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ABSTRACT:Cationic gold(I) promotes the retro-Buchner
reaction of 7-substituted 1,3,5-cycloheptatrienes, leading to
gold(I) carbenes that cyclopropanate alkenes.

Gold(I)-catalyzed cyclization of 1,n-enynes proceeds through
intermediates that can be viewed as highly distorted gold(I)

carbenes,1 which can be trapped by alkenes intra- or intermole-
cularly in cyclopropanation reactions.2,3 Cyclopropanation via
gold(I) carbenes has been reported from propargylic carbo-
xylates,4 vinyl allenes,5 and cylopropenes.6 Diazo derivatives have
also been commonly used for the cyclopropanation of alkenes in
the presence of metal catalysts,7 including gold(I).8

We have recently found an example of a gold(I)-promoted
retro-cyclopropanation in the context of a synthesis of 1,3-disub-
stituted naphthalenes.9 A similar process was also proposed in
the gas-phase cleavage of 1-ethoxy-2-methoxycyclopropane with
[AuIMes]+ [IMes =1,3-bis(2,4,6-trimethylphenyl)imidazol-2-
ylidene] on the basis of CID experiments and theoretical calcula-
tions.10 Cleavage of cyclopropanes to form metal carbenes had
only been reported previously using highly electrophilic PhWCl3/
RAlCl2 (R = Et, Cl)11 or in reactions of strained bicyclo[1.1.0]-
butanes with Ni(0) or Rh(I) complexes.12

We have now found the first metal-promoted retro-Buchner
reaction. 7-Substituted 1,3,5-cycloheptatrienes 1, which are in
equilibrium with norcaradienes 2,13 react with cationic gold(I)
catalysts to generate in situ gold(I) carbenes 3 that cyclopropa-
nate alkenes (Scheme 1). Interestingly, the reverse process, forma-
tion of cycloheptatrienes, occurs as a side reaction in the gold(I)-
catalyzed reaction between ethyl diazoacetate and arenes.14 In this
retro-cyclopropanation, two C�C bonds in norcaradienes 2 are
cleaved by Au(I), which is in contrast with that observed in the
presence of strong electrophiles such as TeCl4, wherein a single
C�C bond of 2 is cleaved, leading to benzylic chlorides.15�18This
new catalytic process is a safe alternative to the use of diazo com-
pounds19 as carbene precursors.20

7-Substituted 1,3,5-cycloheptatrienes are easily prepared in
one step by the addition of organolithium or Grignard reagents
to commercially available tropylium tetrafluoroborate.21 We first
studied the reaction between 7-phenyl-1,3,5-cycloheptatriene and
trans-stilbene with different Au(I) catalysts A�E (Table 1).22,23

No reaction was observed with [Au(PPh3)(MeCN)]SbF6 at 23�
80 �C.However, when the reactionwas carried out in 1,2-dichloro-
ethane (DCE) at 80�100 �C with catalyst A, 1,2,3-triphenylcy-
clopropane (4a) was obtained in 26�33% yield (entries 1�3).

Scheme 1

Table 1. Gold(I)-Catalyzed Cyclopropanation of trans-Stil-
bene with Cycloheptatriene 1a

entry [Au] (mol %) T (�C) time (h) yield of 4a (%)

1 A (5) 80 8 26
2 A (5) 100 5 31
3 A (10) 100 5 33
4 B (5) 80 8 49
5 B (5) 100 5 73
6 B (5) 120 2.25 84
7 C (5) 80 8 5
8 C (5) 100 8 7
9 D (5) 80 10 -a

10 E (5) 80 8 43
11 E (10) 100 5 64
12 E (5) 120 1.75 70

aNo reaction was observed.
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The best yield was obtained using catalyst B with a more sterically
hindered phosphine ligand (entries 5 and 6). Complexes C and
D did not perform satisfactorily, whereas complex E with a bulky
NHC ligand gave 4a in slightly lower yields than B (entries
10�12). No reaction was observed in the absence of gold(I)
catalysts or when the Ag(I) complex analogous to B was used.22b

