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RhI-Catalyzed Benzo/[7+1] Cycloaddition of Cyclopropyl-
Benzocyclobutenes and CO by Merging Thermal and Metal-
Catalyzed C�C Bond Cleavages
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Abstract: A Rh-catalyzed benzo/[7+1] cycloaddition of cy-
clopropyl-benzocyclobutenes (CP-BCBs) and CO to benzo-
cyclooctenones has been developed. In this reaction, CP-
BCB acts as a benzo/7-C synthon and the reaction involves
two C�C bond cleavages: a thermal electrocyclic ring-
opening of the four-membered ring in CP-BCB and a Rh-
catalyzed C�C cleavage of the cyclopropane ring.

Benzene-fused carbocyclic rings of various sizes (referred here
as to benzo/n rings, n�4) are widely found in natural prod-
ucts, pharmaceuticals, and material compounds. Therefore, de-
veloping reactions to access these skeletons is of great signifi-
cance in today’s science of synthesis. One of the powerful
strategies to access benzo/n ring scaffolds is to utilize the
chemistry of benzocyclobutenes.[1] For example, under thermal
reaction conditions, the four-membered rings in benzocyclobu-
tenes can generate o-quinodimethanes (the distal C�C bond in
the four-membered ring is cleaved), which then undergo cyclo-
additions or electrocyclizations to furnish benzo/n rings (n = 6–
8). Transition-metal-catalyzed cycloadditions of benzocyclobu-
tene derivatives to benzo/n rings have been much less studied.
Recently Dong and co-workers[2] reported benzocyclobute-
nones can undergo intramolecular [4+2] and [4+2–1] reactions
by selective proximal C�C cleavage to give benzene-fused six-
and five-membered rings, respectively, and in these reactions,
benzocyclobutenones can be regarded as benzo/4-C and
benzo/3-C synthons. Other elegant works from Barluenga and
Aguilar’s,[3a,b] Nemoto’s,[3c] Murakami’s,[3d] and Wang’s[3e] groups
also provide access to different sized (5- to 7-membered) ben-
zene-fused rings. However, transition-metal-catalyzed cycload-
ditions of benzocyclobutenes to synthesize benzo/8 skeletons
were not available.[4] Developing such a reaction will provide
a new approach to the synthesis of natural products with
a benzo/8 skeleton (Figure 1). This is also important to advance

the field of transition-metal-catalyzed cycloadditions, in which
a dozen of reactions to nonbenzenoid n/8 skeletons, but not
benzo/8 skeletons, are available.[4, 5] Following our long interest
in discovering and developing new transition-metal-catalyzed
cycloadditions,[6] we were eager to cover this gap and develop
new benzo/x�C synthons (x = 1–8) that can be applied to syn-
thesize the challenging benzo/8 skeletons. Here we report the
first Rh-catalyzed benzo/[7+1] cycloaddition of cyclopropyl-
benzocyclobutenes (CP-BCBs) and CO to access benzo/8 rings,
in which CP-BCBs act as the benzo/7-C synthon (Scheme 1).

Previously, we have developed the first [7+1] cycloaddition
of dienylcyclopropanes and CO (Scheme 1). Reported here is
a benzo/[7+1] reaction using cyclopropyl-benzocyclobutene
(CP-BCB) as a benzo/7-C synthon with CO as the 1-C synthon
(Schemes 1 and 2). We hypothesized that, under thermal reac-
tion conditions, ring opening[7] of the benzocyclobutene ring
in CP-BCB would generate intermediate I first (Scheme 2). Then
oxidative cyclometallation leads to intermediate II. Cyclopro-
pane opening (b-C elimination) would convert II into an eight-
membered metallacycle III. CO coordination and migratory in-

Figure 1. Selected natural products possessing benzo/8 skeletons.

