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The TiCl;-mediated Mukaiyama-type reaction of the silyl ke-
tene acetal 2, derived from (R)-propionate 1, with the ketones
3a—d occurs in a stereoselective manner. The aldol product
4c is obtained from the enone 3c, whereas the homologous
compound 3d undergoes a 1,4 addition and leads to the keto
ester 5. The configurations of the deprotected aldol adduct 6
(obtained from 3c) and the Michael product 5 are determined

by crystal structure analyses. The diastereomerically and en-
antiomerically pure esters 4a—c, 5, and 6, as well as the carb-
oxylic acid 7 and the diol 8, containing two or three contigu-
ous stereogenic carbon centers, are prepared. The enantiom-
erically pure compounds 7 and 8 result from the cleavage
of the chiral auxiliary reagent 1,1,2-triphenyl-1,2-ethanediol,
which can be recovered.

Introduction

Numerous stereoselective variants of the aldol and
Michael reactions have been developed in the past two dec-
ades.!"?l Based on the chemistry of “preformed” enolates,!
covalently bound chiral auxiliary groups were used in the
beginning of this evolution and provided diastereofacial se-
lectivity.] Enantioselective variants of those fundamental
reactions were developed more recently, most of which take
advantage of efficient chiral catalysts.>! In almost all vari-
ants of stereoselective aldol reactions, aldehydes were used
as electrophiles, whereas the corresponding additions to
prochiral ketones are extremely rare. Only a few chiral acet-
ate equivalents have been added to ketones, with moderate
stereoselectivity in most cases.l® ® One reason for the re-
striction of stereoselective aldol variants to aldehydes is the
fact that ketones are in general more difficult substrates for
enantiofacial and diastereofacial differentiation. Further-
more, the comparatively low reactivity of ketones prevents
many of the chiral enolate reagents from reacting with the
keto carbonyl group. As a consequence, the few examples
of highly stereoselective aldol additions rely on activated
ketones, in particular a-keto esters and o-diketones.®~ 13 In
this paper, we report on stereoselective Mukaiyama-type al-
dol additions!'¥ to non-activated ketones based on (R)- or
(S)-2-hydroxy-1,2,2-triphenylethyl propionate (1).['1 When
this chiral reagent is allowed to react with a,B-unsaturated
ketones, a 1,4-addition competes with the 1,2-addition de-
pending on the substitution pattern of the enone. Neverthe-
less, both simple diastercoselection and diastereofacial se-

[l Tnstitut fiir Organische Chemie und Makromolekulare Chemie,
Universitiat Dusseldorf,
40225 Diisseldorf, Germany
Fax: (internat.) + 49-211/811-5079
E-mail: braunm@uni-duesseldorf.de

Eur. J. Org. Chem. 2001, 3155—3160

0 WILEY-VCH Verlag GmbH, 69451 Weinheim, 2001

lectivity!'®l are provided by the chiral propionate 1 in both
the aldol!'”! and the Michael reaction.

Results and Discussion

Reaction of the Propionate (R)-1 with Ketones 3a—d

The propionate (R)-1, which is readily available!'>! from
(R)-1,1,2-triphenyl-1,2-ethanediol,['® was doubly depro-
tonated with two equivalents of lithium diisopropylamide.
The dianion formed thereby was quenched by the addition
of chlorotrimethylsilane to give the silyl ketene acetal 2,
with concomitant protection of the tertiary hydroxy group.
In all the Mukaiyama-type aldol and Michael reactions de-
scribed below, the ketene acetal, which formed as a mixture
of (E)- and (Z£)-2 in a ratio of 87:13, was used without fur-
ther purification.!' In order to find out whether the ketene
acetal 2 is a suitable nucleophile for an addition to the car-
bonyl group of non-activated ketones, it was first treated
with acetophenone (3a) in the presence of titanium tetra-
chloride. Indeed, a smooth conversion occurred with sub-
stantial diastereoselectivity. Although four diastereomeric
aldol adducts could be expected to result, one stereoisomer

Table 1. Yields and diastereomeric ratios of carboxylic esters 4a—c
and S prepared from 2 and ketones 3

