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Abstract

Asymmetric epoxidation ofH)-3-trialkylsilyl-2-propen-1-ols gives the expected epoxides with high enantio-
selectivity. Ring opening reactions of these epoxides with organocopper reagents furnishes 1,2-diols which are
readily cleaved with Pb(OAg)to afford at-silyl aldehydes with no detectable loss of stereochemistry. © 1999
Elsevier Science Ltd. All rights reserved.

1. Introduction

«-Silylcarbonyl compounds have served as important intermediates in organic syhthesisme
applications, such as in the synthesis of stereodefined alkenes, racemic compounds may be émployed.
However, enantiomerically-enriched compounds are desirable for the synthesis of materials such as
enantiomerically-enriched allylsilanésaldol product$ and x-hydroxyketones. At present, there are
only two enantioselective routes éosilylcarbonyl compounds: one involves silylation of SAMP/RAMP
hydrazone% and one involves Pd-catalyzed rearrangement of silyl-substituted vinyloxifamas.
SAMP/RAMP method is very effective fax-silyl ketones but less so fax-silyl aldehydes due to partial
N-silylation or oxidation of the aldehyde during deprotection of the hydra2dre vinyloxirane method
is limited to B,y-unsaturatedx-silyl aldehydes containing large (e.gPrsSi, t-BuR,Si) trialkylsilyl
groups! We now report a general efficient route aesilyl aldehydes which provides these compounds
in high enantiomeric purity.

The route that we envisaged is shown in Scheme 1. It is well-established that Sharpless asymmetric
epoxidation (AE) ofE-allylic alcohols proceeds with high enantioselectifityse ofE-3-trialkylsilyl-2-
propen-1-ols 1) would thus provide epoxidez which would be expected to react with organometallic
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reagents to give diof3.2"? Oxidative cleavage of dioBwould then furnish the desiraxtsilyl aldehydes

(4).

. AE o9
RsSi” X" NoH —_— RsSi” " “OH

[O]
RsSi R3Si OH

=
z—:l? S
W Oun N %
I

'S s
(e}
I

Scheme 1.

2. Results and discussion
2.1. Synthesis of 3-silyl epoxy alcohols

The requisite 3-silylated allylic alcohols were prepared using the sequence shown below. Thus,
silylation of the THP ether of propargy! alcohol followed by acid-catalyzed transacetalation gave silylated
propargylic alcohols in high yield® Reduction of these alcohols with REDAL gave exclusively the
E-allylic alcohols (81-97% vyieldsY This route was superior to the direct silylation of the dianion
of propargyl alcohol which usually gave lower yields (50-60%). In general, commercially available
trialkylsilyl chlorides were used but in the case of alcohd) the requisite silyl chloride was prepared in
situ from MeSiCl, and 4-MeOGH4Li.11

1. (@) n-BuLi
R,SiCl
H—==—CH,OTHP ® Ry - RS XA"oH 1
2. PPTS, EtOH 1 : (1)
3. REDAL

1a: R; = +-BuMe,; 1b: R; = PhMe,; 1c: Ry = Ets; 1d: R3 = (4-MeOCgH,)Me,

As expected, allylic alcohol& underwent Sharpless epoxidation using catalytic amounts of iFi(O-
Pr), and tartrate rapidly and highly stereoselectively. In fact, allylic alcohalse almost ideal substrates
for AE since theE silyl substituent allows for high enantioselectivity and reactitftgpoxy alcohols2
are readily isolated in high yields (82—-99%) and enantiomeric purities (>95% basetamul°F NMR
spectra of MTPA estersf—1°

2.2. Ring-opening reactions of 3-silyl epoxy alcohols with organometallic reagents

It has previously been shown that epoxysilanes tend to be opened by nucleophiles at the carbon
proximate to the silicon ator#:1® For organocopper reagents, the regioselectivity in the opening of
epoxysilanes may be controlled to some extent by varying the nature of the trialkylsilyl group and
the organocopper reagetitFor the regiochemistry desired here, ‘higher order cyanocuprates were
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preferredt’ Results are shown in Table 1. In all cases with,@eCNLi, and BbuCuCNLi,, reactions
proceeded smoothly with complete regio- and stereoselectivity to give a single diol in high yields.

Table 1
Reaction of epoxysilaneswith organometallic reagerits
R
0 ! /I\/\
RoSi ANy — KM Rsi Y~ ToH
2 OH
3
Entry R3Si Reagent Product  Yield (%)b
1 t-BuMe;Si Me,CuCNLip 3a 97
2 t-BuMe;Si BuyCuCNLiy 3b 85
3 PhMe;Si Me;CuCNLij 3c 94
4 PhMe;Si Bu;CuCNLijp 3d 84
5 Et3Si Me,CuCNLij 3e 93
6 Et3Si BupCuCNLij 3f 93
7 (4-MeOCgHy)Me;Si Me>CuCNLip 3g 95
8 (4-MeOCgHy)Me;Si BuyCuCNLij 3h 90
9 t-BuMe;Si BuMgCl/Cul 3b 83
10 t-BuMe;Si CH,=CHMgBr/Cul 3i 57
11 t-BuMe;Si CH,=CHCH,;MgCl/Cul 3j 33
12 t-BuMe;Si CH,=CHCH;CH,;MgBr/Cul 3k 82
13 t-BuMe;Si EtMgBr/Cul 3l 84
14 Et3Si BuMgCl/Cul 3f 81
15 Et3Si CH=CHCH;MgCl/Cul 3m 57
16 t-BuMe;Si n-BuC=CAIEt; 3n 73

a Reactions were carried out using excess (3-5 eq) reagent.
b Isolated yields of chromatographed products.

Unfortunately, the 2° and 3° cupratefBu,CuCNLi» andt-Bu,CuCNLIi, were either unreactive (at
temperatures below —10°C) or gave rise to reduction productsFeequiv. 2) at higher temperatures.
The decreased reactivity at lower temperatures may be due to steric factors while the formation of
reduction products may be ascribed to thermal decomposition of the cuprates to copper Rfdrides.

e #Bu,CuCNLi,
+-BuMe,si”” " oH > f‘BuM%Si/\;_/\OH : (2)
2a OH

We also examined the opening of epoxysila@egth Grignard reagents in the presence of copper salts
(Table 1). In general, reactions with 1° Grignard reagents worked well although yields were slightly lower
than with organocuprates and small amounts of by-products were formed. However, it may sometimes
be advantageous to use Grignard reagents since they are often more easily prepared than organolithiums
(which are used as precursors to the organocuprates.) Also, as with organocuprates, 2° and 3° reagents
did not provide the desired products.
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To introduce an alkynyl group, organocopper reagents are generally ineffEckance, an alkynyl-
aluminum reagent was usé¥.As with the organocopper reagents, only a single regioisomer was
observed.

