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enyi(tributyi)stannanes with Aldehydes*

Nicholas H. Taylor and Eric J. Thomas*

The Department of Chemistry, The University of Manchester, Manchester M13 9PL, UK.

Abstract: 2-Trimethylsilylalk-2-enylstannanes undergo tin(IV) chloride promoted reactions with aldehydes to give
homoallylic alcohols with retention of the 2-trimethylsilyl group. 4-Alkoxy-2-trimethylsilylalk-2-enyl(tributyl)stannane

31 reacts with aldehydes under these conditions with excellent stercoselectivity in favour of the 1,5-syn-(E)-products 32

Alk-2-enylstannanes with heteroatom substituents at the 4-, 5- and 6-positions undergo stereoselective
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imines with useful ievels of i,5-, 1,6- and i,7-asymmetric induction.! For exampie, transmetaiiation of the 4-
benzyloxypent-2-enylstannane 1 with tin(IV) chloride generates the allyltin trichloride 2 which reacts with
aldehydes, via the transition structure 3, to give the 1,5-syn-(Z)-products 4.2 The stereoselectivity of
transmetallation is believed to be predominantly due to kinetic control.3 The relative configuration of the two
stereogenic centres in the allyltin trichloride 2 was confirmed by trapping using phenyllithium followed by
reduction using diimide which gave the 4-benzyloxypent-3-yl(triphenyl)stannane 5 the structure of which was

established by comparison with material prepared from the epoxide 64
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# This paper is dedicated to Professor David Evans and Professor Teruaki Mukaiyama, worthy recipients of the 1998 Tetrahedron
Prize, in appreciation of their seminal contributions to organic synthesis.
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Other examples of remote induction using allylstannanes include reactions of the 5-alkoxy-4-methylpent-
2-enylstannane 7 and the 6-hydroxyhept-2-enylstannane 9 which are transmetallated by tin(IV) halides to give
allyltin trihalides which react with aldehydes to give the 1,5-anti- and 1,7-syn-products 8 and 10, respectively.5:6
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In order to delineate further the scope of these reactions, it is necessary to establish whether the chemistry
is compatibie with additional substituents in the aikenyistannane. An aikyl substituent at C(2) has been found not
to interfere with the stereoselectivity of these reactions. Thus the 2-methylpent-2-enyl(tributyl)stannane 11, as a
mixture of (E)- and (Z)-geometrical isomers, gives rise to the 1,5-anti-(Z)-products 12, which are analogous to
the anti-products 8 obtained using the stannane 7, with excellent stereoselectivity. Indeed the additional 2-methyl
substituent appears to enhance the stereoselectivity.’
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stereaselective access to derivatives of 1,3,5-triols, e.g. 16 and 17, by oxidation of the allylstannane - aldehyde

products to the corresponding ketones followed by reduction. Indeed if both enantiomers of the allylstannane are
available, with the option of either retaining or inverting the configuration of the 1,5-syn-product from the

allylstannane - aldehyde reaction, it should be possible to access stereoselectively all possible 1,3,5-triol
stereoisomers.
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RESULTS AND DISCUSSION

The {ree-radical displacement of an allyl sulfone by tributyltin hydride was chosen as the method of
synthesis of the allylstannancs.8 Alkylation of the Grignard reagent derived from the vinyl bromide 18 using
iodomethyl phenyl sulfide? gave the prop-2-enyl sulfide 19 and lithiation of the corresponding sulfone 20 using
butyllithium followed by addition of an aldehyde gave the aldehyde adducts 21 - 24 as mixtures of

diastereoisomers. 10 To check the viability of the proposed allyltin chemistry, the prop-2-enyl sulfone 20 was then
ANt ith seiliatarleien bawy A dAn el Frn endinnl nnmAitinmn ta givin tha ) tuimmntha lollelommnca D aeeclreaiba. e 1)
treat t outyitiii nyGria¢ undacr iree raqicd: Conaiiions 0 give ine Z-irimeinyisiiyipiop-2-enyi{irioutys)-

stannane 25. Reactions of UllS stannane with oenLamcnyac, and propanal were carried out y transmetaliation
using tin(IV) chloride at -78 oC followed by addition of the aldehyde. This procedure gave reasonable yields of
the homoallylic alcohols 26 and 27 showing that the vinylsilane moiety is compatible with the conditions required

for the stereoselective allylstannane - aldehyde reactions.
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Scheme 1 i, Mg, PhSCH2I (65%); ii, Oxone (99%); iii, BuLi then RCHO (21, ratio 56 : 44, 93%: 22, ratio 71 : 29, 81%; 23,
ratio 66 : 34, 91%; 24, ratio 60 : 40, 95%); iv, BuiSnH, AIBN (90%); v, SnCl4, RCHO (26, 70%:; 27, 68%).

Functionalized alk-2-enylstannanes were then prepared to study the stereoselectivity of the aldehyde -
stannane reactions. The hydroxyalkyl sulfones 23 and 24 were converted directly into the (hydroxyalkenyl)-

stannanes 28 and 29 by treatment with tributyitin hydride in the presence of a trace of azoisobutyronitrile. The
sulfone 21 was converted into its benzyl ether 30 using benzyl trichloroacetimidatell and the benzyl ether taken
through to the allylstannane 31 using the usual conditions. The stannanes 28, 29 and 31 were obtained as
mixtures of (E)- and (Z)-isomers, with ratios (E) : (Z) ca. 40 : 60. The major isomer in each case was assigned
the (Z)-geometry, i.e. with the trimethylsilyl group cis- to the hydroxy- or alkoxyalkyl group, on the basis of the
chemical shifts of the vinylic protons of the two isomers, e.g.  5.49 vs. 5.82 for the vinylic protons of the major

(Z) and minor (E) isomers of the 4-benzyloxy-2-trimethylsilylpent-2-enylstannane 31.
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Scheme 2 i, Bu3SnH, AIBN (28, 70%; 29, 80%; 30, 70%); ii, CI3CC(=NH)OBn, CI'3SO31I (cat) (99%).