Scheme 1. [7+1] cycloaddition and new benzo/[7+1] cycloaddition.
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sertion then transforms III into intermediate IV or IV’. Finally
reductive elimination gives the benzocyclooctenone (BCO).
This designed benzo/[7+1] reaction involves two C�C bond
cleavages: one is through the thermal opening of the four-
membered ring in benzocyclobutene, the other through transi-
tion-metal-catalyzed cyclopropane opening.[8–10]

However, we had several concerns at the outset of this
work. First, the opening of cyclobutene ring in CP-BCBs could
be difficult because usually such processes were carried out
under very harsh conditions, under which the starting materi-
als may decompose. Therefore choosing an appropriate R
group in CP-BCBs to facilitate the ring opening of benzocyclo-
butene would be the primary requirement for the success of
the designed benzo/[7+1] reaction. Suzuki and co-workers
have demonstrated that CP-BCBs can give benzocycloheptenes
(structure is not given here) under thermal reaction conditions
without catalyst, even though they had to use more reactive
substrates in which the four-membered ring had two alkoxyl
substituents.[11] As a result, the second obstacle of the de-
signed benzo/[7+1] reaction is that, once intermediate III is
generated, it could also undergo direct reductive elimination
to give benzocycloheptene as a side product. In addition, b-hy-
drogen elimination could also happen for all possible inter-
mediates and this may mess up the reaction.

It was reported that the electron-donating group could pro-
mote BCB’s ring opening,[1b] so we envisioned the substituent
(R-, Scheme 2) in the BCB ring of the substrate had better be
some electron-donating group (here we chose the trimethyl-
siloxy (TMSO) or tert-butyldimethylsiloxy (TBSO) group). We
chose Rh complexes as the catalysts since Rh-catalyzed cyclo-
propane opening from intermediates similar to II had been re-
ported.[12] In addition, Rh-catalyzed cycloadditions of various
species with CO had been well documented.[13] Previously it
has been shown that [RhCl(CO)2]2 is an excellent catalyst in
several CO carbonylation reactions;[6, 13] therefore, we chose it
as the catalyst to test our designed benzo/[7+1] reaction.

Our research was commenced with the model substrate 1 a,
which was subjected to the reaction conditions used for the
[7+1] cycloaddition of butandienylcyclopropanes and CO pre-

viously reported by our group (Table 1).[4b] However, the reac-
tant remained intact on heating for five days (Table 1, entry 1).
Considering the difficulties associated with ring-opening of
BCB, we surmised that a higher reaction temperature was
needed. When the reaction was conducted at 140 8C in p-
xylene, to our delight, the desired benzo/[7+1] cycloaddition
product was obtained in a good yield (entry 2). Lowering the
reaction temperature decreased the yield remarkably (entry 3).
Reducing catalyst loading had little effect on the reaction yield
(entries 4–6). It was noticed that the benzo/[7+1] reaction with
2.5 mol % loading of catalyst gave a comparable reaction yield
as with 10 mol % catalyst loading (entry 5 vs. 2), but much
lower loading (1 mol %, entry 6) led to a little lower yield.
1 and 0.5 atm. CO were both good to the reaction, but
0.2 atm. CO reduced the yield significantly (entries 7–8). Extra
phosphine ligand was found to be detrimental to the reaction
(entry 9). Wilkinson’s catalyst cannot promote the reaction at
all (entry 10). We found that the benzo/[7+1] reaction can also
be carried out in a high boiling point solvent, such as n-butyl
ether (nBu2O), with a slightly lower yield (entry 11). In contrast,
using toluene as the solvent gave a much lower yield
(entry 12), and 1,2-dichloroethane (DCE) cannot be used as the
reaction medium (entry 13). Consequently, the optimal reaction
conditions of the benzo/[7+1] cycloaddition were determined:
balloon pressured 1 atm. CO gas, 2.5 mol % [RhCl(CO)2]2 as the
catalyst, p-xylene as the solvent at the temperature of 140 8C.
We must point out here that the TBS protecting group is re-
quired for the success of the present reaction. Substrate with
a free alcohol group gave the Murakami-type C�C cleavage
product 3 a under [RhCl(CO)2]2 catalysis [Eq. (1)] .[3d, 14] In addi-
tion, we did not observe benzocycloheptene in the reaction
system, which suggests reductive elimination from III is slower

Scheme 2. Proposed benzo/[7+1] reaction pathway of CP-BCB with CO
under transition-metal catalysis.

