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Abstract: A catalytic method for the sequential cyclization-silylation of dienes containing one or two 1,1-
disubstituted alkene moieties to form various cyclic and bicyclic organosilanes in good yield is presented.
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Carbon-carbon bond-forming reactions are of fundamental importance to synthetic
organic chemists. Of particular interest are catalytic, intramolecular bond-forming
reactions that yield cyclic products. We have investigated the use of group 3 and
lanthanide organometaiiic complexes as catalysts for the cyclization of dienes and enynes
[1]. These d’, electrophlhc organometalhc species have proven to be very effective in the
preparauon of cyclized organosuanes rrom acycuc monosuosmurea alen starting
materials, and exhibit rk e ic
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environments about the catalyst center {eqs 1,2) (2]
P Cp'2YMe(THF) SiHPh
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AN Cp'2YMe(THF) l ~SiHPh
—— e i
Ny PhSiH, s @
It seemed reasonable to expand our research efforts to include cationic group
4 organozirconium complexes, in particular to address the issue of reactivity with more
hindered 1,1-disubstituted diene sttems Cationic zirconocenes are isoelectronic (d ) with
group 3 and lanthanide complexes an hould dlspl y higher reactivities as a result of the
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3
zirconocenes allowed cyclization and suobcqu nt Sil’y’iatl‘ﬁ of dienes when one or both of
the alkene moieties was 1,1-disubstituted. This is the first time such a process with this
rlace nf ratalucte hae hoan rannrtad and until anly rerantly  thic renracontad tha Aanlu
WwICROO WA \/“I,(IIJDLQ AAD WAl l\atl\_lll.w, CLilvg, Wiitlii Ulll)’ R VIV IN Y sy LLL1D l\dylvo\lll‘w ey iwy Uul]
catalyst system that cf.Pf'tivcly cychz sterically hindered dienes of thi typc {3]
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Waymouth in cyclization-alumination reactions [5] was most useful. The active catalyst was
easily prepared either prior to use or most conveniently via an in situ preparation in
toluene (eq 3).

benzene or

dmbieama
wHucHic

Cp'2ZiMe; + B(CsFsls

Cp2ZrMe(u-Me)B(CeFs)s  (3)
1
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PhSiHg, -25 °C

This catalyst was effective in the cyclization of various diene substrates (eq 4, Tabie
1). Opnmal conditions included: 2-5 mol% catalyst loadlng, dilute reaction condmons
N N§ f\ LY, Y n
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alkene. Less hmdered alkenes such as 1 5 hexadlene gave low yle]ds of cychzed
organosilane. This is likely the result of extensive polymerization of the starting material
and/or cyclized organozirconium intermediate. For reactions of monosubstituted dienes
under extremely dilute conditions with very slow addition of the diene, yields failed to
exceed 40%. Also, substrates that formed six-membered rings did not give good yields of
the desired product. This is presumably the result of a slower cyclization (6-exo versus 5-
exo). The slower cyclization event leads to polymerization and/or trapping of the
uncyciized organozirconium intermediate. Of the many silane trapping agents used,
~Asvw A wxrna Frsze m ot svoafial ITicn Amawnd ailamac awrn | SR P lhea

pucuy‘lbuauc was 1uuuu LU UC MOSt USE€rul. nindcered siiancs sucn as PllCllyllllCLHylblldllC or
diphenylsilane slowed down the trapping of the cyclized organozirconium intermediate and
i 1

led to increased nolvmerization All silanes were observed to nhanmprtmo via a

polymerization. All silanes were obse riz
dehydrogenative coupling process [6] as evidenced by the presence of sﬂane dimers and
hydrogenated starting materials.

One mterestmg result was the cyclization of 1,5-bis(exomethylene)cyclooctane
(Table 1). This transannular cyclization was very rapid at low temperatures and provided
good yields of the bicyclic silane. The higher yield obtained with phenylmethylsilane is
presumably the result of reduced silane polymerization and a concomitant reduction in
hydrogenated starting material. Other bicyclic products were produced in good yields but
required longer reaction times and displayed more side reactions.

A typicai procedure for a cyciization silyiation reaction is as follows: A 1.8 mL
toluene solution containing 50 mg (0.52 mmol) of 2- I‘I‘lt‘:myl-l 5-hexadiene Eu‘d 150 mg
(1.39 mmol) of phenylsilane was added over 4 h via syringe to a solution of 14 mg (0.015



5013

Tahle 1. Results for Cvglization-Silvlation Reactions of Dienes Mediated by Cn*,ZrMe(1+Me)R(CsFs);
g Ad 4 b A g AP ITEV JRINOR 5/
substrate product temp, "C time, h % isolated yield
O F (Y TSiHPh -10 2.5 36

4.0 82
)\/\I/ (\E/\sleph rt 1.5 79
" " -25 3.5 92
u A /A rolnzrll 0 7 0 77
o~ b |
| P ) rS-HgF’h |
U (/\I:/\ 0 16 73
/‘*\/ //——_\'ﬂbngPh -25 1.0 67
A </
" " -40 2.0 64
" U “SiMeHPh -30 0.5 87"
It SiH,Ph
Hk]/\/\ rt 22 <30
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2 PhMeSiH, was used as the silylating agent.
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mmol, 3 mol%) of catalyst 1 in 1.8 mL of toluene at 0 °C. The resulting solution was
aiiu"'cu to warm to room temperature before being filtered through a small plug of silica

chrematograp..y usmg hexanes as an eluent to provid mg (82%) of 1-methyl-1-
[(phenylsilyl)methyllcyclopentane.
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Although we have obtained good yields for several unsaturated hydrocarbon

systems, limitations remain. The use of a highly electrophlllc catalyst does not allow
introduction of heteroatoms. Various protected alcohols, amines and alkyl halides were
not tolerated under the reaction conditions utilized. Indeed, even simple phenyl
substituents were problematic.

In conclusion, we have developed a catalytic method for the cyclization-silylation of
dienes using a highly reactive cationic zirconium complex This catalytic system
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errecuvely C}’CHZCS unsaturated ﬂ}’(lIOLdI'DOIlS in gOO(l lelUb at low lCmperaiurcs with short
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