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Summary

The. regioselectivity of the hydroboration of the methylchlorovinylsi-
lanes, Cl Me; SiCH=CH, (n =0 - 3), has been investigated using BHS*-THF,.
9-BBN, di;EamyIl and dicyclohexylborane. Methylation of the adducts with
methylmagnesium bromide is complicated by formation of tetraalkylboronates.
Alkaline hydrogen peroxide oxidation of the boronates gives reasonable
yie1d$ of the'corresponding e- and B-trimethylsilylethanols for n = 0 and 1.
For n = 2 and 3, conversipn of the adducts to the corresponding c- and 8-
deuteroethylsilanes by treatment with excess sodium methoxide in methanol-
g;g_p:ovides a more effective means of derivatization. Addition of the
alkenes, n = 2 or 3, to excess BH3+THF gives ca. 80% of the a-boro-organo-
chlorosilanes. For all cf thé alkenes, the dialkylboranes give ca. 80%

of the B-boron adducts.

The use of the hydroboration reaction in synthetic organosilicon chemistry
has become increasingly important in recent years [1]. Chloroéilylorganobor—
anes, I, may be readily prepared by the hydroboration of vinylchlorosilanes

without reduction of the siiicon-chlorine bonds [2].

H-B= -~ 7 - =
> -Clgyes_ﬂél (C2H4)B—

Cl Me. SiCH=CH
n 3-n 2

I

"~ In light of the great synthetic utility of the hydroBoration reaction [3],
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and the po;entlal appllcathDS'tO v;nv151lanes bearlng functlonallty on,sﬁll—
con, it was desirable to dete-mlne the regloselect1v1ty of the hydroboratlon
of v1ny1chlor051lanes. ‘

The typical derivatiiation procedure ﬁsed to determine regiosele;iivity

in the hydroboration of alkenes involves oxidation of the borane adducts to

the corresponding élcohols with alkaline hydrogen peroxide [3]. Unfortunately

chlorosilylorganoboranes, I, uﬁdergo facile polymerization under these con-

ditions. It has therefore been necessary to 'defunctionalize’ the chloro-

silyl groups, usually by conversion to the trimethylisilyl derivatives with

methylmagnesium bromide, prior to oxidation [2]. 7
H,0,

MeMgBr - : - 272 -
I ———> MeSSI(C2h4)B— ———Ga:——————} MeSSI(C2H4)OH

Although this derivatization procedure gives reasonable yields of the a- and
B-trimethylsilylethanols for the borane adducts to vinyldimethylchlorosilane
and vinylmethyldichlorosilane ( I, n = 1 and 2, respectively) [2], the results
with the adducts to vinyltrichlorosilane are variable and unreproduci?le,

and frequently only polymeric materials are obtained after oxidation.

We reﬁently Teported that the methoxide promoted protonolysis of organo-
silylboranes gives significant yields of products resulting from protonolysis
of the C-B bond [4]. Both the «- and B-boro adducts undergo the reaction, and
~ methoxy substituents on silicon favor the reaction. Thus, yields of up to
80% of ethyltrimethoxysilane may be obtained by treatment of the borane-
adduct to vinyltrichlorosilane with sodium methoxide in methanol, followea
by destructive distillation. It was further shown that quantitative incor-
poration of deuterium in the saturated products occuzg‘ when methanol-0-d
was used as the solvent for the reaction, and that no'rearrangement of
alkyl groups attached to silicon occurs [4]. Thus, the methoxide promoted
deuteration has the potential of complimenting the Grignard/oxidation pro-
cedure for determining the regioselectivity of the hydroboration of vinyl-

chlorosilanes.
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Re;qitg ana Discqésién'

As wé hafé'feporiéd,'tﬂé ieactioh éf borane tetrzhydrofuran solutions
with vinyléhlbrosilanes proceeds smoothly to give adducts. In reactions
monitored by IR, the bands attributed to the boréné.decrease in intensity as
the reaction proceeds, and no bands in the Si-H stretching region of the
spectruﬁ are obsefved [2]. The spectra indicate that, for the chlorosilanes,
the additions are usually- complete in 4-5 h. -The reaction is signifi-
cantly slower than the hydroboration of the great majority of simple olefins
for whi&h the Teaction is complete in a few minutes {3]. The lack of reduc-
tion of the Si-Cl Sonds, and the slowness of the addition are both consistent
with the fact that borane is an electrophilic reagent. Reduction of chloro-
silanes is accomplished with nucleophilic reagents [5]. One would also
anticipate that the electron withdrawing effect of the chlorines on silicon
decreases the electron density in the vinyl substituent, resulting in a dimi-
nished reactivity towards electrophilic reagents.

