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Some Epoxide Ring-opening Reactions of «f-Epoxysilanes

By Anthony P. Davis, Gwyneth J. Hughes, Peter R. Lowndes, Catherine M. Robbins, Elizabeth J.
Thomas, and Gordon H. Whitham,* Dyson Perrins Laboratory, South Parks Road, Oxford OX1 3QY

Epoxide ring-opening of 1,2-epoxy-1-trimethylsilylcyclohexane (3) has given a range of the 2-substituted 2-
trimethylsilylcyclohexanols (4; X = H, OH, OMe, OCH,CH=CH,, Br, I, SCN) in which attack by nucleophile has
occurred at the carbon « to silicon. The products (4) have been transformed into a number of functionalised
silanes, including the silyl-episulphide (9). Other epoxides which have been less extensively studied are the con-
formationally biased epoxysilanes (10) and (11), the eight-membered ring epoxysilanes (17) and (21) and the two
stereoisomeric 2,3-epoxy-3-trimethyisilylpentanes (26) and (29). Epoxide ring-opened adducts were obtained
after treatment with H+*—MeOH in all cases except for compound (17), where the bicyclic alcohol (18) was formed

by a transannular reaction.

Stork demonstrated, several years ago,! the synthetic
equivalence between an «f8-epoxysilane and an aldehyde
or ketone, i.e. (1) = (2), and sparked off interest in such
epoxysilanes. In the subsequent years their chemistry
has been extensively explored,?#4 particularly significant
developments having been forthcoming from the work of
Hudrlik 2 and Magnus ? and their collaborators. Our
interest in this area was indicated in a preliminary com-
munication ® and we now give details of that work and
report on some extensions of it.
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Initial investigations were carried out with the cyclo-
hexane (3). In this cyclic system, the stereochemistry of
the product should provide useful information about the
course of reaction. We find that under a variety of
conditions, with catalysis by acid or other electrophile,
preparatively useful yields of the epoxide ring-opened
products are obtained. Thus, with sulphuric acid (6%,
in aqueous acetone the glycol (4b) was obtained in 839,
yield, sulphuric acid (5%,) in methanol gave the ether
(4a) (789%,) together with a small amount of the glycol
(4b), and with allyl alcohol-sulphuric acid the allyl ether
(4c) was formed. The halohydrins (4d) and (4e) were
produced in 909, and 709, yields, respectively, on treat-
ment of compound (3) with aqueous solutions of the
appropriate hydrogen halide. Similarly the hydroxy-
thiocyanate (4f) was obtained (659%,) from the cyclo-

hexane (3) and ethereal ‘ thiocyanic acid ’, and the ¢is-
silyl alcohol (4g) (929%,) was formed on reduction with
lithium aluminium hydride in ether.

The alcohol (4g) was already known,® and the structure
and stereochemistry of (4a) was confirmed by its ready
Peterson elimination 2»7 to give 1l-methyoxycyclo-
hexene on treatment with sodium hydride in dimethyl-
formamide (DMF). Structures of the other products (4)
were assigned on the basis of spectroscopic data (see
Experimental section). In no case was there any evi-
dence, in the crude product from the ring-opening
reactions, for the presence of regio- or stereo-isomers of
the products (4), though the thiocyanate (4f) was
accompanied by a small amount of the isomeric isothio-
cyanate (4h). Subsequent to the preliminary account of
our work, Hudrlik et al.?¢ have also reported the stereo-
specific preparation of (4a), (4b), and (4d) from compound
(3).

The acid-catalysed reaction of the epoxide (3) with
acetonitrile did not give a simple ring-opened product as
the major component; instead the oxazoline (5), a
product of intramolecular capture of the intermediate
nitrilium ion, was formed, accompanied by the hydroxy-
amide (4i) as a minor product.

A number of relatively straightforward transform-
ations were carried out on some of the adducts (4) to
illustrate their potential as precursors of functionalised
silanes, efc. These transformations are summarised in
the Scheme. One or two points can be singled out for
brief mention. The a-silyl ketone (6) could be distilled
unchanged below 98 °C; above that temperature it
underwent ‘ Brook rearrangement ’ & into the silyl enol
ether (7). The conversion of (4c) into the allyl vinyl
ether (8) indicates the possible use of epoxysilanes to
generate such ethers preparatory to Claisen rearrange-
ment. The hydroxy-thiocyanate (4f) has been trans-
formed via the methane sulphonate into the novel silyl-
episulphide (9).

It is clear from the above examples of reactions of the
epoxysilane (3) that there is a marked tendency for
attack of nucleophile to occur at the carbon « to silicon.
It was therefore of interest to investigate the ring-
opening of a conformationally biased epoxysilane.
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When the mixture of epoxysilanes (10) and (11), obtained
by epoxidation of 4-t-butyl-1-trimethylsilylcyclohexene,
was treated with lithium aluminium hydride in ether,
the epoxide (10) reacted faster to give compound (12),
the product of attack « to silicon, by diaxial opening.
The stereoisomeric epoxide (11) reacted with lithium
triethylborohydride to give the silyl alcohol (13) in which
diaxial opening had dominated, resulting in attack 8 to
silicon.* Opening with methanolic acid is less clear cut,
although the cis-epoxide gave the ether (14), the trans-
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methylylsilylcyclo-octanol (9:1) was obtained. It is
considered that the small amount of frans-silyl alcohol
had been derived via rearrangement of the epoxide into
2-trimethylsilylcyclo-octanone which itself was shown to
give a 1:1 mixture of the two stereoisomeric silyl
alcohols on reduction with lithium aluminium hydride
under the same conditions. Attempts to obtain epoxide
ring-opened products from compound (17) under
conditions of acid catalysis, e.g. sulphuric acid in
methanol, gave the bicyclic alcohol (18). Apparently,
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epoxide formed a mixture of two products tentatively
considered to be the isomeric ethers (15) and (16) in the
ratio 3 : 2, respectively. The opposing, directing effects
of diaxial opening and attack « to silicon are thus
roughly balanced for this reaction.

We have also investigated the eight-membered ring
epoxysilane (17) since it was of interest to find out how
far the known reluctance of medium-ring compounds to
suffer Sy2 substitution might influence the mode of
reaction. With lithium aluminium hydride [in tetra-
hydrofuran (THF)] a mixture of cis- and frans-2-tri-

* Paquette et al.® have reported that predominant attack « to
silicon occurs on reduction of the frans-epoxide (11) with LiAIH,—-
AICl; (1:1). Apparently the more electrophilic hydride shows
the greater tendency to be directed by the silicon.

transannular hydride migration can compete efficiently
with attack by external nucleophile, and reaction is
completed by transannular loss of the trimethylsilyl
group: (19)—(20)—>(18).

