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Abstract: 7-Aryl-1,3,5-cycloheptatrienes react intermolecu-
larly with methylenecyclopropanes in a triple gold(I)-catalyzed
reaction to form cyclopentenes. The same formal (4+1)
cycloaddition occurs with cyclobutenes. Other precursors of
gold(I) carbenes can also be used as the C1 component of the
cycloaddition.

Carbenes have been widely used as one-carbon synthon in
organic synthesis, particularly in the context of cyclopropa-
nation reactions.[1] However, only a few (4+1) cycloaddi-
tions[2] have been reported mainly with Fischer alkoxy-
(alkenyl)carbene complexes[3] and dialkoxycarbenes.[2, 4] To
the best of our knowledge, there is no report on the (4+1)
cycloaddition of aryl carbenes with 1,3-dienes, probably
because of the known propensity of carbenes to give cyclo-
propanation products with 1,3-dienes.[5] We postulated that
due to their high strain and unique electronic properties,
cyclobutenes[6] could be used as synthetic equivalents of 1,3-
dienes for the development of a formal (4+1) cycloaddition
with metal carbenes.

We have recently found that 7-substituted 1,3,5-cyclo-
heptatrienes 1 undergo gold(I)-catalyzed retro-Buchner reac-
tion to form carbenes 2 (Scheme 1).[7] Herein, we report
a novel and potentially general formal (4+1) cycloaddition by
reaction of 1 with methylenecyclopropanes 3[8] or cyclo-
butenes 4 to form cyclopentenes 5. In this transformation,
methylenecyclopropanes 3 undergo an isomerization to form
cyclobutenes 4 similar to that catalyzed by platinum or
palladium.[9] Therefore, in the reaction between 1 and 3,

gold(I) plays a triple catalytic role, isomerizing 3 into 4 and, in
parallel, generating gold(I) carbenes 2 from 1, which cyclo-
propanate the cyclobutenes. Finally, gold(I) cleaves the
internal C�C bond of the resulting bicyclo[2.1.0]pentanes to
form the cyclopentenes. This reaction can be viewed as an
insertion of one carbon into a double bond, a process that has
only been achieved in rare cases with dihalocarbenes.[10, 11]

Methylenecyclopropanes (MCPs) 3 can be readily pre-
pared in one step by the Wittig olefination of carbonyl
compounds with commercially available 3-bromo-triphenyl-
phosphonium bromide. We first examined the reaction of
phenylmethylenecyclopropane (3a) with 7-naphthyl-cyclo-
hepta-1,3,5-triene (1a) in the presence of gold(I) complexes
(Table 1). Using cationic [(JohnPhos)Au(MeCN)]SbF6 (A) in
1,2-dichloroethane at 120 8C, disubstituted cyclopentene 5a
was isolated in 76% yield (Table 1, entry 1). Other phosphine
or N-heterocyclic carbene gold(I) complexes B–E gave lower
yields (entries 2–5), whereas complexes F and G failed to
promote this transformation, presumably due to their insta-
bility at the temperature required for the retro-Buchner
reaction. The reaction also failed with silver(I), copper(II),
and platinum(II) catalysts (entries 8–10).

7-Aryl-cyclohepta-1,3,5-trienes containing groups with
different electronic and steric effects at the ortho, meta, or
para positions reacted with MCPs 3a–h to yield the (4+1)
cycloadducts 5b–m (Table 2). The (4+1) cycloaddition pro-
ceeds satisfactorily with MCP bearing arenes with fluoro-,
chloro-, and bromo-substituents. However, the reaction with
o-bromophenylmethylenecyclopropane (3 f) led to cycload-
duct 5k in lower yield. The structure of 5k was confirmed by
X-ray diffraction (Figure 1).[12] To demonstrate the synthetic
utility of this method, cyclopentene 5 l was prepared on
a 500 mg scale using only 1 mol% gold catalyst A in 51%
yield after purification by column chromatography. Alkylme-
thylenecyclopropanes also reacted to give (4+1) cycloaddi-
tion products, although in this case the reactions led to
mixtures of regioisomers 5 n/n’–5p/p’.