Ketone 3 Carboxylates 4a—c, 5
Yield(®! Diastereomeric ratiol’]
3a 4a 78% 85:15
3b 4b 80% 94:6
3c dc 79%kl 91:9
3d 5 1% 73:27
[l Tsolated yield of diastereomerically pure compound. — [ De-

fined as the ratio of the major diastereomer to the sum of all others.
— [l After removal of the 1,4 adduct (4.5%).
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(4a) formed predominantly. The diastereomeric ratio
amounted to 85:15, defined as the ratio of the major prod-
uct to the sum of all others. The anti-configuration 4a was
assigned to the main product, which could be isolated as a
pure stereoisomer after column chromatography. Even
higher diastereoselectivity was obtained in the addition of
2 to trifluoroacetone (3b), which gave the carbinol 4b pre-
dominantly (see Table 1).

Having shown that the silyl ketene acetal 2 is able to add
to a keto-carbonyl group, the reaction with the enones 3¢
and 3d was tested next. In particular, it had to be found out
whether site selectivity®®” (i.e. 1,2- versus 1,4-addition) can
be provided along with stereoselectivity. Indeed, predomin-
ant 1,2-addition occurred when pentenone 3¢ was submit-
ted to a reaction with the ketene acetal 2 in the presence of
titanium tetrachloride. NMR analysis of the crude product,
which was obtained in 91% yield, revealed that the ratio of
1,2- to 1,4 adducts exceeded 95:5. Here again, one diastere-
omer had formed predominantly among the aldol adducts
so that the ratio of the major stereoisomer 4¢ to the sum of
all others was 91:9. Careful column chromatography al-
lowed us to isolate not only the main product 4¢ but also
the three minor diastereomers, which differ in their NMR
spectra.

Me TiCly; 2 Me Me Ph, Ph
iCly; R <
Me\n&Me TP e Me 0} 0SiMes
0 O Me O Ph
3d 5

The enone 3d contains an additional methyl substituent
adjacent to the carbonyl group. Thus, steric hindrance
around the keto group is enhanced, and, as a consequence,
a Michael addition could be expected to be favored over
the aldol addition. Indeed, the reaction of the ketene acetal
2 with methylpentenone (3d) according to the protocol out-
lined above led to a remarkable site selectivity of 95:5 in
favor of the 1,4-adduct. Since the product of this Michael
reaction contains three newly created stereogenic centers,
eight diastereomers could result. Remarkably, the ketone 5
formed as the predominant stereoisomer, the diastereomeric
ratio amounting to 73:27 (defined as the ratio of 5 to the
sum of all other diastereomers). The main product 5, which
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contains three contiguous stereogenic centers, could be isol-
ated as a pure stereoisomer by careful column chromato-
graphy. Due to the fact that (R)-propionate (1) had been
used, the products 4a—c and 5 were obtained as pure en-
antiomers.

Structure Determinations and Conversions of Aldol and
Michael Adducts 4a—c and 5

The relative configurations of the aldol and Michael
products 4a—c and 5 were not known and could not be
assigned based on their spectroscopic data. Therefore, the
conversion of the esters 4a—c and 5 into suitable derivat-
ives, combined with crystal structure analyses, seemed to be
appropriate for solving the question of stereochemistry. For
this purpose, the B-hydroxy ester 4c was treated with tetra-
butylammonium fluoride in order to bring about a desilyl-
ation and to liberate the tertiary hydroxy group. The diol 6
thus obtained in 74% yield formed suitable crystals for an
X-ray structure analysis,?!l the result of which is shown in
Figure 1. It clearly reveals the (25,3S) configuration of the
carboxylic acid moiety in the ester 6. Surprisingly, the
C1—-C2 and the C3—C4 bonds are forced to occupy a
gauche rather than an antiperiplanar conformation due to
an intramolecular hydrogen bond between the tertiary hy-
droxy group at one of the stereogenic centers and the car-
bonyl oxygen atom.