Reactions between 4-benzyloxy-2-trimethyisilyipent-2-enyi(tributyl)stannane 31 and aldehydes were
carried out by adding tin(IV) chloride to a solution of the stannane in dichloromethane at -78 °C, stirring for five
minutes and then adding the aldehyde. In all cases the 1,5-syn-(E)-stereoisomers 32 - 35 were obtained with
excellent stereoselectivities and useful yields.
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Figure 1 nOe's observed for 32
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esscnuauy (>98%) of a single diastereoisomer. To check that the 1,5-stereoisomers could be aistinguisned by

NMR, the product 32 derived from benzaldehyde was oxidized to the ketone 36 using a Swern oxidation and the
ketone reduced non-stereoselectively using sodium borohydride. This gave a mixture of the 1,5-syn-alcohol 32
and its 1,5-anti-epimer 37 which could just about be separated by careful chromatography and which could be
clearly distinguished by 1H NMR. Examination of the product mixture from the reaction between benzaldehyde
and the stannane 31 showed that the reaction had been extremely stereoselective with less than 2% of the 1,5-anti-
epimer 37 being formed.

The geometry of the double-bonds in the adducts 32 - 35 was confirmed by nOe studies. For exar

for 32 on irradiation of the allylic protons, 2-Hj, an enhancement of 5-H (6.9%) was observed whereas there

was neglible enhancement of the vinylic pTOtOH,
ffec

the peak due to 4-H (12%) but had no effect on 5-H, see Figure

The 1,5-syn-stereoselectivity was assxgned by analogy with the stereoselectivity observed for the 4-
benzyloxypent-2-enylstannane 1, and the correspondence in stereosclectivity observed for the reactions of the 5-
benzyloxypent-2-enylstannane 7 and its 2-methylated homologue 11. The regeioselectivity observed in these
reactions is consistent with the mechanism outlined for the tin(IV) chloride promoted reactions of the allylstannane

1 with aldehydes and is believed to involve participation of an allyltin trichloride analogous to 2 which reacts with

aldehydes vig six-membered chair-like transition states analogous to 3. Of note is the high overall stereoselectivity
Ancmita tha 1ea Af mivtiroe nf (EN. and (7 ienmare of the ctannane 31 Thic dnnhle_hand senmetrv 1¢ 1ot 1n the
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reaction between the allylstannane and the tin(IV) chloride and does not appear to affect the stereosclectivity of the

transmetallation step.

Having prepared the 1,5-syn-products 32 - 35, preliminary investigations into the oxidation of the vinyl
silane components of these products were undertaken. Epoxidation using m-chloropeoxybenzoic acid gave the
epoxide 38 as a mixture of stereoisomers but attempts to hydrolyse the epoxide 39 were unsuccesstul, with mild
conditions returning the epoxide and more vigorous conditions leading to decomposition. Hydroxylation, which



required a stoichiometric amount of osmium tetroxide, was more stereoselective and gave an 85 : 15 mixture of
diastercoisomers. The major diastereoisomer was identified as the triol 39 on the basis of the diastereofacial
selectivity usually observed on hydroxylation of (Z)-allylic ethers.12 Finally, the alcohol 34 was protected as its
(2-trimethylsilylethoxy)methyl (SEM) ether 40 and this was oxidized directly to the ketone 41 using oxygen and
bis(2-ethoxycarbonyl-3-oxobutanalato)cobalt(Il) [Co(ecbo);]!3 albeit in only modest yield (23%).
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CONCLUSIONS

This work has shown that a 2-trimethylsilyl substituent is compatible with the conditions required for
tin(IV) chloride promoted reactions of alkoxyalk-2-enylstannanes and aldehydes which proceed with remote
asymmetric induction. Useful yields of the 1,5-syn-products were obtained for a range of aliphatic and aromatic
aldehydes using the 5-benzyloxypent-2-enylstannane 31. The next phase of this programme, which is aimed at
the stereoselective synthesis of 1,3,5-triols, will focus on the development of an asymmetric synthesis of the (2-
trialkylsilylalk-2-enyl)stannanes, improved procedures, perhaps involving aryldimethylsilanes, for the conversion
of the vinylsilanes into ketones!4 and stercoselective reduction of the B-hydroxyketones. 15,16

1H and 13C NMR spectra were recorded on Varian Unity 500, Bruker AC300 and Varian XL300 spectrometers
in chloroform-dj. Mass spectra were recorded on Kratos Concept and Fisons VG Trio 2000 mass spectrometers
using electron impact (E.1I) or chemical ionisation (C.I.) modes. IR spectra were recorded on an ATI Mattson
Genesis FTIR spectrometer as evaporated films on sodium chloride plates unless otherwise stated. Flash column

chromatography was carried out using Merck silica gel 60H (40-60p, 230-300 mesh) as the stationary phase.
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with b.p. 40 °C - 60 °C and was redistilled before use. Ether refers to diethyl ether. All solvents were distilled and
purified by standard procedures. All products were obtained as colouriess oils after chromatography.

Phenyl 2-trimethylsilylprop-2-enyl sulfide 19
(1-Bromoethenyl)trimethylsilane 18 (3.43 cm3, 27.9 mmol) in tetrahydrofuran (50 ¢cm3) was added to
magnesium (887 mg, 36.3 mmol) and a few grains of iodine in tetrahydrofuran (5 cm3) at a rate maintaining
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.58 mmol) added. lodomethyl phenyl sulifide (8 g) in THF (50 cm’) was added dropwise at 0 °C and the mixture
stirred at O °C for 1 h. Saturated aqueous ammonium chloride (10 cm ) was added and the mixture allowed to
warm to room temperaturc and extracted with ether (2 x 100 cm3). The organic extracts were washed with brine
(50 cm3), dried (MgSO4) and concentrated under reduced pressure. Chromatography of the residue using light
petroleum as eluent gave the title compound 19 (4.05 g, 65 %) as a pale yellow oil (Found: M*, 222.0898.
C12H18SSi requires M, 222.0898); Umax /cm-! 3057, 1584, 1479, 1249, 840, 738 and 690; 8y 0.21 [9 H, s,

