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summary: The titanium(IV) chloride-mediated aldol condensation between title
compounds proceeds with high diastereoselectivity (Cram) to give 3a exclusively
(99% purity).

The aldol condensation of a chiral aldehyde with a geometrically well
defined chiral enolate may result in consonant double stereodifferentiation to
form one diastereomer selectively from possible eight diastereomers (dl pair).
The most important property that the chiral enolate must have is an inherent
diastereofacial preference in its reaction with an achiral aldehyde. A remark-
able enhancement of the 1,2-diastereoselectivity (usually Cram)l) is then
observed in a reaction of this enolate with an g~chiral aldehyde which
exhibits rather poor inherent diastereofacial preference. This phenomenon is
recognized as a double stereodifferentiation with mutual kinetic resolution.?)

In a previous paper, we have demonstrated a complete diastereoselectivity
of titanium(IV) chloride-~-mediated aldol condensation between 4,5-dihydro-5-
methyl-2-(trimethylsiloxy)-3-(trimethylsilyl)furan (1) and achiral aldehydes.3)
In this reaction, 1 shows the excellent inherent diastereofacial preference
(both threo and 1,3-trans) to form one diastereomer of four possible ones.
Therefore, it is anticipated that when this reaction is carried out with an og-
chiral (racemic) aldehyde instead of achiral aldehyde, we can observe consonant
double stereodifferentiation between a matched pair. We wish to describe herein
this is the case with mutual kinetic resolution in the reaction of (#)-1 with
(+)-2-phenylpropanal (2) (Scheme 1 : R = Ph).
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The aldol condensation of (+)-1 (3.67 g, 15 mmol) with (£)-2 (2.7 mL, 20
mmol, 1.3 equiv) was carried out in the presence of TiCl4 (2.2 mL, 20 mmol, 1.3
equiv) at -78°C in CHoCl, (40 mL) for 1 h. The mixture was quenched with MeOH
follwed by agqueous work~up and organic material was extracted (CH,C1l,) to give
crude (2'R*Sfl'ST3RTSR*)-4,5—dihydro—5-methyl—3—{2'-phenyl—1'—(hydroxypropyl)}-
3~(trimethylsilyl)-2(3H)furanone ((i)—§)4) (2.86 g, 62.2%) as white needles. The
diastereomeric purity of 3 was hard to determine at this stage even by
consistent spectrum of 1 NMR (400 MHz) because of its complexity. In this
reaction, however, it is certain that 1 shows an excellent threo selectivity.
The aldol product (+)-3 was then converted by g-elimination of trimethylsilanol
into (E)-(+)-0-{2'-(phenylpropyliden)}~Y-valerclactone, (¥)-4, to determine the
relative configurations at C-5 vs C-2' in 4. The elimination of (+)-3 was
performed under refluxing methanol®) to give (t£)-4 (quantitative). lg NMR
(400MHz) of (+)-4 indicated a trace of an epimer. The ratio of (2'S;5R")-4a and
(2'Rf5R*)—£§ was found to be 99 : 1 on the basis of GLC analysis (base-line
separation by a capillary column Silicone 0v-1, 30 m at 140°C).
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The result clearly demonstrates that a remarkably high 1,2-diastereo-
selection (Cram) of 2 operates during the reaction despite a moderate inherent
diasterofacial preference of 2.2) (vide infra): On the basis of extended
acyclic transition states, it is assumed that (R)-1l reacts much faster with
(R})~2 than with (S)-2 (Fig. 1). 1In order to confirm the absolute configu-
rations at C-5 and C-2' in 4, optically pure (R)—(+)—Y—valerolactone6) was
used in the present sequence of reactions. Thus, optically pure (R)-(+)-1 was
prepared by a usual manner’) in 75% yield ([a]§5 +16.9°(c 1.97, CH,Cl,)). The
aldol condensation with (+)-2 (3 equiv) gave (2'R,1'S,3R,5R)~(+)-3 ([u]zg
+43.2° (¢ 0.81, CH,C1,)) as white needles (53-64% yield)8). The crude (+)-3 was
converted to (+)-4 by the method described above (95% yield). GLC analysis
revealed the ratio of (2'S,5R)-(+)-4a%) and (2'R,5R)-(-)-4b10/11) to be 95 : 5
([o] 23 +133.7°(c 1.03, CH,Cl,)). The epimeric mixture of 4 was subjected to
ozonolysis followed by immediate NaBH, reduction to give (R)-(+)-2-phenyl-
propanol (78% yield).lz) Therefore, it is firmly evidenced that (R)-1 reacts
with (R)-2 with almost exclusion of (5)-2.

In contrast to the high diastereoselectivity with 2, reaction of (+)-1
with (+)-2-methylbutanal showed rather blunt selectivity, the ratio of (£)-3a
and (+)-3b being 3 : 1 determined by 1 NMRr (Scheme 1 : R = Et, 96% yield).l3)
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In conclusion, we have observed an interesting instance of mutual kinetic
resolution in the reaction of (+)-1 with (£)-2 (R = Ph) to form (£)-3a in
greater preference over (t)~3b (99 : 1). It has been arguedz) that in the aldol
condensation involving two chiral components, the magnitude of mutual kinetic
resolution depends upon the respective inherent diastereofacial preference
shown by the two reactants in their reactions with achiral reaction partners.
In the present reaction, racemic 1 reacts with isobutyraldehyde (achiral analog
of 2) to give only one diastereomerl?) in 90% yield. On the other hand, 4,5-
dihydro—z—(trimethylsiloxy)—B—(trimethylsilyl)furan (achiral analog of 1)
reacts with racemic 2 (R = Ph) to give a diastereomeric mixture in a ratio of
9 : 1 (76% yield).lS) Therefore, the inherent diastereoselectivity of 2 was
greately enhanced by a factor of ten in the reaction with 1l by advantageous
face-matching. The reason of this highly consonant double stereodifferenti-
ation must stem from the geometrically pure (Z)-enol of the lactone ring which
bears a methyl group blocking one face of the ring.le)

