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INTRAMOLECULAR HYDROSILYLATIONS II:
THE ANTI-SELECTIVE REDUCTION OF (-HYDROXYKETONES
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Abstract - A study vas made of the synthesis and intramolecular
hydrosilylation of silyloxyketones (2) (Scheme 2). It was found that
with a variety of Lewis acid catalysts, anti-selective hydrosilylation
took place to give (3) and, after desilylation, (5). With SnCl,, the
sost effective and practical catalyst, ratios (3):(4) ranged between
40:1 and 120:1 for a number of substrates. An explanation for the
stersoselectivity is proposed based on (Cl) as a transition state
model. The net result is an anti-selective reduction of PB-
hydroxyketones, summarised in Scheme 4.

INTRODUCTION

Perhaps the most notable aspect of organosilicon reagents is their lack of potency. Only
in certain circumstances and to a very sodest extent will a silicon atom induce reactivity in a
oolecule. This property renders organosilicon reagents easy to control and capable of wide
structural variation, features wvhich have been widely exploited by synthetic organic chemists
over the past two decades. Nonetheless, until quite recently one mode of variability has been
largely ignored by the synthetic community. Almost exclusively, the early applications of
organosilicon chemistry employed silicon compounds which were "monofunctional"' in the sense that
only one bond to silicon played a part in their reactivity. Organosilicon reagents vere
generally of the form RySiX, where R represents an alkyl group used merely to occupy a silicon
valency. Notable exceptions were certain applications of difunctional silicon compounds RySiXY
in darivntilltion/protoct1onl. and the methodology employing RSlPsz' developed by the Kumada

groupz.

Recently there has been a perceptible increase in interest in polyfunctional organosilicon
reagents. One stimulus has been the work of the Kumada? and Pluln;l‘ groups on the oxidative
cleavage of organosilicon compounds. As a result, it is nowv possible to transform R'SiR,X (X =
any moiety labile to P~ or HF) to R'OH, apparently irrespective of the nature of R'. A second
factor has been the realisation in a number of laboratories, including our own, that silicon has

substantial potential as a bridging element in intramolecular reactions (Schems 1).

Scheme 1
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Imtramolecularity is widely apprecisted as a meaans of achisving sterveo- and reglocontral in
synthesis. In rigld systems it cen somatimes effect complete control, and in flexible scyclic
systems 1t can oftan lgposze constraints on possibls transition steafes such that one
starpochemical possibility ia very strongly favoured. If nothing else, it is quite likely that

an intrsmolacular reaction will have & complementary stereochesical bies fo an intermolecular

anslogus.

Organcsilicon veagants have clear advantages in the design of intramolecular svnthetic
methodolegy. Thelr gensra!l leck of resctivity ensbles reagent/substrate combinationsx to be
built inteo molecules, and to exist together until & catelyat {8 sdded. The potential of

E4
organcsilicon chemistry in cyollsetion veactions haw been veslissd for sowe time”.

Incorporating the &ilicon as » bridging slement i an intresolecular resction {&s in Scheme 1)}

opens up further possibilities, including the sterveoselective synthesis of scyclic molec
&
.

sles.
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In the last few years silicon-bridged free radical cyclisations, carbenyl allviations’ and Ow»C

"Grosi}ylaﬁimﬂs3 have been rspovted., Cur own interest has dean principally in intramolacular
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carbonyl hydrosilylaetions, and we now wigh to follow up our preliminsvy comsunication” with a

ey

uller discusgion of our work.

Hydrostlanss ave capable of adding to carbonyl compounds, but only in the presence of
10 ¢ 5 : | . « 4
cstalvets~Y, Thus, o principle, it should be possible to sttach & hydrosilane to a molecule
and than use {1t in an intrasolecular carbonyl rveduction. W¥e sav an opporfunity to exploit this

concept in the transformations shown in Schams 2.
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We wore drawn to this possibility for a number of reasons; (1) The chances of
stereoselectivity seemed high, especially if a six-membered cyclic transition state were
operstive (see later). (ii) The 1,3-diol substructure is common in biologically active natural
products. (111) The hydroxyketone starting materials are readily availadle via the directed
aldol condensation. (iv) The achievement of 1,3-asymmetric inductlon in carbonyl addition
reactions could still be seen as a chnllengall. Indeed, while a good method had been reported
for the syn-selective reduction of B-hydroxyketoneslz, no anti-selective method vas available.
In the event, our greatest success was in achieving anti-selectivity, thus remedying this

deflcioncylg.