Si(CH3)3], 3.74 2 H, s, 1-H>), 546 (1 H,d, J 2, 3-H), 580 (1 H, d, J 2, 3-H) and 7.28 (5 H, m, ArH): 8¢

A2 2373535 By ATAALFe 7T 3 By Ly 247, SOV L A3 My v &Ly JTEX ) QU 5 .4L0 \J L1, i, daaday, U
172 200 1287 1274 12922 172707 1270 and 1AG A m/o (TN D2 AT L1 1N gy NT 10 anA on
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Phenyl 2-trimethylsilylprop-2-enyl sulfone 20

To a solution of KHSOs (Oxone®, 33 g, 53.61 mmol) in water (70 cm3) was added a solution of sulfide 19 (4 g,
17.87 mmol) in methanol (70 cm3) and the solution stirred overnight then diluted with water (50 cm?’) and
extracted with dichloromethane (5 x 50 cm3). The organic extracts were washed with water (40 cm3), then brine
(40 cm3) and concentrated under reduced pressure. Chromatography of the residue using 20 % cther in light
petrol as eluent gave the title compaund 20 (4.47 g, 99 %) as a pale yellow oil (Found: M* + NHy4, 272.1139.

C12H29oNO,SSi requires M 272.1140); vmax/em-! 3066, 1447, 1317, 1248, 1152, 1086, 842 and 689; Sy 0.16
C12H22NO,S8Si requires 0); Vmax/em™1 3066, 1317 1152, 1088, and 689; 8y 0.16
T My Y .1 (474} Y Al § e I o I8 & PN ’1 &7 Y LY e A TTN -~ £0 71 1T ___ A TT PR |
3.7 3-n132), 1.37 (£ 1, m, Arrij, /.06 (1 0, m, Arn) ana

oo

7.88 (2 H, m, ArH);
100%) and 239 (20).

General procedure for the preparation of hydroxysulfones
Butyllithium in hexanes was added to phenyl 2-trimethylsilylprop-2-enyl sulfone 20 in dichloromethane at -78 °C
and the solution stirred for 30 min, warmed to -35 °C and stirred for a further hour. The aldehyde was then added

and temperature maintained at -35 °C for 1 h. Saturated methanolic ammonium chloride was added and the
mivinrs allawad ta warm tn ranm tomnaratnre Wator wac added tha mivinee evtractad intn ethar and the arocanie
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phase washed with brine and dried (MgSO4). After concentration under reduced pressure, flash chromatography
of the residue gave the products as follows.

3-phenylsulfonyl-4-trimethylsilylpent-4-en-2-o0l 21; from butylhthmm (142 M; 7.1 cm“ 12.8 mmol) prop-2-
enyl sulfone 20 (3.1 g, 12.2 mmol) in tetrahydrofuran (50 cm ) and ethanal (1.38 cm , 24.4 mmol).
Chromatography using 15 % ethyl acetate in light petroleum as the eluent gave the title compound 21(3.37g,93
%) as a pale yellow oil, a mixture of diastereoisomers, ratio 56 : 44 (lH NMR) (Found: M* + NHy4, 316.1392.
C14H26NO3SSi requires M 316.1403); Vmax fem™! 3499, 3067, 1447, 1304, 1145, 1081, 841 and 689; 6y 0.04
and 0.07 [each 4.5 H, s, Si(CH3)3], 1.21 and 1.26 (each 1.5 H, d, J 6, 1-H3), 3.30 (0.5 H, d, J 3, OH), 3.75

(05H d J2. 3H). 381 (05H, 4, 79, 3-H), 424 (05 H, s, OH), 4.64 (1 H, m, 2-H), 5.76, 5.88, 5.98 and
\WVed 11y Uy J &y JTE1), J.UL \U.J 1d, Uy 1d)y, T\ VUl 13y 5y AL, TAUT (2 03y iy &1, J.TU, J.00, JLI0 Al
L fnoankh NEIT o & LIV T EQ /M IY wa ALJIIY T AQ /MM LY v AxlI) nend 7 Q0K /) LT v A,-U\-ml-{(‘l\’llk{‘k/l'*'
0./ {€acn v.J5 1, §, J-r1), /.70 \£ 11, iii, Air1j, /.00 (1 11, iii, Alry 4ild 7.0V \« 11, ill, Alryy, 778 (~.1.) 5310 UVl
+ 18, 100 %), 281 (16) and 90 (23).

1-Phenyl-2-phenylsulfonyl-3-trimethylsilylbut-3-en-1-ol 22; from butyllithium (1.56 M; 630 ul, 1.03 mmol),
prop-2-enyl sulfone 20 (250 mg, 0.98 mmol) in tetrahydrofuran (2 cm3) and benzaldchyde (124 pl, 1.18 mmol).
Chromatography using 15 % ethyl acetate in light petroleum as the eluent gave the major diastereomer of the title
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S n ; S, 8.7; M¥ + NHy, 378.1566.
C19H28NO388Si requires C, 63.3; H, 6.7; S, 8.9 %; M, 378.1559); vmax /cm -1 3495, 3061, 1448, 1291, 1248,
1145, 1085, 1060 and 841; 8y -0.52 [9 H, s, Si(CH3)3], 3.61 (1 H, d, J 2, OH), 3.97 (1 H, d, J 2, 2-H), 5.82
(1H,t,J2,1-H), 598 (1 H,d, J2,4-H), 6.88 (1 H, d, J 2, 4-H"), 7.28 (5 H, m, ArH), 7.59 (2 H, m, ArH),
7.69 (1 H, m, ArH) and 7.90 (2 H, m, ArH); 8¢ -2.3, 70.7, 70.9, 126.6, 128.0, 128.3, 129.1, 129.5, 133.9,
136.2, 138.3, 138.5 and 139.8; m/z (C.1) 378 (M* + 18, 75 %), 360 (M* + 1, 3), 343 (20), 272 (100) and 203

(39). The minor diastereomer of the title compound 22 (86 mg, 42 %) was isolated as a white solid; Vmax fem™!

