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The stereoselective formation of exocyclic «,B-unsaturated
ester 8b from cyclic ketone 4 has been accomplished
(EIZ = 9:1).

Although the stereoselective synthesis of alkenes via Wittig and
related reactions has been extensively investigated over the past
three decades, E/Z-selective construction of trisubstituted,
exocyclic double bonds from cyclic ketones remains a synthetic
problem which is far from trivial.! In studies directed towards
the synthesis of enantio- and iso-merically pure enoates such as
5 (Scheme 1) from simple meso configured ketones (e.g. 1) we
considered two distinct and straightforward strategies (aj—as;
and bi—bii)~

Asymmetric Horner—Wadsworth—-Emmons (HWE) reactions
have been increasingly employed in stereoselective synthesis,
e.g. of axially dissymmetric alkenes.? Applying this powerful
concept, meso ketone 1 can be desymmetrized to chiral enoate
2 (a;). A subsequent chemodifferentiation of the acetoxymethyl
termini (a;;) might produce 5. However, as in the preceding step
(1 — 2), a chiral probe, e.g. an enzyme, is likely to be required
for step a; (2 — 5). In contrast, strategy b relies heavily on the
E/Z-selective construction of the exocyclic double bond (bj).
Starting from meso-configured ketones such as 1, the first step
b; has recently been accomplished by an efficient chemoenzy-
matic synthesis of enantiopure 2,6-difunctionalized tetra-
hydropyran-4-ones (e.g. 3 and 4).3#
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Scheme 1 a; = asymmetric Horner-Wadsworth-Emmons reaction, a;
= chemoselective protection group manipulation, b; = chemoenzymatic
synthesis and by; = stereoselective olefination

In the literature a three step solution for control of remote
enoate geometry by use of a tethered HWE reagent yielding a
14-membered, unsaturated bis(lactone) has been offered by
Evans and Carreira.® Alternatively, an asymmetric HWE
reaction might be employed.® From extensive modeling studies
we assumed that a bulky protecting group (e.g. triphenylmethyl)
should screen one side of the tetrahydropyran-4-one moiety
providing an inherent bias towards E-selectivity. Thus, we
decided on control of enoate geometry and stereoselective
construction of the trisubstituted, exocyclic double bond
through remote 1,5-induction’ in the course of a HWE
olefination with an achiral phosphonate. In the present study
racemic ketones 3 and 48 were used to optimize E/Z-selectivity
to a synthetically useful level. Representative examples are
shown in Table 1.

Generally, a nonpolar solvent such as toluene was superior to
polar solvents (DMF, DME).? Ion pairing and the nature of the
metal cation also come into play, sodium cation being superior
to the more easily solvated lithium cation.t As for steric effects,
maximizing the difference between CH,OTr and CH,OR
(R = H, less satisfactory is R = Ac) improves 1,5-induction.
The hydrogen atom being the smallest substituent possible
affords the highest selectivity towards desired b isomer. Also,
increasing the bulk of the HWE reagent by substituents R! and
R2 on the phosphonate results in higher selectivity.!© Combin-
ing both of these effects by changing the three substituents from
R = Ac,R! = R?2 = Me (entry 2) toR = H,R! = Pri, R? = Et
(entry 9) improves the b selectivity from 1:1.5to 1:5, i.e. more
than four-fold. A lowering of the reaction temperature does not
appear to alter the stereoselectivity for HWE reactions with
normal steric demands (entries 1-3), but exerts significant
stereocontrol in the presence of bulk, especially for both
substrate and reagent (entries 9—11). The HWE reaction of
ketone 4, in which its trityl substituent serves as not only
protecting group, but also as conformational anchor and
directing group, afforded under optimal reaction conditions
(entry 11) enoate 8 in 72% yield, the E-isomer 8b being
favoured by 9: 1.

In order to determine the stereochemistry of the predomi-
nating diastereomer b (up to 90% isomerically pure), deriva-
tives of 8b have been prepared (ButMe,Si ether, Pri;Si ether,
acetate 7b). Thanks to baseline separation of the relevant proton
signals in the NMR spectrum of ButMe,Si ether 9b§ (95%
isomerically pure after column chromatography on silica gel),
this compound was chosen for close spectroscopic investigation
and subjected to detailed NMR experiments. The geometry of
the double bond in 9b was apparent from NOE experiments at
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Table 1 Conditions of Horner-Wadsworth—-Emmons reactions