Substrate 3 l reacted intramolecularly using catalyst E to
form 2,3-dihydro-1H-cyclopenta[l]phenanthrene (5q’) by iso-

Scheme 1. New strategy for the formal (4+1) cycloaddition.
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merization of the initially formed adduct 5q (Scheme 2). In
addition, polyarene fragments can be obtained by photo-
chemical cyclization. Thus, compound 5 f can be transformed
into a cyclopenta derivative of benzo[g]chrysene (6) by a one
pot photo-induced isomerization/oxidative Mallory cycliza-
tion.[13]

Tetrasubstituted MCP 3m reacted with 1a to give only the
product of cyclopropanation 7 (Scheme 3 and Figure 1),
whose structure was confirmed by X-ray diffraction
(Figure 1).[12] Given that 3m does not undergo ring-expan-
sion, the isolation of spiro derivative 7 strongly suggests that
the cyclopropanation of MCP is not the initial step in the
formal (4+1) cycloaddition and that cyclobutenes are likely
intermediates in this transformation.

To confirm the hypothesis that cyclobutenes are inter-
mediates in the (4+1) reaction of MCP, we performed the
reaction of 1a with cyclobutene 4 a, which was isolated from
the reaction mixture of 1a and 3 g. Under identical conditions,
cycloadduct 5 l was isolated in 77 % yield. Trisubstituted
cyclobutenes[14] also took part in the (4+1) cycloaddition
reaction to afford cyclopentenes 5r–z (Table 3).

Cyclobutenes also react with intermediate gold(I) car-
benes generated by 1,2-acyloxy migration of propargylic
acetates[15] under mild conditions with catalyst E to give two
separable isomers 5aa–ac and 5’aa–ac in good overall yields
(Scheme 4). By performing the reaction at room temperature

at only 60% conversion, bicyclo[2.1.0]pentane 10 a[16] could
be isolated and then transformed cleanly into 5aa at 40 8C in
the presence of gold(I) catalyst. The gold(I) carbene gener-
ated from phenyl diazomethane[17–20] reacted similarly at
room temperature with cyclobutene 4c to form the desired
formal (4+1) product 5ad, along with 10 b.[21] This bicyclo-
[2.1.0]pentane was converted quantitatively into cyclo-
pentene 5ad by warming at 60 8C in the presence of gold
complex A.

Table 1: Gold(I)-catalyzed reaction of 7-(1-naphtyl)-1,3,5-cyclohepta-
triene (1a) with phenylmethylenecyclopropane (3a).[a]

Entry Catalyst Yield [%][b]

1 A 81 (76)[c]

2 B 25
3 C 28
4 D <5
5 E 47
6 F –[d]

7 G –[d]

8 H –[d]

9 I –[d]

10 J –[d]

[a] Reaction at 120 8C (0.2m in 1,2-dichloroethane), 2 equiv of 3a,
catalyst (5 mol%), 2 h. [b] Yields determined by 1H NMR spectroscopy
using 1,4-diacetylbenzene as internal standard. [c] Yield of isolated
product. [d] Not detected.

Table 2: Scope of the formal (4+1) cycloaddition between cyclohepta-
trienes 1 and methylenecyclopropanes 3.[a]

[a] Reaction at 120 8C, 0.2m in 1,2-dichloroethane, 2 equiv of 3a–k,
catalyst A (5 mol%), 2 h. Yields are for isolated products. [b] Reaction
time = 3 h. 3-Alkyl-3-arylcyclopent-1-enes 5’n–p were also obtained as
minor regioisomers.

