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Abstract - Kinetic resolution of y- and B-trimethylsilyl secondary allylic
alcohols proceeds with very large and synthetically satisfactory rate
differences for the two enantiomers, respectively, thus providing a convenient
and widely applicable method for preparation of various kinds of homochiral
compounds.

Shortly after the discovery of wunusually efficient asymmetric epoxidation
reaction of primary allylic alcohols by tert-butyl hydroperoxide (TBHP} using
titanium-tartrate catalysts,l Sharpless has demonstrated that the same system
could be used to resolve kinetically racemic secondary allylic alcoholsz {Eq.
1}, In this kinetic resolution, in which one enantiomer reacts faster than the
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L-(+)-DIPT = L-{+)-dirvsopropyl tartrate
other, the parameter of interest is the ratio of the rates of epoxidation of the
fast- (kfast’ and slow-reacting enantiomers ‘kslou}' termed as the ‘“relative
rate" (Kpayp * kfastfkslow)' because the efficiency of the resolution is closely
related to the magnitude of krel' The magnitude of krel depends upon the
substitution patterns in the allylic alcohols and the largest magnitude of k
reported so far was 138 (at -20 °C) for 2-meChy1—1-hepten-3—ol.g

In relation to our studies on the syntheses of metabolites of arachidonic

rel

acid and their related compeundsl:g we needed optically pure y-halo allylic
alcohols with both E- and §~configuration,l and we were interested in the
kinetic resolution of (E}-1-trimethylsilylalk-l-en-3-ol (1) by the Sharpless
asymmetric epoxidation, because both epoxysilanes and vinylsilanes are useful
precursors of vinyl halides.§ As a result, fortunately, we found that the
resolution of L proceeds with very large krel value of more than 1000 in
contrast to the usual secondary allylic alcohols.® Herein we report in full our
studies on the kinetic resolution of various y-trimethylsilyl secondary allylic
alcoholsgﬁ and also the kinetic resolution of B-trimethylsilyl secondary allylic
alcohola.gﬁ

"rFellow of the Japan Society for the Promotion of Science for Japanese Junior
Scientists, 1987-.1989.
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HESULYS AND DISCUSSION

Kinetic resolubion of 1

The allylic alcohols 1 which have E-configuration can be readily prepared
specifically by the reactlon of lithium trimethylsilylethylide with aldehydes
followed by reduction of the resulting adducts with sodium bis-
{Z-methoxyethoxyialuminium §1y§ride}~§- oY sz’?itziz - énﬁuﬁgiﬁrﬁw, or by the
reaction of the vinyllithium prepared from {E}~1-tributylstannyl-2~trimethyl-
silylethylene with aldehydes® (Scheme 1).

HaATH,(OCH, CH,OCH.)
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Scheme 1,



Kinetx resolution of secondary aliylx alcohols

Table 1. Results of the kinetic resolution of ;}

gEntry Substrate l. Reaction Optical pursty (& c.c.}g
R time (h} i P
1 tisy n-A» +99 »9%
2 (1a) p-As 18 »99 97.%
L1 {131 n-Am 99 94.9
N ("by p-Pr rost 99
58 (it i-Bu 11 i -
6 (141 #h 13.5 T 97.3
? (*e) CH,OPh 13 »99 »99
8 £ CH,OBn 3.5 294 » 9%
9 gl Armsaam 1.5 299 299
o (1h) CH,CH, 0B ] >89 »99
L (11} S COOMe 20 193 »59

2011 reactions were carried out at -20 °C with 1.0 equiv of Ti(O-3-Pri ., .2
eguiv of L-{+}-DIPT, 1.0 equiv of racemic ! and '.5 equiv of TBHP in Cszciz.
unless othervine noted, EOptxcal purities wers determined by the conversion to
the MTPA ester foli.oved by ‘H-NHR analysis and/or by conversion to the acelate
followed by 1B-Nxx analysis in the presence cf either f-}-P:(d!p-tz or
(o)-zuta!pm}3 {dfpm « di(perf:uore-z-p:opcxyptcptenyi)me:bunatc;isea
Experimentali. Totsl yields of 1 and 2 were >38% checked by H-NMR analysis. The
isolated yield of ) and 2 ranged froa 40-48%, respectively, sxcept for entry 5
{see Expsramentall. Sabsolute configurations were confirmed by chemical
corre!at;ons.;é o threc isomner wss detected except for entry 5. £3
molecular sieves, 0.2 egquiv of Ti{D-3.Pri, and 0.24 eguiv of L-{+)-DIPT were
used. ﬁalzhougb the absolute configuration was not determined, the face
selection rule of the Sharpless kKinetic resoiution strongly suggests the
structure.z 2564 conversion checked by ‘R-Nnk analysis. x-"~2’::t~.p).<>y:m:3 D-{-}-DIPT
instead of L-{«}-JIPT.

of the kinetic resolution of various ! in which a substituent i{s a prim-, sec-,
or tert-alkyl group, aryl group, or alkyl group having various functional groups
using L-{+)-DIPT as chiral source. Examination of the results shown in Table 1
reveals that the rate of epoxidation between two enantiomers of 1 differs
significantly except for 1c¢ which has sterically demanding tert~butyl group.
Thus, in most cases it is possible to obtain the allylic alcohols 1 with more
than 99% e.e. and the epoxy alcohols E with more than 99% e.,e., simultanseous-
1y13: This result indicates that the magnitude of keoy Of 1 is more than 1000%
which 1is calculated from the equation which relates the krel to the optical
purities of ! and g.g