Table 1. Optimization of the benzo/[7+1] reaction conditions.[a]

Entry CO [atm] x [mol %] Solvent T [8C] t [h] Yield [%][b]

1 1 10 dioxane 100 120 N.R.
2 1 10 p-xylene 140 6 84
3 1 10 p-xylene 130 9 52
4 1 5 p-xylene 140 6 79
5 1 2.5 p-xylene 140 4 84
6 1 1 p-xylene 140 6 72
7 0.5[c] 5 p-xylene 140 7 83
8 0.2[c] 5 p-xylene 140 8 49
9 0.5[c] 5[d] p-xylene 140 22 0
10 1 10[e] p-xylene 140 20 0
11 1 5 nBu2O 140 10 72
12 1 5 PhCH3 110 72 57
13 1 5 DCE 85 70 N.R.

[a] All reactions were carried out on a 0.2 mmol scale in 4 mL solvent.
[b] Yield of isolated product. [c] Here 0.5 or 0.2 atm. CO means that we
used balloon pressured mixed gas of CO/N2 (ratio is 1:1 for 0.5 atm. CO
and 1:4 for 0.2 atm. CO), whereas 1 atm. CO indicates using ballon pres-
sured gas of CO. [d] 10 mol % PPh3 was added. [e] [RhCl(PPh3)3] was used.
DCE = 1,2-dichloroethane, N.R. = no reaction.
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than the competing CO insertion, and the followed reductive
elimination from IV or IV’.[15] Without adding CO gas, the reac-
tion of 1 a did not give benzocycloheptene either but some
unidentified decomposition products, which suggests that CO
is critical to the present benzo/[7+1] reaction.

With the optimal reaction conditions in hand, we next inves-
tigated the substrate scope of the present benzo/[7+1] cyclo-
addition (Table 2). We found that the reaction showed a good
tolerance with different functional groups and substitution pat-
terns. For example, the electron-donating group on the phenyl
ring had a negligible effect on the reaction: the substrates pos-
sessing a methoxy or benzyloxy group gave the corresponding
benzo/[7+1] adducts in good yields (Table 2, entries 2 and 3).
Additionally, the structure of 2 b was unambiguously con-
firmed by X-ray diffraction analysis (see the Supporting Infor-
mation for details). An electron-withdrawing group can also be
tolerated, as the substrate with a fluorine atom on the phenyl
ring gave the desired product 2 d in 73 % yield (entry 4).
Phenyl as a substituent can be incorporated on the aromatic
ring of the substrate (entry 5). The naphthalene-fused cyclo-
propylcyclobutene 1 f was also a suitable substrate, affording
the corresponding naphthalene-fused cyclooctenone in a good
yield (entry 6). Moreover, substituents can be introduced on
the cyclopropane ring in the substrate. Substrate 1 g with
a phenyl group at the junctional position on the CP ring gave
the [7+1] cycloadduct in 50 % yield (entry 7). The substrate 1 h
with a methyl group at the nonjunctional position on the cy-
clopropane ring can also be tolerated, giving the correspond-
ing cycloadduct in a moderate yield, with a little selectivity fa-
voring the cleavage of the less-hindered C�C bond of the cy-
clopropane ring (leading to 2 ha) (entry 8). However, introduc-
ing another substituent (a methyl group) on the four-mem-
bered ring (1 i) completely inhibited the reaction, probably
because of unfavorable steric hindrance (entry 9).