RESULTS AND DISCUSSION

Synthesis of f-silyloxyketones (2) (see Table). Two types of derivatives (2) were used in this

work. Some experiments (see below) were undertaken with the dimethylsilyloxy coapound

(2e), synthesized by silylation of the corresponding hydroxyketone with Me;S1HC1/pyridine.
Although this chlorosilane is commercially available at a modest price, its derivatives are
moisture-sensitive and relatively hard to handle. We preferred in general to use di-
isopropysilyl derivatives, as in (2a-d). These were prepared in yields of 72X or better by
treatment of hydroxyketones (1) with PrizsiHCl and either pyridine or triethylamine/
dimethylaminopyridine (Table). The latter seemed to be the method of choice, giving good yields
in cases when the method employing pyridine had proved disnppolntlngq. The PrlzsiHCI vas
prepared from Pr‘HgCl and HSiCly, using a variant of a published method!®. An unusual feature
of our procedure is the subjection of the reaction mixture to an "aqueous' work-up, using conc.
hydrochloric acid. Excess Grignard reagent is thus quenched, allowing the MgCl, side-product to
be removed by filtration before distillation.

Intramolecular Hydrosilylations. The hydrosilylation of carbonyl compounds can be catalysed by
Lewis acids!0%, Bronsted acidslOb, nucleophilic catalysts (especially P~ )10C 4nd transition

metal comploxeled. We found that catalysts from all these categories were capable of
converting silyloxyketones (2) to mixtures of the 2-sila-1,3-dioxanes (3) and (4) or, in one
case, directly to diols (5) and (6). The results are summarised in the Table. Unless noted
othervise in the Table, the stereoselectivities were determined by g.l.c. analysis of the crude
product mixtures, the two siladioxanes being the only substantial cooponents observable.
Standard samples of the individual siladioxanes were prepared by non-stereoselective reduction
of the B-hydroxyketones (1) (NaBH, or LiAlH,) followed by derivatisation with Me;51Cly or
Prlzsl(OTf)zld (Tf- = CF350;). The isomers were separated by flash chromatography either at
the diol or siladioxane stage, and were identified by comparison with literature data (diols) or

by n.m.r. (see Experimental).

The most striking feature of the results in the Table is the remarkable level of antf-
selectivity observed with Lewis and Bronsted acid catalysts vhen applied to the di-
isopropylsilyloxyketones (2a-d). In the series of experiments with (2a), the selectivity
observed with BF;.0Et; was particularly impressive. However, as this reaction vas not entirely
clean, we settled on SnCl, as our preferred catalyst. The poorest selectivity observed with
this catalyst was 40:1, and the reactions were clean and high-ytelding. Di-
isopropylsiladioxanes are recognised as useful, protected forms of 1,3-diolsld. Desilylation
vith aqueous HF/MeCN gave diols (5) and (6) in excellent yields.

The final column in the Table gives the overall yields of (5) and (1), employing SnCl, as
catalyst. Por the sequences employing (2a-d) as intermediates the figures are quite
respectable, being in the range of 60 - 70X. It is notable that the differences betweén these
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TABLE: Synthesis of B-silyloxyketones (2), and subssquent transformations into siladiozanes (3)

and (&), and diols (8)

f-silyloxyketone Mathod of
Formation®
{yleld)

‘fl\rfﬂ\ﬁ/l\“ A (72%)

o
\Q@PH (2al

(2a)
(28)
(2a)
{2a)

(28}

(2a)

A& (752)
0. Y B (75%)

QSE-HO B (79%)

’{L\ijzfl\\ ¢ (60%)

(2e)