Figure 1. A view of the molecular structure of 6 in the crystal;
selected bond lengths [A] and angles [°]: O(1)—C(1) 1.415(4),
0(2)—C(3) 1.341(4), O(2)—C(2) 1.470(3), O(3)—C(3) 1.204(4),
O(4)—C(5) 1.426(4), C(1)—C(31) 1.528(4), C(1)—C(11) 1.535(4),
C(1)—C(2) 1.560(4), C(2)—C(21) 1.500(4), C(3)—C(4) 1.510(5),
C(4)—C(9) 1.537(6), C(4)—C(5) 1.546(5), C(5)—C(6) 1.501(5),
C(5)—C(10) 1.525(5), C(6)—C(7) 1.297(6), C(7)—C(8) 1.527;

C(1)-O()=H(01)  1234), 0O@3)-C(3)-C@)  125.003).
C(3)-C(4)—C(O)  108.14), C(3)—CAH)—-C(5)  109.9(3),
C(9)-C@)—-C(5)  113.93),  O(4)-C(5)—C(6)  111.6(3),
0(4)—C(5)—C(10)  106.8(3), C(6)—C(5)—C(10)  109.1(3),
0(4)—-C(5)-C(4) 1103(3),  C(6)-C(5)—C@d)  108.3(3).

C(7)—C(6)—C(5) 126.0(4), C(6)—C(7)—C(8) 124.1
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The diastereomerically and enantiomerically pure ester
4c served also to demonstrate that the chiral auxiliary can
be removed and recovered when the synthetic target is liber-
ated. For this purpose, the ester 4¢c was submitted to a
smooth alkaline hydrolysis by means of lithium hydroxide.
Thus the carboxylic acid 7 was obtained as a pure stereoiso-
mer in 65% yield, along with recovered (R)-1,1,2-triphenyle-
thanediol. No epimerisation was observed during the sa-
ponification. A minor amount of propionic acid was
formed by retroaldol addition, although this was easily re-
moved by evaporation. Based on the crystal structure ana-
lysis of the ester 6, generated from the same precursor 4c,
the absolute configuration of the carboxylic acid 7 could be
assigned to be (25,3S5).

The anti-configuration at the adjacent stereocenters gen-
erated by the aldol addition was also confirmed in the case
of the carboxylic ester 4a. For this purpose, the pure ste-
reoisomer 4a was reduced with lithium aluminium hydride
to afford the diol 8 with simultaneous formation of (R)-
1,1,2-triphenyl-1,2-ethanediol, which could be removed by
column chromatography. Both the syn- and the anti-diaster-
eomers of the racemic diol 8 are known.[>?l A comparison
of the NMR spectroscopic data therefore allowed us to as-
sign the anti-configuration to the diol 8 obtained from the
ester 4a. The absolute configuration of enantiomerically
pure 8 as (2R,3R) was assigned by analogy, assuming the
same topicity in the aldol addition to the carbonyl groups
of the ketones 3a—c. Based on this argumentation, both the
relative and the absolute configuration were assigned to the
ester 4b. Finally, the configuration of the Michael adduct 5
was assigned by an X-ray structure analysis, after suitable
crystals of diastereomerically and enantiomerically pure
keto ester 5 had been obtained from petroleum ether. The
crystal structure,?!'! shown in Figure 2, clearly reveals the
(2S,3S,4R)-configuration in the carbon chain of the keto
ester. Thus, the 1,4-addition of the propionate 1 opens a
route to d-keto esters with three contiguous stereogenic cen-
ters in a stereocontrolled manner.

Conclusion

The protocol reported above offers, for the first time, a
rather general route for aldol additions to non-activated ke-
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Figure 2. A view of the molecular structure of 5 in the crystal;
selected bond lengths [A] and angles [°]: Si—O(1) 1.645(2),
O(1)—C(1) 1.427(3), O(2)—C(3) 1.337(3), O(2)—C(2) 1.451(3),
0(3)—C(3) 1.194(4), O(4)—C(7) 1.180(6), C(1)—C(31) 1.522(4),
C(1)—C(11) 1.536(4), C(1)—C(2) 1.556(4), C(2)—C(21) 1.499(4),
C(3)—C(4) 1.514(4), C(4)—C(40) 1.518(5), C(4)—C(5) 1.540(5),
C(5)—C(6) 1.514(4), C(5)—C(50) 1.517(7), C(6)—C(60) 1.510(7),
C(6)—C(7) 1.529(6), C(7)—C(8) 1.483(8); C(1)-0O(1)—Si
137.44(17), O(1)—C(1)—C(2) 102.3(2), O(2)—C(2)—C(1) 106.9(2),