We further tested whether the benzo/[7+1] reaction can be
used for the synthesis of the tricyclic skeleton when the cyclo-
propane of the CP-BCB substrate is fused with another ring,
which is difficult to achieve in our previously reported [7+1]
cycloaddition of butandienylcyclopropanes and CO. Impres-
sively, 1 j and 1 k, with five- and six-membered ring fused cy-
clopropane, respectively, were suitable substrates to give
benzo/[7+1] cycloaddcuts in good yields (2 j and 2 k) (Table 2,
entry 10—11). In the case of 1 j, we did isolate the byproduct
4 j [Eq. (2)] originating from b-H elimination of the proposed
rhodacyclooctene intermediate III (Scheme 2).[16] This may sup-
port our proposed reaction mechanism (Scheme 2) and ac-
count for the erosion of the reaction yield by the b-H elimina-
tion pathway.

In summary, we have developed a benzo/[7+1] cycloaddi-
tion of cyclopropyl-benzocyclobutenes and CO for the synthe-

Table 2. Substrate scope of the benzo/[7+1] cycloaddition.[a]

Entry Substrate Product t [h] Yield[b] [%]

1 4 84

2 20 79

3 20 84

4 24 73

5 20 74

6 24 81

7 24 50

8[d] 10 55[e]

9 – 20 no reaction

10[d] 24 51

11[d] 20 62[f]

[a] General reaction conditions: 0.2 mmol 1, 2.5 mol % [RhCl(CO)2]2, 1 atm.
CO, p-xylene (4 mL), 140 8C. [b] Yield of isolated products. [c] Inseparable
mixture of isomers with the substituent at the 3- and 4-position.
[d] 5 mol % [RhCl(CO)2]2 was used. [e] Average result of two diastereoiso-
mers (see the Supporting Information). [f] See note [16] for the other un-
identified byproduct.
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sis of benzocyclooctenones. The reaction features high efficien-
cy and broad substrate scope. This represents the first example
of using transition-metal-catalyzed cycloaddition chemistry of
benzocyclobutenes for the synthesis of challenging eight-
membered carbocycles fused with aryl rings. Further mechanis-
tic study on understanding the reaction sequences and how
the four-membered[1] and three-membered rings are cleaved
will be reported in due course. The development of other cy-
cloadditions through the use of C�C bond cleavage of benzo-
cyclobutene derivatives is ongoing in our laboratory.

Experimental Section

A solution of 1 a (55.3 mg, 0.201 mmol) in p-xylene (2.0 mL) was
added to a solution of [RhCl(CO)2]2 (2.0 mg, 0.005 mmol) in anhy-
drous p-xylene (2.0 mL) in a flame-dried reaction tube under argon.
Then the reaction mixture was bubbled with CO gas in a balloon
for 5 min. After that, the reaction tube was immersed into a 140 8C
oil bath and stirred under the atmosphere pressure of CO gas.
When TLC analysis (by phosphomolybdic acid staining) indicated
the disappearance of the starting material, the reaction mixture
was cooled to room temperature and concentrated under reduced
pressure to remove p-xylene. The residue was purified by flash
column chromatography on silica gel (petroleum ether/ethyl ace-
tate = 50:1) to afford 2 a as a pale-yellow oil (51.2 mg, 84 % yield).

Acknowledgements

We thank the Natural Science Foundation of China (21232001),
and the National Basic Research Program of China-973 Pro-
gram (2011CB808600) for financial support. We thank Prof.
Yuan-Zhi Xia (Wenzhou University) for his help in preparation
of substrate 1 b during his visit to our lab.

Keywords: benzo/[7+1] · benzocyclobutene · carbonylation ·
eight-membered ring · rhodium

[1] For selected reviews on benzocyclobutene chemistry, see: a) I. L. Klundt,
Chem. Rev. 1970, 70, 471; b) W. Oppolzer, Synthesis 1978, 793; c) R. P.
Thummel, Acc. Chem. Res. 1980, 13, 70; d) J. L. Segura, N. Mart�n, Chem.
Rev. 1999, 99, 3199; e) A. K. Sadana, R. K. Saini, W. E. Billups, Chem. Rev.
2003, 103, 1539; f) A. Flores-Gaspar, R. Martin, Synthesis 2013, 45, 563;
g) R. Zheng, S. Zhu, Chin. J. Org. Chem. 2014, 37, 1322.