The Grignard methylation of the adducts is complicated by the fact that
there are at least two competing reactions, substitution at silicon to give II,

or complexation with boron to produce the boronate, III.

1 I _
I + MeMgBr —_— Me—%i(C2H4)B= or [Cl-%i(C2H4)§;i
B
I1 III

Even when very bulky hydroborating reagents are used this competition

is observed. The dicyclohexylborane adduct to vinyldimethylchlorosilane was
treated with one equivalent of methylmagnesium bromide in ether. The 1H NMR
spectrum of the reaction mixture showed a decrease in the intensity of the peak
at 8§ 0.33, due to the dimethylchlorosilyl protons, and the appearance of

two new peaks in the spectrum, a singlet at § 0.05 due to the trimethylsilyl
protons in the methylated adduct, II; and a broadened quartet at § -0.82

due to the methyl attached to boron in the boronate, III. Integration of the

" peaks using added benzene a$ a standard shows that 77% substitution at

silicon and 23% addition to boron has occurred.. Because of the addition to

boron, it is necessary in the Grignard derivatization to add at least one
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equivalent of Griéngzd reagent in excess of‘tﬁe‘aﬁgunf'réﬁuiredAfb Qérivatize;v
all the chlorines on silicon. - - ' 7

The formation of the boronate, 1II, in the methylation of the borane -
adducts of the vinylghlétosilanes also leédﬁ-ﬁo cpmplications_in-;heAélka-"
line hydrogen peroxide oxidation. Because’thé ipi;ial,stepiin fﬁé oxida-
tion involves attack at boron by therﬁydroperbxide anibnf[6],rthe'o;idatioh‘
o boronates is especially prone to anomalous results [7]. Table ligives‘the
yields and isomer distributions of the o- and B-trimethylsilylethanois ob-
tained using a variety of hydroborating reagents followed by the Grignard/
oxidation procedure. It shows clearly how the yield of trimethylsiiylethanols
varies, and in general, decreases as the number of chlorine substituents on
siliéon increases. The results for the hydroboration of vinyltrimethylsilane
using borane in THF are in agreement with those obtained by Seyferth and
coworkers [8].

The thermal isomerization of organoboranes to sterically favored iso-
mers is well known [3]. Recently Musker and Larson noted a more facile iso-
merization of the intermediate organoboranes obtained from the hydroboration
of l1l-trimethylsilyleyclohexene with thexylborane [9]. In order to test.
whether such isomerization was occurring in our systems, the effects of the hy-
droborafion time and temperature were investigated for vinylmethyldichloro-
silane. The results, for which aliquots of the hydroboration reaction mix-~
tures, held at 0° or.room temperature (RT).were qeriﬁatized at various times
using the Grignard/oxidation procedure, are given in Table 2. Unfortunately,
the analytical method did not permit the detérminatioﬁ of yields of the tri-
methylsilylethanols obtained. Nevertheless, certain tfends~are e#ident. At
low temperature, an apparehtly kinetic" product distribution, favoring the
c-adduct is obtained. At room temperature the amount of B8-adduct relativgito
o appears to increase with increased reaction,time,fconsistent—with»isomeriza-
tion to the thermodynamically more stable B—adducts.'-However, the qhange in
isomer distribution is small coméared fo the possible erto#s in the'agalyticaL
procedure. We assume that, in-hydroborations'with reéctibn'times of li,h'or

greater, thermodynamic distributions of adducts are obtained. for our.systemé.
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S © Table 1

fAddﬁcf Distributions for the Hydroboration of Vinylchlorosilanes

R-CH=CBZ,I:{ " Run-  BorameZ (h) - Analysis® a 8 YieldS
“Me,S51 1 BHz,2:1 (29) ox . 47 53 62
2 BH3,1:1 NMR 32 68
3 Dicyclohexyl (20} Ox 12 88 76
4 Disiamyl (4) Ox 24 76 64
Me,C15i 5 BH,,3:1 (46) Deut 56 44 45
6 BH3,2:1 (3) Ox 70 30 69
7 BH,,1:1 (46) Deut 36 64 35
8 BH.,1:1 . NMR 42 58
9 Dicyclohexyl (20) 0x 16 84 31
10 9-BBN (12} Deut 20 80 64
11 Disiamyl (8)% ox 78 22 77
MeCI:Si 12 BH3,3:1 (17) Deut 86 14 60
13 BHS,Z:I (3) Ox 90 10 59
14 BH_,1:1 (17) Deut 68 32 57
15 BHg,1:1 NMR 66 34
16 Dicyclohexyl (20) Ox 22 78 50
17 9-BBN (12) Deut 23 77 47
18 Disiamyl (4) 0x 16 84 70
C1,Si 18 BHz,3:1 (18) Deut 88 12 80
20 BH3,2:1 (4) Ox 88 12 51
21 BH3,1:1 (18) Deut 73 27 71
22 . Dicyclohexyl (20) Ox 16 84 30
23 9-BBN (12) Deut 24 76 61
24 Disiamyl (4) ox 11 © 89 30

38H3 = Borane THF solution, ratio of. hydride to olefin. For dicyclohexyl borane, and
disianyl borane, and 9-BBN a 1:1 ratio of hydride to olefin was used.