2.3. Oxidative cleavage of dio&to «-silyl aldehydes

With a series off3,y-dihydroxysilanes in hand, we turned our attention to the oxidative cleavage
of these 1,2-diols to aldehydes. To avoid possible complications under aqueous or acidic conditions,
cleavage was carried out using Pb(OAic)dry CH,Cl, containing solid NaHC@(Table 2). In each case,
the expectedx-silyl aldehyde was isolated as the sole product in essentially pure form. They exhibited
IR, IH and3C NMR spectral data completely consistent with their assigned structures. However, it was
not surprising that they defied purification (silica gel chromatography, distillation) for microanalysis.

Table 2
Preparation ofx-silyl aldehydes from diols

R' R’
/l\/\ Pb(OAC), /'\n/H
R3Si Y OH ———————— > RsSi
OH o
3 4
Entry Diol Aldehyde
# R3Si R' %eed  # (% yield)b  %eec
1 3a t-BuMe;Si Me 97.7 4a (96) >95
2 3b t-BuMe;Si Bu 97.7 4b (97) 97.4
3 3c PhMe;Si Me 98.0 4c (90) >95
4 3d PhMe;Si Bu 98.0 4d (93) 97.8
5 3e Et3Si Me 97.3 4e (93) >95
6 3f Et3Si Bu 97.3 4f (90) 97.5
7 3g  (4-MeOCgHg)Me;Si Me >95 4g (90) >95
8 3h (4-MeOCgHyg)Me;Si Bu >95 4h (86) 97.3
9 3i t-BuMe;Si CH,=CH 97.7 4i (85) 86
10 3j t-BuMe;Si CH»=CHCH; 97.7 4j (93) >95
11 3k t-BuMe;Si CH»=CHCH;CH; 97.7 4k (94) >95
12 31 t-BuMe;Si n-BuC=C 97.7 41 (89) 97.3

a This is actually the enantiomeric purity (see references 13-15) of epoxy alcohol 2. Diol 3
is expected to have the same enantiomeric purity based on SN2 opening of the epoxide.

b Isolated yields of crude aldehydes. Aldehydes were spectroscopically (1H, 13C NMR)
homogeneous and further purification was not attempted.
¢ Determined by 1H or 19F NMR analysis of MTPA esters!3-15 after reduction to the 1° alcohols.

The enantiomeric purities of the-silyl aldehydes were determined by reduction (LiAJHELO, 0°C)
to the corresponding primary alcohols and preparing the MTPA esters followed by analysisising
and/or®F NMR spectroscopy. In most cases, the enantiomeric excesses determined were the same as
those determined for the corresponding epoxy alcohol precursors. Thus, the epoxide ring opening and the
oxidative cleavage reactions must have occurred with little or no loss of stereochemical integrity. Only
with aldehydeti (R=CH,=CH) was racemization observed; it is highly likely that the activating effect of
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the vinyl group is responsible for the stereochemical lability of this aldehyde. However, it is interesting
to note that an alkynyl group (aldehyd§ does not have this same effect.

We also examined the stereochemical purity of aldehydes after prolonged storage. After one month at
4°C, there was no detectable racemization. However, extensive chemical decomposition occurred after
six months at 4°C or after one week at room temperature.

In conclusion, we have developed a general route to enantiomerically-enriciséyl aldehydes.

Since chirality is introduced using Sharpless asymmetric epoxidation, either enantiomer may be easily
accessed (by the appropriate choice of tartrates) with high enantiomeric excess. Many different silyl gro-
ups are tolerated; and tlheepoxysilanes may be opened with high regioselectivity and stereoselectivity
using organocuprates, Grignard reagents and alkynyl-aluminum reagents.

3. Experimental
3.1. General

All reactions involving air or moisture sensitive reagents were performed under argon using oven-dried
glassware. THF and ether were distilled from Na/benzophenoneCGnd EtN were distilled from
Cah,. Anhydroust-butylhydroperoxide in isooctane was prepared and titrated according to the procedure
of Sharples§9 Sodium bicarbonate was oven dried prior to use. 4-Bromo-1-butene was passed through a
short column of basic aluminum before being used. CBBte, was recrystallized from MgS/hexane?!

Allylic alcohols 1a, 1b and 1c were prepared essentially as described by Malacria et al. except that
PPTS/EtOH was used instead pfTsOH/MeOH to cleave the THP eth&.Infrared spectra were
obtained using a MB-100 FT spectrophotometer as neat liquids (NaCl plates) or as KBr pellets. NMR
spectra were recorded using Bruker AM-250 or AC-200 spectrometers assGBiGlions with M@Si

(*H & 0.0) or CDC} (*3C 6§ 77.0) as internal standards unless otherwise noted!3FoNMR spectra,
CFRCOOH was used as an external standard (76.53 ppm upfield fromsC&@l peak positions are
reported in ppm upfield from CFglIMass spectra were recorded on a VG Quattro Il mass spectrometer
(electrospray ionization) or on a Hewlett—Packard 5890 series 11/5971A MSD instrument (electron impact
ionization). Optical rotations were determined on a Perkin—Elmer 241 digital polarimeter. Elemental
analyses were performed by M-H-W Laboratories, Phoenix, Arizona.

All enantiomeric excesses (ee) reported were determinetHoMMR or °F NMR analysis of the
derived (+)-MTPA esters obtained by treatment of alcohols with triethylamine, (+)-MTPA-Cl and DMAP
in CHoCl,.22 In each case, an authentic mixture of diastereomers was prepared tisiJ PA-CI?3 as
the derivatizing agent.

3.1.1. E-3-(p-Methoxyphenyl)dimethylsilyl-2-propen-1-aldj

p-Bromoanisole (100 mmol) was dissolved in ether (100 mL), thBaLi (129 mL of a 1.7 M solution
in pentane, 220 mmol) was added dropwise into the solution at —78°C. After the reaction mixture was
stirred for 15 min at —78°C, it was warmed up to 0°C for 15 min. In order to remove the exBets, the
reaction mixture was stirred for 30 min at rt. Subsequently, dichlorodimethylsilane (13 mL, 100 mmol)
was added dropwise to the re-cooled reaction mixture (-78°C). The total reaction mixture was stirred for
2 h at —78°C. The resultingp{methoxyphenyl)dimethylsilyl chloride was used in situ.

To a solution of THP-protected propargyl alcohol in THF (0.5 mL per mmol protected alcohol) at
—40°C was added dropwiseBuLi (1.0 equiv., 1.6 M solution in hexane). The reaction mixture was
stirred at —40°C for 30 min, then the THF solution @kFrfiethoxyphenyl)dimethylsilyl chloride (1.0
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equiv.) was added dropwise. The reaction was warmed to rt and stirred overnight; then the mixture was
concentrated to dryness. Ether (50 mL) was added. The organic phase was washed with satu@ted NH
solution (50 mL), separated, then dried over Mg®@d concentrated. Ethanol (1 mL per mmol protected
alcohol) and PPTS (0.1 equiv.) were added to the residue, and the resulting mixture was stirred for 7
h at 55°C. At the end of the reaction, solid NaHCO3 was added, ethanol was removed in vacuo and
the mixture was diluted with ether (100 mL). The organic phase was washed with saturated NaHCO
solution, dried over MgS@and concentrated. The resulting oil was purified by column chromatography
[(20 g silica gel per g residue, hexane:ether (3:1)] to afford the expected 3-trialkylsilylpropargy! alcohol
in 64% yield: IR (neat, NaCl) 3358 (br), 3014, 2956, 2837, 1594, 1249, 1182, 779 trhNMR (250
MHz, CDCk) 6 7.54-7.50 (m, 2H), 6.92—-6.89 (m, 2H), 4.28 (s, 2H), 3.80 (s, 3H), 1.56 (br, 1H), 0.38 (s,
6H); 13C NMR (63 MHz, CDC}) § 160.7, 135.1, 127.3, 113.7, 105.3, 88.9, 55.0, 51.5, —0.9; MS (EI)
m/z220 (M, 37), 205 (100), 167 (17), 145 (40), 121 (25), 75 (25). Anal. calcd feHgO,Si: C, 65.41;
H, 7.32. Found: C, 65.55; H, 7.26.