The unsaturated epoxysilane (21) was also studied to
determine the competition between transannular double-
bond participation and simple epoxide ring-opening.
Treatment of (21) with sulphuric acid in methanol gave
the methoxy-alcohol (22), obtained by nucleophilic
attack of methanol « to silicon, as the major product.
An accompanying minor product was tentatively as-
signed the structure (23), considered to have been derived
by transannular double-bond participation followed by
carbonium ion rearrangement to give the aldehyde
precursor of (23).
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In the original work of Stork on «B-epoxysilanes as
carbonyl precursors, a mechanism involving cleavage of
the B C-O bond was proposed,! ¢f. (24). Our results
described above and those of other workers % suggested
that « C-O cleavage was more likely, followed by acid-
catalysed anfi-elimination of Me,SiOH, e.g. (25). In
the case of derivatives of type (4) such eliminations
would be disfavoured stereoelectronically. It was
therefore of interest to examine the reactions of an acyclic
epoxysilane, suitably substituted to exist in diastereoiso-
meric forms, to see if intermediate epoxide ring-opened
products could be isolated.

Treatment of the Z-epoxysilane (26) with sulphuric
acid in methanol gave the adduct (27a) which was
characterised and the stereochemistry corroborated by
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H
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Peterson elimination to give the enol ether (28). Simi-
larly, the diol (27b) was obtained from treatment of
compound (26) with aqueous acid in THF. Isomeric
adducts were obtained from the E-epoxysilane (29), but
because they underwent more rapid elimination they were
not fully characterised.

Me,Si Me,si M oy
(21) (22)
(MeO),CH Sove,
(23)

In summary, the experiments described above taken in
conjunction with those of other workers 2 indicate the
high susceptibility of ap-epoxytrimethylsilanes to under-
go attack by nucleophiles at the carbon « to silicon under
conditions of electrophilic catalysis. We believe that the

R- cn—c’(D—SiMe3 (SH
C)o{ 2 R ('?H Lo\ sime
I-ll HOMe IS
(24) (25)

reactions are Sy2 ‘ borderline ’ type 19 displacements with
the a-trimethylsilyl group providing assistance, possibly
by prior or concomitant co-ordination with the nucleo-
phile, along the lines suggested for nucleophilic displace-
ment on a-silyl halides.!! Apparently the triphenyl-
silyl group is less efficient in this respect.12
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The availability of ¢is- and ¢rans-2-trimethylsilylcyclo-
octanol, albeit as mixtures, presented the opportunity
of testing the stereospecificity of the Peterson elimin-
ation in the somewhat demanding medium-ring system.
Treatment of mixtures of the two alcohols with sodium
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hydride in dimethyl sulphoxide gave cis- and tranms-
cyclo-octene in the same ratio as the ¢is- and ¢rans-isomers
in the precursor. Clearly the syn-elimination pathway
is still followed, even for formation of the highly strained
trans-cyclo-octene. It was not found possible to induce
an anti-elimination to the frams-olefin, e.g. treatment
of predominantly c¢s-2-trimethylsilylcyclo-octanol with
methanesulphonyl chloride in triethylamine 2 (conditions
under which trans-cyclo-octene was shown to be stable)
gave only cis-cyclo-octene presumably by a syn-
elimination pathway. Thus, even with trimethylsilyl as
an electrofugal group, anti-elimination cannot be con-
trived and there is as yet no example of a substrate which
gives trans-cyclo-octene by this mechanism.

EXPERIMENTAL

Instruments used were (i.r.) Perkin-Elmer 257, (‘H n.m.r.)
Perkin-Elmer R32 (90 MHz) and R24 (60 MHz) (CHCI; as
internal standard for compounds containing Me;Si, other-
wise Me,Si), and (g.l.c.) Pye 104.

1-Trimethylsilyl-T-oxabicyclo[4.1.0]heptane (3).—A mixture
of 1-trimethylsilylcyclohexene ¥ (30 g, 0.2 mol) and
dichloromethane (60 ml) was stirred and cooled (ice-water).
Peracetic acid (499, w/v; 60 ml, 0.46 mol), buffered with
anhydrous sodium acetate (8.7 g), was added slowly during
1 h with further cooling. The mixture was stirred at 20 °C
for 30 min. G.l.c. (159 Silicone oil, 150 °C) showed the
reaction to be complete and sodium hydroxide solution
(16% w/v; 250 ml) was slowly added until the mixture was
pH 14. The organic layer was separated and the aqueous
phase was extracted with ether (3 x 70 ml). The extracts
were combined, washed with brine, and dried (MgSO,).
Evaporation of the solvent gave a colourless oil (36.5 g),
which on distillation afforded the bicycloheptane (3) (27.4 g,
83%,), b.p. 112-—114 °C at 73 mmHg; g.l.c. showed largely
one component (97.4%); & (CCL) 2.81 (1H, 6-H), 1—2 (8 H,
complex), and —0.05 (9 H, s, Me;Si); v, .. (liquid film) 1 250
and 850 cm™ (C-Si) (Found: C, 63.6; H, 10.35. C,H,,0Si
requires C, 63.45; H, 10.659%,).

t-2-Methoxy-2-trimethylsilylcyclohexan-r-1-ol  (4a).—The
silyl epoxide (3) (2.2 g, 13 mmol) was added to concentrated
sulphuric acid (1 ml, 18 mmol) and dry methanol (20 ml) at
0 °C. After 5 min, sodium hydroxide solution (10%, w/v;
20 ml), was added rapidly with further cooling. Water
(20 ml) was added and the mixture was extracted with ether
(3 x 15 ml). The combined ether extracts were washed
with brine and dried (MgSO,). The ether was evaporated
to give a white solid (2.5 g) which was chromatographed on
a silica-gel column [ether-light petroleum (3 : 7) as eluant].
Fractions were collected and analysed by t.l.c. The major
product was obtained from early fractions, Ry 0.5 (2.03 g},
and a minor product was obtained from later fractions,
Ry 0.2 (0.21 g). Both were recrystallised from light
petroleum. The main product was the cyclohexanol (4a),
m.p. 82—83 °C; §(CCl,) 3.9 (1 H, t, 1-H), 3.3 (3 H, s, MeO),
2.1—1.2 (9 H, complex; 8 H, after D,0O exchange), and
0.2 (9 H, s, Me,Si); v, (Nujol mull) 3 400br (bonded OH),
1 250, and 850 cm™ (C-Si) (Found: C, 59.3; H, 10.95.
C,oH,,0,Si requires C, 59.35; H, 10.95%). The minor
product, m.p. 82—83 °C, was ¢-2-trimethylsilylcyclohexane-
r-1,2-diol (4b) (8.79% yield), mixed m.p. 82—83 °C with
authentic material (see below).