Hydrosilylation Catalyst
{quantity in mol. eq.)
and conditions

$aC1,(0.1),-80°,2h

Mghr;.0Bey{0.1), RT, 24h
T1C1,{(0.5), -80°, 30 min
BF4.0Ft5(0.5), -80°, 2h

ZnBro(0.12), -80°, 8h
then RT, overnight

Zn612(0.25), -80°, 30 min
then RT, 15 min

CF}COzﬁ(Q.R), 'SGQ. lh
than RT, lh

BuaN+F’(O‘2), -80°, 30 minf

(Ph3?)3RhCl(0.08),
benzene, reflux, 12h

$nC14(0.1), -80°, 2h

8nC1,(0.1), -80°, 2h

$nC1,(0.1), -80°, 2k

$nC1,(0.05), -80°, 1h

MgBrs.0Bt,{0.1), RT, 24h
BF4.0Bt9(0.4), -80°, 2n

ZnBry(0.1), -80°, 8h,
then RT, overnight

Zn612(0.2), ~80%, 30 min
then RT, 15 min

BugN*F (0.1), -80°, 30 minB

Ratio
(3):(4)¢
120 ¢ 1
60 : 1
30 : 1
320 ¢ 1®
231
1 3¢ 2.5
35 ¢ 1f
21
5 ¢ 1f
40 ¢ 1
50 : 1
&0 ¢ 1
14 ¢ 1f
23 ¢ 1f
1:96
1 ¢ 04
2:1

Overall Yield of
apti-diol (3)
from ketona (1)9

67%

60X

67%

69%

argh

Syethod A; PrisSiHCL, BeqN, cat. DMAP. Maethod B; Pri;SiHC1, pyridine. Method C; MegSiHCL,

pyridine. sactions performed in CHoCl, unless otherwise stated.

“Pure by g.l.c., unlass

otherwise indicated. SAfrer desilylation with HF aq./Me(CN, unless otherwise stated.

851 ladioxenes accompanied by unidentified impurities, ca. 30% by g.l.c. peak arsas.
dioxanss accompanied by unidentified impuritiss.
hgiladioxanes (3) and (4) could not be isclated.

implying 8 30:1 ratio of (3} to (4) after hydrosilylation.

fgila-

€In the presence of 4& moleculsr sieves.
Syn~diol (6) was isolsted in 1.25% yield,
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and the silylation yields are all fairly small, demonstrating the efficiency of the
hydrosilylation and desilylation steps.

An intriguing aspect of this work is that ZnCl, and InBr; behaved very differently from the
other Lawis acids. With (2a) the latter gave s modest level of anti-sslectivity, while the
former was slightly syn-selective. When the dimethylsilyloxyketons (2e) was saployed as

substrate there was a general decrease in anti-selectivity across the spectrum of Lewis acids,
vith ZnCl; and ZnBr; becoming significantly syn-selective (hovever not to & synthetically useful
extent, in the context of methodology already available!2),

To assist our mechanistic understanding of the hydrosilylations (see below), we sought
experimental support for our view that the reactions are intramolecular. Accordingly, we
treated cyclohexanone and the trimethylsilyloxyketone (7) with alkoxysilane (8) and SnCl, at
concentrations matching those used for (2) (Scheme 3). Although the cyclohexanone was reduced

slowly st 0°C, no reduction products were observed for either substance at -80°C.

Y (i) $aCl,, CHCl,,
-80°¢c, zh

0 4 unidentified
O‘S}Ee ¢ \(;ﬁoﬁ ) ?  products; no
i 3 (ii) HF aq., MeCN
OH
(7) (8)

Y (1) SnCll.. CH2C12
O~ - & L, O O
\<EH (ii) HF aq., MeCN

{8} conditions for (i):
-80%¢, 2h; 100 : 0
0°c, 3h: 8 : 92
Schemne 3

Mechanistic Interpretation. When considering the mechanism of the Lewis acid catslysed, anti-
selective hydrosilylations, the following points are pertinent; (i) The facility of these
reactions, vhen compared to those in Scheme 3, strongly suggests that the sechanise is indeed
intramolecular; (11) Mechanisms involving hydride transfer to the Lewis acids are generally
unlikely, considering the range of Lewis acids which can be smployed; (1ii) The fact that
BY4.0Et, can be used suggests that the substrate oxygens do not chelate to the Lewis acidsl?,

For a direct Si to Cs0 hydride transfer induced by coordination of a Lewis acid to the
carbonyl oxygen, four conformational pairs of {2) can be envisaged as transition state models.
Two are chalir-like, (C1) and (C2), and two are boat-like, (B1) and (B2). The exasination of
molecular models reveals that in (Bl) and (B2) it is impossible to orient the carbonyl group
such that the hydride approaches along the Burgi-Dunitz tnjoctoryl-". (B2) is also disfavoured
by steric interactions between 8% and R3, as is (C2). In contrast, (C1) lacks serious steric
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intevactions and allows hydrlde approach along sn acceptable trajectorylﬁ; In either of the
chair transition states there will be a strong preferenca for R! to be equatorial, and (C1) thus
lesde to the anti-siladioxane (3).