A solution of REDAL (2.0 equiv., 75% solution in toluene) was added dropwise into an ether solution
of the silylated propargyl alcohol (1 mL per mmol alcohol) at 0°C. At first, the reaction was stirred for
2 h at 0°C, then allowed to warm to rt for 1 h. HCI (1 M) solution was added dropwise to quench the
reaction at 0°C until the reaction mixture became clear. The phases were separated and the aqueous phase
was extracted with ether £80 mL). The total organic layer was washed with water (50 mL) and brine
(50 mL), dried over MgS®and concentrated. The resulting oil (94% yield) was used without further
purification. IR (neat, NaCl) 3348 (br), 3040, 1593, 1246, 1182, 818 chhl NMR (250 MHz, CDC})
0 7.47-7.41 (m, 2H), 6.93-6.87 (m, 2H), 6.23, 6.02 (AB of AB¥\5=18.7 Hz, Ax=4.1 Hz, $x=1.5
Hz, 1H), 4.20 (dd, J=4.1, 1.5 Hz, 2H), 3.81 (s, 3H), 1.40 (s, 1H), 0.33 (s, B@)NMR (63 MHz,
CDCl) 6 160.4, 146.4, 135.2, 129.2, 127.6, 113.6, 65.4, 55.0, —2.5; MS{222 (M*, 4), 207 (15),
189 (83), 165 (39), 151 (37), 135 (28), 115 (16), 99 (41), 75 (100), 59 (20), 45 (16), 43 (16). Anal. calcd
for C12H180,Si: C, 64.82; H, 8.16. Found: C, 64.63; H, 7.91.

3.2. General procedure A: preparation of§3S)-trialkylsilyl-2,3-epoxy-1-propanols2f

To a slurry of powdered 3 A molecular sieves (0.05 g per mmol silylallylic alcohol) in@H# L-
(+)-diethyl tartrate (0.14 equiv.) was added. After cooling to —20°C, titanium tetraisopropoxide (0.12
equiv.) was added dropwise. Pre-dried (4 A molecular siets}ylhydroperoxide (2.0 equiv., 5.1 M
solution in isooctane) was subsequently added dropwise. The mixture was stirred at —20°C for 30 min.
Then a pre-dried (4 A molecular sieves) solution of allylic alcah¢X mmol) in CH,Cl, (0.5 mL per
mmol silylallylic alcohol) was added dropwise. The reaction was stirred at —20°C for 5 h, whereupon
it was added to a 0°C solution of Feg@H,0 (0.33 g per mmol of allylic alcohol) and tartaric acid
(0.1 g per mmol of allylic alcohol) in water (1 mL per mmol of allylic alcohol), and stirred for 10
min without a cooling bath. The phases were separated and the aqueous layer was extracted with ether
(3x30 mL). The combined organic phase was stirred over 30% NaOH in brine (1 mL per mmol of
allylic alcohol) at 0°C for 1 h. After the phases were separated again and the aqueous layer was extracted
with ether:hexane 1:1 20 mL), the combined organic phase was dried over Mg$6ncentrated and
purified by column chromatography (20 g silica gel per g epoxy alcohol, hexane:ethyl acetate 2:1) to
afford (25 39)-trialkylsilyl-2,3-epoxy-1-propanols2j.

3.2.1. (&,39)-t-Butyldimethylsilyl-2,3-epoxy-1-propandd)
Following general procedure A, the title compound was prepared as a colorless oil in 99%yighd:
-18.5 (c 1.00, MeOH), Iit? [x]&’ —26.9 (c 11.85, CHG); IR (neat, NaCl) 3374 (br), 2939, 2884, 2836,
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1466, 1442, 1381, 1362, 1252, 1103, 1056, 1007, 837, 90%;cdid NMR (250 MHz, CDC}) § 3.97,
3.57 (AB of ABX, Jag=12.3 Hz, J=4.5, 2.4 Hz, 2H), 2.99 (ddd, X of ABX, J=4.5, 3.7, 2.4 Hz, 1H), 2.31
(d, 3=3.7 Hz, 1H), 0.94 (s, 9H), 0.00 (s, 3H), —0.02 (s, 3HE NMR (63 MHz, CDC}) & 63.5, 55.7,
46.3, 26.3, 16.4, -8.5, -8.6; MS (B1)/z171 (M*-OH, 1), 75 (100), 57 (10). Anal. calcd forB200,Si:

C, 57.39; H, 10.70. Found: C, 57.60; H, 10.55.

3.2.2. (&,39)-Dimethylphenylsilyl-2,3-epoxy-1-propan@hj

Following general procedure A, the title compound was prepared as a colorless oil in 82%yigd:
-11.7 (c 1.00, MeOH), lit? [x]3’ -11.6 (c 12.85, CHG); 'H NMR (250 MHz, CDC}) & 7.56-7.51
(m, 2H), 7.39-7.33 (m, 3H), 3.93, 3.54 (AB of ABX,g=12.5 Hz, J=4.7, 2.3 Hz, 2H), 3.00 (ddd, X of
ABX, J=4.7, 3.6, 2.3 Hz, 1H), 2.43 (d, J=3.6 Hz, 1H), 0.35 (s, 3H), 0.32 (s, Sl@)NMR (63 MHz,
CDCl) 6 135.5, 133.7, 129.4, 127.7, 63.2, 56.3, 47.5, -5.3, -5.5; MSn#E4p09 (M+1, 17), 191 (21),
149 (18), 135 (69), 117 (100), 105 (12), 91 (21), 75 (58), 55 (11), 45 (6). Anal. calcd fbh D,Si: C,
63.42; H, 7.74. Found: C, 63.43; H, 7.52.