[2] a) T. Xu, G. Dong, Angew. Chem. Int. Ed. 2012, 51, 7567; Angew. Chem.
2012, 124, 7685; b) T. Xu, H. M. Ko, N. A. Savage, G. Dong, J. Am. Chem.
Soc. 2012, 134, 20005; c) P.-h. Chen, T. Xu, G. Dong, Angew. Chem. Int.
Ed. 2014, 53, 1674; Angew. Chem. 2014, 126, 1700; d) T. Xu, N. A.
Savage, G. Dong, Angew. Chem. 2014, 126, 10909; Angew. Chem. Int. Ed.
2014, 53, 10733.

[3] a) J. Barluenga, P. Garc�a-Garc�a, M. A. Fern�ndez-Rodr�guez, E. Aguilar, I.
Merino, Angew. Chem. Int. Ed. 2005, 44, 5875; Angew. Chem. 2005, 117,
6025; b) P. Garc�a-Garc�a, C. Novillo, M. A. Fern�ndez-Rodr�guez, E. Agui-
lar, Chem. Eur. J. 2011, 17, 564; c) Y. Matsuya, N. Ohsawa, H. Nemoto, J.

Am. Chem. Soc. 2006, 128, 13072; d) N. Ishida, S. Sawano, Y. Masuda, M.
Murakami, J. Am. Chem. Soc. 2012, 134, 17502; e) Y. Xia, Z. Liu, Z. Liu, R.
Ge, F. Ye, M. Hossain, Y. Zhang, J. Wang, J. Am. Chem. Soc. 2014, 136,
3013.

[4] For a recent review of metal-catalyzed reactions to eight-membered
rings, see: a) Z.-X. Yu, Y. Wang, Y. Wang, Chem. Asian J. 2010, 5, 1072.
For selected several recent examples, see : b) Z.-K. Yao, J. Li, Z.-X. Yu,
Org. Lett. 2011, 13, 134; c) Y. Oonishi, A. Hosotani, Y. Sato, J. Am. Chem.
Soc. 2011, 133, 10386; d) Y. Oonishi, A. Hosotani, Y. Sato, Angew. Chem.
Int. Ed. 2012, 51, 11548; Angew. Chem. 2012, 124, 11716; e) C. Aı̈ssa, D.
Cr�pin, D. J. Tetlow, K. Y. T. Ho, Org. Lett. 2013, 15, 1322; f) X. Zhang, J.
Wang, H. Zhao, H. Zhao, J. Wang, Organometallics 2013, 32, 3529; g) H.
Faustino, I. Alonso, J. L. MascareÇas, F. L�pez, Angew. Chem. Int. Ed.
2013, 52, 6526; Angew. Chem. 2013, 125, 6654.

[5] For examples on metal mediated synthesis of benzo/8 rings involving
cyclobutane derivatives, see: a) T. Matsuda, A. Fujimoto, M. Ishibashi, M.
Murakami, Chem. Lett. 2004, 33, 876; b) M. Murakami, S. Kadowaki, A.
Fujimoto, M. Ishibashi, T. Matsuda, Org. Lett. 2005, 7, 2059; c) D. Cr�pin,
J. Dawick, C. Aissa, Angew. Chem. Int. Ed. 2010, 49, 620; Angew. Chem.
2010, 122, 630.

