation of cationic intermedideshown
in Scheme 1 (Table 5).

On the basis of the above results, a plausible reaction
mechanism for the formation dfand5 is outlined in Scheme

(7) The crystal data da have been deposited in the CCDC with number
644870. Empirical formula, £H3,0; formula weight, 504.64; crystal color/
habit, colorless/prismatic; crystal system, triclinic; lattice type, primitive;
lattice parametersy = 10.9684(13) Ab = 11.1701(14) Ac = 12.9433-
E.S) A, a = 87.150(2)°,f = 67.964(2)°,y = 81.135(2)°,V = 1452.3(3)

3; space groupRl; Z = 2; Dcaic = 1.154 g/crd; Fooo= 536; diffractometer,
Rigaku AFC7R; residual®/Rw, 0.0524/0.1271.

(8) Swaminathan, S.; Narayanan, K. @hem. Rev1971,71, 429.

(9) For a review of cyclopropylmethyl cations, see: Richey, H. G., Jr.
In Carbonium lons; Olah, G. A., Schleyer, P. v. R., Eds.; Wiley-
Interscience: New York, 1972; Vol. Ill, Chapter 25.

(10) The crystal data ofla have been deposited in the CCDC with
number 650905. Empirical formula,36H340,; formula weight, 534.66;
crystal color/habit, colorless/prismatic; crystal system, monoclinic; lattice
type, primitive; lattice parametera,= 11.9815(12) Ap = 28.144(3) Ac
=9.7933(10) Ao = 90°, 8 = 111.828(2)°,y = 90°,V = 3065.6(5) &;
space group,P2(l)/ic; Z = 4; Dcac = 1.158 glcmd; Fooo = 1136;
diffractometer, Rigaku AFC7R; residua®Rw, 0.0520/0.1163.
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Table 4. Construction of Cyclobutane Derivatives from MCPs ~ Scheme 2. Plausible Mechanism for the Formation 4find5

1f—j and Aldehydes BF;R° R=OHorOMe
R3 j —<
R R BF 4 OEt CeHs  R®
5 5 06H5 | 3 2 +
R PR* B, OEt, (10 mol %) CeHs =
Y=< + cofts—= OR® CgHs CshHs CeHs 5 CeHs
H RS R* DCE, 1t, 6 h
1 6 6
2 4 R R
.
entry? RS R3/R4 RS yield of 4 [%]° CeHs
1 0-BnOCgH,, 1f 2a Me 4a, 40 CeHs D CeHs
2 0-MeOCgHy, 19 2a Me 4b, 54 |
3 0-TBDPSOCgH,, 1h 2a Me 4c, 30 20°C it
4 p-BrCgHg, 1i 2a-OH H 4d, 41
5 1 p-CICgH4/p-CICgH,, 2f-OH H 4e, 33 R RS
- i - H R AN
6  p-CICgHa, 1j 2a-OH 4af, 23 Cats NS CeHs
7 1f 2d Me 4g, 30
R® CeH CeH
CeH CgH 65 65
C6H55 l l
OR R® CeHs CoHs
R R
4h, 52 CeHs E CeHs
RG
2 Ratio of 1:2 = 1:2. P Isolated yields. Cehs 5 CeHs

2. The addition of cationic intermediafeto monoaromatic
group substituted MCR produces intermediatB®, which

undergoes ring expansion to give intermedi@tat higher R® 4
temperature (rt, 20°C). The nucleophilic attack by the
counteranion provides produétOn the other hand, at lower

In conclusion, we have found an interesting procedure
where diarylmethylenecyclopropanes and monoaromatic

Table 5. Formation of Cyclopropane Derivativés group subst?tuted methylenecyclopropapes react with 3-meth-
CeMs_ o oxy-1,3,3-triarylprop-1-ynes or 1,1,3-triarylprop-2-yn-1-ols
) to provide functionalized methylenecyclobutene derivatives
RM + CeHs—= PMe  BF;OEt, (10 mol %) A and cyclobutane or cyclopropane derivatives bearing an
a o CeHL CeHs  DCE,20°C CeHs allenic moiety catalyzed by Lewis acid under mild conditions.
1 re” “OMe A plausible reaction mechanism has been proposed that is
2 5 based on a Meyer—Schuster reaction pathway. With use of
this procedure, a series of novel functionalized methylenecy-
entry® RS yield of 5 (%) clobutene derivatives and cyclobutane or cyclopropane
1 0-BnOCgH,, 1f 5a, 55 derivatives were obtained selectively, with easily available
g g:g’lgggg%%:é’ h g‘c’: gg reagents un(_jer mild cqndmons, in mode_rate to _good yields.
4 p-MeOCgH,, 11 5d, 30 Further studies regarding the mechanistic details and scope

aRatio of 1:2 = 1:2. " Isolated yields. of this Process are in progress.
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