We have no confident explanation for the gyn-selectivity observed in some cases with the
Zn{II) catelysts, but it is possible that a chelsted transition state may be involved. If both
substrate oxygens were to bkind to the Lewis acid, models suggest that hydride transfer would
have to occur from conformetion (9} {rslated to a bicyclel2.2.2loctsne), leading ultimstely fo
the gyn-diol,

{ad

R
\
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M
f
Q

e

CONCLUSIONS

In the course of investigating the intramolecular hydrosilylation of B-silyloxyketones (2}
we have encounterad both syn snd sntl selsctivity. Whereas the level of the former is not
especially useful, that of the latter is comparable with the best examples of l,3-asymmetric
induction previously observed in carbonyl addition reactions. The work has led to a method for
the overall anti-selective reduction of [(-hydroxyketonss, susmarised in Scheme 4. Good
selsctivity is meintained with 2 vange of substvates, the yields are respectable and the
conditions smploved ars quite mild. The major deficisncy in the method is the yield in the
initisl silylation, and we asve optimistic that improvemsnts will be possibls in this 5:%93?.

RﬂWRZ () Pr',siHCl, Bt N, DHAP RiYYRZ
LY
&
1
o4 O (ii) sact,, -80°C, CH,CL, OM OH
{1} (1ii) HF aq., MeCH 54

Yields 60 - 69%
d.e. 95 - 98.3%

Scheme &
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EXPERIMENTAL

W n.e.r. spectra vers recorded on s Bruker WPSO, with CDCly as solvent. TMS wvas used as
internal standard. except wvhere solecules contained MeS{ groups. In such cases, CHCl, vas used
as reference (taken as 87.268). IR spectrs were recorded as liquid films on a Perkin Zlmer 298
instrument. G.l.c. anslyses vere performed on s Perkin Elmer 7l tnstrument, ueing a8 2.5 »
column packed with OV 223 (5%) on Chromosord. TFor all pairs of isomeric eiladioxanes (3)/(4),
the cis-isomer (4) ves eluted first. Microanalyses vere carried out in the Department of
Cheaistry, University College, Dublin. Petroleum ether (b.p. 10-40°C), CHCl,, pyridine and
Et3N were distilled from CaM;. SnCl, ves distilled before use. MgBry.0Bt, vas prepared from Mg
and l.Z-GlBgo.oonuno in ether. MBydrozyketones (1) were prepared by directed aldol
reacttons!¢d, Boiling points quoted for short path distillations refer to of] beth temperatures.
Plash chromatography was carried out using Kieselgel 60 (Merck), particle size 0.04-0.06) am.

Chlorodi-isopropylsilane.- The method wves adapted fros that of Marktevicz!P. Dry dlethyl ether
(250 ml) vas added to dry magnesium turnings (19.5 g, 0.8 g. atom) under nitrogen in a three-
nocked flask equipped vith a reflux condenser, a dropping funnel and a mechanicsl stirrer. A
small portion (1 1) of 1sopropyl chloride (62.83 g, 0.8 mol) vas added. When the resction had
stsrted, the remainder of the isopropyl chloride was added slovwly to the refluxing mixture.
Reflux vas maintained for 20 minutes and trichlorosilane (28 el, 0.28 mol) mixed with dry ether
(20 m1) wes added to the flask so that s constant reflux vas obtained. The reaction mixture was
heated under reflux for s further 4h. Most of the solvent was distilled avay and the sixture
vas cooled to room temperature. Petroleus ether (150 ml) was added to the residue, and the
mixture was manipulated and stirred under nitrogen unttl it formed s vhite paste. The mixture
was cooled in 1ce and concentrated hydrochloric acid (50 »l) was added cautiously with
continuous stirring. The mixture was filtered and the residusl precipitate was thoroughly
vashed vith petroleum ether. The combined organic phase vas dried (MgSO,). Evaporastion of
solvent at atmospheric pressure and subsequent distillation under reduced pressurg afforded
Pri;SIHC] as a colourless liquid (28.5 g. 76.5%), b.p. 81-85°C at 80 mmdg (14t.18 b.p. $4-539C
at 45 mmMg).