3.2.3. (B,39)-Triethylsilyl-2,3-epoxy-1-propanolf)

Following general procedure A, the title compound was prepared as a colorless oil in 97% yield:
[x]¥ -8.9 (c 1.00, MeOH); IR (neat, NaCl) 3388 (br), 2954, 1460, 1102, 1055;cH NMR (250
MHz, CDCk) & 3.96, 3.53 (AB of ABX, Ag=12.4 Hz, J=4.8, 2.2 Hz, 2H), 3.03 (ddd, X of ABX, J=4.8,
3.7, 2.2 Hz, 1H), 2.28 (d, J=3.7 Hz, 1H), 0.95 (t, J=7.7 Hz, 9H), 0.60 (g, J=7.7 Hz,'8E&INMR (63
MHz, CDCl) 8 63.6, 55.7, 46.6, 7.0, 1.6; MS (E#)/z207 (M+H+H,O, 18), 159 (3), 131 (2), 103 (55),
87 (15), 75 (100), 47 (13), 45 (9), 29 (4). Anal. calcd fosHZ00,Si: C, 57.39; H, 10.70. Found: C,
57.16; H, 10.59.

3.2.4. (5,35)-(p-Methoxyphenyl)dimethylsilyl-2,3-epoxy-1-proparizd)(

Following general procedure A, the title compound was prepared as a colorless oil in 89%yighd:
-10.8 (c 1.20, MeOH); IR (neat, NaCl) 3407 (br), 2950, 2837, 1593, 1248, 1183, 1045, 829'em
NMR (250 MHz, CDC}) & 7.47—7.42 (m, 2H), 6.93—6.88 (m, 2H), 3.92, 3.56 (AB of ABX339.1 Hz,
J=4.4, 2.4 Hz, 2H), 3.80 (s, 3H), 2.98 (ddd, X of ABX, J=4.4, 3.7, 2.4 Hz, 1H), 2.40 (d, J=3.7 Hz, 1H),
1.60 (br s, 1H), 0.32 (s, 3H), 0.29 (each s, 3HZ NMR (63 MHz, CDC}) § 160.9, 135.4, 126.3, 113.8,
63.2, 56.0, 55.0, 47.8, —-4.9, -5.1; MS (E#Bhyz223 (M-Me, 87), 208 (14), 165 (92), 147 (65), 131 (40),
115 (100), 91 (13). Anal. calcd forigH1803Si: C, 60.47; H, 7.61. Found: C, 60.38; H, 7.52.

3.3. General procedure B: methyl and butyl cuprate openings 8f38&-trialkylsilyl-2,3-epoxy-1-
propanols

To a suspension of CuCN (3.0 equiv., unless otherwise specified) in ether (5 mL per @mol
epoxysilane) at 0°C or —20 to —40°C was added dropwise MehiBuLi (6.0 equiv., unless otherwise
specified).«-Epoxysilane2 (X mmol) was added dropwise as a solution in ether (1 mL per nmmaol
epoxysilane). Then, the reaction was stirred at 0°C or —=20 to —40°C for 2 h. Saturatgdl Kt
8) solution (5 mL per mmolx-epoxysilane) was added dropwise to quench the reaction. The phases
were separated and the aqueous layer was extracted with e#&n(B per mmolx-epoxysilane). The
combined organic phase was dried over MgsSéncentrated and purified by column chromatography
(20 g silica gel per g residue, GBl»:ether 5:1) to afford3,y-dihydroxysilanes3.
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3.3.1. (&5,39)-3-t-Butyldimethylsilyl-1,2-butanedioB&)

Following general procedure B, using CuCN (3.0 equiv.) and MeLi (6.0 equiv., 1.4 M solution in
ether) at 0°C, the title compound was prepared without purification, as a viscous colorless oil in 97%
yield: [x]3’ +9.2 (c 1.00, MeOH); IR (neat, NaCl) 3359 (br), 2954, 1048, 995%ciH NMR (250
MHz, CDCk) & 3.83 (ddd, X of ABX, J=8.7, 5.5, 2.7 Hz, 1H), 3.63, 3.49 (AB of ABXg¥10.9 Hz,

J=8.7, 2.7 Hz, 2H), 2.01 (br, 2H), 1.19 (quint, J=7.4 Hz, 1H), 0.94 (d, J=7.4 Hz, 3H), 0.84 (s, 9H), 0.00 (s,
3H), -0.03 (s, 3H):3C NMR (63 MHz, CDC}) § 74.6, 65.1, 27.2, 22.3, 17.3, 10.7, -5.8, -6.2; MS (EI)
m/z173 (M-CHOH, 4), 129 (15), 75 (100), 55 (72). Anal. calcd foggE240,Si: C, 58.77; H, 11.84.
Found: C, 58.75; H, 11.69.

3.3.2. (&,39)-3-t-Butyldimethylsilyl-1,2-heptanedioBlf)

Following general procedure B, using CuCN (5.0 equiv.) esBlLi (10.0 equiv., 1.6 M solution in
hexane) at —20 to —40°C, the title compound was prepared without purification, as a viscous colorless
oil in 85% vyield: [«x]&> +10.0 (c 1.00, MeOH); IR (neat, NaCl) 3371 (br), 2942, 1043%mH NMR
(250 MHz, CDC§) 6 3.95 (ddd, X of ABX, J=7.8, 4.1, 3.6 Hz, 1H), 3.65, 3.57 (AB of ABX%g¥10.8
Hz, J=7.8, 3.6 Hz, 2H), 1.70-1.17 (m, 6H), 1.08-0.75 (m, 13H), 0.10 (s, 3H), 0.06 (S}EHNMR
(63 MHz, CDCB) 6 74.6, 66.0, 33.1, 29.6, 28.0, 27.2, 23.0, 18.8, 14.0, 4.5, —6.2; MSr(&B46 (M,

2), 245 (13), 189 (18), 177 (100), 149 (17), 115 (22), 87 (21), 55 (36). Anal. calcd;fbt36g0,Si: C,
63.35; H, 12.26. Found: C, 63.18; H, 12.26.

3.3.3. (&,39)-3-Dimethylphenylsilyl-1,2-butanedioBg)

Following general procedure B, using CuCN (3.0 equiv.) and MeLi (6.0 equiv., 1.4 M solution in
ether) at 0°C, the title compound was prepared without purification, as a viscous colorless oil in 94%
yield: [x]%’ +4.1 (c 1.00, MeOH); IR (neat, NaCl) 3370 (br), 2954, 1056, 774, 702 ckl NMR (250
MHz, CDCk) 6 7.55-7.51 (m, 2H), 7.38-7.33 (m, 3H), 3.64-3.60 (m, 2H), 3.39 (dd, J=11.4, 8.1 Hz,
1H), 1.22 (quint, J=7.5 Hz, 1H), 0.92 (d, J=7.5 Hz, 3H), 0.35 (s, 3H), 0.34 (s,’38)NMR (63 MHz,
CDCl) & 138.6, 133.9, 129.0, 127.8, 75.1, 65.6, 24.4, 11.4, -3.4, -3.5; MS1{&209 (M-Me, 36),

191 (19), 149 (31), 137 (72), 135 (85), 91 (18), 75 (100), 55 (100), 43 (10). Anal. calcd fHpED-Si:
C, 64.24; H, 8.98. Found: C, 64.12; H, 9.03.