0(3)-C(2)-0(2)  1232(3), 0O(3)-C(3)—C@)  124.503).
C(3)-C(4)—C(40)  110.03), C(3)-C@)—-C(5)  112.2(3).
C(40)—-C(4)—C(5)  111.53), C(6)—C(5)—C(50)  110.6(5).
C(6)-C(5)—C(4)  113.8(3), C(5)—C(6)—C(60)  114.2(4),
C(5)-C(6)—C(7)  111.1(3),  C(60)—C(6)—C(7)  108.6(4).
O4)-C(7)—-C(@8)  121.3(6), O@)—C(7)—C(6)  121.5(5),

C(8)—C(7)—C(6) 117.1(5)

tones providing both simple diastereoselection and diastere-
ofacial selectivity.??l When enones are used as electrophiles,
either aldol or Michael reactions occur, depending on the
substitution pattern of the enone. The products originating
from the aldol reaction such as, for example, 4a—c, 6, and
7, contain two vicinal chiral centers, and the 1,4-type ad-
ducts 5 contain three contiguous stereogenic carbon cen-
ters.?*! One should be aware that the reactions and se-
quences described herein, which are based on (R)-propion-
ate 1, are equally feasible starting from (S)-propionate 1
thus opening a route to the enantiomers of 4a—c, 5, and
6-8.

Experimental Section

Melting points (uncorrected): Biichi 540. — IR: Bruker NIR Vector
22. — NMR: Varian VXR 300, Bruker AM 200 SY and DRX 500.
All spectra were recorded in CDCl;, with TMS as internal stand-
ard. — MS: Varian MAT 311 A and Finnigan INCOS 50. — Spe-
cific rotations: Perkin—Elmer 314. — TLC: DC-Alufolien Sil-60G/
UV254 (Merck). — CC: Kieselgel 60, mesh size 0.04—0.063 mm
(Merck). — Elemental analyses: Institut fiir Pharmazeutische
Chemie (Universitiat Diisseldorf). — Crystal structure analyses: Sie-
mens P21/P3 diffractometer.

Solvents and Reagents: All reactions were carried out under an at-
mosphere of dry nitrogen. Tetrahydrofuran (THF) and diethyl
ether were predried with KOH and distilled under N, from sodium/
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benzophenone. They were taken from the reaction flask, which was
closed by a septum, with a syringe or with a cannula. Diisopropyl-
amine was distilled under nitrogen from calcium hydride. Dichloro-
methane was predried with calcium chloride, ﬁlterec}, distilled from
calcium hydride, and kept over molecular sieves (4 A). Toluene and
n-hexane were distilled from sodium/benzophenone. n-Butyllithium
was purchased as a solution in n-hexane. Reactions at temperatures
below —20 °C were monitored by a thermocouple connected to
a resistance thermometer (Ebro). General remarks concerning the
handling of lithium enolates and other organolithium compounds
are given in ref.[>’]

(R)-2-Hydroxy-1,2,2-triphenylethyl Propionate (1): Preparation ac-
cording to ref.[!%)

(R)-1-(Trimethylsiloxy)-1-[1,2,2-triphenyl-2-(trimethylsiloxy)-
ethoxy|-1-propene (2): Preparation according to ref.['> in 94—97%
yield. The crude product was kept under nitrogen in a refrigerator
and used without purification.