7-Di-1sopropysilyloxyundecan-5S-one (2).- Pri,SIHC] (2.408g, 16 mmol), triethylamine (1.62 g. 16
emcl), and L-zg.!-dl-thylnlno)pyrldlm (610 mg, S mmol) were dt’colvod ’n petroleum ether (20
®l) under a nitrogen atmosphere. 7-Hydroxyundecan-S-one (1; R!,R¢ = 8u)12Z® (1.116 g. 6 mmol) in
petroleus ether (5 ml) was added, and the reaction mixture vas heated under reflux for Jh.
Filtration and evaporstion of solvent, followed by flash chromatography (hezane-ethyl acetate,
40:1) gave stlylated hydroxyketone (2b) (2.9 g, 73%). An analytical sample was prepsred by
short-path distillation, b.p. 907C at 0.) wmHg. (Pound: C, 67.75; H, 12.40%. Cy,H 0,51
requires C, 67.QSi B, 12.052)9; veax 2095 (S1-H), 1715 (C=0), 1450, 1370, 1100, mgs. 1000,
880, 840, 810 ce™’; 8y 4.20 (2H, e, Si-H and O-CH), 2.75-2.25 (4H, =, C4-H; and Co-Hy), 1.75-
0.75 (30H, m, Si-1sopropyl, Me and remsining Cl_izj.

Similerly prepared from (1; R!. R = prd)20 4 2,6-dimethyl-5-di-1sopropylstilyloxyheptan-3-one
(28) (72X yleld), b.p. 80°C at 0.) mmfg. Pound: C, 65.95; H, 11.85X. CygHy20,S1 requires C,
66.1; H, 11.851)19: Veax (11quid film) 2100 (S1-M), 1710 (C = 0), 1463, l)gi. 1370, 1095, 1055,
920, 88) ca’!; & :..2??‘.0 (24, o, S1-H and O-CH), 2.83-2.2 (3H, w, CHy #nd C2-H), 2.0-1.50 (IH,

o, CO-H), 1.25-0.65 (20H, m», Si-isopropyl and Me).

S-Methyl-4-di-1eopropylsilyloxyhexan-2-one (2¢).- Pr!,SIHCl (1.17 g, 7.8 mmol) and pyridine
(616.9 g, 7.8 mmol, 631 ul) In pcsrol.\- athar (20 ml) vere treated with S-methyl-4-
hydroxyhexan-2-one (1, R! = pr! R¢ o ne)2V (780 ag., 6 mmol) under & nitrogen atmosphere. The
oixture vas heated under reflux for Sh and left stirring overnight at room tesperature.
Filtration and evaporation gave & clear colourless liquid. Column chromstography (hexane-ether,
40:1) gave silylated hydrozyketone (2¢) (1.1 g, 75%). Purther purification vas possible by
short path distillation, b.p. 65°C st 0.) -8.“. vaax 1940, 2860, 2080 (S1-H), 1705 (C=0),
1455, 1370, 1100, 1000 ca"!; 8y 4.25-4.0 (24, =, Sl-rnnd O-CH), 2.50 (2H, », CH3). 2.18 (JH, s,
Me), 1.95-1.60 (1N, m, C5-H) 1.13:0.78 (20H, &, Me and Si isopropyl).

Similarly prepared from (1; R! « Me, RZ o Pr1)2) yay 2-methyl-5-di-1sopropylsilyloxyhexan-)-one
(2d) (792 yield), b.p. 65°C at 0.3 n&l.m. vaax 2090 (Si-H), 1710 Zc-oE. 1460, 1375, 1135, 1100,
1055, 1000, 880 ca™!: 8 4.52:4.0 (24, ®, S1-H and 0-CH), 2.95-2.0 (3H, ®, CHy and C2-H), 1.32-
0.83 (234, o, Si-isopropyl and Me).

Sisilarly prepared from (1; Rl.Rz = Pr!) and Me15iCl wvas 2,6-dimethyl-5-trimethylstilyloxyheptan-
J-one (7) (722 yleld), b.p. 70°C at O.) amHg. (Found: C, 63.0; 11.4X. Cy2H240251 untro: c,
62.55; M, 11.35%); vp , 2960, 1710 (C=0), 1465, 1365, 1250, 1095, 105S, ihs, ;50 ca™l; 8y 413
1.8% (1K, 4t, O-CP_i).‘,.G-Z.l] (34, ®, C2-H snd C4-Hj3), 1.58 (1K, @, C6-H), 1.0 (6H, dd, Ne),

0.80 (6H, da, Me), 0.0 (9H, s, Sti-Me).