Figure 1. X-ray crystal structures of 5k and 7.
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To shed additional light on the reaction mechanism, we
performed the reaction of cycloheptatriene 1a with MCP
[D1]-3a in the presence of catalyst A (Scheme 5). In this
experiment, [D1]-5a was obtained with the deuterium label
transferred completely to C-3.

According to all experimental data, we propose a mech-
anism for this formal (4+1) cycloaddition of cyclohepta-
trienes 1 and MCP in which gold(I) plays a triple role
(Scheme 6). In the first catalytic cycle, h2-MCP-gold(I)
complex I undergoes ring expansion to form intermediate
II, which gives h2-cyclobutene-gold(I) complex III. Associa-
tive ligand exchange with the 7-aryl-1,3,5-cycloheptatriene,
followed by retro-Buchner reaction then leads to the highly
reactive gold(I) carbene 2,[7] which reacts with cyclobutene 4
to form bicyclo[2.1.0]pentane-gold(I) complex IV. Cyclopro-
pane opening by gold(I) forms the tertiary carbocation V,
which leads to complex VI by a final 1,2-H shift. The
cyclopropanation of 4 by 2, followed by electrophilic cleavage
probably follows a pathway similar to that occurring in the gas
phase for the cyclopropanation/retro-cyclopropanation of
enol ethers with gold(I) carbenes.[22] Formation of cyclo-
pentenes from bicyclo[2.1.0]pentanes, the presumed inter-
mediates of these reactions, has been mechanistically exam-
ined in a few cases using RhI, ZnII, and other catalysts.[23,24]

Formation of regioisomeric 3-alkyl-3-arylcyclopent-1-enes

Scheme 2. Intramolecular formal (4+1) cycloaddition and its applica-
tion to the preparation of a polyarene fragment.

Scheme 3. Probing the mechanism of the formal (4+1) cycloaddition.

Table 3: Scope of the formal (4+1) cycloaddition between cyclohepta-
trienes 1 and cyclobutenes 4.[a]

[a] Reaction at 120 8C, 0.2m in 1,2-dichloroethane, 2 equiv of 4a–g,
catalyst A (5 mol%), 3 h. Yields are for isolated adducts. [b] Cyclobutene
4a was isolated from the reaction mixture of 1a and 3g. [c] 2 Equiv of 7-
(4-chlorophenyl)cyclohepta-1,3,5-triene were used.

Scheme 4. Formal (4+1) cycloaddition with various gold-(I) carbenes.

Scheme 5. Deuterium labeling experiment to probe the mechanism.
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together with 5n–p in the reaction of alkyl-substituted MCP
can be explained by the competitive migration of the aryl
group in intermediates V.

In summary, we have developed a synthesis of substituted
cyclopentenes by a formal (4+1) cycloaddition from methyl-
enecyclopropanes or cyclobutenes with gold(I) carbenes
generated under catalytic conditions by retro-Buchner reac-
tion of 1,3,5-cycloheptatrienes or by other methods. Further
work on the application of this cycloaddition in synthesis is
underway.

Received: April 5, 2014
Published online: June 4, 2014

.Keywords: (4+1) cycloaddition · carbenes · cyclobutenes ·
gold catalysis · methylenecyclopropanes

[1] a) M. S. Baird, Chem. Rev. 2003, 103, 1271 – 1294; b) M. P. Doyle,
R. Duffy, M. Ratnikov, L. Zhou, Chem. Rev. 2010, 110, 704 – 724;
c) D. F. Harvey, D. M. Sigano, Chem. Rev. 1996, 96, 271 – 288;
d) R. A. Moss, Acc. Chem. Res. 2006, 39, 267 – 272; e) M. P.
Doyle, Chem. Rev. 1986, 86, 919 – 939; f) J. Barluenga, J.
Santamar�a, M. Tom�s, Chem. Rev. 2004, 104, 2259 – 2284;
g) Y. Cheng, O. Meth-Cohn, Chem. Rev. 2004, 104, 2507 – 2530;
h) M. Brookhart, W. B. Studabaker, Chem. Rev. 1987, 87, 411 –
432; i) R. A. Moss, M. S. Platz, M. Jones, Jr., Reactive Inter-
mediate Chemistry, Wiley, New York, 2004 ; j) M. Jones, Jr.,
R. A. Moss, Carbenes, Wiley, New York, 1973.

