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Abstract: A propargylic ester containing a propar-
gylic alkoxy group has been observed to preferen-
tially undergo [1,2]-acyl shift over [1,3]-shift. In ad-
dition, the complementary and contrasting reactivi-
ty of vinyl vs. alkynyl platinum carbenoids has been
discovered. Vinyl platinum carbenoids are more
prone to undergo [1,2]-H shift over addition to p-
bonds whereas alkynyl platinum carbenoids prefer-
entially add to p-bonds.
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Carbenes and carbenoids are versatile intermediates
in organic chemistry. Usually, diazo compounds serve
as precursors to these reactive species under photolyt-
ic, thermal, or transition metal-catalyzed conditions.[1]

And yet, due to the inconvenience of their prepara-
tion and their hazardous nature, an alternative source
for these species is highly desirable. In this context,
an alkyne such as propargylic ester 1[2] would be an
ideal precursor to generate a metal-carbenoid 2 if the
alkyne can be properly activated by electrophilic tran-
sition metals[3] under appropriate conditions
(Scheme 1). However, the potential of this transition
metal-based alkyne activation is significantly reduced
by the propensity of 1 to undergo a [1,3]-acyl shift to

generate allene 3[4] over a [1,2]-shift to form vinyl
metal carbenoid 2, if the alkyne moiety is internal. In
general, only terminal alkynes (R3 =H)[5] and internal
alkynes with electron-withdrawing substituent (R3 =
CO2R)[6] were known to provide the metal carbenoid
2.

Recently, in the study of the metallotropic [1,3]-
shift[7] of electrophilic metal complexes, we have
shown that a 1,3-diyne-containing system (R3 =alkyn-
yl group) provided strong preference for [1,2]-acyl
shift, thereby selectively generating vinyl carbenoid
2.[8] Recognizing the subtlety of the electronic influ-
ence by the R3 substituent for the [1,2]- and [1,3]-acyl
shift, we envisioned that the introduction of an elec-
tron-withdrawing oxygen substituent at the propargyl-
ic carbon of 4 would provide enough driving force for
the formation of carbenoid 6 over 5 via an [1,2]-acyl
shift (Scheme 2).[9] Furthermore, the oxygen substitu-
ent would also allow an alternative trapping mecha-
nism of metal carbenoid 6 to form 1,3-diene 7 through
a [1,2]-hydride shift[5f,10] due to an electronic effect of
the oxygen substituent. This would nicely complement
the more prevailing trapping manifolds of reactions of
6 through [1,2]-acyl migration forming 8 or intra-/in-
termolecular cyclopropanation generating 9. We
report herein a prominent role of the propargylic
oxygen substituent to induce [1,2]-acyl migration in
the initiation step and a favorable [1,2]-hydride shift
at the termination step. This ultimately allowed us to
observe the conspicuous difference in trapping prefer-
ence between vinyl and alkynyl carbenoids, where the
former have a higher tendency to undergo [1,2]-hy-
dride shift whereas the latter favour an addition to al-
kenes and alkynes.

First, we examined substrate 10 containing a prop-
argylic methoxy substituent for its [1,2]-acyl shift and
the termination behaviour of the resultant carbenoid.
When 10 was subjected to typical reaction conditions
(5 mol% PtCl2 under CO,[11] toluene, 80 8C) the ex-Scheme 1. ACHTUNGTRENNUNG[1,2]- vs. [1,3]-acyl shift.
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pected 1,3-diene 12 was obtained in high yield as a
mixture of Z/E isomers (Scheme 3). Based on the
known examples of intermolecular trapping of vinyl
carbenoid of type 11 with styrene,[12] we expected that
in the presence of an excess amount of styrene, it
should deliver cyclopropanated product 13. However,
even in the presence of an excess amount of styrene
the cyclopropanated product 13 was not obtained, in-
stead still 12 was produced as the sole product. In
comparison, under identical conditions, 1,3-diyne 14
did not lead to [1,2]-hydride shifted product 16 and
most starting material was recovered unchanged. On
the other hand, efficient intermolecular cyclopropana-

tion occurred in the presence of styrene to yield prod-
uct 17 in 76% (3.8:1). This result clearly suggests that
vinyl carbenoid 11 preferentially undergoes [1,2]-hy-
dride shift[13] whereas alkynyl carbenoid 15 prefers to
react with double bond of styrene, thereby indicating
significant differences in reactivity between these car-
benoids.[12,14]

This reactivity difference manifested by putative
vinyl carbenoid 11 and alkynyl carbenoid 15 was fur-
ther examined by using substrates 18 and 22 that con-
tain an allyl ether moiety by which the respective car-
benoid intermediates would be readily trapped intra-
molecularly (Scheme 4). We surmised that the reac-

Scheme 2. Controlled [1,2]-acyl shift to form vinyl carbenoid and its trapping.

Scheme 3. The reactivity difference between vinyl and al-
kynyl Pt-carbenoids.