2]

)

3482, 3063, 1585, 1302, 1249, 1141, 1084, 840 and 756; 8y 0.53 [9 H, s, Si(CH3)3],4.20 (1 H, d, J 10, 2-

Y 541 (1 H 4 72 OHY 543 (1 H dd 2 10 1-HY §74 (1 e AHY SRR (T H ¢ 4AHY 72N (5 LI
LAy VA R Ay My o sy WSEE)y ST (R R, N,y V&5 Uy LATRRJy 0T L 3y Oy TTLAY, SO0 L 13y Oy YL Jy [ WJU \J 11,
e ALY 7 EQ VLT v ATIIY T LAQ (T LT e AT e d 701 /LT . AIT. S0 2N 12N 2N 12 0 170 1
iy, AlL1), (.07 \4 11, ill, AITL), /.07 (1 i1, I, Aln) aila /.71 \& 1, I, AN ), oC -<2.U, /2.U, /0.U, 1£0.,0, 140.)
128.4, 129.1, 123.0, 134.0, 134.7, 138.7, 139.9 and 142.7, m/z (C.L) 378 (M* + 18, 80%), 360 (5), 343 (90)
and 272 (100).

4-Phenylsulfonyl-5-trimethylsilylhex-5-en-3-0l 23; from prop-2-cnyl sulfone 20 (1.28 g, 5.05 mmol),
butyllithium (3.31 cm3, 5.3 mmol) and propanal (437 pl, 6.05 mmol). Chromatography using 15% ethyl acetate
and light petroleum gave the title compound 23 (1.43 g, 91%) as a pale yellow oil, a mixture of two
diastereoisomers, ratio 2 : 1 (‘H NMR); 8y -0.12 (3 H, s, SiCH3), -0.05 (6 H, s, 2 x SiCH3), 0.97 2 H,t, J 8,
1-Ha), 1.42 (3 H, m, 2-H7 and 1-H3), 3.15(0.7H., d, J 1, OH), 3.77 (0.3 H, d, J 3, OH), 3.81 (0.7H,d, J

12, 4-H), 4.06 (0.3 H, m, 3-H), 4.12 (0.3 H, d, J 9, 4-H), 4.33 (0.7 H, m, 3-H), 5.71 (0.7 H, d, J 1, 6-H),
7 H) :

N7 Ly 1 11

Q¢ £ 2L A 71 £ IN
o \W./ i, 4, 4 1, O-
b

3 n L EL D m. ArH
Jr 9. warn, 4,vs 1,0-11), 6.,6GWonN,aq, 4 1, O-11), 1.97 O H, m,

wh

(2 H, m, ArH).

2-Methyl-4-phenylsulfonyl-5-trimethylsilylhex-5-en-3-ol 24; from prop-2-enyl sulfone 20 (1.48 g, 5.61 mmol),

butyllithium (3.67 cm3, 5.87 mmol) and propanone (609 pl, 6.71 mmol). Chromatography using 11% ethyl

acetate and light petroleum as eluent gave the title compound 24 (1.73 g, 95%) as a pale yellow oil, a mixture of

two diastercoisomers, ratio 60 : 40 (]H NMR); 6y -0.03 (3.6 H, s, SiCH3), 0.06 (5.4 H, s, SiCH3), 0.80 and

1.03 (each 3 H, m, CH3), 1.77 (1 H, m, 2-H), 3.91 (1 H, m, 3-H), 4.03 (0.6 H, m, 4-H), 4.28 (0.4 H, m, 4-
), 5.59 (0.4 H,d,J1,6-H), 567 04H,d J1, 6-H), 595(0.6H,d,J1,6-H), 6.61 (0.6 H,d, J1, 6-H),

59 (

.4|
»

H, m, Ar u) and 7.82 (2 H, m, ArH),

1, Iily ZR1KR P20k \& 11

\
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General procedure for the preparation of the alk-2-enylstannanes

Tributyltin hydride was added to a degassed, stirred solution of the alkenyl sulfone and a trace of AIBN in
benzence and the mixture heated to 65 °C for 2 h. After concentration under reduced pressure, chromatography of
the residue gave the alk-2-enylstannane as a colourless oil.

(2-Trimethylsilylprop-2-en-1-yl)tributylstannane 25; from the sulfone 20 (100 mg, 0.39 mmol), tributyltin
hydride (200 ul, 0.79 mmol) and AIBN (5 mg) in benzene (2 cm3). Chromatography using 1% triethylamine and
light petroleum as eluent gave the title compound 25 (144 mg, 90%) as a colourless oil; 8 0.08 (9 H, s, 3 x
SiCH3), 0.90 (9 H, m, 3 x CH3), 1.39 (18 H, m, 6 x CHp), 1.90 (2 H, s, 1-Hp), 5.07 (1 H, d, J 2, 3-H), 5.34

M1 A 7T 2.1
(in,qJ 2, 5-11).

(4-Hydroxy-2-trimethylsilylhex-2-en-1-yl)tributylstannane 28; from the hexenyl sulfone 23 (1.68 g, 5.39
mmol), tributyltin hydride (2.86 cm3, 10.78 mmol) and AIBN (85 mg) in benzene (7 cm3). Chromatography
using 1% triethylamine and light petroleum as eluent gave the title compound 28 (5.06 g, 70%), as a colourless
oil, a 60 : 40 mixture of diastereoisomers (Found: M* - C4Hg, 405.1638. C17H370SiSn requires M, 405.1634);

Voadom™! 3430 br, 1463, 1247 and 836; 8y 0.10 (6 H, s, 2 x SiCH3), 0.21 (3 H, s, SiCH3), 0.97 (12 H, m),