t-2-Allyloxy-2-trimethylsilylcyclohexan-r-1-ol  (4c).—Con-
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centrated sulphuric acid (0.7 ml, 13 mmol) was added in
drops to the epoxysilane (3) (1.5 g, 9 mmol) in dry allyl
alcohol (15 mi) at 0°C. After warming to room temperature
and stirring for 5 min, sodium hydroxide solution (109, w/v;
12 ml) was added rapidly with further cooling. Isolation
with ether followed by chromatography on silica gel and
crystallisation from light petroleum gave the cyclohexanol
(4c) (1.2 g, 609, yield), m.p. 56—57 °C (Found: C, 62.5;
H, 10.8. C,,H,,0,Si requires C, 63.0; H, 10.6%,); §(CCl,)
6.0—5.6and 5.3—4.9 (3 H, complex, CH,=CH), 3.9—3.8 (3H,
complex, OCH,, 1-H), 1.9—1.2 (9 H, complex, ring CH,,
OH), and 0.1 (9 H, s, Me;Si).
c-2-Trimethylsilylcyclohexane-r-1,2-diol (4b).—Concen-
trated sulphuric acid (1 ml) was added to water (2 ml) and
acetone (25 ml) at 0 °C. Thessilyl epoxide (3) (1 g, 5.8 mmol)
was added and the mixture was stirred at 20 °C for 10 min.
Sodium hydroxide solution (109% w/v; 20 ml) was added
with cooling, followed by water (10 ml). The aqueous layer
was extracted with ether and the ether extracts were com-
bined, washed with water and brine, and dried (MgSO,).
The ether was evaporated to give a white solid (0.92 g, 83%,);
g.l.c. (159, Silicone oil, 150 °C) showed largely one compo-
nent (96%). Recrystallisation from ether-light petroleum
afforded crystals of the dio! (4b), m.p. 82—83 °C; 3§ (CCl,)
3.55 (1 H, t, 1-H), 2—1.1 (10 H, complex; 8 H, after D,O
exchange), and 0.12 (9 H, s, Me;Si); v_,. (Nujol mull)
3 390br (bonded OH), 1 245, and 845 cm™ (C-Si) (Found:
C, 57.4; H, 10.6. C,H,,0,Si requires C, 57.4; H, 10.7%).
t-2-Bromo-2-trimethylsilylcyclohexan-r-1-ol (4d).—The silyl
epoxide (3) (1.5 g, 9 mmol) was added to aqueous hydrogen
bromide (48% w/v; 10 ml, 80 mmol) with cooling, during 5
min. The reaction mixture was allowed to stand for 30 min
and a solid separated. Anhydrous sodium carbonate (5 g,
50 mmol) was added cautiously with further cooling, fol-
lowed by ether (20 ml). The precipitated solids were filtered
off and washed with ether; the ether extracts were combined,
washed with water, and dried (MgSO,). The ether was
evaporated to give an oil (2.1 g, 949%,), shown by g.l.c. (3%
Silicone oil, 150 °C) to be largely one component. Recrys-
tallisation from aqueous methanol afforded the cyclohexanol
(4d) (1.5 g, 67%), m.p. 23—28 °C; 3(CCl,) 4.1 (1 H, t, 1-H),
2.56—1.3 (8 H, complex; 1 H, s, OH), and 0.25 (9 H, s,
Me,Si) (Found: C, 43.1; H, 7.65. C,H,,BrOSi requires C,
43.0; H, 7.69%,).
t-2-Todo-2-trimethylsilylcyclohexan-r-1-0l (4e).—The dodo-
hydrin (4e) was similarly prepared from the epoxysilane (3)
and aqueous hydrogen iodide. It had m.p. 36—38 °C
(Found: C, 35.8; H, 6.25; I, 42.4. C,H,,IOSi requires C,
36.25; H, 6.4; I, 42.559,); 8(CDCl;) 4.25 (1 H, br s, H-1),
2.2—1.5 (9 H, m), and 0.25 (9 H, s, SiMe,); v___ (film) 3 450
(OH), 1 250, and 850 cm™ (C-Si).
t-2-Hydroxyl-1-trimethylsilylcyclohexan-r-1-yl Thiocyanate
(4f).—Perchloric acid (60%, aqueous; 1.7 ml, 10 mmol) was
added to a potassium thiocyanate solution (0.97 g in 10 ml
water, 10 mmol) and the precipitate was filtered off. The
filtrate was shaken with ether (20 ml) and the ethereal
solution was washed with brine and dried (MgSO,). The
epoxysilane (3) (0.8 g, 4.7 mmol) was added to the solution,
which was set aside at 20 °C for 24 h. The solution was
then washed successively with sodium carbonate solution (10
ml) and brine, and then dried (MgSO,). Evaporation gave
a viscous oil (0.98 g) which showed three spots on t.l.c.
(chloroform-methanol, 95: 5), Ry 0.5 (intense), 0.45, and
0.2 (weak). The components were separated on a silica-gel
(60 g) column (chloroform as eluant). The major product

max.
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was distilled to give the hydroxy-thiocyanate (4f) (0.7 g, 65%,),
b.p. 112—114 °C at 0.3 mmHg (Found: C, 52.6; H, 8.35;
N, 5.95; S, 14.2. C,,H,()NOSSi requires, C, 52.35; H,
8.35; N, 6.1; S, 14.0%); 3 (CDCl;) 4.1—3.9 (1 H, t, 2-H),
2.4—1.4 (9 H, complex, ring CH, and OH), and 0.3 (9 H, s,
Me;Si); v, (film) 3 480br (OH), 2 150sh (S-C=N), 1 250,
and 850sh cm™ (C-Si). The minor product (0.1 g, 9%), Ry
0.45 was considered to be the corresponding isothiocyanate
(4h); 3(CDCly) 0.2 (9 H, s, Me,Si); v, . (liquid film) 2 150—
2 000br cm™ (N=C=S). The third component, Ry 0.2, was
considered to be a trace of the diol (4b).