Since the reaction proceeds with these large krei value, even allowing the
resolution to run for additional several hours after the completion of the
kinetic resolution scarcely alters the enantiomeric purity of g nor the yield of
1 as is exemplified by the reaction shown in entry 2 in Table !, thus making the
reaction practicable and operationally very simple. Moreover, the kineti¢

Y1f  the optical purities of both the epoxy alcohol and the remaining allylic
alcohol are just 99.0% e.e., respectively, the calculated krel value is 1057.
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resolution can also be effected under catalytic canditian&lﬁ {entry 3 in ‘Table
1}, though the afficiency seems to be decreased a little compared to the use of
stoichionmetric amount of the catalyst,

It was reported that l-phenyl-Z-propen-i-ol is not a good substrate for the
kinetic rescolution: the rsactlion rate was very slow and the krel waavv333§ {Eq.
3}. However, the kinetic resolution of the corresponding allylic aleohol

G
gﬁﬁxwgya?h B aﬁﬁngf?ﬁ +
O OH
ko1 =4 -~ 10

7

{33

£y won
&=

posssgsing trimethylsilyl group at y-position, i.e., 1d, proceeds not only with
a very large Rrel value but alse at a more rapid rate. Thug it is evident
that the presence of trimethylelilyl group at v-pomition in the allylic alcohols

resulted in the increase of both the rate of epoxidation and the magnituds of

krei“

With the results that the presence of trimethylisilyl group at y-position in
the allylic alcohols increases the efficlency of the kinetic resolution
significantly, we next turned our attention to tha kinetic resclution of
g-trimethyvisilyl secondary allylic alcchols 3 {Eq. 4}. Table 2 summarizes the

Ti{{3-Prly
SiMey {-{4)-DIPT Sikey S itey
4
TRMP 1 2
Rl B2 s Rl w? . R B (4
£
o o ;
3 {B3-3 B
Table 2. Resultg of the kinatic resolution of E%
Substrate é Reaction mptical purity {9 &.en}g
Entry 5 r? time {h) {RI-3 f?
| {32) ®  peam 24 87.4%8 79,28
¢
2 {3k}  n-Bu He 1 95,48 §2. 4%
3 (3 n-Bu Me 2 »99fad 83.6%

Bpeactions wers carried out at ~23 S with 1.0 eguiv of TiéﬁmﬁwPrB{, 1.2 sgulw
of  Le{«}~DIPT, 1.0 equiv of racemic 3, and 0.6 equiv of TBEP. ETutai yislds of
{R1-3 and 4§ were >38% checked by VionmR analysis. SNo threo isomer was detected

ijﬁn&MR analysisi. gﬁ@tit&l purities were determined by HPLC analysis after

conversion into the benzoate derivatives of 7a and 823 (ses Scheme 3 and

Expsrimantal). Sapsoluts vonfiguration was confirmed by conversion into zéli by
£

egvxidatianig followed by §r0tadesilyl&tien.i§ “Qptical purities were

datermined by ?ﬁ~ﬁﬁ& analysis of the corresponding allylic acetate of {Ri-3b in

the presencs of §»§m9r£d§pm}3 and of the corresponding epoxy acvstalte of §§ in
the pressncse  of (*§~Eu(dfpm)3u Fnbsolute configuravion was confirmed by
conversion  into (g)u{~3~2waatanelig by protwdﬁsilyl&ﬁi@nil foliowed by

hydrogenation.
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results of the kinetic resolution of 3 using L-{(+)-DIPT as chiral source, while

the alcohols 3 were prepared by the procedure shown in Scheme 2. It can be
seen from the Table that the relative rates of fast and slowly reacting isomers

1Me3 1Me3
=z P PO

MoBr
o4
3
2. R = n-Am (92X yteld)
1-BuNghr ey ey
TiC? ’ '
R SiMey 2E 2 1 R notr LAY N> R
3
b R =n-Bu R' = Me
(97X yteld)

Scheme 2.

for 3 are not so great as for 1, but have synthetically satisfactory magnitudes
of 24 for 3a, and near 100 for 3§. The high efficiency of the kinetic
resolution of 3is especially noteworthy because it has been reported that the
secondary allylic alcohols with bulky tertiary groups in the B-position are not
good kinetic resolution substrates and in the reaction of 2 the enantiomeric
excess of the recovered starting alcohol was only 308 at 60% conversionzg (Eq.
5).

T1(0-2-Bu)g
t-Bu L-(+)-01PT t-8u t-Bu
TBHP 0
y/ —_— + (5)
60X conversion
H
5 30 Ze.e.

Since the kinetic resolution of 3} proceeds effectively, it is possible to
obtain both enantiomers of erthro-epoxy alcohol by using a single chiral source
according to the procedure shown in Scheme 3. Thus, after the Kkinetic
resolution of 3b (1.0 equiv Ti(O-l-Pr)‘, 1.2 equiv L-{+)-DIPT, -23 Oc, 2 h), the
products were separated by column chromatography on silica gel,zz to give is
with 83.8% e.e. (42% yield) and optically pure (R)-3b (418 yield) which was
converted into epoxy alcohol 6b (>99% e.e., the enantiomer of 4b) specifically
by Vs’—catalyzed epoxidation with TBHPl§ in 93% yield. Treatment of 4b and 6D
with t-BuOK and n-Bu,NF in THF at 0°C for S5 min resulted in a near quantitative
protodesi].ylationl2 to afford QE and 19, respectively (Scheme 3)., As the
starting racemic alcohols 3 are readily available by hydromagnesiation of
1-trimethylsilylalk-1-ynes followed by reaction with aldehydesgngi (Scheme 2),

the present reaction offers a convenient method for preparation of both
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enantiomers of ervthro-epoxy alcohols, one of which is optically pure.