Reactions of cycloheptatrienes 1b�e and 1g with trans-
stilbene led to the formation of cyclopropanes 4b�f in as single
stereoisomers using gold(I) catalyst B (5 mol %) at 120 �C in
DCE (Chart 1). Substituted styrenes provided the correspond-
ing cyclopropanes with trans stereoselectivities, although 4g, 4i,
and 4lwere obtained as 1:1mixtures of trans and cis isomers. The
trans selectivity was confirmed by the X-ray crystal structure of
trans-4s. The reaction also proceeded with 1-allyl-4-methylben-
zene to give 4y in 59% yield. In the case of (E,E)-1,4-diphenyl-
1,3-butadiene, only the monoadduct 4z could be obtained. The
cyclopropanation using vinyl cycloheptatriene 1i provided 4aa
in moderate yield using catalyst A. The cyclopropanations of
6-chloro-1H-indene with 1a, 1d, and 1e led selectively to exo-
tetrahydrocyclopropa[a]indenes 4ab�ad.

The reaction of 1-phenyl-1,3-butadiene with cycloheptatriene
1i in the presence of gold(I) catalysts led to cis-6,7-diphenylcy-
clohepta-1,4-diene (5) in 43�55% yield as the only isolated
product as a result of the cyclopropanation at the least-substi-
tuted double bond to form 4ae followed by a Cope rearrange-
ment (Scheme 2).

We observed the formation of benzene by 1H NMR spectros-
copy when cycloheptatriene 1e was heated in tetrachloroethane-
d2 at 70�80 �Cwith complex B (5 mol %).24 On the other hand,
when the reaction of 1e was carried out in DCE at 120 �C for 3 h
with Ph2SO (6 equiv) using catalyst E (5 mol %), p-methox-
ybenzaldehyde was obtained 34% yield through oxidation of the
gold(I) carbene formed in the retro-cyclopropanation.25

The intermediate gold(I) carbenes could also be cleanly
trapped intramolecularly. Thus, cycloheptatriene derivative 1j,
which was prepared from tropylium tetrafluoroborate in 71%
yield, gave exclusively 4af with an exo configuration in 97% yield
(Scheme 3). Similarly, we envisioned that a gold(I) carbene
formed by retro-cyclopropanation could undergo intramolecular
C�H insertion.26 For this purpose, we chose cycloheptatriene
1k as a substrate that could form 2-phenylindane (7) via gold(I)
carbene 6. Interestingly, although 7 was indeed obtained in this
reaction, the major product was the unsymmetrical biscyclopro-
pane 8, which was formed by trapping of gold(I) carbene 6 with
endo-norcaradiene 2k. This result highlights the high propensity

Chart 1. Gold(I)-Catalyzed Cyclopropanation of Alkenes
with Cycloheptatrienes 1 (Color Code as in Scheme 1)a

aConditions: catalyst B (5 mol %) in DCE at 120 �C for 15�19 h.
bReaction was carried out with catalyst A (5 mol %).

Scheme 2

Scheme 3
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of gold(I) carbenes to react with alkenes in cyclopropanation
reactions.

We expected that a retro-Buchner reaction of (trans-2,3-
diphenylcyclopropyl)cyclohepta-1,3,5-triene (1l) would gener-
ate cyclopropyl gold(I) carbene 9, which could evolve to
cyclobutene 1027 and subsequently (E,E)-11 by thermal con-
rotatory opening (Scheme 4).28 However, reaction of 1l with
catalyst A led exclusively to (Z,Z)-11. This surprising result
suggests that intermediate 9 evolves by a mechanism analogous
to the skeletal rearrangement of 1,6-enynes,29 bypassing the
formation of cyclobutene 10.

In summary, we have found that cationic Au(I) complexes
promote the retro-Buchner reaction of 1,3,5-cycloheptatrienes to
form substituted gold(I) carbenes that can be trapped by alkenes
in a new cyclopropanation reaction. 1,2,3-Trisubstituted cyclo-
propanes, which are not easily prepared by other methods, can
be synthesized from 1,2-substituted alkenes and readily available
7-substituted 1,3,5-cycloheptatrienes as a safe alternative to the
use of explosive diazo compounds.
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