W
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1.12(0.4 H,d, J 2, 0H), 1.19 (0.6 H, d, J 2, OH), 1.42 20 H, m), 1.73 (2 H, m, i-H»), 3.98 (0.4 H, m, 4-
H), 4.09 (0.6 H, m, 4-H), 5.47 (0.6 H, d, J &, 3-H) and 5.86 (0.4 H, d, J 10, 3-H); 8¢ -1.6, 0.9, 9.7, 10.1,
12.9, 13.7, 17.8, 18.3, 18.7, 18.9, 19.8, 27.1, 27.5, 27.8, 29.0, 29.2, 29.3, 34.3, 73.1, 134.3, 138.3, 144.5;

m/z (E.1.) 405 (M" - 57, 11%) and 387 (38).
(4-Hydroxy-5-methyl-2-trimethylsilylhex-2-en- 1-yl)tributylstannane 29; from hexenyl sulfone 24 (1.73 g, 5.30
mmol), tributyltin hydride (2.81 cm3, 10.6 mmol) and AIBN (90 mg) in benzene (10 cm3). Chromatography

with 1% triethylamine and light petroleum as eluent gave the title compound 29 (2.01 g, 80%) as a colourless oil,
(Found: M* - C4Hy, 419.1770. C;3H200SiSn requires M, 419.1791); v /em™ 3

3y 0 H, s, SiCH3), 0.20 (3 H, s, SiCH3), 0.97 (15 H, m), 1.42 (19 H, m), H,d,/16, 1-H),
1.97 (0.6 H, d, J 16, 1-H), 2.55 (04 H, d, J 10, 1-H), 2.60 (0.4 H, d, J 10, 1-H), 4.23 (0.4 H, m, 4-H), 4.27
(0.6 H, m, 4-H), 5.43 (0.6 H, d, J 8, 3-H) and 5.78 (0.4 H, d, J 10, 3-H); é¢ -1.5, 0.7, 8.0, 9.7, 9.9, 10.1,
12.8, 13.7, 19.6, 27.0, 27.4, 27.8, 29.0, 29.2, 29.3, 30.1, 30.5, 46.3, 69.7, 72.7, 135.6, 139.6, 143.9

144.5; m/z (E.I) 419 (M" - 57, 27%), 401 (29), 361 (35) and 251 (85).
(4-Benzyloxy-2-trimethylsilylpent-2-en-1-yl)tributylstannane 31; from the sulfone 30 (4.53 g, 13.39 mmol),
tributyltin hydride, and AIBN (230 mg) in benzene (20 cm3). Chromatography using 1% triethylamine in light
petroleum as the eluent gave the title compound 31 (5.06 g, 70 %) as a pale yellow oil, a 60 : 40 mixture of
diastereoisomers ( g NMR) (Found M™* - C4Ho, 481.1945. C23H4101SiSn reqmresM 481.1948); Vmax fem!

- Bur SiC

Y12 (8§ {
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1 (¢4
(1 H, m, 4-H), 440 (0.4 H, d, J 12, HCHAr), 4.41 (U6 ,d, J 12, HCHAI), 4 {
4.59 (0.4 H, d, J 12, HCHAr), 5.49 (0.6 H, d, J 8, 3-H), 582(O6H d, J 10, 2H) ?7 (5 H, m, ArH);
oc -1.5, 0.6, 5.6, 6.2, 6.9, 9.7, 10.2, 12.8, 13.8, 19.5, 20.8, 22.4, 27.5, 27.5, 27.8, 29.1, 29.3, 69.7, 70.8,
74.5, 127.2, 127.4, 127.6, 127.6, 127.7, 128.3, 135.2, 139.3, 140.3 and 143.7; m/z (C.1.) 397 (M"* - 57,
72%), 341 (68), 235 (71) and 179 (78).

4-Benzyloxy-3-phenylsulfonyl-2-trimethylsilylpent-1-ene 30

Reonzvyl 09 '7=rr§nhlnrn9r-pt1m|dntp IQ nﬂ r-m3 16 86 mmn]) wace added ta a ealntinn nf he enlfone 21 (A 11 o
Benzyl 2,2,2-trichloroacetimi 16.56 mmol) was added to a solution of the sulfone 21 (4.11 g,
13.79 mmol) in hexane (30 cm ), a few drops of trifluoromethane sulfonic acid (ca. 5 ul) were added and the

solution stirred overnight. Saturated aqueous ammonium chioride (10 cm3) was addea, the solution diluted with
water (20 cm3) and ether (20 cm3), and the aqueous layer extracted with ether (3 x 30 cm?). The organic extracts
were washed with brine (10 cm3), dried (MgSO4) and concentrated under reduced pressure. Chromatography of
the residue using 15 % cther in light petroleum as eluent gave the title compound 30 (4.61 g, 99 %) as a pale
yellow oil (Found: M+ NHy4, 406.1879. C21H32NO3SSi requires M, 406.1872); Dmax /cm'1 3347 br, 3063,
3030, 1714, 1447, 1305, 1249, 1145, 1082, 841 and 689; 6y 0.07 and 0.13 (each 4.5 H, s, 3 x SiCH3), 1.22
9, 3-H), 4.35 (0.5 H, dq, J 6,

-
.'Ji--n
\

>

:—/
: CN

o
~] ©°

100 %).