3.3.4. (5,39)-3-Dimethylphenylsilyl-1,2-heptanedi@d)

Following general procedure B, using CuCN (5.0 eq) arA8uLi (10.0 equiv., 1.6 M solution in
hexane) at —20 to —40°C, the title compound was prepared without purification, as a viscous colorless oil
in 84% yield:[«]&’ +22.2 (¢ 1.00, MeOH)}*H NMR (250 MHz, CDCb) § 7.56—7.51 (m, 2H), 7.38-7.33
(m, 3H), 3.80 (ddd, X of ABX, J=8.7, 5.6, 3.0 Hz, 1H), 3.49, 3.34 (AB of ABXg310.9 Hz, 1x=8.7,
Jex=3.0 Hz, 2H), 1.37-1.13 (m, 6H), 1.02 (g, J=5.6 Hz, 1H), 0.81 (t, J=6.8 Hz, 3H), 0.36 (s, 3H), 0.35
(s, 3H);13C NMR (63 MHz, CDC}) 6 139.4, 128.8, 127.7, 74.5, 66.3, 32.1, 30.5, 27.1, 22.8, 13.8, -2.3,
-2.6; MS (El)m/z233 (11), 211 (18), 171 (22), 153 (37), 137 (70), 135 (67), 97 (100), 75 (76), 55 (85).
Anal. calcd for GsH»60,Si: C, 67.62; H, 9.83. Found: C, 67.40; H, 9.62.

3.3.5. (&,39)-3-Triethylsilyl-1,2-butanediol3€)

Following general procedure B, using CuCN (3.0 equiv.) and MeLi (6.0 equiv., 1.4 M solution in
ether) at 0°C, the title compound was prepared without purification, as a viscous colorless oil in 93%
yield: [@]3> -1.6 (c 1.00, MeOH); IR (neat, NaCl) 3360 (br), 2952, 1238, 1051, 726';chil NMR
(250 MHz, CDC}) § 3.74-3.70 (m, 2H), 3.46 (dd, J=11.3, 8.5 Hz, 1H), 2.01-1.90 (m, 2H), 1.09 (quint,
J=7.3 Hz, 1H), 0.97-0.91 (m, 12H), 0.58 (q, J=7.7 Hz, 6¥% NMR (63 MHz, CDC}) & 74.9, 65.8,
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21.7,10.9,7.6, 3.1; MS (El/z204 (M, 1), 151 (17), 133 (30), 115 (49), 103 (100), 87 (53), 75 (99), 55
(99). Anal. calcd for GoH240,Si: C, 58.77; H, 11.84. Found: C, 58.65; H, 11.90.

3.3.6. (&,39)-3-Triethylsilyl-1,2-heptanediol3f)

Following general procedure B, using CuCN (5.0 equiv.) e+BlLi (10.0 equiv., 1.6 M solution in
hexane) at —20 to —40°C, the title compound was prepared without purification, as a viscous colorless oil
in 93% yield:[«]3’ +12.0 (c 1.00, MeOH); IR (neat, NaCl) 3369 (br), 1055, 1011, 723'cAH NMR
(250 MHz, CDC}) 6 3.85 (ddd, X of ABX, J=8.7, 5.5, 2.8 Hz, 1H), 3.60, 3.48 (AB of ABX%g¥10.6
Hz, Jx=8.7, &x=2.8 Hz, 2H), 1.36—1.15 (m, 7H), 0.94 (t, J=7.7 Hz, 9H), 0.86 (t, J=7.0 Hz, 3H), 0.59 (q,
J=7.7 Hz, 6H)3C NMR (63 MHz, CDC}) § 74.5, 66.4, 32.7, 27.8, 23.1, 13.9, 7.7, 3.7; MS (83246
(M, 2), 189 (18), 177 (100), 167 (7), 149 (17), 115 (22), 87 (21), 55 (36). Anal. calcd 460, Si:

C, 63.35; H, 12.26. Found: C, 63.13; H, 12.32.

3.3.7. (&,39)-3-(p-Methoxyphenyl)dimethylsilyl-1,2-butanedi8by

Following general procedure B, using CuCN (3.0 equiv.) and MeLi (6.0 equiv., 1.4 M solution in
ether) at 0°C, the title compound was prepared without purification, as a viscous colorless oil in 95%
yield: [x]%’ +8.7 (c 1.10, MeOH); IR (neat, NaCl) 3376 (br), 1593, 1247, 1182, 1038, 824, 772 cm
1H NMR (250 MHz, CDC}) § 7.47-7.42 (m, 2H), 6.93-6.88 (m, 2H), 3.80 (s, 3H), 3.66-3.62 (m, 2H),
3.52 (dd, J=11.0, 8.2 Hz, 1H), 3.00-2.50 (br, 2H), 1.18 (quint, J=7.5 Hz, 1H), 0.90 (d, J=7.5 Hz, 3H),
0.31 (s, 6H)13C NMR (63 MHz, CDC}) § 160.3, 135.3, 129.2, 113.5, 75.1, 65.5, 54.9, 24.5, 11.2, -3.4;
MS (El) m/z253 (M-1, 1), 223 (2), 207 (40), 165 (100), 133 (35), 105 (6), 91 (8), 75 (7), 55 (24), 45 (3),
43 (5). Anal. calcd for @H2205Si: C, 61.38; H, 8.72. Found: C, 61.54; H, 8.57.

3.3.8. (5,39)-3-(p-Methoxyphenyl)dimethylsilyl-1,2-heptanedidh)

Following general procedure B, using CuCN (5.0 equiv.) aefgluLi (10.0 equiv., 1.6 M solution in
hexane) at —20 to —40°C, the title compound was prepared without purification, as a viscous colorless oil
in 90% vyield: [x]3> +20.3 (c 1.00, MeOH); IR (neat, NaCl) 3387 (br), 3045, 1593, 1247, 1182, 1038,
822, 770 cmt; 'H NMR (250 MHz, CDC}) § 7.53-7.49 (m, 2H), 6.96-6.92 (m, 2H), 3.85-3.83 (m,
4H), 3.53, 3.41 (AB of ABX, dg=13.6 Hz, 4x=8.8, &x=2.5 Hz, 2H), 2.43 (br, 2H), 1.44-0.84 (m,
10H), 0.38 (s, 3H), 0.37 (s, 3H}2C NMR (63 MHz, CDC}) 6 160.2, 135.4, 130.1, 113.5, 74.6, 66.3,
55.0, 32.2, 30.7, 27.2,22.9,13.9, 2.2, -2.4; MS (82263 (M-CHOH, 4), 207 (13), 165 (100), 147
(24), 133 (23), 96 (14), 91 (13), 75 (17), 55 (14). Anal. calcd fests03Si: C, 64.48; H, 9.52. Found:

C, 64.83; H, 9.34.

