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We report the cycloisomerization of 1-alkenyl-1-alkynylcyclo-
propanes to cyclooctatriene products catalyzed by PtCl,/CO in
hot xylene. In contrast to the reported enyne cycloisomerization,
this 1,4-enyne cycloisomerization proceeds via an atypical addition
of the allyl carbon to the alkyne in a 6-endo-dig cyclization.

Platinum- and gold-catalyzed cycloisomerizations of enyne
functionalities’> have been studied exclusively for 1,5- and
1,6-enynes with very few examples for 1.4-enynes.® This
synthetic approach provides useful and unusual carbocyclic
products that are not readily prepared by common methods.
The carbocyclic rings resulting from such reactions arise
invariably from a bond connection between the alkenes and
alkynes through various endo- or exo-cyclizations,'? as
depicted in Scheme 1. We sought to expand the scope of enyne
cycloisomerizations so as to generate carbocyclic rings
through the addition of the allylic carbon to the tethered
alkyne, as depicted with 1,4-enyne substrate la (Table 1).
The mechanistic significance of this novel process is the
activation of the allylic hydrogen with a w-alkyne functionality
that has no precedents.*>

Table 1 shows the optimized conditions for the cyclo-
isomerization of 1,4-enyne la. We selected this compound
for the allylic C-H bond activation because its cyclopentylidene
group impedes a conventional 5-endo-dig cyclization toward
the tethered alkyne. With PtCl,/CO (5 mol%)® as the catalyst,
the cyclization efficiency is highly dependent on the solvent in
which the reaction was performed in a sealed tube. We
obtained desired cyclized compound 2a with 63% yield in
hot p-xylene (120 °C, 2 h), far superior to dichloroethane,
acetonitrile and DMF that gave exclusive recovery of
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Table 1 Catalyst screening and optimized conditions

— Et
Catalyst
S
N ’ p-xylene Ph
1a g
Ph 2a Ph Ph 3a 3a

Temperature
Entry Catalyst” (time/h) Additive Yield?
1 PtCl,/CO (5) 120 °C (2) — 2a (63%)
2 PtCl, (5) 120 °C (8) — 2a (44%)
3 AuCl; (5) 120 °C (24) — 1a (88%)
4 AuCl (5) 120°C (24 — 1a (86%)
5 PPh;AuCl (5)/ 120 °C (5) — Messy
AgOTf (5)
6 Ptly(5) 120 °C (6) — Messy
7 HOTf (1) 120 °C (1) — 3a’ (63%)
8 HOTf (1) 25°C(3) — 3a (68%)
9 PtCL,/CO (5) 120 °C (24)  2,6-Lutidine (5) 2a (43%)
10 PtCl,/CO (5) 120°C (24)  CuBr (20) 1a (85%)
11 — 120°C (24 — 1a (89%)

“The values in parentheses represent mol% for catalysts and
additives. ® Yields are reported after separation on a silica column.

unreacted la in 86-91% under the same conditions.’
We observed no olefin isomerization of la in the latter
solvents.

The use of PtCl, alone gave a diminished yield of 2a (44%).
AuCl and AuCl; each at 5 mol% loading led to exclusive
recovery of la whereas PPh;AuCl/AgOTf gave a messy
mixture of products in hot xylene. This observation again reflects
the unsuitability* of gold catalysts to activate the C-H bond
induced with a m-alkyne. Under the same conditions, Ptl,
(5 mol%) also provided a messy mixture of products (entry 6),
whereas HOTf (1 mol%) in hot xylene (120 °C, 1 h) gave
distinct product 3a’ in 63% yield (entry 7), but 5-cyclopropyl-
1,3-hexadiene 3a in 68% yield near 25 °C. Added 2,6-lutidine
(5 mol%) gave a decreased yield (43%) of desired 2a, whereas
CuBr® (20 mol%) completely inhibited the reaction (entries 9
and 10). Thermal activation alone failed to give a traceable
amount of 2a (entry 11).

We prepared various 1-alkenyl-1-arylalkynylcyclopropanes’
1b-1i and 1j-11 to assess the generality of such a bicyclo-
[6.3.0]lundecatriene synthesis (Table 2). Notably, resulting
products 2b-2i and 2j-2I have varied olefin positions, according
to '"H NMR analysis. The electronic effect of 4-phenyl
substituent X has a pronounced effect on product yield. For
X = Me, F and CI derivatives (1b—1d), we obtained desired
products 2b-2d in 51-61% yields. This platinum-catalyzed
cycloisomerization is inapplicable to 1,4-enyne le bearing a
para-methoxy group, which we recovered exclusively even
after a long period (24 h). The cycloisomerization works well
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Table 2 Catalytic synthesis of bicyclo[6.3.0Jundecatrienes

Compound
Entry Enyne“ Time/h (vield)”
5 mol % Q‘
PtCIleO
pxylene
120 °C 2 Q
X X
1 X = Me (1b) 1.5 2b (61%)
2 X = F (1l¢) 1 2¢ (51%)
3 X = Cl (1d) 1 2d (55%)
4 X = OMe (le) 24 Te (75%)
5 fi; C(=O)Me 25 2 (80%)
6 X = NO; (1g) 4.5 2¢g (79%)
7 X = COEt (1h) 5 2h (84%)
8 X = CN (1i) 5 2i (72%)
> — 5 mol % O.
N\ ~ PICLICO
pxylene
O 120 °C
9 X = H (1)) 2§ (67%)
10 X = Me (1k) 2 2k (61%)
11 X = Cl (11 2 21 (71%)

“ [Enyne] = 0.5 M. ® Products are reported after separation on a silica
column.

with enynes 1f-1i bearing an electron-withdrawing group such
as acyl, nitro, ester and cyano, giving corresponding products
2f-2i in satisfactory yields. On comparison of their respective
yields, we found the cycloisomerization of 1,4-enynes 1j-11
bearing a 1-indanylidene moiety to be more efficient than of
their cyclopentylidene analogues 1a, 1b and 1d.