BOX = Grignard/oxidation, Deut = methoxide promoted deuteration, NMR = analysis of the
NMR spectra of the borane adducts.

Epetermined by GLC using an internal standard.
-éDisiamylborane contaminated with excess borane.
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Because the methoxide promoted protonoly51s of organ0511y1boranes glves
increased yields of saturated products w1th increasing alkonde substltuents
on silicon [4], we 1nvestlgated this derlvatlzatlcn procedure. as- a means of de-
termining the reglospec:..flcn.tv of the hydroboratlon ‘Teaction using methan01~0 d
as the solvent.

NaOMe

-

> (MeO)nMe3 nSiCHDCHs + (MeO)EMes_ESiCHZCHZD
MeQOD v ) v

This derivatization method has the advantage that, by the use of excess

sodium methoxide, the chlorosilyl groups are converted to methoxysilyl groups

Table 2

Effect of Time and Temperature on the Hydroboration

of Vinylmethyldichlorosilane3

Condi‘cionsE Alcohol Distribution™
a 2

3 h, 0° (1.65) 100 0

2 h, 0°; 1.5 h, RT. (1.65) 73 27

2 h, 0°; 10 h, RT. {1.65) 69 31

3 h, RT. {(i.5) 64 36

7 h, RT. (1.5) 62 38

12 h, RT. (1.5) 60 40

@

Olefin added to a BHS' + THF solution (ratio of hydride to olefin), aliquots
derivatized by methylation with excess methylmagﬁesium bromide and alkaline

hydrogen peroxide oxidation.

-

D .
— Time and temperature for hydroboration step.

{o

a- and B-trimethylisiiylethanol.
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' i§-tﬁe'igifialisteﬁ ofrthe’aﬂélysis,procedure. The relative amounts of
»ufdeuteroethyiéilane, 1V, ‘and Bédeuteroéthylsilane, V, can-be readily de-
‘termined by analysis of fhe,]H ﬁﬂR spectra of the products. Table 1 gives

the resu1t§ of these analysés.‘ | v

"While our previous work did not demonstrate that deuterium incorpor-

ation occurred at ithe specific site of boron substitution in the hydrobo-
ration adducts [4], the consistency of the results obtained in the Grignard/
‘oxidation method, and in the methoxide promoted deuteration, Table-l, strongly
indicate that fhis is the case. Thus, the same adduct distribution is obtained
by either method for the hydroboration of vinyltrichlorosilane with excess

BH3 + THF, Runs 19 § 20. In runs of comparable reaction times, 5 § 7, iz § 14,
19 & 21, there is a decrease in the relative amount of a-adduct with decreasing
hydride to olefin ratio, consistent with the increased steric requirements of

a tri-organoborane vs. a momno-organoborane.

Further support of this conclusion arises from the detailed analysis of
the 1H NMR spectra which can be obtained for some of the adducts [10].

For hydroborations under comparable conditions, Runs 7 & 8 or 14 § 15, reason-
able agreement is obtained between the results for the deuteration and NMR
analytical methods.

Taken together, the results indicate that the hydroboration of ﬁéthyl—
chlorovinylsilanes can be highly regiospecific. When excess BH3 + THF is used
as the hydroborating reagent (Table 1, Runs 1, 5, 12; 19} there is a clear
trend favoring the a-adduct. In;reasing chlorine substitution on silicon
leads to increased amounts of the a-adducts so that, for vinylmethyldichloro-
silane and vinyltrichlorosilane, the reaction has sufficient regiospecificity
to be of synthetic utility. This effect of electron withdrawing substitutents
has been previously observed to a lesser extent in the hydrogoration of various
substituted styrenes [11].

-As the steri; feﬁuirements of the hydroborating reagent increase, in-
creasing substitution at the B-position is observed. Thus, with 1:1 BH; « THF

(Runs 2, 7, 8, 14, 15, 21) increased amounts of the B-adduct are produced.

