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A Practical, Efficient Method for Preparation of Four Possible Stereoisomers of
Secondary Allylic Alcohols using Kinetic Resolution of (E)-1-Trimethylsilylalk-1-en-3-ol

by the Sharpless Process

Yasunori Kitano, Takashi Matsumoto, and Fumie Sato*

Department of Chemical Engineering, Tokyo Institute of Technology, Meguro, Tokyo 152, Japan

Kinetic resolution of (E)-1-trimethylsilylalk-1-en-3-ol by the Sharpless process, which proceeds with very large rate
differences for the two isomers, combined with the reactivity of epoxysilyl compounds affords a practical, efficient
method for preparation of four possibie stereoisomers of secondary allylic alcohols.

Allylic alcohols are valuable intermediates in a number of
synthetic organic processes, and their synthesis in an optically
active form has attracted much interest in recent years.! We
now report a practical method for preparation of four possible
stereoisomers of secondary allylic alcohols (1), i.e., (E),(S)-
(1), (£2).(S)-(1), (E),(R)-(1), and (Z),(R)-(1), starting from a
single racemic material and using a single chiral source. Our
method shown in Scheme 1 involves a highly effective kinetic
resolution of (E)-1-trimethylsilylaik-1-en-3-ol (2) using the
Sharpless process as the key step.12

The alcohols (2) which have (FE)-configuration can be
prepared specifically by the reaction of lithium trimethyl-
silylethynylide with aldehydes followed by reduction of the
resulting adducts (6) via (n’-CsHs),TiCl,-catalysed hydro-
magnesiation with BuiMgBr as exemplified by Scheme 2.2 We
found that the reduction of (6) with LiAlH,? provided a
mixture of (£)- and (Z)-isomers in a ratio of 5: 1.

A preliminary experiment revealed that the asymmetric
epoxidation of (2) proceeds with much variation in rate for the
two isomers. Thus, to speed up the reaction, the kinetic
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Scheme 1. Reagents: i, Bu'OOH, L-(+)-di-isopropyl tartrate, Ti(OPr),; ii, CH,~=CH(OEt), H*; iii, R2MgBr, Cul; iv, Bu'OOH,
VO(MeCOCHCOMe),; v, KH, tetrahydrofuran then HCI; vi, H,SO,, MeOH.

Table 1. Optical purity of (R)-(2) and (3) in the kinetic resolution of
racemic (2) vs. reaction time.?

Enantiomeric purity (% e.e.)P

Reaction (R)-(2,R1 =
Entry time (h) n-CsHy)) (3, Rt =n-CsH,))e
1 7 >99 >99
2 10 >99 98.6
3 18 >99 97.6

@ Reaction performed as follows, 1.0 equiv. of Ti(OPri),, 1.2 equiv. of
L-(+)-di-isopropyl tartrate, 1.0 equiv. of racemic (2), and 1.5 equiv. of
anhydrous TBHP are stirred in dry CH,Cl, [8.8 ml/mmol of (2)] at
—20°C. Yields of recovered (R)-(2) and (3) are respectively more
than 49%, checked by 'H n.m.r. analysis. Isolated yields of (R)-(2)
and (3) were in the range 39—45%. ® The enantiomeric excesses were
determined by 'H n.m.r. analysis on the corresponding allylic acetate
(pyridine/Ac,0) in the presence of (—)-tris[di(perfluoro-2-propoxy-
propionyl)methanato]praseodymium(iu) [(—)-Pr(DPPM),] and on
the corresponding epoxy acetate in the presence of (+)-Eu(DPPM);
(ref. 6). < No threo epoxy alcohol was detected.