[6] a) Y. Wang, J. Wang, J. Su, F. Huang, L. Jiao, Y. Liang, D. Yang, S. Zhang,
P. A. Wender, Z.-X. Yu, J. Am. Chem. Soc. 2007, 129, 10060; b) L. Jiao, S.
Ye, Z.-X. Yu, J. Am. Chem. Soc. 2008, 130, 7178; c) L. Jiao, M. Lin, Z.-X. Yu,
Chem. Commun. 2010, 46, 1059; d) Q. Li, G.-J. Jiang, L. Jiao, Z.-X. Yu,
Org. Lett. 2010, 12, 1332; e) F. Huang, Z.-K. Yao, Y. Wang, Y. Wang, J.
Zhang, Z.-X. Yu, Chem. Asian J. 2010, 5, 1555; f) L. Jiao, M. Lin, L.-G.
Zhuo, Z. X. Yu, Org. Lett. 2010, 12, 2528; g) ref. 4b; h) M. Lin, F. Li, L.
Jiao, Z.-X. Yu, J. Am. Chem. Soc. 2011, 133, 1690; i) G.-J. Jiang, X.-F. Fu, Q.
Li, Z.-X. Yu, Org. Lett. 2012, 14, 692; j) M. Lin, G.-Y. Kang, Y.-A. Guo, Z.-X.
Yu, J. Am. Chem. Soc. 2012, 134, 398; k) L. Jiao, Z.-X. Yu, J. Org. Chem.
2013, 78, 6842; l) ref. 4b.

[7] The ring opening could follow Houk’s torquoselectivity model. See:
W. R. Dolbier, Jr. , H. Koroniak, K. N. Houk, C. Sheu, Acc. Chem. Res. 1996,
29, 471.

[8] C�C cleaveages of cyclobutenones and cyclopropanes by using Rh cat-
alyst to seven-membered rings were reported by Liebeskind, see: M. A.
Huffman, L. S. Liebeskind, J. Am. Chem. Soc. 1993, 115, 4895.

[9] For the first reported catalytic [7+1] reaction, see ref. [4b]. For a metal-
free formal [7+1] reaction, see: X. Xu, L. Zhang, X. Liu, L. Pan, Q. Liu,
Angew. Chem. Int. Ed. 2013, 52, 9271; Angew. Chem. 2013, 125, 9441.

[10] For selected reviews on C�C bond activations, see: a) R. H. Crabtree,
Chem. Rev. 1985, 85, 245; b) B. Rybtchinski, D. Milstein, Angew. Chem.
Int. Ed. 1999, 38, 870; Angew. Chem. 1999, 111, 918; c) M. Murakami, Y.
Ito, Top. Organomet. Chem. 1999, 3, 97; d) M. E. van der Boom, D. Mil-
stein, Chem. Rev. 2003, 103, 1759; e) C.-H. Jun, Chem. Soc. Rev. 2004, 33,
610; f) T. Satoh, M. Miura, Top. Organomet. Chem. 2005, 14, 1; g) C.-H.
Jun, J.-W. Park, Top. Organomet. Chem. 2007, 24, 117; h) D. Necas, M.
Kotora, Curr. Org. Chem. 2007, 11, 1566; i) A. Korotvicka, D. Necas, M.
Kotora, Curr. Org. Chem. 2012, 16, 1170; j) T. Seiser, T. Saget, D. N. Tran,
N. Cramer, Angew. Chem. Int. Ed. 2011, 50, 7740; Angew. Chem. 2011,
123, 7884; k) M. Murakami, T. Matsuda, Chem. Commun. 2011, 47, 1100;
l) T. Seiser, N. Cramer, Org. Biomol. Chem. 2009, 7, 2835; m) N. Cramer, T.
Seiser, Synlett 2011, 449; o) C. Aı̈ssa, Synthesis 2011, 3389.

[11] a) N. Fukui, T. Hamura, K. Ohmori, K. Suzuki, Chem. Lett. 2011, 40, 1198;
b) N. Fukui, K. Ohmori, K. Suzuki, Helv. Chim. Acta 2012, 95, 2194.

[12] Rh catalyst: a) A. D. Aloise, M. E. Layton, M. D. Shair, J. Am. Chem. Soc.
2000, 122, 12610; b) ref. [5c]; c) ref. [6d] ; Ni catalyst : d) X. Hong, P. Liu,
K. N. Houk, J. Am. Chem. Soc. 2013, 135, 1456; Ru catalyst: e) X. Hong,
B. M. Trost, K. N. Houk, J. Am. Chem. Soc. 2013, 135, 6588.