General Procedure for the TiCl,-Mediated Addition of Silyl Ketene
Acetal 2 to Ketones 3a—d: A 100-mL two-necked flask, connected
to a combined nitrogen/vacuum line, was equipped with a magnetic
stirrer and a septum. A thermocouple was introduced through the
septum. The air in the flask was replaced by nitrogen, and dry
dichloromethane (5 mL) and freshly distilled titanium tetrachloride
(0.11 mL, 1.0 mmol) were injected through the septum with a syr-
inge. The mixture was cooled to —78 °C, and a solution of the
corresponding ketone 3 (1.0 mmol) in dichloromethane (1 mL) was
added dropwise by syringe within three min. In a 25-mL flask, the
silyl ketene acetal 2 (0.64 g, 1.3 mmol) was dissolved in 1 mL of
dichloromethane under nitrogen. This solution was added slowly
with a cannula to the 100-mL flask, which was then slightly evacu-
ated. Stirring was continued for 3 h at —78 °C. Water (0.5 mL) and
ethyl acetate (60 mL) were added, and the mixture was transferred
into a separating funnel. The organic layer was separated, washed
three times with 20 mL portions of water, and dried with Na,SO,.
The solvent was removed on a rotary evaporator and the residue
was submitted to an oil pump vacuum for several hours. After the
diastereomeric ratio had been determined by 'H NMR spectro-
scopy, the crude product was purified by column chromatography.
According to this general procedure, the following compounds
were obtained:

(1R)-1,2,2-Triphenyl-2-(trimethylsilyloxy)ethyl (25,3R)-3-Hydroxy-
2,3-dimethyl-3-phenylpropanoate (4a): Prepared from 2 (2.3 g,
4.7 mmol), freshly distilled titanium tetrachloride (0.37 mL,
3.6 mmol), and acetophenone 3a (0.42 mL, 3.6 mmol). Crude yield
2.3 g (92%). Diastereomerically pure 4a (1.95 g, 78%) was obtained
by column chromatography (n-hexane/ethyl acetate, 6:1); Ry = 0.4.
A mixture of the three other diastereomers was also isolated
(0.34 g).

4a: [0]® = —30.2 (¢ = 1 in chloroform). — '"H NMR (300 MHz):
8 = =014 [s, 9 H, Si(CH3)3], 1.22 [d, J = 7.1Hz, 3 H,
CH(CH;)COO], 1.35[s, 3 H, (CH3)C(OH)], 2.99 (q, J = 7.1 Hz, 1
H, 2-H), 4.07 [s, 1 H, (CH3)C(OH)], 6.34 [s, 1 H, CH(C¢Hs)],
6.75—7.51 (m, 20 H, aromatic H). The '"H NMR spectra of the
minor diastereomers differ in: 6 = 0.82 (d, J = 7.1 Hz), 0.96 (d,
J = 6.8Hz), 1.20 (d, / = 7.1Hz) (3 H each). — 3C NMR
(75MHz): & = 1.80 [Si(CHs);], 12.3 [CH(CH3)COOH], 26.9
[(CH3)C(OH)], 48.8 (C-2), 74.5 (C-3), 78.3 [CH(CeHs)], 82.6
[(CsHs)>,COSi(CH3)5], 175.9 (C-1). — MS (70 eV, El): m/z (%) =
526 (1) M* — CHj], 509 (1) [M* — CH;O0H], 345 (45)
[C13H,50Si], 255 (65) [C5,H190Si "], 165 (6) [fluorenyl cation], 73
(100) [C3HoSi*]. — C34H3304Si (538.7): caled. C 75.78, H 7.09;
found C 75.88, H 7.04.
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(1R)-1,2,2-Triphenyl-2-(trimethylsilyloxy)ethyl (25,3R)-3-Hydroxy-
2,3-dimethyl-3-trifluoromethylpropanoate (4b): Prepared from 2
(2.3 g, 4.7 mmol), freshly distilled titanium tetrachloride (0.37 mL,
3.6 mmol), and trifluoroacetone (0.34 mL, 3.6 mmol). The latter
volatile compound was precooled in an ice bath (0 °C) before being
added by syringe. Crude yield 2.2 g (88%). Diastereomerically pure
4b (2.0 g, 80%) was obtained by column chromatography (n-hex-
ane/ethyl acetate, 7:1). A mixture of the three other diastereomers
was also isolated (ca. 0.2 g).