Sibey 005%3 0, )
L S
oH o1 oM
SiMey {R)-3, 5 2
Rl .z R g +
SiMey

FI
)
P
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E]
()
ln
=
i
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Scheme 3. {a) H(G—_j—?r)‘. i-{+)~-DIPY, TBHP, -23 %% (b) TBHP, VO(acac)z. CHZCEZ:
{c} 1-BulK, o-Bu NF, THF.

Iin sﬁmmary, owing to the presence of trimethylsilyl group at the vinvlic
position, the kinetic resolution of y-trimethylsilyl secondary allylic alcohols
proceeds with very large magnitude of krel' while the kinetic resolution of
B~trimethylsilyl secondary allylice alcohols proceeds with synthetically

satisfactory magnitude of k The high efficiency of the kinetic resolution

observaed here may be attribuiié to the two factors of trimethysilyl group, i.e.,
the steric effect and the electronic affect. The slectronic effect, howaver,
seems Lo bhe more important, since there are significant difference of the
efficliency of the kinetic resclution of gg and 5.

Since both epoxysilanes and vinylsilanes are useful precursors of epoxides,
carbonyl compounds and substituted alkenes,§ the present reaction provides a
convenient and widely applicable method for preparation of wvarious kinds of
homochiral compounds. The several synthetic uses of the reaction have been
reported which includes the preparation of four possible stereoisomers of
secondary allylic alcoholﬁ,gﬁ y~hale secondary allylic alcohols with E- or
g»configuration,z and eventually lipoxygenase metabolites of unsaturated fatty
acids.éﬁé Further uses of the reaction are being studied.

EXPERIMENTAL
General. 1H»NMR spectra were recorded on either HITACHI R-40 (80 MHz) or a JOEL
FYX-800Q (%0 MHz} instrument, whereas ‘3C»NMR gpectra were recorded on a JOEL
FX-90Q (22.5 MHz). Both "y-NMR ana '3
CDCl3 as solvant and values are reported in ppm {(§) downfield from TMS using TMS

C-NMR spectra were obtained with CCl4 or

or residual CHC13 as internal standard, except as noted. Signal patterns are
indicated as 8, singlet; d, doublet; t, triplet; g, guartet; m, multiplet; br,
broad peak. Coupling constants {J) are given in Hz, Optical rotations were
measured on a YANAKO OR-50 poravimeter, using 20~cm3 capacity {5~-dm path
length) cell. Infrared {IR} spectra were recorded on a JASCO A-100 spectrometer
and are reported in wave numbers (cm”’}. Dichloromethane was distilled from
calcium hydride., All reactions sensitive to oxygen or moisture wsre conducted
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under argon atmosphere. In order to determine the optical purity, in some cases,
the alcoholic products were converted into the (S)- or (R)-8,8,B-trifluoro-a-
methoxy-a-phenylpropionates (MTPA esters) according to Mosher's proceduregé by
using (S)- or (R)-MTPACI. A chiral shift reagent, (—)—Pr(dtpm)3 (dfpm =
di(perfluoro-2-propoxypropyonyl)methanato) or (o)-Eu(dfpn)3 was also employed
for determining optical purity of the products after converting into the
corresponding acetates. High-performance liquid chromatography (HPLC) analysis

carried out on a NSP-800-9DX (Nihon Seimitsu Kagaku Co., Ltd.,) instrument with a
chiral column (CHIRALPAK OT(+), Daicel Chemical Ind., Ltd.) and a Shodex RI
detector for determining optical purity of the products.

Preparation of y-trimethylsilyl allylic alcohols, 1913

l-trimethylsilylalk-1-yn-3-0ol - General procedure. To an ice-cooled soln of Meli
(1.0 equiv) in sczo (1.0 M) was added dropwise trimethylsilyl acetylene (1.3

equiv). The resulting soln was stirred for 1 h at room temp. To this was added
dropwise the aldehyde (1 equiv) at -30 ©C. The mixture was allowed to warm up
‘Cl (1.2 ml/mmol aldehyde), the

mixture was extracted with hexane (2 X 0.6 ml/mmol aldehyde). The combined org

to room temp and poured into ice cooled sat NH

layers were dried (HqSO4) and evaporated to afford the product. The acetylenic
alcohols are fully characterized compounds, but due to space limitations the
spectroscopic and physical data will not be given here.

Reduction with NaAle(OCH2CHZOCH3)2- Preparation of Lg,g-g - General procedure.
To an ice-cooled soln of Na[Ale(OCHZCH20CH3)2] (1.7 equiv, 3.56 M in toluene)
in Etzo (1.0 M) was added dropwise the acetylenic alcohol (and 20 v/ve THF for

1-trimethylsilyl-1-octyne-3-0l) and the resulting soln was refluxed overnight
and cooled to 0 °c. To this soln were added slowly water (9 equiv) and 3N HCl
(1.2 ml/mmol acetylenic alcohols), and the org layers were separated and the agq
layer was extracted with hexane-EtZO (1:1) repeatedly. The combined org lavers
were washed with agq NaHCO3 and brine successively, dried (Na2804), and
concentrated to give the crude product which was distilled or chromatographed
(1d was chromatographed and distilled).