Similarly prepared from tsopropanol and Pri,S1HCL, but with the o.lnt?n of chromatography, vas
2-di-isopropylstilyloxypropane (8) (77X yield), b.p. 76-78°C at 55 mmig 9. vaax 2930, 2860,
2080, (Si-H), 1455, 1375, 1360, 1170, 1120, 875 ca™}; 8y 4.17-1.50 (2K, m. Si-H and O-CH), 1.33-
0.67 (204, ®, Si-isopropyl and Me).

Similarly prepared from (1 ; R, A% « prl) and Me,S1HC], with the omission of chromatography was
2,6-dimethyl-5-dimethylstlyloxyheptan-3-one (2e) (60T yteld), db.p. 50°C at 0.1 mmig. vaax 2960,
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2120 {Si-H), 1710 (C=0), 1465, 1375, 1250, 1055, 890, 830, 765 cn™l; 8y 4.75-4.50 (1H, m, Si-H),
4,05 (14, m, O-CH), 3.0-2.13 {34, m, C2-§ and Ci-H,), 2.0-1.43 (I8, m, C6-H), 1.25-0.63 (12, m,
Me), 0.18 (3K, d, J 2.6Hz, Si-Me), 0.15 (3B, 4, J 5.6z, Si-Me).

Anti- and syn-2,6-Dimethyl-3,5-heptanediol (5 and 6 ; rY,R2 = priy.- Hydroxyketone {1;

RL,R? = Bri) (1.0g, 6.32 mmol) disscived in ethanol 10 ml) was treated with sodium borohvdride
{212 mg, 5.58 mmol) over a period of lh at room temperature. The mixture was quenched with
sodium hydroxide (1M, 1 ml) and was extracted with ether. Aftar drying {Ma450,) and evaporation
of solvent, flash chromatography {ether-hezsne-ethyl acetste, 1:3:1) afforded (i) anti-dicl

(5; R4 ,R% = pri) (389 mg, 36.5%), m.p. 71-72°C after recrystallizationm (1it%%, m.p. 729Ch;

8y 3.80-3.50 (2H, q, C3-H and C5-H), 2.0 (2H, br s, OH), 1.87-1.50 (4H, m, CH,, C2-H), C6-H),
1.08-0.75 (12H, dd, Me) and (ii) syn-diol (& ; R, 82 = pely Caso mg, 44.5%) as a colourless
liquid. (Found:; C, 66.9%; H, 13.0%. CgHyg04 requires C, 67,455 B, 12.62); v x 3360 (OH), 1460,
1362, 1250 cm™!; &y 3.77-3.50 (2H, m, C3-H and C5-H), 3.25 (2H, s, OH), 1.87-1.43 (4H, m, CHy,
C2-H and C6-H), 0.53 (12, d, Me).

Anti- and syn-S5-Methvl-2,4-hexanediol (5 and 6 ; Bl = pri, R? « Me).- Hydroxyketone {1; R} =
Pri, R = Me) (330 mg, 2.54 mmol) in dry ether {23 ml) was added dropwise to a suspension of
lithium aluminium hydride (98 mg, 2.6 smol) in ether {12 ml). The reaction mixture was heated
under reflux for 30 min and was cocled to room temperature. Ice-cold water was added dropwise
to the vesction mixture until no wmore hydrogen was evolved. The aluminium hydroxide precipitate
was digsolved by adding 10% sulphuric acid. The ovgsnic layer was washed with saturated aqueous
sodium hydrogen carbonate and sodium chloride solution then dried (Na SD&%. Bvaporgtion and
flash chrometography (hemane-sthyl scetata, 5:12 gave (i) anti-diol (%; R} = prl, »% = Me) (100
mg, 30%): Vpay J380, 1458, 1380, 1255, 1240 cm™*; Oy 4.18 ELH, w, C2-H), 3.63 (1H, =, C4&-H).
2.75 {28, %, OH), 1.65-1.42 (38, w, CH; and C5-H), 1.23 (38, d, J &Mz, C§3), 0.96-0.86_(6&H, dd,
CHy) (11624, nim.r. 8g 4.12, 3.64, 1.2% {d, J 6Hz)] and (i1} syn-diol (6); R} = prl, RZ = Me)
(1%0 mg, 33%): v 5 3460, 1460, 1380, 1360, 1253 cm"l; &y 4.0 (1H, w, C2-H), 3.88 (2H, s, OH),
3.55 (1K, m, C4-HY, 1.80-1.28 (3H, m, CH, and C5-H), 1.1% (3H, d, J 6Hz, CHy), 0.85 (6H, d, CH3)
{1ic. n.m.r. 8y 4.0, 3.58, 1.19 {d, J dHz}1.

