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Abstract—C-2 functionalised silacyclopent-3-enes were obtained in high yields in only two steps from diallyldiphenylsilane
through hydroxy-alkylation of an allyltitanium intermediate followed by ring closure metathesis of the resulting B-hydroxysilane.
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Silacyclopent-3-enes 1 widely used as polymer precursors
are attractive synthons that have found little use as
building blocks in organic synthesis." These are most
commonly accessible by a coupling reaction between
dichlorosilanes and dienes in the presence of lithium or
magnesium.'" This method, which affords the titled
compounds in moderate to good yields, is, however, not
general owing to the restricted number of substituents
allowed on the ring and at the silicon centre. Moreover,
the access to polysubstituted silacyclopent-3-enes
through alkylation of 1 is not straightforward. For
instance, the preparation of C-2 substituted silacy-
clopent-3-enes 2a through metallation of 1 with a strong
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base (i.e. -BuLi) followed by alkylation is precluded by
the formation of polymeric materials 3 formed by initial
nucleophilic attack on the silicon centre (Scheme 1).2
Increasing the steric hindrance to slow down the attack
of RLi on the silicon centre was shown to partially
overcome this problem.? However, the reaction of the
allylic carbanion with a range of electrophiles was found
to be poorly regioselective affording inseparable mixtures
of a/y-regioisomers (i.e. 2a and 2b). Therefore, while few
methods are available and give access to various types
of silacyclopentenes,! a general and regioselective
method of preparation of synthons such as 2a that could
also be extended into homochiral series is still lacking.
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Table 1. Hydroxy-alkylation of diallyldiphenylsilane 9
(Scheme 3)

Alcohol R Yield (%)* d.e. (%)°
11a i-Pr 65 >98
11b Ph 68 >98
11c n-Pr 78 >98
11d (E)-CH;CH=CH 60 >08
11e PhCH(Me) 52 >98

2 Yield after purification.
® Estimated from 250 MHz 'H NMR.

We wish to propose in this context an alternative and
simple access to C-2 substituted silacyclopent-3-enes
such as 4 starting from readily available diallylsilanes
(Scheme 2). Diallylsilanes 6 are easily prepared through
allylation of dichlorosilanes 8 with allylmagnesium bro-
mide 7 (Scheme 2).> As the alkylation of allylsilanes is
often not regioselective (vide supra),* we reasoned that
the functionalisation at C-2 should be best carried out
through hydroxy-alkylation of one or both the allylic
moieties.’ The metallation of the allylsilane fragment
with a strong lithium base followed by transmetallation
with titanium, boron or tin reagents and coupling of
the resulting allyl-metal species with an aldehyde would
then give rise to the desired B-hydroxysilane 5. The
formation of the silacyclopent-3-ene ring (i.e. 4) could
then be carried out by ring closure metathesis (RCM)
using the commercially available Grubbs catalyst
(RuCly(PCy;),CHPh).® This cyclisation process should
be fairly easy owing to the important length of the C-Si
bond (1.9 A), which should minimize the steric hin-
drance.” Such an approach would be relatively flexible
allowing the introduction of various substituents on the
silicon centre, and more importantly of two new stereo-
genic centres, leaving a double bond in 4 which could
then be functionalised in a stereoselective manner.

Our preliminary investigations were carried out starting
from diallyldiphenylsilane 9.3 Lithiation of 9 with n-
BulLi followed by transmetallation with Ti(O-i-Pr), led
to the putative allyltitanium intermediate 10°°*® which
afforded, after addition of isobutyraldehyde at —78°C
and acidic work-up, the B-hydroxysilane 11a in 65%
yield and more interestingly with complete diastereo-
control (Table 1, Scheme 3). X-Ray structure determi-
nation of a more functionalised intermediate (vide
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Table 2. Grubbs catalyst mediated ring closure metathesis
of 11a—e (Scheme 4)

Sila ring R R’ Reaction  Yield (%)*
time (h)
12a i-Pr Ac 3 88
12b n-Pr Ac 3 95
12¢ (E)-CH,CH=CH Ac 11 61
13a i-Pr H 6 93
13b Ph H 8 78
13¢ PhCH(Me) H 8 74
13d (E)-CH,CH=CH H 12 57

2Yield after purification.

infra, 14a) unambiguously showed that 11a had the anti
configuration. The protocol was then extended to sev-
eral aldehydes providing the B-hydroxysilanes 11b-d in
good yields and in all cases as one diastereomer having
the anti configuration.” When applied to the chiral
racemic 2-phenylpropionaldehyde, the method afforded
the alcohol 1le as only one diastereomer having an
anti-anti relative configuration.'®

The observed anti configuration is consistent with the
chair-like transition state model I shown in Fig. 1. In
this model, titanium of the allyltitanium species is
coordinated to the aldehyde and the bulky silicon
group as well as the aldehyde R substituent occupy
pseudo-equatorial positions.’

The alcohols 11la-d were then protected as their
acetates (Ac,0, NEt;, DMAP, RT) and subjected to the
RCM process in the presence of the Grubbs catalyst (2
mol%) in benzene under reflux,'' providing the silacy-
clopent-3-enes 12a—c in excellent yield (Table 2, Scheme
4). The presence of a bulky substituent on one of the
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allylic moieties had no consequence on the RCM pro-
cess which is known to be affected by steric effects.”-'?
We eventually found that the reaction worked equally
well on the unprotected alcohols providing the pure
five-membered ring 13a-d after a simple filtration
through silica gel. It is noteworthy that the reaction on
the B-hydroxysilane 11d and its acetate led regioselec-
tively to the silacyclopentene 13d and 12c, respectively,
in which the crotyl methyl group had disappeared,
indicating that the ring closure metathesis was followed
by the metathesis of the acyclic double bond.%!>!3

With these silacyclopent-3-enes in hand, our efforts
then focused on the electrophilic functionalisation of
the cyclic double bond. It was anticipated that the
stereochemical information at the C-2 stereogenic cen-

Figure 2. Chem3D® representation of the stereochemistry of
the dihydroxylation process on 13a.
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14a, R=iPr,R'=H  84% yield (80:20 d.r))
14b, R=n-Pr,R'=Ac 70% yield (76:24 d.r.)

tre could be easily propagated through stereoselective
processes, thus allowing for a rapid elaboration of these
building blocks into useful intermediates. Earlier litera-
ture reports'? indicated that such double bonds reacted
very much like allylsilanes, but surprisingly nothing was
known about the 1,2-stereocontrol which might be
exerted by a C-2 stereogenic centre. Our preliminary
studies on the dihydroxylation of 13a and 12b showed
that the expected diol 14a-b could be obtained in high
yield with somewhat moderate diastereoselectivities
(Scheme 5). Fortunately, in both cases the
diastereomers were easily separated over silica gel. The
stereochemistry of the major isomer 14a was established
by X-ray crystallography,'* indicating that the ap-
proach of the osmium reagent on the cyclopentene ring
had taken place anti relative to the C-2 chain (Fig. 2).

In conclusion, we have presented a new regio- and
stereocontrolled access to substituted silacyclopent-3-
enes in two steps from diallyldiphenylsilane which is
applicable to a large variety of substrates. Further
studies on the asymmetric version of this strategy'®!>
and on the elaboration of these synthons into biologi-
cally active compounds are now under way.
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