Entry R! R2 R3 Solventa Basea T/°C t/h Yield (%)® Product Ratio a:b¢
1 Ac Me Me PhMe NaH 0 o.n. 62 6a,b 1:15
2 Ac Me Me PhMe NaH room temp. 2.0 60 6a,b 1:1.5
3 Ac Me Me PhMe NaH 55-60 35 64 6a,b 1:1.5
4 Ac Me Me DME NaH room temp. 6.0 87 6a,b 1:1.0
5 Ac Et Et PhMe KN(SiMe;),4 room temp. 2.5 50 Ta,b 1:1.1
6 Ac Et Et PhMe LDA room temp. 1.0 60 7a,b 1:1.9
7 Ac Et Et PhMe NaH room temp. 0.5 90 7a,b 1:2.1
8 Ac Pri Et PhMe NaH room temp. 0.75 71 7a,b 1:2.7
9 H Pri Et PhMe NaH room temp. 1.0 70 8a,b 1:5

10 H Pri Et PhMe NaH 0 3.0 67 8a,b 1:7.5

11 H Pri Et PhMe NaH —35to0 =25 18¢ 72 8a,b 1:9

12 H Pri Et DMF NaH room temp. 1.5 50 8a,b 1:1.2

13 H Pri Et PhMe NaH-LiBr 0 to room temp.  20.0 23 8a,b 1:32

14 H Pri Et PhMe BuLi 0 to room temp. 3.0 69 8a,b 1:3.5

15 H Pri Et PhMe NaH, 15-crown-5¢ 0 to room temp. 1.0 67 8a,b 1:1.1

@ All reactions (except entry 11) were performed on a 0.15 to 0.3 molar scale (0.1 to 0.15 mol 1-*) with 1.4 equiv. of phosphonate anion. # Isolated yield of
a pure mixture of inseparable E/Z-isomers a,b after column chromatography on silica gel. < Determined by 'H NMR and/or GC analysis (280 °C, isothermal).
4 Addition of 18-crown-6 (2.4 equiv.). ¢ Reaction was run on a preparative scale (6 mmol) using enantiopure (2R,6S)-2-hydroxymethyl-
6-triphenylmethoxymethyltetrahydropyran-4-one, 3 h at —35 and 15 h at —25 °C./ Addition of anhydrous LiBr (2.6 equiv.). # Addition of 15-crown-5 (2.3

equiv.).
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Fig. 1 Determination of alkene geometry

200 MHz in CDCl; (observed NOE’s are shown in Fig. 1). A
second piece of evidence came from a H-H COSY recorded at
600 MHz in CDCl;. Representative cross peaks resulting from
2J and 3/ H-H coupling are depicted in Fig. 1.

In conclusion, we have demonstrated a one step stereo-
selective construction of exocyclic enoates from unsymmetric
ketones in the 2,6-disubstituted tetrahydropyran-4-one series. A
chiral HWE reagent is unnecessary. The observed high E-
selectivity (up to 9:1) arises from substrate control of axial/
equatorial approach in a floppy 6-membered ketone. Reagent
control by a large phosphonate is also required. Remote enoate
8b, prepared on a multigram scale in enantiomerically pure
form, serves as a key intermediate in natural product synthesis.*
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Footnotes
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f Crown ether solvation of the sodium cation as well as the use of
KN(SiMes),—18-crown-6 greatly reduced the selectivity (entries 5 and 15,
Table 1).

§ Selected data for 9b; vy (CHCl3)/cm—! 1704, 1648, 1448, 1256, 1236,
1180, 1152, 1112, 836; 'H NMR (600 MHz, CDCl;, Me,Si)f & 7.46-7.44
(m, 6 H, ortho Ar-H), 7.30-7.27 (m, 6 H, meta Ar-H), 7.25-7.21 (m, 3 H,
para Ar-H), 5.72 (s, 1 H, H-8),4.16 (q, 3/ 7.2 Hz, 2 H, OCH,CH3), 3.81 (d,
2/ 14 Hz, 1 H, Heg-3), 3.72 (dd, 2/ 10.7, 3J 5.2 Hz, 1 H, H-7b), 3.67 (dd, 2/
10.7,3J 4.3 Hz, 1 H, H-7a), 3.62 (m, 3/ 5.7 and 5.1 Hz, 1 H, H-6), 3.44 (m,
37 5.1 and 4.3 Hz, 1 H, H-2), 3.26 (dd, 2/ 9.4, 3J 5.1 Hz, 1 H, H-10b), 3.06
(dd,2/9.4,3J = 5.6 Hz, 1 H, H-10a),2.29 (d, 2/ 13.2 Hz, 1 H, Hg-5), 2.18
(t,23] 12 Hz, 1 H, H,-5), 1.93 (t, 23J 12.6 Hz, 1 H, Hax-3), 1.28 (t,3J 7.2
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Hz, 3 H, OCH,CH3), 0.88 [s, 9 H, SiC(CH3);], 0.06 and 0.05 [2 s, total 6 H,
Si(CH3)].
{ Numbering of atoms refers to the depicted structure in Fig. 1.
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