3.3.9. (&)-3-t-Butyldimethylsilyl-1,2-propanediob]

Following general procedure D, using CuCN (5.0 equiv.) &BuULi (10.0 equiv., 1.7 M solution
in pentane), the title compound was prepared as a white solid by-product2&om32% vyield: mp
63.0-64.0°C{x]&> +10.8 (c 0.60, CHOH); IR (KBr) 3302 (br), 2950, 2931, 2858, 1469, 1387, 1369,
1253, 1197, 1078, 1054, 1020, 871, 834, 788%H NMR (250 MHz, CDC}) & 3.88-3.78 (m, 1H),
3.61-3.55 (m, 1H), 3.34-3.27 (m, 1H), 2.73 (br, 2H), 0.83 (s, 9H), 0.78-0.62 (m, 2H), 0.00 (s, 3H), 0.01
(s, 3H); 33C NMR (63 MHz, CDC}) § 70.435, 69.2, 26.4, 16.4, 17.1, -5.2, -5.7; MS (E8¥ 208
(M+18, 100). Anal. calcd for gH»20,Si: C, 56.78; H, 11.65. Found: C, 56.81; H, 11.48.
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3.4. General procedure C: epoxysilane ring opening by Grignard reagents

To a slurry of Cul (0.5 equiv.) in ether (5 mL per mm@tepoxysilane) at —20 to —40°C was added
RMgX solution (5.0 equiv.). The mixture was stirred for 5 min at —20 to —40°C, then a solution of
epoxysilane2 (X mmol) in ether (1 mL per mmolx-epoxysilane) was added dropwise. The reaction
was stirred at —20 to —40°C for 2 h. Then saturated48H(pH 8) solution (5 mL per mmolx-
epoxysilane) was added to quench the reaction. The phases were separated and the aqueous layer was
extracted with ether (815 mL). The combined organic phase was dried over Mg$0ncentrated and
purified by column chromatography (20 g silica gel per g residue, hexane:ether 3:2), produding-the
dihydroxysilanes3.

3.4.1. (5,39)-3-t-Butyldimethylsilyl-1,2-heptanedioBif)
Following general procedure C, using BuMgCl (5.0 equiv., 2.0 M solution in THF), comp8oimchs
also prepared in 83% yield. The spectral data observed were identical to those described in Section 3.3.2.

3.4.2. (&,35)-3-Triethylsilyl-1,2-heptanediol3f)
Following general procedure C, using BuMgCl (5.0 equiv., 2.0 M solution in THF), comp8invds
also prepared in 81% yield. The spectral data observed were identical to those described in Section 3.3.6.

3.4.3. (5,39)-3-t-Butyldimethylsilyl-4-pentene-1,2-didBi}

Following general procedure C, using &=CHMgBr (5.0 equiv., 1.0 M solution in THF), the title
compound was prepared as a white solid in 57% vyield: mp 49.5-50[5¢5; +9.6 (c 1.00, CHGJ);
IR (KBr) 3276 (br), 3070, 2944, 2858, 1627, 1466, 1330, 1254, 1037, 903, 832, 785, 676'¢in
NMR (250 MHz, CDC}) & 5.72-5.52 (m, 1H), 5.05-4.95 (m, 2H), 3.85 (ddd, J=7.9, 4.6, 2.8 Hz, 1H),
3.65-3.57 (m, 2H), 2.04 (m, 1H), 0.90 (s, 9H), 0.03 (s, 3H), 0.00 (s, 3H);NMR (63 MHz, CDC})
0136.1, 116.39, 72.6, 66.1, 38.4, 27.2, 17.7, 5.6, =5.7; MS (&3234 (M+18, 100). Anal. calcd for
C11H240,Si: C, 61.06; H, 11.18. Found: C, 60.87; H, 10.79.

3.4.4. (5,39)-3-t-Butyldimethylsilyl-5-hexene-1,2-didj}

Following general procedure C, GHCHCH,MgCl was prepared by the reaction of GHCHCH,CI
(5.0 equiv.) with Mg (5.05 equiv.) in ether at 0°C in the presence of a small amount of iodine, the title
compound was prepared as a viscous colorless oil in 33% yialt§’ +8.4 (c 1.10, CHGJ); IR (neat,
NaCl) 3372 (br), 3065, 2941, 2858, 1637, 1467, 1412, 1362, 1252, 1045, 910, 825, 76dMNMR
(250 MHz, CDC%) 6 5.90-5.77 (m, 1H), 5.07-4.96 (m, 2H), 3.87-3.83 (m, 1H), 3.61-3.54 (m, 2H),
2.23-2.09 (m, 4H), 1.24-1.13 (m, 1H), 0.88 (s, 9H), 0.04 (s, 3H), 0.00 (s,38)NMR (63 MHz,
CDCl) 6 140.1, 115.4, 74.7, 65.9, 32.3, 27.8, 27.2, 17.4, -4.7, -5.6; MS (#5246 (M+18, 100).
Anal. calcd for GoH260,Si: C, 62.55; H, 11.37. Found: C, 62.60; H, 11.57.

3.4.5. (&,39)-3-t-Butyldimethylsilyl-6-heptene-1,2-didBK)

Following general procedure C, GHCH(CH,):MgBr was prepared by the reaction of
CHy=CH(CHy)2Br (5.0 equiv.) with Mg (5.05 equiv.) in ether at rt in the presence of a small
amount of iodine, the title compound was prepared as a viscous colorless oil in 8294 yikit+8.4 (¢
1.00, CHC%); IR (neat, NaCl) 3376 (br), 3077, 2939, 2857, 1698, 1640, 1466, 1442, 1382, 1251, 1040,
910, 826, 767 cm; 'H NMR (250 MHz, CDC§) § 5.84-5.68 (m, 1H), 5.03—4.92 (m, 2H), 3.94-3.90
(m, 1H), 3.58-3.53 (m, 2H), 2.23-2.17 (m, 2H), 1.55-1.46 (m, 2H), 1.04-0.97 (m, 1H), 0.88 (s, 9H),
-0.01 (s, 3H), —0.02 (s, 3H}2C NMR (63 MHz, CDC}) § 138.7, 114.8, 74.5, 65.9, 34.8, 27.2, 26.5,
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26.0, 17.4, -4.5, -5.6; MS (E®)/z262 (M+18, 100). Anal. calcd for 3H,50,Si: C, 63.88; H, 11.55.
Found: C, 63.79; H, 11.39.

3.4.6. (&,39)-3-t-Butyldimethylsilyl-1,2-pentanedioBl

Following general procedure C, using EtMgBr (5.0 equiv., 2.0 M solution in THF), the title compound
was prepared as a viscous colorless oil in 84% yigidg’ +5.9 (c 0.84, CHQ); IR (neat, NaCl) 3369
(br), 2944, 2858, 1465, 1361, 1251, 1047, 1008, 827, 766,cftA NMR (250 MHz, CDC}) § 3.95-3.61
(m, 1H), 3.56-3.44 (m, 2H), 1.56-1.42 (m, 2H), 1.21-1.15 (m, 1H), 0.96 (t, J=6.9 Hz, 3H), 0.88 (s, 9H),
0.03 (s, 3H), 0.00 (s, 3H}2C NMR (63 MHz, CDC}) § 74.5, 66.01, 30.0, 27.2, 20.7, 17.4, 15.5, -4.4,
-5.6; MS (ES)m/z236 (M+18, 100). Anal. calcd for H260,Si: C, 60.49; H, 11.99. Found: C, 60.49;
H, 11.81.