[2] For a detailed discussion regarding (4+1) cycloadditions: F.
Beaumier, M. Dupuis, C. Spino, C. Y. Legault, J. Am. Chem. Soc.
2012, 134, 5938 – 5953.

[3] a) T. Kurahashi, Y.-T. Wu, K. Meindl, S. Ruhl, A. de Meijere,
Synlett 2005, 805 – 808; b) K. Kamikawa, Y. Shimizu, S. Take-
moto, H. Matsuzaka, Org. Lett. 2006, 8, 4011 – 4014; c) J.
Barluenga, S. L�pez, J. Fl�rez, Angew. Chem. 2003, 115, 241 –
243; Angew. Chem. Int. Ed. 2003, 42, 231 – 233; d) F. Zaragoza
Dçrwald, Angew. Chem. 2003, 115, 1372 – 1374; Angew. Chem.
Int. Ed. 2003, 42, 1332 – 1334; e) M. D�ry, L.-P. D. Lefebvre, K.
Aissa, C. Spino, Org. Lett. 2013, 15, 5456 – 5459.

[4] a) C. Spino, H. Rezaei, K. Dupont-Gaudet, F. B�langer, J. Am.
Chem. Soc. 2004, 126, 9926 – 9927; b) L. Boisvert, F. Beaumier,
C. Spino, Org. Lett. 2007, 9, 5361 – 5363.

[5] For theoretical studies of cycloadditions of carbenes and 1,3-
dienes: a) H. Fujimoto, R. Hoffmann, J. Phys. Chem. 1974, 78,
1167 – 1173; b) J. D. Evanseck, J. Mareda, K. N. Houk, J. Am.
Chem. Soc. 1990, 112, 73 – 80, and references therein.

[6] a) N. Gauvry, C. Lescop, F. Huet, Eur. J. Org. Chem. 2006, 5207 –
5218; b) V. V. Razon, Sci. Synth. b 2010, 47, 883 – 895.

[7] a) C. R. Solorio-Alvarado, Y. Wang, A. M. Echavarren, J. Am.
Chem. Soc. 2011, 133, 11952 – 11955; b) Y. Wang, P. McGonigal,
B. Herl�, M. Besora, A. M. Echavarren, J. Am. Chem. Soc. 2014,
136, 801 – 809.

[8] a) D.-H. Zhang, X.-Y. Tang, M. Shi, Acc. Chem. Res. 2014, 47,
913 – 924; b) M. Shi, J.-M. Lu, Y. Wei, L.-X. Shao, Acc. Chem.
Res. 2012, 45, 641 – 652; c) L. Yu, R. Guo, Org. Prep. Proc. Int.
2011, 43, 209 – 259; d) H. Pellissier, Tetrahedron 2010, 66, 8341 –
8375; e) A. Brandi, S. Cicchi, F. M. Cordero, A. Goti, Chem. Rev.
2003, 103, 1213 – 1269; f) I. Nakamura, Y. Yamamoto, Adv.
Synth. Catal. 2002, 344, 111 – 129; g) A. Brandi, A. Goti, Chem.
Rev. 1998, 98, 589 – 636; h) P. Binger, H. M. Buech, Top. Curr.
Chem. 1987, 135, 77 – 151.

[9] a) PtCl2: A. F�rstner, C. Aissa, J. Am. Chem. Soc. 2006, 128,
6306 – 6307; b) Palladium: M. Shi, L.-P. Liu, J. Tang, J. Am.
Chem. Soc. 2006, 128, 7430 – 7431.