4b: '"H NMR (300 MHz): § = —0.15 [s, 9 H, Si(CH3)3], 1.19 [d,
J =17.3Hz, 3 H, CH(CH;)COO], 1.20 [s, 3 H, (CH5)C(OH)], 2.73
(q, J = 7.2 Hz, 1 H, 2-H), 3.78 [s, 1 H, (CH3)C(OH)], 6.60 [s, 1 H,
CH(CgHs)], 6.77—7.32 (m, 15 H, aromatic H). The '"H NMR spec-
tra of the minor diastereomers differ in: 6 = 0.96 (d, J = 6.8 Hz),
1.09 (d, J = 7.1 Hz), 1.14 (d, J = 7.1) 3H each). — 3C NMR
(75MHz): 6 = 1.8 [Si(CH3);], 12.0 [CH(CH;)COOH], 20.9
[(CH3)C(OH)], 444 (C-2), 742 (q, 2J = 36Hz, C-3], 794
[CH(CgHs)], 82.6 [(CsHs)COSi(CH3)3], 125.4 (q, 'J = 246 Hz,
CF;), 173.6 (C-1). — MS (70 eV, EI): m/z (%) = 515 (1) [M* —
CH3], 345 (2) [Cx3H,50Si ], 255 (90) [C5,H150Si™], 165 (15) [fluor-
enyl cation], 105 (21) [C;HsO0*], 75 (18) [C,H,;0Si*], 73 (100)
[C3HoSi"]. — Cy9H33F30,4Si (530.6): Caled. C 65.58, H 6.72; found
C 65.46, H 6.32.

(1R)-1,2,2-Triphenyl-2-(trimethylsilyloxy)ethyl  (2S,3R,4E)-3-Hy-
droxy-2,3-dimethyl-4-hexenoate (4c¢): Prepared by reaction of 2
(0.98 g, 2.0 mmol), freshly distilled titanium tetrachloride (0.17 mL,
1.5 mmol), and 3¢ (0.15 mL, 1.5 mmol). Crude yield 0.68 g (91%).
Column chromatography (n-hexane/ethyl acetate, 5:1) afforded dia-
stereomerically pure 4¢ (0.59 g, 79%; Ry = 0.5), 0.06 g of a mixture
of the other diastereomers, and 0.034 g of the 1,4-adducts.

4c: 'TH NMR (300 MHz): 8 = —0.14 [s, 9 H, Si(CH3)3], 1.10 [d,
J =7.2Hz, 3 H, CH(CH;)COO], 1.12 [s, 3 H, (CH5)C(OH)], 1.33
[d, J = 6.2Hz, 3 H, =CH(CH;)], 2.47 (q, / = 7.2 Hz, 1 H, 2-H),
3.31 (s, 1 H, OH), 5.31 (dq, J4 = 14 Hz, J; = 1.3 Hz, 1 H, 4-H),
540 (dq, Jg = 14Hz, J; = 6.2Hz, 1 H, 5-H), 6.55 [s, 1 H,
OCH(C¢Hs)], 6.78—7.29 (m, 15 H, aromatic H). The '"H NMR
spectra of the minor diastereomers of 4¢ differ in: & = 0.91 (d, J =
6.9 Hz), 0.93 (d, J = 6.8 Hz), 0.94 (d, J = 6.9 Hz) (3 H each).

(1R)-1,2,2-Triphenyl-2-(trimethylsilyloxy)ethyl ~ (2S,3S,4R)-2,3,4-
Trimethyl-5-oxohexanoate (5): Prepared from 2 (1.1 g, 2.3 mmol),
freshly distilled titanium tetrachloride (0.19 mL, 1.8 mmol), and 3-
methyl-3-penten-2-one (3d; 0.20 mL, 1.8 mmol). Crude yield 0.89 g
(96%). Diastereomerically pure 5 (0.66 g, 71%) was obtained by
column chromatography (n-hexane/ethyl acetate, 5:1); Ry = 0.5. A
mixture of the other diastereomers (0.23 g) was also isolated.