13, Yield 89%; b.p. 90 °C/3 Torr; IR (neat) 3330, 2930, 1645, 1285; 'H-NMR
(CCl‘, PhH, D,0) 6§ 0.07 (s, 9H), 0.94 (t, J = 6.0, 3H), 1.10-1,75 (m, 8H), 3.93
(q, J = 4.8, 1H), 5S.67 (d, J = 18.0, 1H), 6.00 (dd, J = 4.8, 18.0, 1H); '3C-NMR
(CDC13) 6 148.9, 128.8, 74.6, 36.9, 31.8, 25.0, 22.5, 13.9, -1.3,

1d, Yield 70%; b.p. 108-111 ©c/0.32 Torr; IR (neat) 3320, 2960, 160S, 1250, 839,
695; 1H-NHR (CCI‘) § 0.17 (s, 9H), 5.05 (d, J = 4.6, 1H), 5.93 (d, J = 19.8,
TH), 6.23 (dd, J = 4.6, 19.8, 1H), 7.10-7.54 (m, SH); 'SC-NMR (CDCl,) 6 147.3,
142.7, 129.7, 128.4, 127.4, 126.4, 76.6, -1.4.

le, Yield 978; b.p. 150-160 ©c/0.15 Torr; IR (neat) 3430, 1598, 1585; 1H-NHR
(CC14) 6 0.25 (s, 9H), 2.83 (br s, 1H), 3.93 and 4.04 (2dd, J = 7.8, 10.2 and
4.0, 10.2, 2H), 4.48-4.82 (m, 1H), 6.21 (8, 2H), 6.85-7.05 (m, SH); 13C-NMR
(CDC13) 6 158.5, 143.4, 131.9, 129.3, 121,0, 114.6, 72.3, 71.7, -1.4.

1f, Yield 84%; IR (neat) 3400, 1245, 830, 730, 690; 1H-NHR (CC14, DZO) § 0.15
(s, 9H), 3.32 (dd, J = 7.8, 10.3, YH), 3.42 (dd, J = 4.1, 10.3, 1H), 4.15-4.36
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{m, 1H), 4.50 (s, 2H)}, 5.95-6.10 {w, 2¥}, 7.23-7.40 {(m, S5H}.

19, vield 79%; IR {(neat) 3340, 1610, 1240, 830; Y a-nmr {Cclé) § 0,10 (s, B9H),
0.90 {(t, J = 6.6, IH), 1.10-1.60 {m, BH}, 1.86-2.14 {m, 2H}, 2.22 {t, J = 6.0,
28}, 3.%8 {dt, J = 4.0, 6.0, 1H), 5.14-5.60 {(m, 24}, 5.74 {(d, J = 18.6, 1IH),
6,02 {dd, J = 18.6, 3.8, 1H}; 130~NHR {CnClal 4 148.0, 133.3, 12%.2, 124.5,
TI.8, 35,1, 31.5, 29.3, 27.4, 22.4, 14.0, 1.4,

Reduction with i~83§g§r~€p2Ti€i2 ~ Preparation of 1b,g - General procadure. To
an ice cooled soln of i-BuMgBr {3.8 eqguiv} in Etzﬁ (1.4 M) was addsd Cp2T1C12 {5
mele) and the mixture wag stirved for 30 min at O S, To thie mixture was added

dropwige the acetylenic alcochol at @ 9, The resulting mixture wag stirred at 27
®a. when the reaction was completed {monitored by TLC, 7 h - 12 h), the mixture
was poured into 3IN  HCL soln (1.5 ml/mmol Grignard). The oryg layvers were
separated and the ag laver was exbtracted with hexane—Etzo {1:1} repeatedly. The
combined org layers were washed with ag NaHCO3 and brine successively, dried
(Ha2504} and concentrated to give the crude product which was purified by
distillation (lg was purified by chromatography on silica gell.

ib, Yield 90%; b.p. 42-48 %0/0.1 Torr; IR {neat}) 3340, 2870, 1615, 1240, 985,
8403 1H~§HR §€£14, Cﬁzélz} § 0.07 {8, 9H), 0.88 (4, J = 7.0, 6H}, 1.33-1.85 {m,
1HY, 2.58 (br s, 1H), 3.74 (£, J = 5.0, 18}, 5.70 {d, J = 19.0, 1H}, 5.95 ({(dd,
J = 5.0, 19.0, 1H}.

1g, Yield 85%; 1H-NMR {CCly, PhH} & 0.06 (s, SH) 0.89% (s, 9H), 1.60 {(br s, 1H},
3.62 {d, J = 5.8, 1H), 5.74 {4, J = 19.5, 1H), 6.08 {(dd, J = 19.5, 5.8, 1H).
Preparation of y-trimethylsilyl allyiic alcohol, 1h. To a soln of t-tributyl-
stannyl-2-trimethylsilylethylene (28.5 g, 73.2 mmol) in THF (70 ml}) was added
n-BuLi  {(41.% ml, 67.1 mmol, 1.6 M in hexane} at -78 °C and the resulting soln
was warmed up to -40 ¢ ovar 1 h, and recooled to -78 Sc, To this was added a

soln  of B«ﬁenzylgxypropanallﬁw{1ﬁgﬁ g, 61 mmol} in THF {10 mi}. The soln was
warmed up to room femp and stirred for 2 h. The soln was poured into sat Nﬁéﬁl
{160 ml), ©Extraction with hexane {2 X 100 ml} followed by drying {ﬁgﬁaé}
afforded the erude product which was chromatographed on silica gel to yield 1h
(14,8 g, 92%}. IR {neat} 3400, 1080, 835, 730, 6%0; T -nMR {Ccié, 920} § 0.08
{8, 9H)} 1.60-1.90 (m, 2H), 3.53 {dt, J = 2.5, 6.1, 2H), 4.04-4.26 (m TH), 4.42
{s, 2H), 5.73 (d, J = 19.9, 1H), 5.99 {(dd, J = 4.0, 19.9%, 14}, 7.08-7.30 (m,
5H) .