3.4.7. (B,39)-3-Triethylsilyl-5-hexene-1,2-dioB(n)

Following general procedure C, GHCHCH,MgCl was prepared by the reaction of gHCHCH,CI
(5.0 equiv.) with Mg (5.05 equiv.) in ether at 0°C in the presence of a small amount of iodine, the title
compound was prepared as a viscous colorless oil in 57% Vil +9.0 (c 1.00 CHGJ); IR (neat,
NaCl) 3370 (br), 3076, 2952, 2876, 1637, 1459, 1417, 1320, 1237, 1170, 1037, 909, 851, #¥25tm
NMR (250 MHz, CDC}) & 5.89-5.72 (m, 1H), 5.07-4.96 (m, 2H), 3.86-3.82 (m, 1H), 3.63-3.46 (m,
2H), 2.58 (br, 2H), 2.19 (t, J=6.7 Hz, 2H), 1.23-1.13 (m, 1H), 0.96 (t, J=7.8 Hz, 9H), 0.62 (q, J=7.8
Hz, 6H); 23C NMR (63 MHz, CDC}) & 139.7, 115.3, 74.3, 66.2, 31.6, 27.8, 7.7. 3.7; MS (B%)246
(M*18, 100). Anal. calcd for ©H»60,Si: C, 62.55; H, 11.37. Found: C, 62.39; H, 11.16.

3.4.8. (&,39)-3-t-Butyldimethylsilyl-4-nonyne-1,2-dioBL)

To a solution of 1-hexyne (0.739 g, 8.7 mmol) in THF (10 mb)BuLi (5.8 mL, 8.7 mmol, 1.5
M solution in hexane) was added dropwise at —40°C, followed by stirring for 30 min at —40°C. Then,
ELAICI (8.7 mL, 8.7 mmol, 1.0 M solution in hexane) was added dropwise. The reaction mixture was
stirred at —40°C for 15 min, then permitted to warm to 0°C for 15 min. The mixture was re-cooled
to —40°C and a solution d?a (0.551 g, 2.9 mmol) in toluene (20 mL) was added dropwise. The final
reaction mixture was slowly warmed up to rt and stirred for 5 h at rt. Saturated Nald@@ion was
added to quench the reaction at 0°C. The phases were separated and the agueous layer was extracted
with ether (3x10 mL). The combined organic phase was dried over Mg&0Oncentrated and purified
by column chromatography (30 g silica gel, hexane:ether 1:1), affording the title compound (0.572 g)
as a viscous colorless oil in 73% vyielpx ]3> —23.4 (¢ 1.05, CHG); IR (neat, NaCl) 3358 (br), 2942,
2858, 1488, 1252, 1059, 1027, 834, 775 émH NMR (250 MHz, CDC}) § 3.77-3.55 (m, 3H), 2.42
(br, 2H), 2.21-2.09 (m, 2H), 1.48-1.17 (m, 5H), 0.92 (s, 9H), 0.86 (t, J=6.9 Hz, 3H), 0.13 (s, 3H), 0.09
(s, 6H);3C NMR (63 MHz, CDC}) 6 73.3, 71.8, 66.0, 63.7, 31.1, 26.9, 23.0, 22.0, 18.6, 17.4, 13.5,
-6.2, —6.4; MS (ESn/z288 (M+18, 100). Anal. calcd for £gH300,Si: C, 66.61; H, 11.18. Found: C,
66.30; H, 11.02.

3.5. General procedure D: preparation of$Rtrialkylsilylaldehydes

To a solution of lead tetraacetate (1.1 equiv.) in2CH (5 mL per mmol B,y-dihydroxysilane)
was added NaHC®(2.2 equiv.). After the mixture was stirred for 5 min at 0°C, a solutior3of-
dihydroxysilane3 (X mmol) in CHxCl» (2 mL per mmol,y-dihydroxysilane) was added dropwise.
The reaction was stirred at 0°C for 2 h and quenched by adding saturated NasdG@on (5 mL
per mmolB,y-dihydroxysilane). The phases were separated and the aqueous layer was extracted with
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ether (3<5 mL). The combined organic phase was dried (Mg5&ahd concentrated to give crudeSj2
trialkylsilylaldehydes4.

3.5.1. §)-2-t-Butyldimethylsilylpropanal4a)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 96% yield: [x]% —15.9 (c 1.00, MeOH), lif. [«x]’ —-114.6 (c 1.27, PhH); IR (neat, NaCl) 2945,
2859, 2800, 2712, 1696, 1467, 1256, 1121, 966, 823, 769;ciH NMR (250 MHz, CDC}) § 9.74 (d,

J=2.1 Hz, 1H), 2.50 (td, J=6.7, 2.1 Hz, 1H), 1.18 (d, J=6.7 Hz, 3H), 0.93 (s, 9H), 0.05 (s, 3H), 0.03 (s,
3H); 3C NMR (63 MHz, CDC}) § 203.5, 41.2, 26.9, 17.7, 9.1, -6.7, —6.8.

3.5.2. §)-2-t-Butyldimethylsilylhexanal4()

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 97% yield: [x]¥> —6.1 (c 1.00, MeOH); IR (neat, NaCl) 2943, 2858, 2708, 1698, 1466, 1255,
1124, 949, 829, 768 ci; *H NMR (250 MHz, CDC}) 6§ 9.65 (d, J=3.6 Hz, 1H), 2.01-1.98 (m, 1H),
1.45-1.09 (m, 6H), 0.90 (s, 9H), 0.87 (t, J=6.8 Hz, 3H), 0.04 (s, 3H), 0.00 (s,'8EINMR (63 MHz,
CDCl) 6 203.6, 48.3, 33.3, 26.9, 26.7, 24.8, 22.5, 13.9, -6.4, —6.5.

3.5.3. ©)-2-Dimethylphenylsilylpropanal¢)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 90% yield: [x]3’ 9.6 (c 0.50, MeOH); IR (neat, NaCl) 3070, 2960, 2805, 2704, 1695, 1427, 1254,
1187, 1118, 822, 701 ct 'H NMR (250 MHz, CDC}) § 9.62 (d, J=2.2 Hz, 1H), 7.50-7.47 (m, 2H),
7.32-7.28 (m, 3H), 2.60 (td, J=6.7, 2.2 Hz, 1H), 1.13 (d, J=6.7 Hz, 3H), 0.39 (s, 3H), 0.38 (33GH);
NMR (63 MHz, CDC§) & 203.0, 136.7, 133.7, 129.8, 128.1, 43.0, 8.2, 4.6, —4.7.

3.5.4. ©)-2-Dimethylphenylsilylhexanatg)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 93% yield: [x]&> —3.8 (¢ 1.00, MeOH); IR (neat, NaCl) 3070, 3040, 2957, 2930, 2864, 2715, 1695,
1428, 1254, 1117, 826, 700 ¢ tH NMR (250 MHz, CDC}) § 9.62 (d, J=3.3 Hz, 1H), 7.59-7.33 (m,
5H), 1.94-1.92 (m, 1H), 1.33-1.05 (m, 6H), 0.80 (t, J=6.8 Hz, 3H), 0.37 (s, 3H), 0.36 (s!*8H)XMR
(63 MHz, CDCB) 6 203.8, 135.6, 133.7, 129.7, 128.0, 50.0, 32.7, 24.0, 22.4, 13.8, 4.1, —4.4.