5: 'H NMR (300 MHz): § = —0.16 [s, 9 H, Si(CH3)s], 0.67 (d, J =
6.9 Hz, 3 H, CH; at C-3), 0.99 (d, J = 7.0 Hz, 3 H, CH; at C-4),
1.05(d, J = 7.1 Hz, 3 H, CH3 at C-2), 1.88 (m, 1 H, 3-H), 2.03 (s,
3 H, 6-H), 2.45 (dq, J4 = 8.5 Hz, J, = 7.0 Hz, 1 H, 4-H), 2.59 (dq,
Ja = 70Hz, J, = 7.1 Hz, 1 H, 2-H), 6.64 [s, 1 H, CH(CsHs)],
6.79—7.36 (m, 15 H, aromatic H). The '"H NMR spectra of the
minor diastereomers differ in: & = 6.56 (s), 6.59 (s), 6.61 (s), 6.63
(s), 6.66 (s) (3 H, each). — '3C NMR (75 MHz): § = 14.2 (CHj; at
C-3), 14.7 (CH; at C-4), 15.3 (CH; at C-2), 29.8 (C-6), 39.0 (C-2),
40.8 (C-4), 49.6 (C-3), 78.2 [CH(C¢H35)], 82.6 [(C¢Hs),C], 173.9 (C-
1), 212.4 (C-5). — MS (70 eV, EI): m/z (%) = 345 (2) [C53H,50Si "],
255 (100) [C5,H9OSi*], 165 (4) [fluorenyl cation], 73 (35)
[C3HoSi*]. — C3,H4004Si (516.7): caled. C 74.38, H 7.77; found C
74.28, H 7.81. — Crystal data for 5:1*!1 orthorhombic space group
P2:2:2;; a = 9.708(3), b = 10.710(3), ¢ = 29.981(8) A; V =
3013.2(15) A% Z = 4; doyeq. = 1.139 Mg/m®; p(Mo-K,) = 0.111
mm~'; F(000) = 1112; intensity data 0 = h = 12,0 = k = 13,0
= 1 = 37; 20,40 = 27.56°% R = 0.0378, R, = 0.0891.
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(1R)-2-Hydroxy-1,2,2-triphenylethyl (2.5,3R,4E)-3-Hydroxy-2,3-di-
methyl-4-hexenoate (6): A 50-mL two-necked flask, equipped with
a septum and a magnetic stirrer, was charged with 4¢ (0.5 g,
1.0 mmol) and connected to the combined nitrogen/vacuum line.
After the addition of THF (15 mL), the septum was opened and
nBuyNF-3H,0 (0.63 g, 2.0 mmol) was added rapidly while nitrogen
passed through the flask. The flask was closed with the septum,
and the mixture was stirred for 3 h at room temp. After cooling to
0 °C, another portion of nBuyNF-3H,O (0.55 g, 1.75 mmol) was
added and stirring was continued at 0 °C for 12 h. The mixture was
allowed to warm to room temp. and then concentrated on a rotary
evaporator. Deionized water (6 mL) and NaCl (1.4 g) were added,
and the mixture was extracted four times with a total amount of
120 mL of diethyl ether. The combined organic layers were washed
twice with brine and dried with MgSQO,. Evaporation of the solvent
on a rotary evaporator and subsequently under an oil-pump va-
cuum afforded a solid crude product which was recrystallized from
petroleum ether to give white, crystalline 6. Yield 0.317 g (74%). —
[a]® = 66.8 (¢ = 0.6 in chloroform). — '"H NMR (300 MHz): § =
0.97 [d, J = 7.1 Hz, 3 H, CH(CH»)], 1.09 [s, 3 H, (CH;)C(OH)],
1.35(d, J = 6.1 Hz, 3 H, 6-H), 2.48 (q, J = 7.1 Hz, 1 H, 2-H), 2.85
[s, I H, (C¢Hs),COH], 3.19 [s, 1 H, (CH3)C(OH)], 5.31 (dq, J4 =
14 Hz, J, = 1.3 Hz, 1 H, 4-H), 5.40 (dq, J4 = 14 Hz, J, = 6.1 Hz,
1 H, 5-H), 6.66 [s, 1 H, CH(C¢H5)], 7.01—=7.57 (m, 15 H, aromatic
H). — 3C NMR (75 MHz): § = 11.7 [CH(CH3)], 17.4 (C-6), 24.7
[(CH5)C(OH)], 48.0 (C-2), 72.6 (C-3), 78.7 [CH(C4Hs)], 80.3
[(C¢Hs5)COH], 123.8 (C-5), 136.5 (C-4), 175.7 (C-1). — MS (70 eV,
EID): m/z (%) = 429 (7) [M*]. — Cy3H3004 (430.5): caled. C 78.11,
H 7.02; found C 77.93, H 7.09. — Crystal data for 6:>!1 orthorhom-
bic space group; P2,2,2; a = 10.658(3), b = 10.762(4), ¢ =
21.472(6) A; V = 2462.9(13) A3 Z = 4; deyea. = 1.161 Mg/m>;
w(Mo-K,) = 0.076 mm~'; F(000) = 920; intensity data 0 < h =
13, - 14 =k =0,0=1=27; 20,4, = 27.56°; R = 0.0408, R, =
0.0918.