Praparation of y-trimethylsilyl allylic alecohol, 14. The vinyl lithium in THF
prepared in the same manner described above, from 1-tributylstannyl-2-trimethyl-
silylethylens {21.0 g, 54 mmol} in PHF (100 ml} and p-BuLi (36 ml, 54 mmol, 1.50
M in hexane} was added to a soln of methyl §«f0rmyibutyratag§ {7.0 g, 54 mmol}
in THPF {30 ml) at -78 . Tha resulting soln was stirred for 30 min at -78 “e
and poured into a mixture of benzens and satb N84€} and extracted with benzene.

The extracts were dried (MQSS4} and concentrated. Chrcmat?graphy on silica gel
afforded 24 (6.29 g, 85,9%)., IR {neat) 3400, 1727, 842; H-NMR €CC14} 84 0.07
{s, OH)}, 2.05-1.25 (m, 4H), 2.26 (t, J = 7.0, 2H), 3.02 (br s, 1H}, 3.58 (s,
3H), 4.08-3.86 {m, 1H), 5.77 {d, J = 18,3, 1#H}, 5.97 {dd, J = 18.3, 3.6, 1H}.
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13C-NMR (CDC13) § 174.0, 148.3, 129.4, 74.0, S1.4, 36.2, 33.8, 20.8, -1.4.

Kinetic resolution of 1 - General procedure. To a soln of Ti(0-i-Pr), (1.0
equiv) in szcl2 (8.8 ml/mmol allylic alcohol) were added L-(+)-DIPT (1.2
equiv)(D-(-)-DIPT for l}) and the resulting soln was stirred for 10 mim at -20
©c. After addition of 1 (1 equiv) the resulting soln was stirred for additional
10 min, TBHP (1.5 equiv) in anhydrous CH2C12 was added slowly and the soln was
stirred at -20 °C for the prescribed time {n Table 1. After completion, Mezs
{3 equiv) was added slowly and the mixture was stirred for 30 min at -20 °c.
108  tartaric acid ag soln (twice the volume of Ti{0-i-Pr), in the reaction),
Et20 (the same volume of CH2C12), NaF (ca 0.7 g/mmol allylic alcohol) and Celite
{ca 0.4 g/mmol allylic alcohol) were added sequencially. The resulting mixture
was stirred for 30 min at room temp and filtered through a pad of Celite with
Etzo and concentrated. The isolation of ! and 3 was carried out as follows, for
1a, 19, 1d and lg; the residue was chromatographed on triethylamine-deactivated
silica gel, for le, 1f, and 1h; the residue was treated with ag NaOH in Btzo at
0 OCLQ and chromatographed, for 14; chromatography separation gave !i and the
mixture of 2} and D-(-)-DIPT (24i and DIPT could be separated by chromatography
on silica gel after converting DIPT into DMT by treatment with NaOMe in MeOH).
(R)-1a, »>99% e.e. (by 1H-NHR shift analysis of the corresponding acetate with
(-)-Pr(dfpm)3 in CCl‘ and 1H-NHR analysis of the derived MTPA ester); Yield 42%,
lalp?® -9.8% (c .10, CHCly).

2a, »>99% e.e. (by H-NMR shift analysis of the corresponding acetate with
(o)-zu(dfpm)3 in CDCl3 and 1H-NMR analysis of the derived MTPA ester) ; Yield
42%; [olo25 -7.5° (c 1.04, CHC13): IR (neat) 3420, 2930, 1247; ‘H-NMR (CCI‘,
PhH, D,0) § 0.03 (s, 9H), 0.93 (t, J = 4.8, 3H), 1.07-1.72 (m, 8H), 2.26 (d, J =
4.0, 1H), 2.7 (t, J = 4.0, 1H), 3.30-3.70 (m, 1H).

(R)-1R, ~>99% e.e. (by 1H-NMR analysis of the derived MTPA ester); Yield 40%
lalp® -21.8% (c 1.14, cHCly).

29, 99% e.e. (by 1H-NHR shift analysis of the corresponding acetate with
(o)-Eu(dfpm)3 in CDCIJ); Yield 41y, [qlD25 -1.07° (c 1.49, CHCIB). IR (neat)
3425, 2950, 1250, 840; 1H-NMR (CDC13) § 0.04 (s, 9H), 0.94 and 0.95 (2d, J =
6.6 and 6.8, 6H), 1.48-2.05 (m, 1H), 1.98 (br 8, 1K), 2.35 (d, J = 3.7, 1H),
2,87 (dd, J = 3.1, 3.7, 1H), 3.48-3.68(m, 1H).