[10] a) H. M. Morrison, J. E. Rainbolt, S. B. Lewis, Org. Lett. 2002, 4,
3871 – 3873; b) F. Algi, T. Hçkelek, M. Balci, J. Chem. Res. 2004,
658 – 660.

[11] In contrast, 1-aryl cyclobutenes undergo ring-opening cross-
metathesis with ruthenium(II) alkylidenes: J. Feng, G. Szeimies,
Eur. J. Org. Chem. 2002, 2942 – 2947.

[12] CCDC 987455 (5k) and 987454 (7) contain the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

[13] F. B. Mallory, C. W. Mallory, Org. React. 1984, 30, 1 – 456.
[14] V. L�pez-Carrillo, A. M. Echavarren, J. Am. Chem. Soc. 2010,

132, 9292 – 9294.
[15] For reviews and lead references on gold-catalyzed propargylic

carboxylate rearrangement: a) T. de Haro, E. G�mez-Bengoa,
R. Cribiffl, X. Huang, C. Nevado, Chem. Eur. J. 2012, 18, 6811 –
6824; b) S. Wang, G. Zhang, L. Zhang, Synlett 2010, 692 – 706;
c) R. Kazem Shiroodi, V. Gevorgyan, Chem. Soc. Rev. 2013, 42,
4991 – 5001; d) A. Correa, N. Marion, L. Fensterbank, M.
Malacria, S. P. Nolan, L. Cavallo, Angew. Chem. 2008, 120,
730 – 733; Angew. Chem. Int. Ed. 2008, 47, 718 – 721; e) J. Marco-
Contelles, E. Soriano, Chem. Eur. J. 2007, 13, 1350 – 1357.

[16] Relative configuration determined by nOe. See Supporting
Information for details.

[17] Selected references on the use of diazo compounds as carbene
precursors: a) H. M. L. Davies, J. R. Manning, Nature 2008, 451,
417 – 424; b) H. M. L. Davies, J. R. Denton, Chem. Soc. Rev.
2009, 38, 3061 – 3071; c) Z. Zhang, J. Wang, Tetrahedron 2008, 64,
6577 – 6605; d) T. Ye, M. A. McKervey, Chem. Rev. 1994, 94,
1091 – 1160; e) D. C. Forbes, M. P. Doyle, Chem. Rev. 1998, 98,
911 – 935; f) H. Lebel, J.-F. Marcoux, C. Molinaro, A. B.
Charette, Chem. Rev. 2003, 103, 977 – 1050.

[18] Gold-catalyzed cyclopropanation from diazo compounds:
a) M. R. Fructos, T. R. Belderrain, P. de Fr�mont, N. M. Scott,
S. P. Nolan, M. M. D�az-Requejo, P. J. Per�z, Angew. Chem.
2005, 117, 5418 – 5422; Angew. Chem. Int. Ed. 2005, 44, 5284 –
5288; b) A. Prieto, M. R. Fructos, M. M. D�az-Requejo, P. J.
P�rez, P. P�rez-Gal�n, N. Delpont, A. M. Echavarren, Tetrahe-
dron 2009, 65, 1790 – 1793.

[19] For lead references and reviews on the generation of gold(I)
carbenes by other processes, see: a) C. Obradors, A. M. Echa-
varren, Chem. Commun. 2014, 50, 16 – 28; b) C. Obradors, A. M.
Echavarren, Acc. Chem. Res. 2014, 47, 902 – 912; Oxidative
processes: c) B. P. Taduri, S. M. A. Sohel, H.-M. Cheng, G.-Y.

Scheme 6. Proposed mechanism for the formal (4+1) cycloaddition.

