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Au(PPh3)Cl–AgSbF6-catalyzed rearrangement of propargylic

1,3-dithiane leads to the formation of 8-membered dithio-

substituted cyclic allenes, which are remarkably stable.

Au-catalyzed rearrangement of alkynes has attracted consider-

able attention in recent years. In particular, the Au-catalyzed

rearrangement of propargyl acetate generates Au–carbene

species through 1,2-acetoxy migration.1 The Au–carbene

species thus generated undergoes a variety of transforma-

tions.2 Moreover, Au-catalyzed rearrangement of propargyl

acetate to allene through 1,3-shift of the acetoxy group has

recently been reported.3 We have focused our attention on

Au-catalyzed reaction of propargylic sulfides and dithio-

acetals. These sulfur-containing substrates are converted

into indene derivatives upon catalysis by the Au-complex,

presumably through 1,2-sulfur migration and generation

of a Au–carbene species (eqn (1)).4 As a continuation, we

further studied the Au-catalyzed reaction of propargylic

1,3-dithianes. To our surprise, 1,3-bisthio-substituted

cyclic allenes are isolated as the major product. The

thio-substituted eight-membered allene thus obtained is stable

and the structure has been fully characterized by

spectra data and X-ray crystallographic analysis. Here we

communicate the results of this investigation.

ð1Þ

At the outset of this investigation, we examined rearrangement

of propargylic 1,3-dithiane 1a with various acid catalysts

(Table 1). AuCl-catalyzed reaction of 1a in 1,2-dichloroethane

at 80 1C afforded cyclic allene 2a in 67% isolated yield

(entry 1). Surprisingly, 2a is very stable—it remained

unchanged at 100 1C under nitrogen atmosphere for more

than one day without detectable decomposition. Its

structure is fully characterized by spectra data and an X-ray

crystallographic analysis (vide infra). The yield of 2a could be

improved under catalysis by Au(PPh3)Cl–AgSbF6 (entry 2).

Notably, Au(PPh3)Cl alone failed to catalyze the rearrange-

ment of 1a, while with only AgSbF6 2a could be isolated in

57% yield. The combination of Au(PPh3)Cl and AgOTf could

afford 2a in 50% isolated yield. Other transition metal

catalysts were also examined. PtCl2 failed to catalyze the

reaction, while Zn(OTf)2 decomposed 1a without any

detectable formation of 2a. Finally, we examined protic acid

catalysts. With HCl, TsOH, and TfOH, the reaction did not

occur and starting material remained unchanged. However, 1a

partially decomposed when it was subjected to catalysis by

BF3�OEt2.

The catalytic system, Au(PPh3)Cl-AgSbF6 in 1,2-dichloro-

ethane at 80 1C, was then applied to a range of propargylic

1,3-dithianes 1b–g. As shown in Table 2, the propargylic

1,3-dithianes with aromatic substituents all afforded the cyclic

allene products in moderate to good yields. The only exception

is when there is an alkyl substituent in the substrate, in which

case the reaction under the same conditions gives a diene

product 3 in 69% yield instead of a cyclic allene (entry 7). It is

reasonable to assume that the cumulated double bonds of the

initially formed cyclic allene isomerize to a diene due to the

high ring-strain, while in products 2a–f such isomerization is

simply not possible.

Table 1 Acid-catalyzed reaction of 1a

Entry Cat. (5 mol%) Time Yield (2a, %)a

1 AuCl 30 min 67
2 Au(PPh3)Cl/AgSbF6 30 min 82
3 Au(PPh3)Cl 6 h Traceb

4 AgSbF6 40 min 57
5 Au(PPh3)Cl/AgOTf 30 min 50
6 PtCl2 2 h Traceb

7 Zn(OTf)2 2 h —d

8 Aq. HCl 12 h NR
9 TsOH 5 h NR
10 TfOH 5 h NR
11 BF3�OEt2 12 h —e

a Isolated yield after separation by column chromatography. b Trace

amount of 2a could be detected. Most starting material recovered.
c NR: no reaction. Starting material recovered. d Decomposed.
e Partially decomposed.
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Cyclic allenes have been an attractive class of molecules

particularly because of the ring-strain when the allene unit is in

a small ring system.5 Normal allenes have a linear CQCQC

skeleton with orthogonal pairs of substituents. However, the

CQCQC skeleton inevitably deviates from linearity when it is

in a small ring system. The smallest reported all-carbon

isolable cyclic allene is a 9-membered ring.6,7 When cyclic

allenes contain heteroatoms such as oxygen,8 phosphorus,9

silicon10 or selenium,11 the ring size can be smaller than their

all-carbon counterpart. Kamigata and co-workers reported

the preparation of 8-membered 1,3-bis-seleno cyclic allenes by

the reaction of 1,3-dilithiated allenes with diselenides.11

However, the attempt to prepare the sulfur analog failed with

a similar method, presumably due to the higher ring-strain in

the sulfur-containing cyclic allene.