(s)-1d, >99% e.e. (by 1H-NHR analysis of derived MTPA ester); Yield 44%; [a]D
-10.8°% (c 1.06, CHCl,).
2d, 97.3% e.e. (by 1H-NHR analysis of the derived MTPA ester); Yield 42%;,
501025 +25.7° (c 1.s8, CHC13); IR (neat) 3400, 2975, 1940, 1605, 1250, 838, 695.
H-NMR (ccl‘, D,0) ¢ 0.05 (s, 9H), 2.44 (4, J = 4.0, 1H), 2.95 (t, J = 4.0, 1H),
4.63-4.83 (m, 1H), 7.16-7.46 (m, SH); 'SC-NMR (CDCl;) § 140.2, 128.3, 127.9,
126.4, 72.1, 58.9, 47.8, -3.8.

(S)-le, >99% e.e. (by 1H-NMR analysis of derived MTPA ester); Yield 47%; lc]DZS
+8.0° (c 1.55, CHC13); m.p. 49.0-50.0 ¢ (recrystallized from pentane-EtZO).

2e, >99% e.e. (by 1H-NMR analysis of the derived MTPA ester); Yield 46%; [01025

25
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-17.0° (c 0.98, CHCl;); m.p. 61.5-62.5 ®c {recrystallized from pentane-Et,0); IR
{nujol) 3400, 1598, 1585; }H-NMR (CClé, Cﬂzclz) § 0,19 (s, 9H), 2.36 {4, JT =
3.7, 18}, 2.80 {(br s, 1H), 2.95-3,12 {(m, 1H}, 3.73-4.37 {m, 3H), 6.74-7.4% (m,
SH}Y: 13C—NHR (00013) & 158.6, 129.5, 121.3, 114.7, 69.8, 68.5, 55.7, 48.8, -3.7.
{8)-1£, »99% e.e. {by 1H~NMR analysis of the derived MTPA ester);: Yield 43%;
{almzs -1.9% (¢ 1.06, cHCLy).

2f, >99% e.e. (by 1R—N’MR analysis of the derived MTPA ester); Yield 48%: {ainzs
-2.,2° {c 1.20, CRC13); IR (neat) 3400, 1240, 1100, 8B40, 730, 690; 1H-—NMR (CCI4,
DZO) & 0.05 (s, 9H), 2.17 (d, J = 3.6, 1H}, 2.78 (dd, J = 3.6, 4.2, 1H),
3.43-3.73 (m, 3H), 4.46 (s, 2H), 7.13-7.34 (m, 5H).

(g)m%%, >59% e.e, (by TH—NMR analysis of the derived MTPA ester); Yield 44%;
laly? +7.59° (¢ 1.37, cucly).

Eg, *>99% e,e, {by 1HnNMR analysis of the derived MTPA ester): Yield 433; [ulmzs
+4,23° {c 1.13, CHCl3); IR {neat) 3420, 1243, B840: 1H-—NMR (CC148 PhH) § 0.05 (s,
H), 0.90 (t, J = 6.0, 3H), 1.10-1.70 {m, 6H), 1.87-2.18 (m, 2H), 2.15-2.38 {(m,
3H), 2.62 ({br s, TH), 2.73 {t, J = 3.0, H), 2.65 (dt, J = 4.0, 6.0, 1H},
5.20-5.70 {(m, 2H}.

{Ri~1h, »99% e.e., {(by 1H-—NMR analysis of the derived MTPA ester); VYield 43%;
fal,?® -3.2° (¢ 1.00, cHcly).

2h, »>99% e.e. (by 1H-NHR analysls of the derived MTPA ester): Yield 45%: {Q]Dzs
-10,1° {c 0.97, CHCl3); IR {neat) 3400, 1240, 1080, 835, 730, §%0; 3H--NMR (CC14,
020) § 0.03 {s, 9H}, 1.58-1.90 {(m, 2H}, 2.713 {d, J = 3.6, 1H), 2.68 (£, J = 3.6,
1H}, 3.43-3.82 {m, 3H}, 4.42 (s, 2H), 7.10-7.33 (m, SH}.

(8)-11, »>9%% e.e. {(by 1H»NMR analysis of the derived MTPA ester); Yield 43s;
lal,?? +6.78° (¢ 1.15, CHCl,).

2i, >99% e.e, (by 1H~NMR analysis of the derived MTPA ester); Yield 45%; {31025
+6,74° {c 1.75, CHClS); IR {neat) 3410, 1726, 1248, B43: 1H-NﬁR (CDCLB) § -0,08
{s, 9H}, 1.20-1.80 {m, 4H), 2.08-2.29 (m, 3H}, 2.62 (¢, T = 5.1, 1H}, 2.82 (br
d, J = 2.4, 1H), 3.46 (s, 3H}, 3.40-3.62 (m, 1H): 1BC—NHR {CDCIB) 8§ 173.4, 69.5,
58.1, 50.9, 47.5, 33.6, 33.0, 20.5, -4.1,