c-2-Trimethylsilylcyclohexan-r-1-0l (4g).—The silyl epox-
ide (3) (9 g, 563 mmol) was added during 40 min to a mag-
netically stirred slurry of lithium aluminium hydride (2.3 g,
61 mmol) in dry ether (50 ml), to maintain gentle reflux.
After a further 10 min, g.l.c. (3% Silicone oil, 120 °C) showed
that no starting material was present. Water (30 ml) was
added cautiously, followed by hydrochloric acid (2m, 100
ml). The ether layer was separated and the aqueous layer
extracted with ether (2 X 50 ml). The ether extracts were
combined, washed with water, and dried (MgSO,). The
ether was evaporated and an oil obtained which immediately
crystallised to give a white solid (8.41 g, 92.49%); gl.c.
(10% PEGS, 95 °C) showed largely one component (96%),
retention time 8.5 min, with no component at the longer
retention time of frans-2-trimethylsilylcyclohexan-1-ol (see
below). Recrystallisation of a sample from light petroleum
gave white crystals of the cyclohexanol (4g), m.p. 57—58 °C
(lit.,* m.p. 59—60 °C); §(CCl,) 4.18 (1 H, 1-H), 2—1.4 (8 H,
complex), 1.1 (1 H, OH), 0.85—0.6 (1 H, m), and 0.08 (9 H,
s, Me,Si); v, (Nujolmull) 3 610 (free OH), 3 330br (bonded
OH), 1 250, and 845 cm™ (C-Si) (Found: C, 62.75; H, 11.8.
Calc. for C;H,,0Si: C, 62.75; H, 11.79%,).

1-Methoxycyclohexene.—Sodium hydride (0.5 g, 809, sus-
pension in oil, 17 mmol) was washed with light petroleum.
The methoxysilyl alcohol (4a) (0.6 g, 3 mmol) and dry
dimethylformamide (DMF) (6 ml) were added and the mix-
ture was stirred for 15 min. G.l.c. (159, Silicone oil, 150 °C)
showed that no starting material (retention time, 10 min)
was present and a product peak (retention time, 1.7 min)
had appeared. The mixture was poured slowly onto crushed
ice and the aqueous phase was extracted with light petrol-
eum. The organic extracts were combined, washed with
brine, and dried (MgSO,). The light petroleum was re-
moved by distillation at atmospheric pressure and finally by
use of a rotary evaporator at 20 °C. An oil was obtained
(0.2 g) and g.l.c. showed largely one component (>98%,),
retention time 1.7 min; § (CCl,) 4.55 (1 H, vinyl proton),
3.5 (3 H, s, MeO), and 2.1—0.7 (complex); v . (liquid
film) 2 990 (=CH) and 1 665 cm™ (C=C). This product was
shown to be 1-methoxycyclohexene by comparison with an
authentic sample.

Allyl Cyclohex-1-enyl Ether (8).—In a similar way the
allyl ether (4c) (0.6 g) was converted into allyl cyclohexenyl
ether (8) (0.19 g, 519%), b.p. 65—68 °C at 13 mmHg (lit.,!®
b.p. 75—78°Cat 16 mmHg); §(CCl,) 6.1—4.7 (3 H, complex,
CH,=CH), 4.2—4.5 (1 H, t, 2-H), 3.7—4.0 (2 H, complex,
OCH,), and 2.1—1.0 (8 H, complex, ring CH,).

2-Trimethylsilylcyclohexanone (6).—Dry pyridine (11 g,
0.14 mol) was stirred in dichloromethane (50 ml) at 0 °C.
Dry chromium trioxide crystals (7 g, 70 mmol) were added in
portions during 10 min and the resulting, dark red mixture
was stirred for a further 15 min at 0 °C. ¢is-2-Trimethyl-
silylcyclohexan-1-ol (4g) (2 g, 12 mmol), dissolved in
dichloromethane (15 ml), was added quickly and the
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reaction mixture was stirred at 20 °C for 2 h. Ether (100
ml) was added, the precipitated complexes were filtered off,
and the residues were washed with fresh ether. The com-
bined ethereal solution was washed with water, evaporated
to one quarter its volume, washed with more water, and
dried (MgSO,). Evaporation gave a pale yellow oil (1.81 g.
85%); gl.c. (3% Silicone oil, 90 °C) showed peaks at 20.2
(the silyl ketone), 5.9 (1-trimethylsiloxycyclohexene), and
3.2 min (cyclohexanone), in the ratio 1:0.018:0.015.
Distillation of a sample (0.8 g) (with oil-bath temperature
< 98 °C), afforded the cyclohexanone (6) (0.3 g), b.p. 55 °C at
0.65 mmHg; 3§ (CCl,) 2.3—1.3 (9 H, complex) and —0.02
(9 H, s, Me,Si); v, (liquid fitm) 1688 (C=0), 1 253, and
850 cm™ (C-Si) (Found: C, 63.6; H, 10.6. C,H,,0Si
requires C, 63.45; H, 10.659%,).

Reduction of the Cyclohexanone (6) with Lithium—Ammonia.
—Ammonia (ca. 30 ml) was condensed into a nitrogen-filled
flask; lithium (0.3 g, 43 mmol) was added with magentic
stirring and the solution turned blue. Crude cyclohexanone
(6) (0.5 g, 3 mmol) was added during 10 min and the am-
monia was allowed to reflux for 2h. Methanol-water (1:1,
15 ml) was added cautiously to destroy the excess of lithium
and the ammonia was left to evaporate for 12 h. Water
and ether were added and the ether layer was separated.
The aqueous layer was extracted with ether; the ether
extracts were combined, washed with water, and dried
(MgSO,). Evaporation gave a pale yellow oil (0.36 g);
g.l.c. (109% PEGS, 85 °C) showed this to be largely the trans-
and cis-2-trimethylsilylcyclohexan-1-olsintheratio11.75 : 1;
relative retention times 1.15:1. A sample of the trans-
alcohol was crystallised from light petroleum at low tempera-
ture, m.p. 41—44 °C (lit.,* m.p. 47—48 °C); §(CCl,) 3.6—3.3
(1H, m, 1-H), 2.1—1.9 (8 H, complex; 1 H, OH), 0.75—0.55
(1 H, m, 2-H), and 0.05 (9 H, s, Me,Si).