[13] For selected recent examples of rhodium-catalyzed cycloadditions
using CO as a 1-C synthon, see: a) S. Mazumder, D. Shang, D. E. Negru,
M. H. Baik, P. A. Evans, J. Am. Chem. Soc. 2012, 134, 20569; b) S. Y. Kim,
S. I. Lee, S. Y. Choi, Y. K. Chung, Angew. Chem. Int. Ed. 2008, 47, 4914;
Angew. Chem. 2008, 120, 4992; c) T. Fukuyama, Y. Ohta, C. Brancour, K.
Miyagawa, A.-L. Dhimane, L. Fensterbank, M. Malacria, Chem. Eur. J.
2012, 18, 7243; d) M. H. Shaw, E. Y. Melikhova, D. P. Kloer, W. G. Whit-
tingham, J. F. Bower, J. Am. Chem. Soc. 2013, 135, 4992; e) X. Li, W.
Song, W. Tang, J. Am. Chem. Soc. 2013, 135, 16797; f) P. A. Wender, N. M.
Deschamps, R. Sun, Angew. Chem. Int. Ed. 2006, 45, 3957; Angew. Chem.
2006, 118, 4061; g) C. Li, H. Zhang, J. Feng, Y. Zhang, J. Wang, Org. Lett.
2010, 12, 3082.

Chem. Eur. J. 2015, 21, 1 – 6 www.chemeurj.org � 2015 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4&&

�� These are not the final page numbers!