Catalytic kinetlic resclution of la,c. To a mixture of crushed molecular sieves
3a (1.4 g}, Ti(0~i~9r}4 {1.5%2 ml, 5,12 mmol} in CH2C12 (16 ml}) was added
L-{+}~-DIPT (1.29 ml, 6.14 mmol} at -20 O and the resulting mixture was stirrced
for 30 min at -15 °C. To this mixture was addad la (5.12 g, 25.6 mmol) in CHZCl2
{16 ml) and the resulting mixture was stirred for 1 h at -20 ®¢. The mixture was
cooled to -40 °C and TBHP {11 ml, 38.4 mmol, 3.49 M in CH2C12} was alowly added.
After 2 h of stirring at =20 OC, Mezs {4 ml, 54.5 mmol) was added slowly and the
mixture was stirred for 30 min. Usual workup and followed by coolumn

chromatography on triethylamine-deactivated silica gel afforded {R}-1a (2.15 g,
42%, »99% e.e, (by ?HuNMR analysis of the derived MTPA ester)) and gg {2.43 g,
44%, 94.9% e.e. {(by 1H-NMR analysis of the derived MTPA ester)), The kinetic
rescolution of 1c was perfomed on 7.83 mmol scale {1.42 g) in the same manner
described abowve., Aftaer 40 h, usual workup afforded the mixture of gg (64% vield
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checked by 1H-NMR anlysis using an internal standard) and (S)-1lc (34% 1H-NMR

yield, 13% e.e. (by 1H NMR analysis of the derived MTPA ester)).

Preparation of g-trimethylsilyl allylic alcohol 3a. To an ice-cooled soln of
CHZ-C(SLHe3)HqBr (68.8 mmol) in THF (210 ml) was added hexanal (8.3 ml, 69.0
mmol) at 0 ©c. The soln was stirred for 1 h at 0 ©c and for 30 min at room temp.
The soln was poured into ice-cooled 3N HCl (70 ml) and extracted with
hexane-EtZO (S:1, 2 X 100 ml). Combined org solvents were washed with sat
NaHCO3 and brine and dried (Mgso‘). The crude product was purtfi?d by
distillation to give 2b (12.7 g, 928). IR (neat) 3350, 2920, 1245, 838; H-NMR
(CCl‘) § 0.07 (s, 9H), 0.70-1.04 (m, 3H), 1.07-1.96 (m, 9H), 4.01-4.30 (m, 1H),
5.20-5.39 and 5.60-5.76 (m, 2H); 'JC-NMR (CDCl;) & 155.6, 123.6, 76.3, 37.4,
31.8, 25.5, 22.6, 13.9, -0.5.

Preparation of g-trimethylsilyl allylic alcohol 3b. To an ice-cooled soln of
i-BuMgBr (75 mmol) in Bt20 (55 ml) was added sz‘ricl2 (0.37 g, 1.5 mmol). After
stirring for 20 min, 1-trimethylsilyl-1-hexyne (10.5 ml, 50 mmol) was added and
the resulting soln was stirred at 25 OC for 6 h and then cooled to 0 °c. To

this soln was added acetaldehyde (5.4 ml, 76.6 mmol). The resulting mixture was
stirred at room temp for 30 min and poured into ice-cooled 3N HCl (60 ml).

The mixture was extracted with hexane (3 X 20 ml) and the extracts were dried
(MqSO‘) and concentrated. The crude product was chromatographed on silica gel
to give 3b (9.7 g, 97%). IR (neat) 3320, 2920, 1610, 1250, 830; 1H-NMR (CCI‘,
PhH) § 0.10 (s, 9H), 0.83 (t, J = 6.0, 3H), 1.09 (d, J = 6.0, 3H), 1.18-1.48 (m,
4H), 2.05 (g, J = 6.0, 2H), 2.22 (br s, 1H), 4.19 (g, J = 6.0, 1H), 6.10 (t, J =

7.0, 1H); V3conMr (CDCl4) & 143.7, 140.,9, 72.1, 32.1, 31.3, 24.3, 22.4, 4.0,
0.7.
Kinetic resolution of 3a. To a soln of Ti(0-{-Pr), (1.86 ml, 6.25 mmol) was

added L-{(+)-DIPT (1.58 ml, 7.51 mmol) at -20 Oc and the soln was stirred for 10
min., To this soln was added a soln of 23 (1.25 g, 6.25 mmol) in CH2C12. After
stirring for 10 min at -20 °C, TBHP (1.6 ml, 3.75 mmol, 2.33 M in CH2C12) was
added to the soln and stirred for 24 h at -23 °c. Workup was performed as
indicated in the procedure of the kinetic resolution of 1. The products were
purified by chromatography on silica gel to afford (R)-3a (554 mg, 44%) and 4a
(642 mg, 48%). The optical purities of (g)-}g and 13 were 87.4% e.e. and 79.2%

e.e., respectively, determined by HPLC analysis after conversion into the
benzoate derivatives of 7a and 8a (see Scheme 3). (R}-3a, 87.4% e.e.; [01025
+6.8% (c 1.02, CHCl,). 4a, 79.2% e.e.; lalp?® -7.0% (c 1.00, CHCl;); IR (neat)
3450, 2920, 1245, 1060, 838; 1H-NMR (CCI‘, CH2C12) § 0.07 (s, 9H), 0.92 (t, J =
6.0, 3H), 1,10-1.,79 (m, 8H), 2.22 (br s, 1H), 2.44 and 2.82 (2d, J = 5.8, 2H),
3.56-3.85 (m, 1H); 13C-NMR (CDC13) § 69.6, 53.9, 46.2, 33.8, 31,9, 25.5, 22.5,
13.9, -3.0. The absolute configuration of (R)-3a was determined after conversion
into 19: To a soln of the recovered allylic alcohol (540 mg, 2.7 mmol, 87.4%