This platinum catalysis is extensible to the synthesis of
bicyclo[6.4.0]dodecatrienes Sa—5e through the cycloisomerization
of 1,4-enynes 4a—4e bearing a cyclohexylidene group (Table 3).
For unsubstituted substrate 4a, its corresponding product 5a
was obtained in 56% yield, less than that (67%) of bicyclo-
[6.3.0]undecatriene 2j. This information indicates that the

Table 3 Catalytic synthesis of bicyclo[6.4.0]dodecatriene

5 mol % o‘
PtCIZICO
p- xylene

120°C )

Entry Enyne® Time/h Compound (yield)”
1 X = H (4a) 4 5a (56%)
2 X = CO,Me (4b) 5.3 5b (84%)
3 X = COMe (4¢) 5.3 5c (83%)
4 X = CN (4d) 5.0 5d (81%)
5 X = NO, (4e) 53 5e (83%)

“[Enyne] = 0.5 M.  Products are reported after separation on a silica
column.
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allylic C—H activation proceeds more efficiently with a cyclo-
pentylidene than a cyclohexylidene ring. Again, we observed
enhanced yields (81-84%) of products 5b—Se bearing an
electron-withdrawing ester, acyl, cyano and nitro moieties at
the 4-phenyl position.

The preceding cyclization might occur with an initial
platinum-catalyzed olefin isomerization of 1,4-enyne 1j to
1,5-enyne 1j’ (Scheme 2) that ultimately gave desired bicyclo-
[6.3.0]lundecatriene 2j through a 6-endo-dig cyclization. To test
this hypothesis, we prepared 1,5-enyne 1j’ from a separate
route; its treatment with PtCl,/CO in xylene at room tempera-
ture leads to a distinct cycloisomerization/oxidation cascade,
giving 1,2-dihydrocyclobutabenzene 6 in 73% yield.

The structure of compound 6 was determined by 'H-NOE
and confirmed by X-ray crystallographic study.” The absence
of desired 2j excludes the participation of 1,5-enyne 1j’ as an
intermediate for initial 1,4-enyne 1j. We envisage that the
formation of bicyclic benzene 6 likely proceeds from inter-
mediate B, of which the cyclopropyl and platinum-dienyl
groups activate oxidation of the methylene protons with
protons or residual oxygen. This proposed mechanism
provides a convincing rationale for the HOTf-catalyzed
carbocyclization that gave distinct products 3a and 3a’
(Table 1, entries 7-8).

Eqn (1) depicts a crucial control experiment to assist in the
understanding of the reaction mechanism. For 1,4-enyne 7, its
PtCl,-catalyzed cycloisomerization proceeds even under
ambient conditions (25 °C, 8 h), giving ring-expansion product
8 in 78% yield. Such a low temperature excludes the involvement
of a Brensted acid such as PtCl,(H,O) to effect an olefin
isomerization.” The ease of this cycloisomerization is attributed
to a small angle 0 = 111.7° between the interacting alkene and
alkyne substituents.'? In contrast, the corresponding angle for
1-alkenyl-1-alkynylcyclopropane 1j is as large as 116.0°,
rendering the cyclization difficult. More importantly, the
formation of compound 8 involves a 1,2-migration of its cyclo-
pentyl group toward the alkynyl rather than alkenyl group.'!

_ 5% PICLICO ‘O’ (1)
_p _Xyl_eng

1 0,

125°C, 8 hi pr 878%)

Scheme 3 shows a plausible mechanism involving a n-alkyne-
activated 1,6-hydrogen shift of 1,4-enynes. This mechanism is
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proposed based on an activity/structure relationship and a
control experiment. We propose that the initial step involved a
n-alkyne-activated hydride shift,'> giving alkenylplatinum
species E. This process is accelerated by an electron-with-
drawing group at the aryl group because of a stabilization of
the negative charge developing on the platinum center.'
Intramolecular cyclization of species E via an attack of
alkenylplatinum at the allyl cation forms cyclohexenyl carbenoid
species F, further inducing an expansion of the cyclo-
propyl ring.

The support of this cyclopropyl shift is provided by the
isomerization of 1,4-enyne 7 to compound 8. Species G
contains a strained cyclobutene fragment, and is prone to a
rapid olefin isomerization to give thermodynamically stable
species H, catalyzed by platinum or via a thermal 1,5-hydrogen
shift. A ring opening of species H through a retro 6-n-electro-
cyclization forms bicyclo[6.3.0]Jundecatriene I that ultimately
produces the observed products 2a-2d and 2f-2i.

In summary, we report the cycloisomerization of 1-alkenyl-
l-alkynylcyclopropanes to cyclooctatriene products catalyzed
by PtCl,/CO in hot xylene. In contrast to reported enyne
cycloisomerization, this 1,4-enyne cycloisomerization proceeds
via an atypical addition of the allyl carbon to the alkyne via a
6-endo-dig cyclization. Control experiments exclude the
involvement of Brensted acid and a prior alkene isomerization.
On the basis of experimental data, we propose a carbocyclization
involving a -alkyne activated 1,6-hydride shift as the key step.
In a control experiment, we discovered that such a carbo-
cyclization can proceed at room temperature if the allyl C—H
bond is near its tethered functionality. We believe that this
original observation will assist the design of novel catalytic
reactions.

The authors wish to thank the National Science Council,
Taiwan for supporting this work.
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O 5 mol % O
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Q 1209, 2 h Q
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s

13 We observed no activity for substrate 1e (Table 2, entry 4) because
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