Since the cyclic allenes obtained in our study seem to be the

first eight-membered 1,3-bisthio-substituted cyclic allenes, we

became interested in their structure, in particular the deviation

of the allene unit from linearity. Fortunately, we could obtain

a single crystal of 2a (Fig. 1).12 The X-ray analysis shows that

the bond lengths of allene are almost normal. However, the

two S(1)–C(1)–C(3)–S(2) planes are not perpendicular, being

twisted by a torsion angle of 711. For comparison, the

corresponding angle is 751 in the seleno counterpart.

Moreover, the cyclic allene framework is severely bent with

a C1QC2QC3 angle of 1621, which is again smaller than the

corresponding angle in its diseleno cyclic allene analog (1671).

Overall, the 8-membered 1,2-bisthio-substituted cyclic allene

deviates more from linearity than its seleno counterpart. This

is consistent with the sizes of sulfur and selenium—the smaller

sulfur should make the 8-membered ring bear higher

ring-strain.

To gain further insights into the structure of sulfur-containing

cyclic allene, we attempted to derivatize 2a. It was found

that 2a could be oxidized smoothly to the corresponding

sulfone 4 by mCPBA (eqn (2)). The X-ray structure of 4 is

shown in Fig. 2.13 Inspection of the X-ray structure reveals

that the bond angle C(1)–C(2)–C(3) and torsion angle

S(1)–C(3)–C(1)–S(2) are 1701 and 761, which are both larger

than the corresponding angles in 2a. These results indicate that

the allene unit in 4 deviates less from normal allene geometry

than the corresponding 2a. This can be reasonably interpreted

by the static electronic repulsion between the two sulfone

groups, which counterbalances the ring strain.

ð2Þ

Plausible mechanisms for the formation of cyclic allene are

depicted in Scheme 1. We suggest two possible pathways. In

the first case, metal carbene is the likely intermediate similar to

the reaction mechanism of Au-catalyzed reaction of

propargylic dithioacetals that we previously reported

(pathway A). First, the 1,2-migration of one of the two thio

groups through intermediate I generates the metal carbene

species II. From Au carbene intermediate II, 1,2-sulfur shift

affords the cyclic allene product.14 We assume that for the Au

carbene intermediate, sulfur group migration is easier than

aromatic C–H insertion to give indene. However, in the case of

propargylic dithioacetals, 1,2-sulfur shift becomes difficult

because it produces a highly strained 7-membered cyclic

allene. This explains the different reaction pathways shown

in eqn (1).

An alternative mechanism for the cyclic allene formation is

the direct attack of the sulfur on the remote alkyne carbon to

afford the gold s-allyl cation such as IV (pathway B).

Subsequent release of the Au catalyst gives the cyclic allene

product.

Cavallo and co-workers have recently studied the mecha-

nism of 1,3-migration of acetoxy in Au-catalyzed reaction of

propargylic acetate.15 Based on the results of theoretical

Table 2 Au(PPh3)Cl/AgSbF6-catalyzed reaction of 1b–g

Entry 1b–1g Yield (%)a

1 1b, R = p-BrC6H4 2b, 60
2 1c, R = m-BrC6H4 2c, 76
3 1d, R = p-ClC6H4 2d, 60
4 1e, R = p-MeOC6H4 2e, 90
5 1f, R = m-MeOC6H4 2f, 64
6

1g 3, 69

a Yield of isolated product after chromatography.

Fig. 1 X-Ray structure of 2a. Fig. 2 X-Ray structure of 4.
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calculation, they have suggested a mechanism of double

1,2-acetoxy migrations that accounts for the formal 1,3-migration

of the acetoxy group. In view of this study, we consider that

double 1,2-sulfur migrations are more likely in our reaction

(pathway A), although further investigation is needed to

unambiguously differentiate the two reaction pathways.

In conclusion, we have reported a novel rearrangement of

propargylic dithioacetals catalyzed by Au(PPh3)Cl/AgSbF6,

which affords 1,3-bisthio-substituted cyclic allenes in good

yields. To the best of our knowledge, this is the first example

of 8-membered 1,3-bisthio-substituted cyclic allenes. The

remarkable stability of the cyclic allenes allows us to inspect

their structure in detail, which adds useful information on the

family of hetero atom substituted cyclic allenes.
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