Angewandte
Chemie

14025Angew. Chem. Int. Ed. 2014, 53, 14022 –14026 � 2014 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

 15213773, 2014, 51, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.201404029 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [08/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://dx.doi.org/10.1021/cr010021r
http://dx.doi.org/10.1021/cr900239n
http://dx.doi.org/10.1021/cr950010w
http://dx.doi.org/10.1021/ar050155h
http://dx.doi.org/10.1021/cr00075a013
http://dx.doi.org/10.1021/cr0306079
http://dx.doi.org/10.1021/cr030604w
http://dx.doi.org/10.1021/cr00078a008
http://dx.doi.org/10.1021/cr00078a008
http://dx.doi.org/10.1021/ja211927b
http://dx.doi.org/10.1021/ja211927b
http://dx.doi.org/10.1021/ol061559s
http://dx.doi.org/10.1002/ange.200390055
http://dx.doi.org/10.1002/ange.200390055
http://dx.doi.org/10.1002/anie.200390087
http://dx.doi.org/10.1002/ange.200390316
http://dx.doi.org/10.1002/anie.200390344
http://dx.doi.org/10.1002/anie.200390344
http://dx.doi.org/10.1021/ol4025887
http://dx.doi.org/10.1021/ja046344x
http://dx.doi.org/10.1021/ja046344x
http://dx.doi.org/10.1021/ol702172t
http://dx.doi.org/10.1021/j100605a007
http://dx.doi.org/10.1021/j100605a007
http://dx.doi.org/10.1021/ja00157a012
http://dx.doi.org/10.1021/ja00157a012
http://dx.doi.org/10.1002/ejoc.200600406
http://dx.doi.org/10.1002/ejoc.200600406
http://dx.doi.org/10.1021/ja205046h
http://dx.doi.org/10.1021/ja205046h
http://dx.doi.org/10.1021/ja411626v
http://dx.doi.org/10.1021/ja411626v
http://dx.doi.org/10.1021/ar400159r
http://dx.doi.org/10.1021/ar400159r
http://dx.doi.org/10.1021/ar200237z
http://dx.doi.org/10.1021/ar200237z
http://dx.doi.org/10.1080/00304948.2011.564551
http://dx.doi.org/10.1080/00304948.2011.564551
http://dx.doi.org/10.1016/j.tet.2010.08.031
http://dx.doi.org/10.1016/j.tet.2010.08.031
http://dx.doi.org/10.1021/cr010005u
http://dx.doi.org/10.1021/cr010005u
http://dx.doi.org/10.1002/1615-4169(200202)344:2%3C111::AID-ADSC111%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1615-4169(200202)344:2%3C111::AID-ADSC111%3E3.0.CO;2-0
http://dx.doi.org/10.1021/cr940341t
http://dx.doi.org/10.1021/cr940341t
http://dx.doi.org/10.1007/3-540-16662-9_4
http://dx.doi.org/10.1007/3-540-16662-9_4
http://dx.doi.org/10.1021/ja061392y
http://dx.doi.org/10.1021/ja061392y
http://dx.doi.org/10.1021/ja061749y
http://dx.doi.org/10.1021/ja061749y
http://dx.doi.org/10.1021/ol020158j
http://dx.doi.org/10.1021/ol020158j
http://dx.doi.org/10.1002/1099-0690(200209)2002:17%3C2942::AID-EJOC2942%3E3.0.CO;2-D
http://dx.doi.org/10.1039/c3cs35514d
http://dx.doi.org/10.1039/c3cs35514d
http://dx.doi.org/10.1039/c3cs35514d
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/ange.200703769
http://dx.doi.org/10.1002/anie.200703769
http://dx.doi.org/10.1002/chem.200601522
http://dx.doi.org/10.1038/nature06485
http://dx.doi.org/10.1038/nature06485
http://dx.doi.org/10.1039/b901170f
http://dx.doi.org/10.1039/b901170f
http://dx.doi.org/10.1016/j.tet.2008.04.074
http://dx.doi.org/10.1016/j.tet.2008.04.074
http://dx.doi.org/10.1021/cr00028a010
http://dx.doi.org/10.1021/cr00028a010
http://dx.doi.org/10.1021/cr010007e
http://dx.doi.org/10.1002/ange.200501056
http://dx.doi.org/10.1002/ange.200501056
http://dx.doi.org/10.1002/anie.200501056
http://dx.doi.org/10.1002/anie.200501056
http://dx.doi.org/10.1016/j.tet.2008.10.114
http://dx.doi.org/10.1016/j.tet.2008.10.114
http://dx.doi.org/10.1039/c3cc45518a
http://dx.doi.org/10.1021/ar400174p
http://www.angewandte.org