t-2-Methylsulphonyloxy-1-trimethylsilylcyclohexan-r-1-yl
Thiocyanate.—The dry silyl thiocyanate (4f) (0.5 g, 2 mmol)
was dissolved in dry pyridine (20 ml) and methanesulph-
onyl chloride (1.0 ml, 13 mmol) was added in drops at 0 °C.
The mixture was set aside at 20 °C for 24 h. A few drops of
water were then added and the products were extracted into
ether. The ether layer was washed with water and dilute
sulphuric acid to remove the pyridine, and then washed with
aqueous sodium carbonate and brine. After drying (Mg-
SO,), evaporation of the solvent gave a brown solid which
showed two spots on t.l.c. The two components were well
separated by recrystallisation which gave the thiocyanate
(0.3 g, 50%), m.p. 70—71 °C (Found: C, 42.9; H, 6.75; N,
4.65; S, 20.3. C,;H,;NO,S,Si requires C, 42.95; H, 6.9;
N, 4.55; S, 20.85%); 3(CDCl;) 5.0—4.7 (1 H, complex,
2-H), 3.1 (3 H, s, SO,Me), 2.5—1.5 (8 H, complex, ring
CH,), and 0.3 (9 H, s, Me,Si); v, (CCly) 2 160sh (S-C=N),
1 250, and 850 cm™ (C-Si). Evaporation of the mother
liquor gave a brown oil considered to be mainly the corres-
ponding isothiocyanate.

t-2-Mercapto-2-trimethylsilylcyclohexan-r-1-ol.—The  silyl
thiocyanate (4f) (0.5 g, 2.5 mmol) in dry ether (56 ml) was
added in drops to lithium aluminium hydride (0.25 g, 6.6
mmol) in ether (80 ml) and the mixture was refluxed for 3 h.
Water (2 ml) was added and then dilute hydrochloride acid
(10 ml). The ether layer was separated, washed with brine,
and dried (MgS0O,). Evaporation of the solvent produced
an unpleasantly smelling liquid (0.36 g) which was distilled
to give the mercapto-cyclohexanol (0.22 g, 509%), b.p. 50—
52 °C at 0.05 mmHg (Found: C, 52.5; H, 9.95; S, 15.95.
C,H,,0SSi requires C, 52.85; H, 9.85; S, 15.7%); 3(CDCly)


http://dx.doi.org/10.1039/p19810001934

Published on 01 January 1981. Downloaded by Dalhousie University on 31/01/2016 20:45:45.

1981

3.75 (1 H, triplet, 1-H), 2.2—1.4 (9 H, 8 H after D,0 ex-
change, complex, ring CH; and OH), 1.4 (1 H, s, SH), and
0.15 (9 H, s, Me,Si); v, (liquid film) 3 480br (OH), 1 250,
and 850 cm™ (C-Si).

1-Trimethylsilyl-T-thiabicyclo[4.1.0)heptane (9).—Methyl-
sulphonyloxy thiocyanate (0.7 g, 2 mmol) in dry ether (10 ml)
was added in drops to lithium aluminium hydride (0.35 g,
9 mmol) in ether (70 ml) and the mixture was refluxed for
1 h. Water (2 ml) was added and then dilute hydrochloric
acid (10 ml). The ether layer was separated, washed with
brine, and dried (MgSO,). Evaporation of the solvent
followed by distillation gave the thiakeptane (9) (0.3 g, 70%),
b.p. 32—35 °C at 0.4 mmHg (Found: C, 58.25; H, 9.95;
S, 17.4. C4H,¢SSi requires C, 57.95; H, 9.75; S, 17.2%,);
8(CDCl,) 3.15—3.05 (1 H, quartet, 6-H), 2.4—1.0 (8 H,
complex, ring CH,), and 0.03 (9 H, s, Me,Si); v . 1250 and
850 cm™! (C-Si).

Reaction of the Epoxide (3) with Acetonitrile and Sul-
phuvic Acid.—The silyl epoxide (3) (3.0 g, 17.6 mmol) was
added during 30 min with stirring to a solution of sulphuric
acid (1.5 g) in acetonitrile (30 ml) at 0 °C. The mixture was
left for 90 min and then basified with aqueous sodium
hydroxide (2m, 19 ml). The acetonitrile was removed on
the rotary evaporator and the residue was extracted with
ether. The extract was washed with brine, dried, and the
ether was removed on a rotary evaporator to leave a viscous
liquid (2.35 g). Distillation at 1.3 mmHg gave 5 fractions
(totalling 1.74 g). G.lc. (PPE 150 °C) showed three
components [retention time 1.9, 8.4 (90%), and 15.5 min].
Preparative g.l.c. (Silicone oil, 170 °C) isolated the second
component, to give 2-methyl-3a-trimethylsilyl-trans-3a,4,5,-
6,7,7a-hexahydrobenzoxazole (5) as a viscous liquid (479,
yield after distillation), b.p. 76—78 °C at 1.3 mmHg;
8(CCl,) 3.28 (1 H, d of d, 7a-H), 2.1—0.8 (8 H, complex),
1.64 (3 H, s, Me), and —0.23 (9 H, s, SiMe,); v .. (CCl,
1 640 (C=N) and 1 380 cm™! (Me) (Found: C, 62.2; H, 9.9;
N, 6.4. C,;H, NOSi requires C, 62.5; H, 10.0; N, 6.65%,).
The impurity of retention time 15.5 min was frans-2-amino-
2-trimethylsilyl cyclohexylacetate, by comparison with a
pure sample (g.l.c.).

On addition of ether to the distillation residue a white
solid appeared  This was recrystallised from ether to give
t-2-acetamido-2-trimethylsilylcyclohexan-r-1-ol (4i) (0.17 g),
m.p. 134—136 °C; 3(CDCl,) 5.45 (1 H, brs, NH), 5.156 (1 H,
d, disappears with D,0, OH), 3.99 (1 H, d of d, 1-H), 1.99
(3H, s, Me), 2.2—1.1 (8 H, complex),and 0.13 (9 H, s, SiMe;) ;
Vyax, (CHCL) 3 415br (H-bonded, OH and NH), 1 660, 1 510
(amide I and II), 1255, and 855 cm™ (C-Si) (Found: C,
57.8; H,10.2; N, 6.05. C,;H,;NO,Si requires C, 57.6; H,
10.1; N, 6.1%).

4-t-Butyl-1-trimethylsilyl-T-oxabicyclo[4.1.0)heptanes  (10)
and (11).—The epoxide mixture was prepared from 4-t-
butyl-1-trimethylsilylcyclohexene by the method used for
epoxidation of 1-trimethylsilylcyclohexene. It had b.p.
115—112 °C at 25 mmHg; g.l.c. (15% Carbowax, 130 °C)
showed two components, retention times 13.5 and 14.5 min
in the ratio 4 : 6, considered to be ¢-4- and ¢-4-t-butyl-»-1-
trimethylsilyl-7-oxabicyclo[4.1.0]heptane,? respectively, by
co-injection with a sample of the #-4-isomer (see below);
3(CDCl,) 3.15—2.95 (1 H, m, 6-H), 2.2—0.9 (7 H, m), 0.8
(9 H, s, But), and 0.0 (9 H, s, SiMe;) (Found: C, 69.0; H,
11.65. Calc. for C,;H,,0Si: C, 69.0; H, 11.6%,).