e.e.) in CH2C12 (20 ml) were added TBHP (2.2 ml, 4.3 mmol, 1.96 M in CH2C12) and
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Voiacac)2 {40 mg}, The resulting soln was stirred for 4 h at ¢ %¢ and Me .8 {0.5
mi, 6.8 mmol} was added., The mixture was stirred for 30 min at room temperature
and poured into HaHCO, {30 ml}. Extraction followed by chromatography on silica
gal gave the epoxy alcohol (500 mg, 86%). To an ice-cocled soln of the espoxy
alecohol {107 mg, 0.49 mmol) in THF {7 ml) were added L-BuOK {55 mg, 0.49 mmol)
and g«BuQNF {(0.74 m1,0.49% mmol, 0.66 M in THF). The resulting soln was stirred
for & win at 0 “C and sat Nﬂécl {10 m1l} was added. Extraction followed by
chromatography on silica gel afforded Z§ {61 mg, B6%}. Eu}nzs -20,5% (e 0.41,
cucly) (1t () %3 -22.8° (o 2.46, cuely)).

Kinetic reasgscolution of an The reaction was performed on 5.4 maol scale (1,08
g} in the same manner described abovse. After 2 h, usual workup followed by
chromatography on silica gel afforded the mixture of (R})-jb and 4b. To  this
mixture were added §¢20 {1 ml, 10,8 nmol} and C§H§N {1 mil} and stirved for & h

at room temp and poured into sat Naﬁﬂag$ Extraction with hexsne (3 ¥ § mi}
followed by purification by chromatography on silica gel to afford the acetates
of {R})-3b and 4b which were individually treated with K,CO; (1.5 g} in HeOH and
Hzo (421, 10 ml) at room temp for 4 h. Extraction followed by chromatography on
ailica gel to glve {g}»§§ {445 mg, 41%) and ﬁg {450 myg, 429%}.

{g}vggg 359% e.e. {by §H~KMR shift analysis of the acetate with {-§—§r§§fpm}3 in
cClyd; aly?® +17.5° (¢ 0.96, cHCL,).

4b, 83.8% e.e., (by 1H~NMR gshift analysis of the acetate with {4}m£u(dfpm}3 in
CDCIB); im)ﬁzﬁ -4.86° (¢ 1.03, CHClB); IR {neat} 3450, 1250, B845; VHonmMR
(Cclé, PhE} & 0.10 {3, 9H}, 0.90 {t, T = 6.0, 3H), 1.06 {4, J = 6.0, 3H},
1.20-1.60 {m, 8}, 2.2%1 {br s, 14}, 2.85-3.04 {(m, 1H}, 3.7% {g, J = 6.0, 1IHI:
Do nur (cDCly) 6 65.1, 59.2, 57.2, 29.7, 29.0, 22.3, 19.1, 13.7, -1.4. The
absolute configuration of {R)-3b was determined after conversion iInto
{Ri-{~)-2-octanol: A mixture of the recovered allylic alcohol (382 wmmg, 1.91
mmol}l and NaH (380 mg, 50% in oil, 1.91 mmol) in HMPA (10 ml) was stirred at
room temp for 30 min and poured into 3N HCL (10 ml). Extraction followed by
filtration through a column of silicas gel gave the protodeailylated allylic
aleohol (230 mg, 948), A mixturs of this allylic alcoohol and 10% PA/C (150 my)
in pentane {10 ml) was atirred at room temp under hydrogen atomosphere for 30
min, Filtration of the mixture through a column of sasilica gel afforded
(R)-(-)-2-octanol (205 mg, 828). [aly?' -9.95° (¢ 1,91, Etom)(12¢2% (s)-(4)-
2-octanol, [aly® +10.1° (¢ 5.57, Etom)).

Preparation of 6b. To an ice-cooled soln of (R)}-3b (2.0 g, 10.0 mmol, >99% e.e.}
in CH2€21:2 {30 ml} was added TBHP (2.7 ml, 20.0 mmol, 70 wt% |In HZO) and
°c
and Mezs £1.5 ml, 20.0 mmol) was added. The mixture was stirred for 30 min at

VO(acac}2 {133 mg, 0.50 mmol), The resulting soln was stirred for 3 b at 0

room  teamp and poured into sat NaHCSB {30 ml). Extraction with hexane and Etza
{3:1, 2 ¥ 20 ml} followed by chromatography on siliea gel yilelded b (2.0 g,
93%). 1al,?% +5.74° (c 1.00, cHCl,).
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Preparation of 7b. To an ice-cooled soln of 6b (490 mg, 2.27 mmol) in THF (10

ml) was added t-BuOK (280 mg, 2.50 mmol) and n-Bu ,NF (4.1 ml, 2.72 mmol, 0.67 M
in THF) and the resulting soln was stirred for 5 min at 0 °C. After addition of
sat NH‘CI (10 ml), the product was extracted with Et20 (3 X5 ml). The org
layers were dried (ngso‘) and concentrated to afford an oil which was
chromatographed on silica gel to give 19 (280 mg, 95%). [01025 +4.40° (c 1.00,
CHC13); ‘H-NMR (CCl‘) 6 0.62-1.10 (m, 3H), 1.14 (d, J = 6.2, 3H), 1.15-1.70 (m,
6H), 2.56 (dd, J = 2.4, 3.6, 1H), 2.70-2.95 (m, 1H), 3.09 (br s, 1H), 3.68 (dq,
3.6, 6.2, 1H).

Preparation of §9. 19 (310 mg, 1.44 mmol, 83.8% e.e.) was converted into ab
(180 mg, 968) in the same manner as described for the preparation of 7b. [01025
-3.67° (c 0.98, CHC1,).
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