We thank Prof. J. Tsuji and Dr. T. Takahashi for helpful discussions on
the kinetic resolution and JEOL Co., Ltd. for mesurements of lH NMR at 400MHz.
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mp 145.2 - 145.7°C ; [u]2g +48.7°(c 0.82, CH,Cl,;) obtained from re-
crystallized sample (hexane : ether : CH,Cl, =7 : 1.5 ¢ 5).
(2's,5R)-(+)-4a : 1y NMR(CDC13) : §1.384 (d, J = 6.23 Hz, 3H, CH3-CO),
1.423 (4, J = 6.96 Hz, 3H, CH3-CPh), 2.437 (dad, J = 2.93, 5.86, 16.85 Hz,
1H, HCH), 2.930 (ddd, J = 2.56, 7.69, 16.85 Hz, 1H, HCH), 3.585 (dgq, J =
6.96, 9.16 Hz, CHCPh), 4.579 (ddgq, J = 5.86, 7.69, 6.22 Hz, 1H, OCH), 6.860
(tkd, J = 2.93, 9.53 Hz, 1lH, olefinic proton), 7.1 - 7.3 (m, 5H, aromatic
proton) ; 13c NMR(cDCly) : §21.3, 22.2, 32.8, 40.6, 73.9, 125.8, 126.8,
126.9, 128.7, 143.5, 143.8, 170.9 ; IR(neat) : 1750, 1680 cm™ ! ; [a]2}
+150.0° (¢ 0.73, CH2C12).

In another run, the reaction of (R)-(+)-1l with an equimolar amount of (+)-2

was carried out to give a significant amount of epimer 3b. As a result the
elimination product (-)-4b was found to form in competition with (+)-4a in
a ratio of ca. 3:7, the former being isolated in a pure state by HPLC.
(2'R,5R)-(-)-4b : lH NMR(CDCl4) : §1.355 (d, J = 6.37 Hz, 3H, CH3-CO),
1.430 (4, J = 7.14 Hz, 3H, CH;-CPh), 2.303 (4dd, J = 2.80, 5.55, 16.92 Hz,
1H, HCH), 3.030 (ddd, J = 2.64, 7.69, 16.92 Hz, 1H, HCH), 3,590 (dgq, J =
7.18, 9.34 Hz, 1H, CHCPh), 4.645 (ddgq, J = 5.55, 7.69, 6.37 Hz, 1H, OCH),
6.859 (td, J = 2.86, 9.34 Hz, 1lH, olefinic proton), 7.1 - 7.3 (m, B5H,
aromatic proton) ; 13c NMR(CDC1lj) :6 21.4, 22.2, 32.9, 40.6, 74.0, 125.8,
126.8, 127.0, 128.8, 143.4, 143.8, 171.0 ; IR(neat) : 1750 1675 cn~ 1 H
[a] 23 -86.2° (c 0.29, CH,Cl,).

(R)-(+)-2-Phenylpropanocl was isolated with only 17% ee, presumably due to
extensive racemization of intermediate 2-phenylpropanal.

lH NMR(CDC13) :61.395 (4, J = 6.16 Hz, minor isomer), 1.417 (d, J = 6.15
Hz, major isomer).
(1'R¥3s%55%)-4,5-Dihydro-5-methyl-3-{2'-methyl-1'- (hydroxypropyl) }-3- (tri-
methylsilyl)-2(3H)furanone ; lH NMR(CDC13) : §0.160 (s, 9H, Si(CH3)3),
0.895 and 1.025 (each 4, J = 6.60 Hz, 6H, (CH3) »C), 1.422 (4, J = 6.15 Hz,
3H, CH3CO), 1.726 (dd, J = 8.57, 14.28 Hz, 1H, HCH), 1.5 - 2,1 (m, J = 6.60
Hz, 1H, Me,CH), 2.365 (4, J = 5.94 Hz, 1H, OH), 2.650 (dd, J = 8.13, 14.29
Hz, HCH), 3.835 (44, J = 6,15, 7.69 Hz, 1lH, HO-CH), 4.622 (ddq, J = 8.13,
8.35, 6.15 Hz, 1H, OCH) ; 13c NMR(cDCl,) :4 -2.6, 19.5, 20.5, 22.0, 32.7,
45,7, 75.3, 79.2, 180.5 ; IR (Nujor) : 3400, 1710, 1250, 845 em~ 1 ; mp
118.9 - 119.8°C.

(2'R¥1's*3r*)-4,5-Dihydro-3-{2'-phenyl-1'- (hydroxypropyl) } -3~ (trimethyl-
silyl)-2(3H)furanone ; 'H NMR(CDCl3) : §0.191 (s, Si(CH3)4, major isomer),
0.260 (s, Si(CH3)3, minor isomer), 1.304 (4, J = 7.0 Hz, CH3, minor
isomer), 1.383 (4, J = 7.0 Hz, CH3, major isomer) ; IR (Nujor) : 3480,
1715, 1250, 840 cm~1 ; mp 134.2 - 134.8°C.

All melting points were recorded with recrystallized samples and all new
products gave satisfactory elemcntal analyses.
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