Similarly prepared, but without use of chromatography, was a mixture of anti and syn-5,7-
undecandiols (5 and 6; RL,R¢ = Bu).

trans=2,2,4,6~Tetralsopropyl-1,3-dioza-2-silacyclohexane (3; RL,R%,83 = Pri).- The method was
adapted from that of Corsy and Hopkins'd,” The solution of anti-diol (5: RL,R? = prl) (116.8 ng,
0.725 meol) and 2,6-lutidine (253 ul, 2.175 mmol) in CDClg {1745 ml) at 0°C was treated with
Prizﬁi(OTf}z {358.4 ul, 0.87 mmol). The solution was warmed to voom temperature. Aftsr 5 min.
proton n.m.r. showed that the reaction was complete. The CDCl; was evaporated and the crude
siladioxane product was passed through silica gel {ether-hexsne-sthyl acetate 1:3:1) to glve the
trans-giladioxane (156 mg, 78%7). An analytical sawple was prepared by short path distillation,
b.p. 8G°C st 0.25 waflg. {(Pound: C, 65.7; H, 11,85%, ¢ stiy90951 requives C, 66.1; H, 11.85%):

Vpgy 1463, 1385, 1244, 1135, 1110 em™l; &y 3.86-3.57 38,2, %-cr), 1.78 (¢, 3 stiz, CHy)43, 2.0-
0778 {m, isopropyl; 30H together with foregoing t).

Similarly prepared from the corresponding diols were: (i) cls-2,2,4,6-Tetralsopropyl-1,3-dioxa-
2-silacyclohexane (&; vl ré,p3 = pedy (072 vield), b.p. 80°C at 0.25 mmHg, (Found: C, 65.9: H,
1177%. CygHao0,581 requires C, 66.1: H, 11.85%); vpo. 1460, 1245, 1135 cm l; & 3.87-3.37 (2H, m,
0-CHJ, I.§7~%e§5 {30H, m, CHy and isopropyl). (1i) trans-2,2,4-Tri-isopropyl-6-methyl-1,3-dioxs-
2-gilscvclohexana (3; RL, R = prl, 8% = Me) (79% viaeld), b.p. 70°C st 0.3 mmHg. (Found: C, 63.6:
H, 11.4%. C13H2802Si requires €, 63.85; H, 11.55%); v 1460, 1380, 1240, 1130 cm"lg Sy 4,58~
4.15 (14, m», O-CH), 3.95-3.65 (1H, m, O-CH), 2.10—0.75m?§6H, m, Si-isopropyl, C—isogropyl cgi,
and CH, (111) cis-2,2,4-Tri-isopropyl-6-pethyl-1,3-dioxa-2-sllacyclohexsne (&; RI,R% = Pri, R

- Me)“%86z vield)} b.p., 70C at 0.3 mmHyg. {Found: C, 64.05; H, 11.3%. Cyql 0251 raquires C,
63.85; H, 11.55%); vy .y 1466, 1375, 1240 cm™l; &y 4.34 (1H, m, O-CH), 3.8 {IH- m, O-CH),
1.98-0.75 (268, m, Si-isopropyl, C“iscpm&)yli CHy and_CHo). (iv) trans-2,2-Di-isopropyl-4,6-
dibutyl-l:3-dioxa-2-silacvcliohexana {(3; R',R* = Bu, R = pel) b.p. 80°C at 0.2 meMg. gFound: C,
68.35; H, 12.2%. C 7H7g0281 requives C, 67.95; H, 12.05%); Vg 29ég§ 1455, 1370, 1110,

940 ca1} oy 4,25-5.89 (3H, br m, O-CH), 1.70 (20, t, J SHz, €4-H,)23, 1.20-0.50 (328, m, n-
butyl and Si~iseprogyl). (v) cig-2,2-Di-isospropyl~4,6-dibutyl~i,3-dioxa-2~gilacyclohexane (4&;
RE,RZ = Bu, R? = Pri), b.p. B0°C at 0.2 mmHg. (Pound: C, 68.05; H, 12.3%. CijHqg0751 requires C,
67.95; H, 12.052); v x 2940, 1455, 1370, 1240, 1110, 1050, 940 cm'z; 8y 4.0 (gﬁ, m O“Cg),
1.75-0.75 (34K, =, c?fgz, n-butyl and Si-isopropyl).

