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Abstract: The diastereoselectivity of the rhodium catalysed hydroboration of divinylsilanes is found to vary
according to the length of the tether between the two phosphine ligands. Maximum diastereoselectivity is
observed for butanodiphosphines and this may be related to the stability of a cis divinylsilane-diphosphine
rhodium complex.

In the course of a project aimed at the synthesis of some chiral cyclic, silicon containing compounds,
we had recourse to study the asymmetric hydroboration of divinylsilanes.! The cyclic hydroboration of these
compounds has been the subject of a series of publications by Soderquist and co-workers enroute to
metallocycloalkanones.2 However, there are no reports as to the asymmetric hydroboration of this class of
substrate. In this paper we report that these divinylsilanes undergo a double rhodium catalysed
hydroboration in which the diastereoselectivity is controlled by the length of the carbon tether linking the
two phosphine ligands. Although the double asymmetric hydrogenation of dienes, diketones and dienamides
has been reported3 the dependence of the diastereoselectivity on the gross structure rather than the chirality
of the ligand is, to the best of our knowledge, unprecedented.

Prior to exploring the rhodium catalysed pathway, we examined the analogous stoichiometric
hydroboration using both 9-BBN and (-)-diisopinocampheylborane, (Ipc2BH), derived from R-(+)-pinene.
Reaction of these reagents with di-(2-propenyl)dimethylsilane followed by oxidative workup afforded the
silyldiol together with the oxidised alkyl ligand. In order to facilitate separation of these compounds and
enable the diastereoselectivity of the process to be determined, the crude reaction mixture was treated
directly with 4-bromobenzoyl chloride. The resulitant silyldiester was stable to chromatography and could be
isolated in good overall yield. Using the Tris[3-(heptafluoro-propylhydroxymethylene)-(+)-camphorato]-
praseodymium [Pr(hfc)s] chiral shift reagent and either 1H, 13C, or 295i4 nmr the diastereoselectivity and,
from the reaction using IpcoBH, Scheme 1, the enantiomeric excessS could be simply obtained.6 These
values were subsequently found to be in good agreement with those obtained using chiral HPLC.7
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Asymmetric rhodium catalysed hydroboration8 was then examined with a view to circumventing the
problems of low diastereoselectivity and difficulty in the separation of the product from the chiral auxiliary.
Although the catalysed hydroboration of 1-phenyl-1,3-butadiene occurs with high regio- and
stereoselectivity,? to the best of our knowledge, there has not yet been any report on the stereoselectivity of
the catalytic asymmetric double hydroberation of non conjugated diene substrates. 10

For our initial foray into this area we used (-)-DIOP as the chiral phosphine ligand and followed the
standard procedure given below. Although the diol could be efficiently isolated, the crude reaction mixture
was directly esterified to afford the silyl-di-4-bromobenzoyl ester in 67% overall yield. On examining the
stereoselectivity of this process we found that, although high diastereoselectivity was obtained, the syn
isomer was formed predominantly, 91.5 : 8.5, and furthermore, that the gn#i component was essentially
racemic. On repeating this reaction with the achiral ligand diphenylphosphinobutane we obtained identical
product ratios. This result suggested to us that the diastereoselectivity was controlled by the length of the
tether between the two phosphines (or the related chelate bite angle). Consequently, we then studied a range
of diphosphine ligands to see how the diastereoselectivity varied with changing tether length / bite angle.
The results of this survey are given in the table below.

Table 1 Rhodium Catalysed Hydroboration of Di-(2-propenyl)dimethylsilane

Phosphine Solvent Yieldd Product Ratiob
(anti) 2 : 3 (syn)
PhoP(CH;)sPPhy THF 35% 52:48
DIOPf THF 67% 13: 87
DIOP Toluene 64% 9.8 :90.2
PhoP(CH2)4PPhy THF 45% 8.5:915
PhoP(CH)3PPhy THF 55% 20 : 80
CHaC(CH,PPh))3 THF 37% 18 : 82
PhoP(CH,),PPh) THF: CH,Cl,d 14% 35: 65
PhoPCHoPPhy THF <5%C 38 : 62
PPh3 THF 42% 46 : 54
NMDPP{ THF 75% 47 : 53¢

(a) These yields quoted are those for the isolated di(4-bromobenzoyl)esters and are unoptimised reflecting the
result obtained using a standard set of reaction conditions.!! (b) As determined from ! Hnmr using the chiral shift
reagent [Pr(hfc)3] (c). In these cases the anti component was essentially racemic (d) An (8:1) mixture was used to
ensure homogeneity (¢) A large quantity of unreacted divinylsilane was recovered from the reaction mixture (f)
DIOP = (RR)-4,5-bis(diphenylphosphino)methyl-2,2-dimethyldioxolane, NMDPP = (+)-neomenthyldiphenyl-
phosphine.

The observed change in diastereoselectivity with changing tether length has not, as far as
we are aware, been previously reported in rhodium catalysed hydroborations. The syn isomer is postulated
to arise through a rapid hydroboration of a cis linked diphosphine-divinylsilane rhodium complex.12 We

speculate that with these substrates, the Méinnig-Noth mechanism for catalysed hydroboration,13 which
involves oxidative addition of catecholborane, alkene ligand exchange followed by insertion of the alkene
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into metal hydrogen bond, is preceded by complexation of the diene. Consequently, the observed product
ratios can be related, to some extent, to the relative stability of the monodentate and bidentate divinylsilane
complexes, scheme 2.14 This is, in turn, controlled by the bite angle, 6, created by the diphosphine tether.
For di-(2-propenyldimethylsilane, maximum stability of the bidentate divinyl complex is achieved with a
butano-tether.
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In an attempt to increase the amount of monodentate complex the use of a tripodal phosphine was
examined to see if the third phosphine group would displace one arm of the silane. However, an identical
ratio to that obtained with diphenylphosphinopropane was observed and this is not inconsistent with
literature reports in which these tripodal ligands act as bidentate ligands through dissociation of one arm of
the phosphine. 15

In contrast, the monodentate phosphines and diphenylphosphinopentane do not exhibit pronounced
diastereoselectivity. It is possible that, with these phosphines, a mechanism akin to that proposed by Miinnig
and Noth is followed. Alternatively, frans chelation of the metal centrel6 may be occurring which could
preclude bidentate binding of the divinylsilane. With either of these possibilities, two discrete hydroboration
steps may occur which would be consistent with the observed 1 : 1 ratio of syn : anti diastereoisomers.

In conclusion a high degree of diastereocontrol can be achieved in the rhodium catalysed
hydroboration of divinylsilanes. We are currently examining both the hydroboration and other related
transition metal catalysed reactions with a series of hydrocarbon dienes to see if similar trends can be
observed. Although with these symmetrically substituted divinyl silanes the high syn diastereoselectivity
observed is of little synthetic use, non symmetrical substrates cannot form a meso isomer and should
therefore afford products of high enantioselectivity. Experiments designed to test this hypothesis are in
progress.17 The results of these and related studies on applications to synthetic projects will be reported in
due course.
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