Reduction of the Epoxides (10) and (11) with Lithium
Aluminium Hydride.—The epoxide mixture (1.13 g) was
heated under reflux with lithium aluminium hydride for 1 h.
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The product was isolated with ether is the usual way and
showed two major peaks on g.l.c., retention times 14.5 and
38 min (159 Carbowax, 130 °C). The faster-running
component was isolated by preparative g.l.c. to give t-4-¢-
butyl-r-1-trimethylsilyl-7-oxabicyclo[4.1.0)heptane (11), m.p.
45 °C; 3(CDClL) 3.0 (1 H, d, 2-H), 2.15—0.9 (7 H, m), 0.8
(9 H, s, But), and 0.0 (9 H, s, SiMe,;) (Found: C, 68.6; H,
11.8. C,;;H,,0Sirequires C, 69.0; H, 11.5%,). Isolation of
the second compound by preparative layer chromatography
(p.l.c.) gave, after sublimation, ?-5-t-butyl-c-2-trimethyl-
silylcyclohexan-#-1-ol (12), m.p. 71 °C; 3(CDClL) 4.3—4.1
(1 H, brs, 1-H), 1.9—0.9 (7 H, m), 0.82 (9 H, s, But), 0.7—
0.2 (1 H, m, 2-H), and 0.01 (9 H, s, SiMe;,).

Reduction of the Epoxide (11) with Lithium Triethyl-
borohydride.—The epoxide (11) (0.09 g) in tetrahydrofuran
(THF) (10 ml) with lithium triethylborohydride (lm in
THF,; 1.5 ml) was heated under reflux for 6 h until all the
epoxide had been consumed (g.l.c.). After quenching with
aqueous HCI the product was isolated with ether to give,
after sublimation, ¢-4-t-butyl-1-trimethylsilylcyclohexan-»-
1-ol (13) (0.07 g), m.p. 80—82 °C; §(CDCly) 2.15 (1 H, s,
OH), 1.85—1.1 (9 H, m), 0.85 (9 H, s, Bu%), and 0.0 (9 H, s,
SiMe,) (Found: C, 68.2; H, 12.0. Calc. for C,;3H,,OSi:
C, 68.4; H, 12.35%). The compound was shown to be
identical (g.l.c. and i.r.) with a sample kindly provided by
Professor W. C. Still.2¢

1-Trimethylsilyl-9-oxabicyclo[6.1.0)nonane (17).—A solu-
tion of 1-trimethylsilyl-cis-cyclo-octene (12.2 g, prepared
from 1-bromo-cis-cyclo-octene 17 using a procedure analo-
gous to that used in the preparation of l-trimethylsilyl-
cyclohexene ) in methylene chloride (15 ml) was stirred
and cooled (ice=water). Peracetic acid (499 w/v; 20 ml)
containing anhydrous sodium acetate (2.9 g) was added in
drops during 20 min. The mixture was stirred for a further
10 min and heated on a water-bath. After refluxing for
10 min, g.l.c. showed that all the starting material had been
consumed. Aqueous sodium hydroxide (109, 100 ml) was
cautiously added to the cooled reaction mixture. The
aqueous phase was separated and washed with ether. The
extracts were combined, washed successively with saturated
aqueous sodium hydrogencarbonate and brine, and then
dried (MgSO,). The solvent was evaporated to give a
colourless oil (12.5 g). Distillation yielded the epoxide (17)
as a colourless oil (11.3 g, 85%), b.p. 52—54 °C at 0.5 mmHg
(Found: C, 66.8; H, 11.2. C,;H,,0Si requires C, 66.6; H,
11.2%,) shown by g.l.c. (Carbowax at 150 °C) to be one
component (95%,) (retention time, 6 min); §(CCl,) 2.9—2.8
(1 H, m, 8-H), 2.1—2.0 (2 H, m, 7-CH,), 1.4 (10 H, m), and
0.02 (9H, m, SiMe;,); v, (liquid film) 2 920and 2 860 (C-H),
1 247 and 840 cm™ (C-Si).

Reaction of the Epoxide (17) with Sulphuric Acid in Meth-
anol.—The epoxysilane (17) (5.0 g) was added to a solution
of sulphuric acid (10 ml) in methanol (90 ml) at 20°C. An
exothermic reaction occurred. The reaction mixture was
evaporated to 50 ml and cautiously added to aqueous sodium
carbonate and ether. The ether layer was separated,
washed successively with aqueous sodium carbonate and
brine, and then dried (MgSO,). The solvent was evapor-
ated to give a colourless oil (2.4 g). A sample (0.9 g) was
distilled to yield an oil (0.6 g), b.p. 82—85 °C at 20 mmHg;
g.l.c. (Carbowax, 150 °C) showed this to be predominantly
one component. The p-nitrobenzoate crystallised from
aqueous ethanol, had m.p. 84—85 °C, undepressed on ad-
mixture with an authentic sample of the p-nitrobenzoate
of endo-bicyclo[3.3.0Joctan-2-o0l (18).18
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c-2-Trimethylsilylcyclo-octan-r-1-0l.—The epoxide (7) (3 g,
15 mmol) was added to a stirred slurry of lithium aluminium
hydride (0.6 g, 16 mmol) in dry THF (30 ml). The mixture
was refluxed for 48 h. G.l.c. showed that all the starting
material had reacted. Water (30 ml) was added cautiously,
followed by hydrochloric acid (2m, 30 ml). The organic
layer was separated and the aqueous layer was washed with
ether; the organic extracts were combined, washed with
brine, and dried (MgSO,). Evaporation gave an oil (2.7 g,
899%,) which solidified. G.l.c. (109% PEGA, 105 °C) showed
two components of retention times 52 and 55.5 min, in the
ratio 1: 0.12, considered to be the cis- and trans-2-trimethyl-
silylcyclo-octan-1-ols, respectively. Three successive re-
crystallisations from light petroleum at —78 °C yielded the
¢is-alcohol, m.p. 58—61°C; 3(CCl,) 4.15—3.85 (1 H, m, 1-H),
2.0—1.3 (12 H, m), 1.25—1.1 (1 H, m, OH, disappears on
D,0O exchange), 1.05—0.85 (1 H, m, 2-H), and 0.13 (9 H, s,
Me,Si); v, (liquid film) 3 400br (OH), 1 240, and 840 cm™!
(C-Si) (Found: C, 66.95; H, 11.6. C,;H,,0Si requires C,
66.95; H, 12.0%).