The last two wers formed from a mixture of the corresponding diols (sse above) and
separated by flash chromatography (hexane).

trans-2,2-Dimethyl-4,6-di-isopropyl-1,3-dioxa-2-silacyclohaxans (3; Rl,Rz = Pri,RB = Me).- The
method was adapted from that of Krieble and Burkhard®®, He,S1Cly (208 mg, 1.61 mmol, 195 wl)
and pyridine (254 pg, 3.22 mmol, 260 ul) were dissolved in petroleum sther (3 ml) under Nj.
Anti-diol (S; Rl,HZ = prl) (225 mg, 1.41 mmol), dissolvaed in petroleum ether (2 ml), was added
to the flask via a syringe with stirring. The reaction mixture was heated under reflux for Zh.
The mixture was filtersd and the preciplitate washed with petvoleum ether. Removal of solvent,
followed by short path distillation, gave the trvans-siladiozane (201 mg, 66%), b.p. 60°C atv 0.2
mmMg. (Pound: €, 60.9; H, 11.20%2. C 18240781 requiras C, 6%.05; H, 11.20%); wvp,, 1455, 1380,
1115 em™}; 84 3.75-3.40 (28, m, o»cg% 1066 (t, J SHz w CHy)¢?, 1.87-1.25 {m, isopropyl CH, 4
together with foregoing t), 1.0-0.63 {12H, m, isopropyl Me), 0.1 (6H, s, Si-Me).
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Simtlarly prepared was cis-2,2-Dimet -4,6-di-1sopropyl-1,3-dioxa-2-silacyclohexane (4;
RI,RZ = Prl, R} = Me) (47X yleld), bop. 63‘% at 0.2 smiig. (Found: C, 60.8, 11.25%. C;H40,5!
requires C, 61.05; H, 11.20%); v_,. 2930, 1455, 1378, 1115 ca™l; 6y 3.87-3.37 (28, =, 6-35).
1.87-1.05 (4H, =, CHy and 1soprop;1xcg). 1.0-0.63 (128, =, tsopropyl Me), 0.25 (3H, s, Si-Me),
0.1 (3H, s, Si-Me).

Treatment of Silyloxyketones (2) with hydrosilylation catalysts.

The following description is typical of the treatment of the di-isopropylsilyloxyketones (2a-d)
vith SnCl,. The first part (omitting the desilylation with aq. HP /MeCN) serves as a basis for
the other experiments in the Table.

Treatment of (2) with SnCl,.- Silyloxyketone (2a) (200 mg, 0.74 mmol) was dissolved in CHCl; (5
»1) under N;, and cooled to -80°C. SnCl, (10 uwl, 22 mg, 0.08 amol) was added via syringe. The
mixture vas stirred for 2h, quenched with aqueous sodium hydrogen carbonate (0.5 ml), allowed to
warn gradually to room temperature, and extracted with ether. The organic phase vas dried
(N#,S0,) and evaporated. A portion of the crude product (7% of total) was set aside and
.n-iyud by g.l.c., showing the siladioxanes (3 and 4: R!,RZ,R3 = Prl) to be present in the
ratio 120:1, being the only significant volatile components.

The remainder of the crude product vas treated with aqueous HF (40X, S drops) in
acetonitrile (4 ml) at room temperature for 30 min. The mixture was partitioned between
chloroform and water, and the organic phases dried (N.zso,,) and evaporated. Piuh
chromatography (ether-hexane-ethyl acetate, 1:3:1) gave (i) anti-diol (S5; R!,R¢ = Pri) (102 og,
932) and (i1) syn-diol (6; R},R% = Prl) (cs. 1.5 mg).

From a similar experiment e,gloylng (2b) as starting material wvas isolated (5; R!,R2 = Bu)
(80X yield), m.p. 76-78°C (11t.12b u p. 76-78°C).

Reduction of cyclohexanone with 2-di-isopropylsilyloxypropane(8) and SnCl,.- Cyclohexanone
(2601, 0.25 mmol) and silane (8) (57 mg, 0.325 mmol) were dissolved in CH,Cl, under N,, cooled
to -80°C and treated with SnCl, (4ul). The mixture wvas stirred for 2h, t?nn quenched, worked up
and desilylated as described for the previous experiment. Analysis by g.l.c. showed only
cyclohexanone.

The other experiments referred to in Scheme 3 were performed similarly.
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