Scheme 4. The reactivity difference between vinyl and al-
kynyl Pt-carbenoids.
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tions with these substrates would eliminate any uncer-
tainty related to the entropy-based kinetic barrier,
thereby showing the inherent reactivity difference
more clearly. Under standard conditions (5 mol%
PtCl2 under CO, toluene, 60 8C), the reaction of sub-
strate 18 selectively produced [1,2]-hydride shifted
product 20 (91%, Z:E= 2.1:1) without any indication
of formation of cyclopropanated product 21. On the
other hand, the related 1,3-diyne 22 gave only cyclo-

propanated product 25 in 96% yield devoid of [1,2]-
hydride shifted product 24.[15] Again, this result is be-
lieved to be caused by the reactivity difference be-
tween vinyl carbenoid 19 and alkynyl carbenoid 23,
which further corroborates the previous conclusion
that vinyl Pt-carbenoids prefer [1,2]-hydride shift
whereas alkynyl Pt-carbenoids favour cyclopropana-
tion. It is worth emphasizing that propargylic acet-ACHTUNGTRENNUNGoxyalkynes 10/18 and 14/22, although internal alkynes

Table 1. Products from [1,2]-H shift of vinyl carbenoids and addition to alkenes and alkynes of alkynyl
carbenoids.[a]

[a] Conditions: 5 mol% PtCl2, under CO, toluene.
[b] Isolated yield.
[c] Z/E ratio of crude products.
[d] Additional 20% of the corresponding hydrolyzed aldehyde was isolated.
[e] Z/E ratio of the methyl enol ether (*).
[f] Mixture of diastereomers in 2.9:1 ratio.
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are known to promote allene formation, did not pro-
vide any allenes via [1,3]-acetoxy shift. They delivered
products only derived from the putative vinyl Pt-car-
benoids, which can be rationalized by the presence of
electron-withdrawing methoxy and allyloxy substitu-
ents for the monoynes and the alkynyl substituent for
the diynes.

Having shown the salient reactivity difference be-
tween vinyl and alkynyl Pt-carbenoids, diverse sub-
strates were employed to confirm the observed reac-
tivity in broader context. Especially, the trapping of
initially formed alkynyl Pt-carbenoids by tethered al-
kynes instead of alkenes in substrates 26f will further
bolster their preferred reactivity toward p-bonds over
[1,2]-hydride shift (Table 1). Substrate 26a that con-
tains a tethered terminal alkene provided only [1,2]-
hydride shifted product 27a in 70% yield as a mixture
of E/Z isomers (entry 1). Similarly, a trisubstituted
alkene-containing substrate 26b also gave 27b in 92%
yield without any sign of cyclopropanated product
(entry 2). An aromatic substituent[16] in 26c did not
perturb the reactivity of the corresponding vinyl Pt-
carbenoid, producing 1,3-diene product 27c in 77%
yield (entry 3). The reaction of symmetrical monoyne
26d yielded 27d via a consecutive [1,2]-OAc shift fol-
lowed by a [1,2]-hydride shift in 75% yield (Z:E=
1.7:1) at 40 8C (entry 4). On the other hand, substrate
26e (entry 5), containing mono- and diyne moieties
that can potentially compete, yielded product 27e (Z-
isomer, 67% at 47% conversion), where only the
monoyne was transformed to a 1,3-diene moiety pre-
sumably via a vinyl Pt-carbenoid. This result suggests
that a monoyne is more reactive than the correspond-
ing diyne. In comparison, the reaction of symmetrical
diyne 26f gave symmetrical enediyne 27f in 92%
yield, which is the result of the favourable addition
over a [1,2]-H shift of the initially formed alkynyl car-
benoid onto the other 1,3-diyne moiety across the
tether (entry 6). The differential reactivity of vinyl
and alkynyl Pt-carbenoids was further examined using
a diyne initiator moiety of substrates 26g and 26h.
The reaction of 26g containing a monoyne terminat-
ing group gave 27g in 47% yield (Z:E= 1:1.2) via the
penultimate vinyl Pt-carbenoid, which ultimately de-
livered the observed product via a [1,2]-hydride shift
(entry 7). On the other hand, 26h with diyne terminat-
ing group, which eventually generated an alkynyl car-
benoid at the penultimate stage of the catalytic cycle,
did not give any product in the absence of styrene but
yielded cyclopropanated product 27h in 26% yield in
the presence of styrene (entry 8). Decomposition of
products as well as other side reactions such as aro-
matization seem to account for the low yields of the
last two reactions.

In conclusion, we have observed that propargylic
esters containing a propargylic alkoxy group preferen-
tially undergo [1,2]-acyl shift over [1,3]-shift with

PtCl2. In this study, we also have demonstrated that
vinyl and alkynyl Pt-carbenenoids have significantly
different reactivity: vinyl Pt-carbenoids have the pro-
pensity to undergo [1,2]-H shift whereas alkynyl Pt-
carbenoids preferentially add to p-bonds in both
intra- and intermolecular reactions. Further study to
elucidate the origin of the difference between these
carbenoids will be reported in due course.

Experimental Section

General Procedure for PtCl2-Catalyzed Reactions

PtCl2 (5 mol%) was added to a solution of the alkyne in tol-
uene (0.05 M), and CO was bubbled through the solution.
The mixture was warmed to the appropriate temperature
(40 8C, 60 8C, or 80 8C) and stirred until the reaction was
complete (30 min–2 h). The mixture was cooled to room
temperature and the solvent was evaporated under vacuum.
Purification by flash chromatography on silica gel (hexane/
ethyl ether) afforded the product.
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