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A 1:1 mixture of the platinum phenanthroline complex (phen)PtMe, and B(CqsFs); catalyzed the cyclization/hydrosilylation of functionalized 1,6-
and 1,7-diynes to form silylated 1,2-dialkylidenecycloalkanes in good yield and with high Z-selectivity.

The cyclization/hydrosilylation of dienes, catalyzed by both complexes catalyze the cyclization/hydrosilylation of 1,7-
cationic palladiurh and neutral yttrocelecomplexes, has  diynes to form silylated4)-1,2-dialkylidenecyclohexanes but
emerged as a useful method for the synthesis of silylateddo not cyclize 1,6-diynesRhodium phosphineand carbo-
cycloalkanes. Similarly, both yttroceheand low-valent nyl® complexes catalyze the cyclization/hydrosilylation of
rhodium complexecatalyze the cyclization/hydrosilylation  1,6-diynes but these procedures suffer from several key
of enynes to form silylated alkylidenecycloalkanes. In limitations? The absence of a selective and general catalyst

addition, several cyclization/addition protocols employing
diynes are knowfIn contrast, the cyclization/hydrosilylation
of diynes, particularly 1,6-diynes, to form 1,2-dialkyl-

system for the cyclization/hydrosilylation of diynes is
unfortunate as the 1,2-dialkylidenecycloalkanes formed in

these transformations are useful synthetic intermedi@fes.

idenecycloalkanes remains problematic. For example, Ni(0) this reason, we have been working toward the development
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of an efficient and general catalyst system for the cyclization/
hydrosilylation of diynes. Here we report the platinum-
catalyzed cyclization/hydrosilylation of functionalized 1,6-
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and 1,7-diynes to form silylated 1,2-alkylidenecycloalkanes
in good yield with highZ-selectivity.
Cationic platinum complexes containing bidentate nitrogen

The 1,2-dialkylidenecycloalkanes formed via platinum-
catalyzed diyne cyclization/hydrosilylation are active sub-
strates for Diels-Alder cyclization!” For example, cyclo-

ligands have attracted recent interest as model compoundgentane? (20:1, Z/E) reacted withN-phenylmaleimide in

for the study of the platinum-catalyzed oxidation of alkales.
These cationic platinum complexes are structurally and
electronically similar to the cationic palladium complexes
which we have employed as catalysts for the cyclization/
hydrosilylation of functionalized dienésBecause of this,
we considered that cationic platinum complexes might also
serve as active cyclization/hydrosilylation catalysts. To this
end, a solution of dimethyl dipropargylmalonaig, HSIE%,

and a catalytic 1:1 mixture of the platinum phenanthroline
complex (phen)Pt(Mg)and the Lewis acid B(gFs)s in
toluene was heated at 131G and monitored periodically by
GC analysis?~'4 Diyne 1 reacted over the course of 1.5 h
to form a 20:1 mixture of4)- and (E)-1,1-dicarbomethoxy-
3-methylene-4-(triethylsilylmethylene)cyclopenta@gwhich
together accounted foer95% of the product$® Evaporation

of solvent and flash chromatography of the residue on neutral
alumina gave silylated cyclopenta@en 74% yield as an
18:1 mixture ofZ:E isomers (Scheme 1.

Scheme 1

2 (74%,18:1)

A number of tertiary silanes reacted with dieheinder
platinum catalysis to give the corresponding 1,2-dialkyl-

idenecyclopentanes in good yield and with good stereose-

lectivity (=12:1) (Table 1, entries 43). The procedure
tolerated a range of functional groups including esters, benzyl
and silyl ethers, acetals, sulfonates, and amides (Table 1
entries 4—10). The procedure also tolerated propargyl
substitution to give products resulting from silyl transfer to
the less hindered alkyne as a mixtureZdE isomers (Table

1, entry 11). Mixtures of (phen)Pt(Meand B(GFs)s also
catalyzed the cyclization/hydrosilylation of a 1,7-diyne to
form a 1,2-dialkylidenecyclohexane in good yield and with
high (26:1)Z-selectivity (Table 1, entry 12).
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refluxing toluene overnight to form the tricyclic compound
3 in quantitative yield (102t 2%) as a single diastereomer
by *H and *C NMR spectroscopy %20:1) (Scheme 2).

Scheme 2
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Noteworthy is that Diels—Alder adducts such&apossess
an allylic silyl group and are therefore potentially reactive
toward a range of electrophilé%.

We propose a working mechanism for platinum-catalyzed
diyne cyclization/hydrosilylation involving-migratory in-
sertion of an alkyne into the Pt—Si bond of platinum silyl
alkyne compleX to form platinum alkenyl alkyne complex
Il (Scheme 3)-Migratory insertion of the coordinated

Scheme 3
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alkyne into the PtC bond ofll could form the platinum
dienyl specie$ll which could oxidatively add silane to form
the platinum silyl hydride intermediat¥ .** C—H reductive
elimination fromlV coupled with alkyne coordination would
then form dien& with regeneration of palladium silyl alkyne
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Table 1. Cyclization/Hydrosilylation of Functionalized Diynes Catalyzed by a 1:1 Mixture of (phen)Pévié B(GFs)s in Toluene at

110°C
yield b
entry diene silane carbocycle %y EZ
MeO,C — MeO,C, 7 siR,
MeO,C™" _ MeO,C
1 HSiMe,#Bu 73 14:1
HSiMe,Bn 77 121
HSi(nBu); 79 1411
RO - RO Z SiEt;
RO . RO
4 R= Pv HSiEt3 83 18:1
5 R= Bn 8 12:1
6 R=TBMS 72¢ g1d
[o —— O Va .
7 Me>< X HSIEt, Me>< }Oi\s'% 81 131
Me e} = We o] >~
MeO,C CO,Me, Z SiRy
R
8 R= Ph HSi(n-Bu)y 89 81
R= HSiEt, 7 12:1
10 R= HSi(r-Bu)y 668 121
MeO,C MeO.C,, Z 'SiEty
1 HSIEt; ” 7B 12
MeoZ MeOZC
Mé
E ] E
E Z SiEt
12 HSIEt; c 74 26:1
E = E
E = CO,Et

aYields refer to isolated material af95% purity.? E/Z ratio determined by GC analysis of the purified matefid@efers to isolated yield of the Diels
Alder adduct with 4-phenyl[1,2,4]triazole-3,5-diorfeE/Z ratio determined by GC analysis of the crude reaction mixture.

intermediatel.?° Consistent with the proposed mechanism,
platinum-catalyzed reaction of and DSIE} led to the
isolation of2-d; with exclusive incorporation of deuterium
into theZ position of the exocyclic methylene group (Scheme
4)21

Scheme 4
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In summary, cationic platinum complexes generated in situ
from mixtures of (phen)PtMeand B(GFs); catalyzed the
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cyclization/hydrosilylation of both 1,6- and 1,7-diynes to

form silylated 1,2-dialkylidenecyclopentanes and 1,2-dialkyl-
idenecyclohexanes, respectively, in good yield and with high
Z-selectivity. These 1,2-dialkylidenecycloalkanes are reactive

(12) The mixture of (phen)Pt(Mgand B(GFs)s forms the active cationic
catalyst in situt3 Comparable results were observed when the preformed
cationic complex [(phen)Pt(Me)GEN] [MeB(CsFs)s]~ was employed
as the catalyst. The individual precatalysts employed separately gave no
cyclization under reaction conditions.
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substrates for subsequent Dielslder cyclizations to form
fused polycyclic compounds which possess an allylic silyl

group.
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