2-Trimethylsilylcyclo-octanone and its Reduction with
Lithium Aluminium Hydride.—cis-2-Trimethylsilylcyclo-
octan-1-ol (1 g, 5 mmol) was oxidised using chromium
trioxide—pyridine, as for 2-trimethylsilylcyclohexanol, and
gave an oil (1.1 g}, v, (film) 1670 cm™, shown by g.l.c.
(109 PEGA, 150 °C) to contain the product and starting
material in the ratio 5: 1. Reduction of the crude trimeth-
ylsilylcyclo-octanone with lithium aluminium hydride in
ether gave an oil which solidified. G.l.c. (109, PEGA, 105
°C) showed two components, retention times 52 and 55.5
min in the ratio 1:0.57, assigned as the c¢is- and trans-2-
trimethylsilyleyclo-octan-1-ols, respectively. Allowing for
the cis-alcohol present in the silyl ketone the corrected
ratio of cis- to trams-alcohol, produced on reduction, was
1:0.8.

Elimination Reactions of the 2-Trimethylsilylcyclo-octanols.
—(a) With Sodium Hydride. (i) A mixture of the silyl
alcohols, cis- to trans-ratio 9:1, was treated with sodium
hydride in dry dimethyl sulphoxide (2 h, 20 °C) and the
product was isolated with ether after addition of water.
G.l.c. analysis (1% AgBF,~TCEP, 60 °C) showed it to be the
¢is- and trans-cyclo-octenes in the ratio 9: 1.

(ii) A similar elimination on a mixture of isomeric silyl
alcohols, cis—trans 1:1, gave cis- and trans-cyclo-octene in
the same ratio (1:1).

(b) With Methanesulphony! Chlovide—Triethylamine. Dry
triethylamine (0.3 g) was added to the silyl alcohols (0.2 g,
cis—trans 9:1) in methylene dichloride (25 ml) and, after
cooling to —10 °C, a solution of methanesulphonyl chloride
(0.14 g) in methylene dichloride (5 ml) was added with stir-
ring. After 15 min at 0 °C, water and aqueous hydrochloric
acid were added, the organic layer was separated, washed
with aqueous sodium carbonate, and dried (MgSQ,). G.l.c.
analysis showed absence of the starting material and form-
ation of sis-cyclo-octene. frans-Cyclo-octene was shown to
be stable to the reaction conditions.

1-Trimethylsilyl-9-oxabicyclo[6.1.0)non-4-ene  (21).—Per-
acetic acid (3.8 ml, 37% w/v, 16.6 mmol) buffered with
sodium acetate (0.7 g) was added during 45 min to a stirred
mixture of 1-trimethylsilyl-cis-cis-cyclo-octa-1,5-diene (3
g, 16.6 mmol, prepared from 1-bromo-cis,cis-cyclo-octa-1,5-
diene * by a procedure analogous to that used for 1-
trimethylsilylcyclohexene 1) and sodium carbonate (1.1 g)
in dichloromethane (50 ml). The temperature of the reac-
tion mixture was maintained between 0 and 10 °C during
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the addition (ice-salt bath). After the addition, g.l.c.
(OV 17, 155 °C) showed two product peaks and a peak due
to the starting vinyl-silane in the ratio 4:20: 55, respec-
tively. The mixture was stirred at 0 °C for a further 20 min.
Sodium hydroxide (109, w/v) was added until the mixture
was pH 14. The organic layer was separated and the
aqueous layer extracted with dichloromethane (50 ml). The
organic extracts were combined, washed with water and
brine, and dried (MgSO,). Evaporation gave an oil (3.5 g)
which on distillation gave two fractions. The first fraction
(0.7 g, b.p. 85 °C at 15 mmHg) was shown by g.lc. to
consist of the starting vinyl-silane and the product mix-
ture in a ratio of ca. 1 : 1. The second fraction (1.23 g, b.p.
102—108 °C at 15 mmHg) was shown by g.l.c. to consist of
the two major products, 1-trimethylsilyl-9-oxabicyclo[6.1.0]-
non-4-ene (21) (identified by co-injection with an isolated
sample) and 4-trimethylsilyl-9-oxabicyclo[6.1.0]non-4-ene
in the ratio 5: 1 (total estimated yield 489%,). The former
was isolated by preparative g.l.c. (159, Silicone oil, 180 °C),
b.p. 118 °C at 256 mmHg (Found: C, 66.9; H, 10.1. C,; H,,-
OSi requires C, 67.3; H 10.25%); 3(CDCl,) 5.6 (2 H, br s,
4- and 5-H), 2.9 (1 H, m, 8-H), 2.6—1.8 (8 H, m), and 0.05
(9 H, s, SiMe,).