General procedure for the Lewis acid promoted stannane - aldehyde reaction

Tin(IV) chloride (1 M in dichloromethane) was added to a solution of the alk-2-enylstannane in dichloromethane
at-78 °C. After 5 min, the aldehyde was added dropwise and the mixture stirred at -78 °C for 30 min. Saturated
methanolic ammonium chloride was then added and the mixture allowed to warm to room temperature.
Dichloromethane and water were added and the aqueous phase extracted with dichloromethane. The organic
extracts were washed with brine, dried (MgSO4) and concentrated under reduced pressurc. Chromatography of

the residue gave the coupled products as colourless oils as follows.
1-Phenyl-3-trimethylsilylbut-3-en-1-0l 26; from stannane 25 (90 m
nd benzaldehy % tricthylamine, 10% ethyl acetate an
light petroleum as eluent gave the title compoun d 26 (3 mg, 70%) as a colourless oil (Found: M+, 220.1283.
C13H700Si requires M, 220.1283); Vm“/(,m 3423, 3032, 1248, 838, 757 and 699; 6y 0.16 O H, s, 3 x
SiCHj3), 2.14 (1 H, s, OH), 2.47 (1 H, dd, J 12, 16, 2-H), 2.68 (1 H, dd, J 5, 16, 2-H", 478 (1 H, dd, J 12,
5, 1-H), 5.59 (1 H, d, J 2, 4-H), 5.76 (1 H, s, 4-H') and 7.34 (5 H, m, ArH); 3¢ -1.4, 46.9, 72.2, 125.7,
127.4, 128.2, 128.3, 144.1 and 149.1; m/z (C.1.) 238 (Mt + 18, 20%) and 220 (M*, 100).
5-Trimethylsilylhex-5-en-3-0l 27; from stannane 25 (100 mg, 0.25 mmol), tin(IV) chloride (300 ul, 0.30
mmol), and propanal (21 pl, 0.26 mmol). Chromatography using 1% triethylamine, 11% ethyl acetate and light

petroleum gave the title compound 27 (29 mg, 68%) as a colourless oil (Found: M* + NHy, 190.1632.

MALTA NNCE vaqirac AL 1QON 147\ vy Jam ™ 2281 he 177Q 1RY4& 1411 1977 1190 and 1071 & nnc fﬂ
COr124iN oL TEQUITCS M, 17U, 1047 ), Vo Cilt 3551 OF, 1747, 1020, 1411, 14/17, 11U alid 1U/1; O ULUO (7 11,
- s ] UMY TY N N MHA £ 1Y a ) e 1 Y AY 1 &2 A ™ TT s - TTY_ N\ 1 £ 71 TrrY . | T AT TN ~N N ¥y A B AY
s, 3 x SiCH3), 094 3 H,t, J 7, 1-H3), 1.54 (Z H, m, 2-Hp), 1.65 (1 H, d, J 2, OH), 2.07 (1 H, m, 4-H),
2.43 (1 H, m, 4-H"), 3.53 (1 H, m, 3-H), 5.45 (1 H, dd, J 4, 1, 6-H) and 5.63 (1 H, m, 6-H"; 8¢ -1.2, 10.1

29.9, 44.5, 70.9, 127.7, 149.5; m/z (C.1.) 190 (M* + 18, 68%) and 170 (41).

(IRS,5SR,3E)-5-Benzyloxy-1-phenyl-3-trimethylsilylhex-3-en-1-0l 32; from tin(IV) chloride (4.47 cm3, 4.47
mmol), the stannane 31 (2 g, 3.72 mmol) and benzaldehyde (467 ul, 4.47 mmol). Chromatography using 1 %
triethylamine and 6 % ethyl acetate in light petroleum as eluent gave the title compound 32 (1 19 g,90 %) as a
colourless oil (Found: M* + H, 355.2086. C22H3102 S requires M, 355.2094); vmayx fem™ 3434 br, 3063,

e

3029, 1453, 1248, 1070, 836, 751 and 698; 8 0.22 9 H, s, 3 x SiCH3), 1.15 (3 H, d, J 6, 6-Ha),

...... L8] V.o 15/ u 1

Lo \

Ad T A& 12 H_II ”‘7’1[‘ILI Ad T 1
Qu, v U, 13, £&-11), £.70 \1 13, U0, v 1

15, HCHAr), 4.58 (1 H, d, J 15, HCHAr

H, m, ArH); bC -0.8, 20.3, 41.1, 70.1, 7U7 7.52 125.8, 127.4, 127.
144.8 and 145.1; m/z (C.1) 355 M" + 1, 2 %), 264 (2) and 229 (100).
{2SR,6SR,4E)-6-Benzyloxy-4-trimethylsilylhept-4-en-2-o0l 33; from tin(IV) chloride (368 pl, 0.37 mmol),
stannane 31 (165 mg, 0.31 mmol) and ethanal (21 pl, 0.37 mmol). Chromatography using 1 % triethylamine and

\I

11 % ethyl acetate in light petroleum as eluent gave the title compound 33 (65 mg, 72 %) as a colourless oil
(Found: M" + H, 293.1934. C1gH2007Si requires M, 293.1937); Vmax Jem™' 3443 br, 1454, 1369, 1248, 1070,

aGT LY

837, 752 and 696; 864 0.16 (9 H, s, 3 x SiCH3), 1.22 3 H, d, J 6, 7-H3), 1.32 (3 H, d, J 6, 1-H3), 2.26 (1 H,

heo N} 220¢1 1 444 71 4 17 2Z.HY 2421 H ddd J1. 0 17 3.HY 3 R4 (1 H m 6-H) 448 (3

UL 5, ULL), £.27 {1 I, UUU, J 1, 77y 1T, U7k1), &£.50 (1 11, UUL, U 1, 7, 1Jy J721J, J.OT (4 11, Lk, UT11), 7.70 v 14,
Ay LYY AN EOA /1T XY 1 T QO OEXIN aead TT e A LTIV, & i8]

m, <£- ana L rinAar), o.¥4 (1 n, 4, 4 6, Jo-in) 4dlid 7. , AAlfl), O 1V, 4,

m c -1.0, 20.6, 23.5, 40.2, 66.9,
70.8, 127.6, 128.0, 128.4, 138.6, 141.1 and 144.8; m/z (C.1) 293 (M" + 1, 3%) and 226 (100).