-When very bulky hydroborating reagents are used such as 9-BBN (Runs 10, 17, 23)
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disiamylborane (Runs 4, 18, 24) or ,dicyclohexyibcrané' (Ru:ns 3, 9, 1_6; 22) the
zdducts are 80 to 90% S-isomer. For these boraﬁes with high steric tequirements
the reaction is again of suffiéient regiospecificity:td be;éynthe§i§aily use~
ful in the preparation of B-boro—organochlorosilanes; Based on the relative
amounts of «- and B- adducts ohtained, the steric requirémehts of the hydro-
borating reagents appear to increase in the order:
3:1 BHS + THF << 1:1 BH3 <« THF < 9-BBN < dicyclohexylbprane < disiamylborane

This order is foughly consistent with the structures of the several hydro-

borating reagents.
Overall, the electronic and steric effects observed aré consistent with

the mechanisms for the hydroboration reaction which we have proposed [12]. The

synthetic applications of these regiospecific preparations of silicofunctional

organoboranes are presently under investigation in our laboratories.

Experimental
Materials

Reagent grade olefins were used, and were distilled prior to use.
Borane-tetrahydrofuran, dicyclohexylborane, disiamylborane, and é-BBN were
prepared using procedures given by Brown [3]. All glassware was oven-dried
prior to use, assembled hot, and cooled while flushing with prepurified.
nitrogen. Reactions were carried out under a static preésuée of nitrogen
or argon.

The method of Bunnet and co-workers for the preparation of ethanol-0-d
[}é}was adapted for the preparation of methanol-g;g_which'was distilled from
magnesium metal under an atmosphere‘of dry prepurified-ﬁitrogen prior to use.

Hydroborations were carried out by addition of the alkene to a standard—.
ized solution of the appropriate bdrane in THF at 0°. The mixture was allowed
to warm to room temperature and stirred for the times indicated in Table 1
prior to derivatization. The procedure for methoxide promoted deuteration has
been described previously [4].

For the GLC analyses of the deuterated products, a 5' by 174" stainless

steel colﬁmn containing 10% SE-30 on 60-80 mesh‘acid washed Chromosorh H wa§-.
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" used at 85° with a helium flow of 50 ml/min. Yields were determined using

 diglyme as an internal standard.

Oxidation and analySis of the alcohol mixtures

_ The methylated adducts were oxidized with alkaline hydrogen peroxide using
the methodiof Seyferth [8}. Authentic samples of o and B-trimethylsilyl ethanol
were prepared by the oxidation with alkaline hydrogen peroxide of the diborane
ad@uéts to vinyltrimethylsilane and characterized by their mass spectra, vpc re- -
tention time, and infrared spectra.

The NMR spectra of samples collected by vpc were recorded in carbon tetra-
chloride solution using a Jeolco MH—60'spect£ometer. The chemical shifts were
{(ppm dowﬁfield from TMS):

MeSSiCH(OH)CHs: singlet (SH), §0.16 [(CHS)SSi]; doublet (3H) & 1.24
[CHSJ; quartet (1H), & 3.30 [cH], and a broad singlet (1H), & 1.99 [OH].

MessiCHZCHZOH: singlet (9H), 8 0.1l6 [(CHS)SSi]; triplet (2H) & 0.94
[CH2 adjacent to Si), triplet (2H), § 3.57 [CHzadjacent to OH] and a broad
singlet (1H), & 3.06 [ORH].

) The retention times of the alcohols (5', 10% Carbowax-20M on Chromosorb
W, 80°, 90 ml He/min) were: MeSSiCH(OH)CHS, 2.1 ming; MeSSiCHZCHZOH, 4.8 min.

Results of the analyses are given in Table 1.

Analysis of the deuterium labeled products

The labeled ethyl.silanes, MezMeOSiC2H4D, Me(MeO)ZSiC2H4D, and (ﬁe0)3§iC2H4D,

produced in this work have two groups of peaks for their ethyl protons in the
1H NMR. The methylene protons.occur in the region of § 0.40-0.66, and the methyl
protons of the ethyl group occur in the region of § 0.76-1.00. In addition, the me-
thyl protons on silicon occur at 80.04, and the metho#y protons at ca. §3.48.
Comparisén of the integrétion of the ethyl protons with that for methoXxy protons
showedrthat, ip each‘cﬁée,rone deuterium was»incorporated per ethyl group. Mass
spéctfa of GLC purified samples verified this observation.

’ Using the relative integrations of the m;thylene protons, A, and the methyl
protons, B, in the;1H NMR, thé foilowing simultaneous equations were solved to

calculate the ratioc of a and B deuterioisomers.
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The results are given in Table 1.
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