Lin, R.-S. Liu, Chem. Commun. 2007, 2530 – 2532; d) H.-S.
Yeom, S. Shin, Acc. Chem. Res. 2014, 47, 966 – 977.

[20] We also screened some donor–acceptor diazo derivatives, such
as methyl-2-diazo-2-phenylacetate, but only homo-coupling
product of the diazo coumpound was observed.

[21] The reaction of phenyl diazomethane with cyclobutene 4c in the
presence of copper thiophene-2-carboxylate or [Ag-
(MeCN)2]SbF6 (5 mol%, CH2Cl2, 23 8C, 1.5 h) gave 10b and its
endo diastereoisomer in 47% (6:1 ratio) and 43% (3:1 ratio)
yield, respectively. No cyclopentene 5ad was formed with these
catalysts under these conditions.

[22] A. Fedorov, L. Batiste, A. Bach, D. M. Birney, P. Chen, J. Am.
Chem. Soc. 2011, 133, 12162 – 12171.

[23] Cleavage of bicyclo[2.1.0]pentanes to form cyclopentenes with
RhI: a) P. G. Gassman, T. J. Atkins, J. T. Lumb, Tetrahedron Lett.
1971, 12, 1643 – 1646; b) P. G. Gassman, T. J. Atkins, J. T. Lumb,
J. Am. Chem. Soc. 1972, 94, 7757 – 7761; c) K. B. Wiberg, K. C.
Bishop III, Tetrahedron Lett. 1973, 14, 2727 – 2739; d) Cleavage
with ZnII: M. A. McKinney, S. K. Chou, Tetrahedron Lett. 1974,
15, 1145 – 1148; e) Cleavage via radical cations with tris-
(aryl)aminium hexachloroantimonates: W. Adam, C. Sahin,
Tetrahedron Lett. 1994, 35, 9027 – 9030.

[24] Cleavage of bicyclo[2.1.0]pentanes with RhI proceeds by oxida-
tive addition: a) R. Yamaguchi, M. Kawanisi, J. Org. Chem.
1984, 49, 4460 – 4462; b) See also: M. Sohn, J. Blum, J. Halpern, J.
Am. Chem. Soc. 1979, 101, 2694 – 2698.

.Angewandte
Communications

14026 www.angewandte.org � 2014 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2014, 53, 14022 –14026

 15213773, 2014, 51, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.201404029 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [08/05/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://dx.doi.org/10.1039/b700659d
http://dx.doi.org/10.1021/ar4001839
http://dx.doi.org/10.1021/ja2041699
http://dx.doi.org/10.1021/ja2041699
http://dx.doi.org/10.1016/S0040-4039(01)87423-2
http://dx.doi.org/10.1016/S0040-4039(01)87423-2
http://dx.doi.org/10.1021/ja00777a604
http://dx.doi.org/10.1016/S0040-4039(01)96123-4
http://dx.doi.org/10.1016/S0040-4039(01)82429-1
http://dx.doi.org/10.1016/S0040-4039(01)82429-1
http://dx.doi.org/10.1016/0040-4039(94)88418-8
http://dx.doi.org/10.1021/jo00197a025
http://dx.doi.org/10.1021/jo00197a025
http://dx.doi.org/10.1021/ja00504a033
http://dx.doi.org/10.1021/ja00504a033
http://www.angewandte.org