Reaction of a Mixture of the Epoxide (21) and 4-Tvi-
methylsilyl-9-oxabicyclo[6.1.0)non-4-ene with Sulphuric Acid
in Methanol.—Concentrated sulphuric acid (0.5 ml, 9.4
mmol) was added to a stirred solution of the mixture of
silyl epoxides (5:1, 2.55 g, 13 mmol) in dry methanol (100
ml) at 0 °C. The solution was stirred at 18° C for 3 h.
Sodium hydroxide solution (109, w/v) was added until the
mixture was pH 14. The methenol was partially removed
by evaporation and ether (50 ml) was added. The organic
layer was separated and the aqueous layer was extracted
with ether. The ethereal extracts were washed with water
and brine and were dried (MgSO,). Evaporation gave a
yellow oil (2.42 g), which showed three peaks on g.l.c. (3%
Silicone oil, 138 °C), retention times 10.5, 16.5, and 19.5 min
in the ratio 2: 1: 5.5, respectively. P.l.c. [light petroleum-
ether (9:1) as eluant] gave three fractions. The fraction
with Rp 0.1 (0.38 g) corresponded to the g.l.c. peak with
retention time 16.5 min on gl.c. and was a yellow oil;
3(CDCl;) 5.95 (1 H, m, 2-H), 3.6—3.0 (2 H, m, 5- and 6-H),
3.38 (3 H, s, OMe), 2.5—1.5 (8 H, m), and 0.08 (9 H, s,
SiMe,); 3o(CDCl,) 141.84 (s, C-1), 140.6 (s, C-1), 139.14 (d,
C-2), 138.01 (d, C-2), 84.12 (d, C-5 or C-6), 83.48 (d, C-5 or
C-6), 73.39 (d, C-5 or C-6), 72.69 (d, C-5 or C-6), 57.96 (q,
OMe) 34.5, 33.36, 30.4, 29.48, 24.41, 24.09, 23.87, 23.49
(methylene carbons), and —1.7 (q, SiMe,); v . (film) 3 480
(OH), 1 620 (C=C), 1 250, and 850 cm™ (C-Si), considered to
be a mixture of trans-6-methoxy-1-trimethylsilylcyclo-oct-1-
en-5-ol and frans-5-methoxy-1-trimethylsilylcyclo-oct-1-en-
6-ol. The fraction with Ry 0.23 (0.3 g) corresponded to the
peak at 19.5 min on g.l.c. and was also a yellow oil.  Distill-
ation gave t-l-methoxy-r-1-trimethylsilylcyclo-oct-5-en-c-2-ol
(22) as a yellow oil, b.p. 120 °C (bath) at 25 mmHg (Found:
C,63.4; H,10.65. C,,H,,0,SirequiresC, 63.1; H, 10.6%,);
3(CDCl,) 5.65 (2 H, brs, 5- and 6-H), 4.25 (1 H, t, 2-H), 3.3
(3 H, s, OMe), 2.8, 1.8 (9 H, m), and 0.12 (9 H, s, SiMe;);
8¢ (CDCly) 131.92 (d, C-5 or C-6), 127.82 (d, C-5 or C-6),
79.16 (s, C-1), 74.47 (d, C-2), 51.54 (q, OMe), 32.6, 27.48,
24.63, 23.33 (methylene carbons), and —0.56 (q, SiMey);
Vax (film) 3500 (OH), 1660 (C=C), 1250, and 850 cm™
(C=Si). The fraction with Ry 0.36 (0.75 g), corresponding to
the peak at 10.5 min on g.l.c., was distilled to give a yellow
oil tentatively assigned the structure (23) (see Discussion),
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b.p. 85 °C (bath) at 27 mmHg (Found: C, 64.35; H, 10.7.
C13H,40,Si requires C, 64.4; H, 10.8%,); 3(CDCl,) 5.85 (1 H,
brs), 435 (1 H, t), 3.3 (6 H, s, 2 x OMe), 2.5—1.2 (9 H, m),
and 0.8 (9 H, s, SiMey); 3; 144.43 (superimposed s and d,
olefinic carbons), 104.94 [d, HC(OMe),], 52.73 (q, OMe),
47.93 (d, methine carbon), 35.36, 31.15, 30.56 (methylene
carbons), and —1.48 (q, SiMey,); v (film) 1590 (C=C),
1 250, and 850 cm™ (C-Si).

Reaction of (Z)-2,3-Epoxy-3-trimethylsilylpentane (26) with
Methanolic Sulphuric Acid.—A solution of sulphuric acid
(1.00 g) in methanol (5 ml) was made up and a portion (20 pl)
was added to the silyl epoxide (26) [1.0 g, 6.3 mmol; Z: E,
24:1; prepared by silylation 1* of 3-chloropent-2-ene 20
(Z:E, 7:3) followed by epoxidation using buffered per-
acetic acid in methylene chloride and spinning band distill-
ation of the product (Found: C, 60.85; H, 11.45. CgH,-
OSi requires C, 60.7; H, 11.45%)] in methanol (4 ml) at
0°C. G.l.c. showed the epoxide and a volatile product to be
present in roughly equal amounts after 90 min. The mix-
ture was basified with aqueous sodium hydroxide (2m) and
water (20 ml) was added. Isolation of the product with
ether gave an oil (1.05 g) which partly crystallised on stand-
ing. Two low-temperature crystallisations from light
petroleum gave (2RS,3RS)-3-methoxy-3-trimethylsilylpentan-
-2-0l (27a) (0.49 g, 40%), m.p. 86 °C; 3(CCly) 3.90 (1 H,
quintet, 2-H), 3.28 (3 H, s, OMe), 2.17 (1 H, d, OH),
2.03—1.7(3H,d, 1-H), 0.86 (3 H, t, 5-H), and 0.13 (9 H, 5,
SiMe,); v, (CCly) 3 570 (OH) and 1 095 cm™ (CO) (Found :
C, 56.75; H, 11.65. CyH,,0,Si requires C, 56.8; H,
11.65%,).

Reaction of the Silyl Alcohol (27a) with Sodium Hydride.—
Sodium hydride (0.4 g, 809, suspension in oil) was washed
with light petroleum to remove the oil and was treated, with
stirring, with the methoxy-alcohol in dimethyl formamide
(3 ml). After 2 h the mixture was added to ice and then
water (15 ml) and carbon disulphide (1 ml) were added.
The organic layer was removed, washed with water, and
dried (CaCl,) to give a solution of (Z)- and (E)-3-methoxy-
pent-2-enes (28) (Z : E, 95 : 5) identified by comparison (g.l.c.
and n.m.r.) with an authentic sample.?!

Reaction of the Silyl Epoxide (26) with Sulphuric Acid in
Aqueous THF —A solution of sulphuric acid (1.25 g) in
water (0.5 ml) and THF (4.5 ml) was made and a portion
(0.03 ml) was added to a solution of the silyl epoxide (26)
(0.3 g, 1.9 mmol, Z: E, 24:1) in water (1.5 ml) and THF
(5.5 ml). After 23 h glec. (OV17, 118 °C) showed un-
changed epoxide and a product, later shown to be (2RS,
3RS)-3-trimethylsilylpentane-2,3-diol (27b), in the ratio
0.5:1. A further portion of the acid solution (0.2 ml) was
added and after another 23 h g.l.c. showed the diol to be
present in only slightly increased concentration and a
volatile product considered to be pentan-2-one. No
epoxide remained. Saturated aqueous sodium carbonate
(2.5 ml), was added, the THF was removed on a rotary
evaporator, and the residue extracted with ether. The

max.
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extract was washed with brine, dried, and evaporated leav-
ing an oily residue which slowly crystallised. Sublimation
gave the diol (27b) (0.12 g, 289,) as needles, m.p. 57.5—
58 °C; 3(CDCly) 3.91 (1 H, q, 2-H), 2.44 (br, OH), 2.0—1.2
(complex, 4 H with the previous peak), 1.09 (3 H, d, 1-H),
0.87 (3 H, t, 3 X 5-H), and 0.06 (9 H, s, SiMe,) (Found: C,
54.6; H, 11.6. CgH,,0,Sirequires C, 54.5; H, 11.45%,).

We thank the S.R.C. for maintenance grants (to A. P. D.
and E. J. T)).
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