(3SR,7SR,5E)-7-Benzyloxy-5-trimethylsilyloct-5-en-3-ol 34; from tin(IV) chloride (225 pl, 0.22 mmol), the
stannane 31 (100 mg, 0.17 mmol) and propanal (16 pl, 0.22 mmol). Chromatography using 1 % triethylamine
and 5 % ethyl acetate in light petroleum petrol as eluent gave the title compound 34 (36 mg, 64 %) as a colourless
oil (Found: M¥ + H, 307.2095. C1gH3102Si requires M, 307.2093); Vmax fem™ 3458 br, 1453, 1369, 1248,



1070, 836, 751 and 696; 6y 0.15 (9 H, s, 3 x SiCH3), 0.99 (3 H, t, J 4.5, 1-H3), 1.32 (3 H, d, J 6, 8-H3),

1.52 (2 H, m, 2-Hy), 2.17 (1 H, br s, OH), 2.36 (2 H, m, 4-Hy), 3.54 (1 H, m, 3-H), 4.50 (3 H, m, 7-H and

CHjAr), 5.95 (1 H, d, J 8, 6-H) and 7.36 (5 H, m, ArH); 8¢ -0.9, 10.1, 20.6, 30.5, 38.0, 70.1, 70.8, 72.2,

127.7, 128.0, 128.5, 138.5, 141.0 and 145.0; m/z (C.1) 324 (M* + 18, 40%), 307 (M* + 1, 100), 216 (68)

and 199 (32).

(3RS, 7SR, 5E)-7—Benzyloxy-2-methyl-5-trimethylsilyloct-S- -3-0
(

[\%}

35; from tin(IV) chloride (225 pl, 0.2
1 0.22 mmol). Chrom anh
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1 mg,

2250. C19H3307Si requires M, 321.2250); Umax /cm™ 3490 br, 1454,
1368, 1248, 1071, 836, 751 and 697; &y 0.16 (9 H, s, 3 x SiCH3), 0.97 3 H,d, J 7, 1 -H3), 099 3H,d,J 7,
2-CH3), 1.33 3 H, d, J 6, 8-H3), 1.72 (1 H, m, 2-H), 2.22 (1 H, br s, OH), 2.30 (1 H, ddd, J 1, 3, 13, 4-H),
2.38 (1 H, dd, J 10, 13, 4-H'), 3.38 (1 H, ddd, J 3, 6, 10, 3-H), 4.51 (3 H, m, 7-H and CH»Ar), 597 (1 H, d,
J 8, 6-H) and 7.38 (5 H, m, ArH); 8¢ -0.9, 17.9, 18.5, 20.6, 34.0, 34.7, 70.2, 70.9, 75.1, 127.6, 128.0,

128.5, 138.5, 141.6 and 144.9; m/z (C.L) 338 (M+ + 18, 40%), 321 (M* + 1, 100), 230 (59) and 213 (40).

J
s nelanelace 31 7 at
a COI0Uriess 0il \ruuuu M +H,

(E)-5-Benzyloxy-1-phenyl-3-trimethyisilvlhex-3-en-1-one 36

Dimethyl sulfoxide (48 ul, 0.34 mmol) in dichloromethane (500 ul) was added to oxalyl chloride (29 pl, 0.34
mmol) in dichloromethane (500 pl) and the solution stirred at -78 °C for 5 min. The alcohol 32 (100 mg, 0.31

mmoti) in dichloromethane (500 [il) was added and the mixture stirred at -78 °C for 20 min. Triethylamine (216

ul, 1.55 mmol) was added and the mixture stirred at -78 °C for 10 min, then allowed to warm to 0 °C. Water was
added and the mixture allowed to warm to room temperature. Dichloromethane was added and the organic layer
washed with brine, dried (MgSQOy4) and concentrated under reduced pressure. Chromatography of the residue
using 5 % ethyl acetate in light petroleum as eluent gave the title compound 36 (75 mg, 69 %) as a colourless oil
(Found: M* + H, 353.1934. C23H2902Si requires M, 353.1938); vmax /om™ 1688, 1597, 1580, 1449, 1324,

1248, 1207, 1073, 83 13), 1.31 3 H, d, J 6, 6-H3), 3.84 (2 H, m, 2-
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21.0, 39.
353 (M™ + 1, 5%) and 45(100).

(1SR, 58R,3E)-5-Benzyloxy-1-phenyl-3-trimethylsilylhex-3-en-1-0l 37

Sodium borohydride (10 mg, 0.28 mmol) was added in one portion to the ketone 36 (64 mg, 0.18 mmol) in
ethanol (1 cm3) at 0 °C and the resulting mixture allowed to warm to room temperature and stirred for 4 h.
Satwrated aqueous ammomum chloride (1 cm ) was added and the organic layer diluted with ether (10 cm ) then

washed with brine (10 cm’ ) dried (MgSOy4) and concentrated under reduced pressure. Chromatography of the

residue using 10% ether in light petroleum as eluent gave the alcohol 32 (32 mg, 49%) followed by the ritle
- . + N T AR 4 A S "

c’o’m’po’una 37 (32 mg, 49 %), a colouriess oil (Found: M~ + H, 355.2084. sz"310231 requires M, 355.2""4);
~ - - — - s e o ~ oA s T ~ - - -

Umax fem™ 3432 br, 1453, 1247, 1071, 836, 751 and 698; oy 0.20 (9 H, s, 3 x SiCH3), 1.36 (3 H, d, J 6, 6-

Hj), 1.99 (1 H, s, OH), 2.51 (1 H, dd, J 4, 13, 2-H), 2.72 (1 H, dd, J 10, 13, 2-H", 4.26 (1 H, d, J 12,
HCHAr), 443 (1 H, d, J 12, HCHAr), 4.44 (1 H, m, 5-H), 4.68 (1 H, dd, J 4, 10, 1-H), 596 (1 H, d, J 8.5,
4-H) and 7.34 (10 H, m, ArH); 3¢ -0.9, 21.2, 40.7, 70.1, 70.9, 73.2, 125.8, 127.5, 127.6, 127.7, 128.5,
128.5, 138.8, 140.2, 144.4 and 145.8; m/z (C.1) 355 (M" + 1, 1 %), 264 (36) and 229 (100).
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-nenzywxy— -pnenyt J-xnmemyuuymtmne 1,3,4-triol 3%
Pyridine (i cm’ ) and osmium tetroxide (173 mg, 0.68 mmol) were added to a solution of the vinylsilane 32 (220
mg, 0.62 mmol) in benzene (2 cma) at room temperature. The mixture was stirred at room temperature for 18 h
then concentrated under reduced pressure, Tetrahydrofuran (1 cm’ )} was added and the mixture cooled to -78 °C.
A solution of lithium aluminium hydride (1 M in tetrahydrofuran; 3.1 cmg, 3.10 mmol) was added dropwise to
the solution which, after warming, was stirred for 1 h at room temperature. The mixture was cooled to -78 °C and
ethyl acetate (1 cm3) and water were added dropwise. The mixture was warmed to room temperature and filtered