resolution was carried out using a rather large excess of t-butyl
hydroperoxide (TBHP). Table 1 gives the relationship of the
enantiomeric purity of the epoxy alcohol produced and the
unreacted allyl alcohol to reaction time when the Kkinetic
resolution of (E)-1-trimethylsilyl-oct-1-en-3-0ol (2, R! =
n-CsH;,) was carried out using 1.5 equiv. of anhydrous TBHP.
Entry 1 in Table 1 shows that the kinetic resolution goes
almost to completion in 7 h to afford (3, R = n-CsH,;) with
more than 99% e.e. and (R)-(2, R! = n-CsH,;) with more than
99% e.e.t Allowing the reaction to run for 10 h (entry 2) or
18 h (entry 3) scarcely alters the enantiometic purity of (3, R!
= n-CsHy;) nor the yield of (R)-(2, R! = n-CsH,,). These
results indicate that the rate of the epoxidation reaction

t Preparation of optically active B-methyl-y-(trimethylsilyl) homo-
allyl alcohols* and v,8-epoxy-f-methyl-y-(trimethylsilyl)-
alkanols> has been reported.

Table 2. Yields and rotations of (1, R! = n-C;H,,, R2 = Prn).

Allylic alcohol Yield (%) []p35 (¢ in CHCl,)
(E}.(S)-(1) 77¢ —5.1°(1.26)
(2).($)-(1) Ste —24.3°(0.99)
(E).(R)-(1) 61d +4.9°(1.27)
(2),(R)-(1)® 414 +24.9°(1.06)

a The optical purity was confirmed by converting into (§)-(—)-
acetoxyheptanal via ozonolysis after acetylation. [a]p2® —38.3°
(c 0.58, CHCIs) {lit.¥ [«]p20 —37.8° (¢ 0.5, CHCly)}. ® (R)-(+)-
2-acetoxyheptanal obtained; [«]p2° 38.0° (¢ 0.60, CHCI;). < Based
on (3). 9 Based on (R)-(2).

between two enantiomers of (2) differs significantly. We
confirmed this point by carrying out the epoxidation of (R)-(2,
Rl = n-CH;;) by using 1r-(+)-di-isopropyl tartrate
(mismatched pair) and 1.5 equiv. of TBHP which afforded the
epoxidation product(s) in less than 1.7% yield after 18 h
reaction.

Compound (3) thus obtained can be readily converted into
either (E),(S)-(1) or (Z),(S)-(1) by the procedure shown in
Scheme 1.7 Thus, protection of (3, R! = n-CsHy;) as an
ethoxyethyl ether followed by treatment with PraMgBr in the
presence of a catalytic amount of Cul (20%) afforded (4, R!
= n-CsH;,, R? = Pm), from which (E),(5)-(1, R! = n-CsH;,,
RZ = Prm) or (2),(5)-(1, R! = n-CsH,;;, R? = Pr) was
synthesized by treatment with KH in tetrahydrofuran (5 °C for
1.5 h) or H,SO, in MeOH (room temperature for 2 h)
respectively. Similarly, two other possible stereoisomers of
allylic alcohols (E),(R)-(1, R! = n-CsH;,. R2 = Pr") and
(2),(R)-(1, Rt = CsH;;, R? = Pr) were prepared from
(R)-(2, R! = n-CsH,,) after converting into the epoxy alcohol
(5, Rt = n-CsH;,) (threo:erythro = 1:3) using TBHP-
VO(MeCOCHCOMe),# (Scheme 1). Overall yields and the
specific rotations of the alcohols (1) thus prepared are
summarized in Table 2. Although the [«]p values of the pairs
of enantiomers indicate that conversion of (2) or (3) into (1)
proceeds without racemization, this was confirmed by con-
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Scheme 2. Reagents: i, Et,0O, —30—25°C, 96%; ii, 2Bu'MgBr/
(M3-CsHs),TiCl,, 27°C, 7 h; iii, H™, 96%.

verting (E),(8)-(1, R! = n-CsH,;, R? = Pr") and (Z).(R)-
(1. R! = n-CsH,;, R?Z = Pr") into 2-acetoxyheptanal by
ozonolysis after acetylation and comparing the rotation with
the literature value (see Table 2).

The present synthesis is characterized as providing a.

‘selective and operationally simple route to all the possible
stereoisomers of secondary allylic alcohols with high optical
purity’ starting from (E)-1-trimethylsilylalk-1-en-3-ol.
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