3.5.5. ©)-2-Triethylsilylpropanal 4€)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 93% yield: [x]3’ -12.3 (c 0.50, MeOH); IR (neat, NaCl) 2956, 2878, 2800, 2708, 1694, 1461,
1414, 1229, 1137, 1011, 868, 725¢mH NMR (250 MHz, CDC%) § 9.70 (d, J=2.2 Hz, 1H), 2.51 (td,
J=6.6, 2.2 Hz, 1H), 2.27 (d, J=6.6 Hz, 3H), 0.95 (t, J=7.7 Hz, 9H), 0.64 (q, J=7.7 HZI&HNMR (63
MHz, CDCk) 6 203.49, 40.81, 8.10, 7.22, 2.55.

3.5.6. ©)-2-Triethylsilylhexanal 4f)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 90% vyield: [x]3’ -23.6 (c 0.50, MeOH), IR (neat, NaCl) 2949, 2876, 2800, 2705, 1695, 1462,
1415, 1239, 1125, 1010, 725 chnH NMR (250 MHz, CDC}) § 9.66 (d, J=3.5 Hz, 1H), 2.02-2.01
(m, 1H), 1.38-1.16 (m, 6H), 0.98 (t, J=7.7 Hz, 9H), 0.87 (t, J=6.8 Hz, 3H), 0.64 (q, J=7.7 HZ'%EH);
NMR (63 MHz, CDCE§) & 203.6, 48.0, 33.3, 24.0, 22.5, 13.8, 7.3, 2.7.
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3.5.7. §)-2-(p-Methoxyphenyl)dimethylsilylpropanatd)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 90% yield: [x]3> —2.7 (c 1.00, MeOH); IR (neat, NaCl) 2920, 2850, 2714, 1696, 1594, 1503,
1459, 1278, 1290, 1250, 1113, 822, 774 ¢mH NMR (250 MHz, CDC}) § 9.61 (d, J=2.1 Hz, 1H,
CH3CHCHO), 7.49-7.40 (m, 2H, AH), 6.93-6.83 (m, 2H, AH), 3.80 (s, 3H Ei30-Ar), 2.55 (td,

J=6.5, 2.2 Hz, 1H, CECHCHO), 2.07 (d, J=6.5 Hz, 3H, @3CHCHO), 0.35 [s, 6H, (E3),Si]; 3C
NMR (63 MHz, CDC§) & 203.82, 160.81, 135.37, 127.03, 113.63, 65.81, 31.85, 15.33, —4.38, —4.97.

3.5.8. ©)-2-(p-Methoxyphenyl)dimethylsilylhexanalh)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 86% yield: [x]&> —4.0 (c 1.00, MeOH); IR (neat, NaCl) 2956, 3931, 2863, 2713, 1695, 1594, 1503,
1462, 1279, 1250, 1183, 1113, 822, 773 ¢mtH NMR (250 MHz, CDC}) & 9.56 (d, J=3.4 Hz, 1H),
7.47-7.40 (m, 2H), 6.98-6.91 (m, 2H), 3.81 (s, 3H), 2.08-2.05 (m, 1H), 1.35-1.12 (m, 6H), 0.82 (t, J=6.8
Hz, 3H), 0.37 (s, 3H), 0.36 (s, 3H}3C NMR (63 MHz, CDC}) & 204.0, 160.9, 135.2, 126.3, 113.8,
55.0, 50.3, 32.9, 24.0, 22.4, 13.8, -4.0, —4.2.

3.5.9. §)-2-t-Butyldimethylsilyl-3-butenal4()

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 85% yield: [x]&> —8.9 (c 1.10, CHQ); IR (neat, NaCl) 3057, 2932, 2860, 2810, 2705, 1709, 1466,
1255, 1007, 836, 780 ct 'H NMR (250 MHz, CDC}) § 9.66 (d, J=3.3 Hz, 1H), 6.13-6.06 (m, 1H),
5.01-4.85 (m, 2H), 3.31 (dd, J=6.3, 3.3 Hz, 1H), 0.89 (s, 9H), 0.05 (s, 3H), 0.03 (s*EHNMR (63
MHz, CDCk) 6 199.6, 131.2, 114.7, 55.1, 26.8, 18.0, —6.3, —6.8. (Note: the rotation value is not a real
result due to the racemization during the reaction.)

3.5.10. ©)-2-t-Butyldimethylsilyl-4-pentenaly)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 93% vyield: [x]3’> -61.5 (c 5.00, CHG); IR (neat, NaCl) 3078, 2955, 2951, 2859, 2810, 2715,
1698, 1640, 1468, 1255, 1053, 828, 807 éntH NMR (250 MHz, CDC}) § 9.59 (d, J=3.1 Hz, 1H),
5.75-5.59 (m, 1H), 5.14-4.80 (m, 2H), 2.72-2.69 (m, 2H), 2.15-2.10 (m, 1H), 0.85 (s, 9H), 0.00 (s, 3H),
-0.03 (s, 3H);'*C NMR (63 MHz, CDC}) § 202.6, 137.8, 114.9, 47.1, 29.0, 26.8, 17.7, -6.4, —6.6.

3.5.11. §)-2-t-Butyldimethylsilyl-5-hexenalk)

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 94% vyield: [x]3’ -43.2 (c 5.00, CHG); IR (neat, NaCl) 3078, 2941, 2859, 2811, 2711, 1697,
1640, 1468, 1255, 1108, 913, 825, 769 ¢mtH NMR (250 MHz, CDC}) & 9.60 (d, J=3.2 Hz, 1H),
5.75-5.59 (m, 1H) 4.93-4.73 (m, 2H), 2.17-1.77 (m, 4H), 1.46—-1.37 (m, 1H), 0.85 (s, 9H), 0.00 (s, 3H),
-0.04 (s, 3H);'3C NMR (63 MHz, CDC}) § 202.9, 137.6, 115.5, 47.3, 34.5, 26.7, 24.3, 17.7, -6.5, -6.6.

3.5.12. §)-2-t-Butyldimethylsilyl-3-octynal4()

Following general procedure D, the title compound was prepared without purification, as a colorless
oil in 89% yield: [x]3’> -10.6 (c 1.00, CHG); IR (neat, NaCl) 2956, 2931, 2859, 2800, 2715, 1702,
1630, 1467, 1365, 1252, 1009, 828, 774 ¢ntH NMR (250 MHz, CDC}) § 9.47 (d, J=3.8 Hz, 1H),
2.32-2.10 (m, 3H) 1.49-1.25 (m, 4H), 0.90 (s, 9H), 0.86 (t, J=6.9 Hz, 3H), 0.10 (s, 3H), 0.05 (s, 3H);
13C NMR (63 MHz, CDC§) § 198.2, 79.2, 72.9, 55.3, 26.3, 23.0, 21.8, 18.6, 17.8, 13.3, 6.7, -7.6.
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