concentrated under reduced pressure. Chromatography of the residue using S0 % ethyl acetate in light petroleum
as cluent gave the title compound 39 (194 mg, 79 %) as a colouriess oii, an 83 15 mixture of diastereoisomers
(Found: M™ + H, 389.2154. C22H3304Si requires M, 389.2148); vmax /cm™ 3413 br, 3062, 3030, 1453, 1248,
1069, 841, 749 and 699; 8y (major diastereoisomer) 0.15 (9 H, s, 3 x SiCH3), 1.49 (3 H, d, J 6, 6-H3), 2.01 (2
H, m, 2-Hjp), 2.56 (1 H, b s, OH), 3.98 (1 H, m, 5-H), 4.08 (2 H, m, 4-H and OH), 446 (1 H, d, J 11,
HCHAr), 4.62 (1 H, b s, OH), 4.74 (1 H, d, J 11, HCHAr), 5.21 (1 H, dd, J 4, 10, 1-H) and 7.37 (10 H, m,
ArH); 8y (minor diastereoisomer) 4.57 and 4.72 (each 1 H, d, J 11, HCHAr); 8¢ -1.9, 16.6, 43.4, 70.0, 71.9,

73.7, 125.6, 127.2, 127.8, 127.9, 128.0, 128.4, 128.5, 128.7, 137.4 and 145.3; m/z (C.L) 389 (M* + 1,
12%), 284 (47), 263 (48) and 190 (62).

17U gy OV

/ann P

{2SR,6SR, 3E)-2-Benzyloxy-4-trimethylsilyl-6-(2-trimethylsilylethoxymethyloxy Joct-3-ene 40

Diisopropylethylamine (9.93 g, 79.83 mmol) and (2-trimethylsilylethoxy)methyl chloride (5.12 g, 30.73 mmol)
were added to a solution of the alcohol 34 (2 g, 15.37 mmol) in dichloromethane (40 cm3) at 0 °C and the
solution allowed to warm to room temperature and stirred for 18 h. Saturated aqueous ammonium chloride (10
cm3) was added and the organic layer washed with dichloromethane (40 cm3). The organic extracts were washed
with water (40 cm3), brine (40 cm3), dried (M 2504) and concentrated under reduced pressure. Chromatography

of the residue using 2 % cther in light petroleum as eluent gave the title compound 40 (3.56 g, 93 %) as a

colourless oil (Found: M* + NHy, 454.3180. C24H4gNO3Sij requires M, 454.3173); Umax /em-1 1455, 1369,
1740 1NAQ 1N27 Q22 Q&8 Q24 78D nnd K04 &y NNY QLT ¢ 2 v Qi NN MO H o 2 v QOHLY N Q7Y
1247, 1USRT, 1UD&, 7435, 035, 030, iJ4 diit U749, O ~v.ue (7 11, §, 5 X diviij3), v.ur (J 1, 3, 3 X divrij3), v.oi
(5 H, m, CH,Si and 8-H3), 1.23 3 H, ¢, 7 6, 1-H3), 1.33 (1 H, m, 7-H), 1.43 (1 H, m, 7-H", 2.28 (1 H, dd,
J 17,14, 5-H), 2.37 (i H, ddd, J 1, 7, 14, 5-H"), 3.55 (3 H, m, CHpCH»Si and 6-H), 4.32 (1 H, d, J 12

HCHAr), 4.38 (1 H, dq,J 9, 6,2-H),4.47 (1 H,d, J 12 HCHAr), 4.62 (1 H, d, J 7, OHCHO), 4.65 (1 H,d, J
7, OHCHO), 5.73 (1 H, d, J 9, 3-H) and 7.26 (5 H, m, ArH); 8¢ -0.3, 0.3, 10.8, 19.2, 22.1, 28.2, 364,
66.2, 71.1, 71.8, 79.3, 94.8, 128.5, 128.8, 129.4, 140.1, 141.8 and 145.2; m/z (C.1.) 454 (M* + 18, 31 %).
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reduced pressure. Chromatography of the residue using 8 % ethyl acetate in light petroleum as clucni gave the ritle

compound 41 (11 mg, 23 %) as a colourless oil (Found: M* + NHg, 398.2725. C21H40NO4Si requires M,
398.2726); vmax /cm-1 1717, 1458, 1375, 1249, 1098, 1055, 1029, 859, 836, 735 and 697; 811 0.04 (9 H,s, 3
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x SiCH3z), 0.86 (5 H, 8-H3 and CH,S81), 1.19 (3 H, d, J 6, i-H3), 1.51 (2 H, m, 7-H»), 2.43 and 2.46 (each
1 H.dd, J, 16, 3), 2 d 2.76 (cach 1 H, dd, J 7, 16), 3.55 (2 H, m, CHCH3S1), 3.99 (2 H, m, 2-H and 6-
H), 441 (1 H,d, J 11, CHAr), 452 (1 H, d, J 11, HCHAr), 4.62 (1 H, J 7, OCH70), 4.67 (1 H, d, J 7,
OCH20) and 7.26 (5 H, m, ArH); ¢ -0.3, 10.5, 19.2, 21.0, 28.7, 49.8, 52.1, 66.3, 72.1, 72.7, 76.0, 95.3,
128.6, 128.8, 129.4, 139.7 and 208.8; m/z (C.1.) 398 (M* + 18, 4 %), 305 (17), 263 (100), 249 (51), 233 (94)
and 215 (22).
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