(25,3S5)-3-Hydroxy-2,3-dimethyl-4-hexenoic Acid (7): A mixture of
4c¢ (0.31 g, 0.73 mmol), methanol (85 mL), and water (25 mL) was
stirred in a 250-mL flask at 0 °C. A solution of LiOH-H,O (0.33 g,
8.0 mmol) in 25 mL of water was then added. The mixture was
stirred for 0.5 h at 0 °C and then for 3 days at room temp. Water
(20 mL) was added, and the suspension was extracted three times
with a total amount of 150 mL of diethyl ether in order to remove
1,1,2-triphenyl-1,2-ethanediol. The aqueous layer was cooled in an
ice bath and acidified to pH = 3 by addition of 1 N hydrochloric
acid. The solution was saturated with NaCl and extracted five times
with ethyl acetate (150 mL). The combined organic extracts were
dried with Na,SO,4 and concentrated on a rotary evaporator to give
colorless, oily 7. Yield 0.075 g (65%). — [a]® = 255 (¢ = 1 in
chloroform). — '"H NMR (300 MHz): § = 1.22 [d, J = 7.2 Hz, 3
H, CH(CH>)], 1.27 [s, 3 H, (CH5)C(OH)], 1.69 (d, J = 6.3 Hz, 3
H, 6-H), 2.57 (q, J/ = 7.2 Hz, 1 H, 2-H), 3.34[s, 1 H, (CH3)C(OH)],
5.55(dq, Jy = 15Hz, J, = 1.3 Hz, 1 H, 4-H), 5.40 (dq, J4 = 15 Hz,
Jq = 6.3Hz, 1 H, 5-H), 7.2 (broad s, | H, COOH). — 3C NMR
(75 MHz): § = 12.2 [CH(CH3)], 17.7 (C-6), 24.0 [(CH;)C(OH)],
48.2 (C-2), 73.3 (C-3), 124.4 (C-5), 136.2 (C-4), 180.6 (C-1).

(1R,2R)-1,2-Dimethyl-1-phenyl-1,3-propanediol (8): Under nitrogen,
a solution of 4a (0.70 g, 1.3 mmol) in 5mL of THF was added
slowly to a vigorously stirred suspension of LiAlH, (0.88 g,
22 mmol) in THF (50 mL) at room temp. Stirring was continued
overnight. The mixture was cooled in an ice bath and water (5 mL)
was added dropwise. Then, 1 N hydrochloric acid was added drop-
wise until the precipitate dissolved. The layers were separated, and
the aqueous phase was extracted three times with chloroform and
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ethyl acetate. The combined organic layers were dried with MgSO,
and the solvent was removed on a rotary evaporator. The crude
product was submitted to column chromatography (n-hexane/ethyl
acetate, 4:1). After elution of 1,1,2-triphenyl-1,2-ethanediol, com-
pound 8 was isolated (R; = 0.3) in 71% yield (0.17 g) as a colorless
oil; [a]® = —19.8 (¢ = 1 in chloroform). — '"H NMR (300 MHz):
§=1092[d,J=7.1Hz 3 H, CH(CH3)], 1.50 s, 3 H, (CH3)C(OH)],
1.98—-2.03 (m, 1 H, CHCHj;), 3.37 [s, 1 H, CH(OH)], 3.45—3.53
(m, 2 H, CH>), 3.89 [s, | H, (CH3)C(OH)], 7.20—7.44 (m, 5 H,
aromatic H). The 'H NMR spectrum is in accordance with that
of racemic (2R*,3R*)-2-methyl-3-phenyl-1,3-butanediol, described
in ref.[??]
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