Communication

http://dx.doi.org/10.1021/cr60266a002
http://dx.doi.org/10.1055/s-1978-24895
http://dx.doi.org/10.1021/ar50147a002
http://dx.doi.org/10.1021/cr990011e
http://dx.doi.org/10.1021/cr990011e
http://dx.doi.org/10.1021/cr010022j
http://dx.doi.org/10.1021/cr010022j
http://dx.doi.org/10.1002/anie.201202771
http://dx.doi.org/10.1002/ange.201202771
http://dx.doi.org/10.1002/ange.201202771
http://dx.doi.org/10.1021/ja309978c
http://dx.doi.org/10.1021/ja309978c
http://dx.doi.org/10.1002/anie.201310100
http://dx.doi.org/10.1002/anie.201310100
http://dx.doi.org/10.1002/ange.201310100
http://dx.doi.org/10.1002/ange.201404802
http://dx.doi.org/10.1002/anie.201404802
http://dx.doi.org/10.1002/anie.201404802
http://dx.doi.org/10.1002/anie.200501468
http://dx.doi.org/10.1002/ange.200501468
http://dx.doi.org/10.1002/ange.200501468
http://dx.doi.org/10.1002/chem.201002092
http://dx.doi.org/10.1021/ja065277z
http://dx.doi.org/10.1021/ja065277z
http://dx.doi.org/10.1021/ja309013a
http://dx.doi.org/10.1021/ja500118w
http://dx.doi.org/10.1021/ja500118w
http://dx.doi.org/10.1002/asia.200900712
http://dx.doi.org/10.1021/ol102700m
http://dx.doi.org/10.1021/ja203824v
http://dx.doi.org/10.1021/ja203824v
http://dx.doi.org/10.1002/anie.201206508
http://dx.doi.org/10.1002/anie.201206508
http://dx.doi.org/10.1002/ange.201206508
http://dx.doi.org/10.1021/ol400266g
http://dx.doi.org/10.1021/om4003736
http://dx.doi.org/10.1002/anie.201302713
http://dx.doi.org/10.1002/anie.201302713
http://dx.doi.org/10.1002/ange.201302713
http://dx.doi.org/10.1246/cl.2004.876
http://dx.doi.org/10.1021/ol0506922
http://dx.doi.org/10.1002/anie.200904527
http://dx.doi.org/10.1021/ja072505w
http://dx.doi.org/10.1021/ja8008715
http://dx.doi.org/10.1039/b922417c
http://dx.doi.org/10.1021/ol100237h
http://dx.doi.org/10.1002/asia.201000053
http://dx.doi.org/10.1021/ol100625e
http://dx.doi.org/10.1021/ja110039h
http://dx.doi.org/10.1021/ol2031526
http://dx.doi.org/10.1021/ja2082119
http://dx.doi.org/10.1021/jo400609w
http://dx.doi.org/10.1021/jo400609w
http://dx.doi.org/10.1021/ja00064a062
http://dx.doi.org/10.1002/anie.201303604
http://dx.doi.org/10.1002/ange.201303604
http://dx.doi.org/10.1021/cr00068a002
http://dx.doi.org/10.1002/(SICI)1521-3773(19990401)38:7%3C870::AID-ANIE870%3E3.0.CO;2-3
http://dx.doi.org/10.1002/(SICI)1521-3773(19990401)38:7%3C870::AID-ANIE870%3E3.0.CO;2-3
http://dx.doi.org/10.1002/(SICI)1521-3757(19990401)111:7%3C918::AID-ANGE918%3E3.0.CO;2-X
http://dx.doi.org/10.1021/cr960118r
http://dx.doi.org/10.1039/b308864m
http://dx.doi.org/10.1039/b308864m
http://dx.doi.org/10.1002/anie.201101053
http://dx.doi.org/10.1002/ange.201101053
http://dx.doi.org/10.1002/ange.201101053
http://dx.doi.org/10.1039/c0cc02566f
http://dx.doi.org/10.1039/b904405a
http://dx.doi.org/10.1055/s-0030-1259536
http://dx.doi.org/10.1055/s-0030-1260233
http://dx.doi.org/10.1246/cl.2011.1198
http://dx.doi.org/10.1002/hlca.201200439
http://dx.doi.org/10.1021/ja0055920
http://dx.doi.org/10.1021/ja0055920
http://dx.doi.org/10.1021/ja309873z
http://dx.doi.org/10.1021/ja4012657
http://dx.doi.org/10.1021/ja305467x
http://dx.doi.org/10.1002/anie.200800432
http://dx.doi.org/10.1002/ange.200800432
http://dx.doi.org/10.1002/chem.201200045
http://dx.doi.org/10.1002/chem.201200045
http://dx.doi.org/10.1021/ja401936c
http://dx.doi.org/10.1021/ja408829y
http://dx.doi.org/10.1002/anie.200600806
http://dx.doi.org/10.1002/ange.200600806
http://dx.doi.org/10.1002/ange.200600806
http://dx.doi.org/10.1021/ol101091r
http://dx.doi.org/10.1021/ol101091r
http://www.chemeurj.org


[14] In the presence of tetrabutylammonium fluoride (TBAF) with or without
Rh catalyst, 1 a underwent a distal C�C cleavage reaction:

[15] This can be understood by the hypothesis that reductive elimination
between two sp3 carbon atoms is more difficult than that between
a sp3 carbon and a sp2 carbon (refs. [6a] and [4b]).

[16] The reaction of 1 k gave the desired benzo/[7+1] product 2 k together
with another unidentified mixture, which could include the b-H elimina-
tion product, as judged by crude NMR spectroscopy.
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RhI-Catalyzed Benzo/[7+1]
Cycloaddition of Cyclopropyl-
Benzocyclobutenes and CO by
Merging Thermal and Metal-Catalyzed
C�C Bond Cleavages

Transition-metal-catalyzed benzo/
[7+1] cycloaddition of cyclopropyl-ben-
zocyclobutenes (CP-BCB) and CO to syn-
thesize benzocyclooctenones is report-
ed. In the reaction, CP-BCB acts as

a benzo/7-C synthon and the reaction
involves two C�C bond cleavages: ther-
mal electrocyclic ring-opening of the cy-
clobutene ring and Rh-catalyzed C�C
cleavage of the cyclopropane ring.
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