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A new method to facilitate the separation of diastereomeric syn- and anti-1,3-diols is described. The method relies on the different hydrolysis
rates of the corresponding diastereomeric acetonides. Treatment of a dichloromethane solution of syn- and anti-1,3-diol-acetonide with a
catalytic amount of diluted aqueous hydrochloric acid leads to the selective cleavage of the anti diastereomer. The resulting anti-1,3-diol can
be easily separated from the unchanged syn-1,3-diol-acetonide.

Substituted 1,3-diols are valuable intermediates in the Recently, we developed a stereoselective synthesis of the
synthesis of drugs and natural produtt$hese useful enantiopures,o-dihydroxy estesyn(3R,59-1, which com-
building blocks are often obtained as mixturessgh and prises a highly enantioselective enzymatic reductiosyra

anti diastereomers in varying diastereomeric ratios. The selective borohydride reduction, and a crystallization &tep.
separation of 1,3-diol diastereomers can be a difficult task, This chiral dihydroxy ester is an advanced building block
even at the stage of cyclic derivatives such as the corre-for HMG-CoA-reductase inhibitors of the mevinic acid type.
sponding acetakThis applies especially for noncrystallizing From a 200 g campaign, the stereoisomerically pure crystal-
1,3-diols and when the separation has to be conducted on dized main producsyn(3R,59-1 was collected along with
large scale. Here we report a general and simple method ofconsiderable quantities of mother liquor residues.
efficiently separating diastereomeric 1,3-diols. The crucial

step is a diastereomer-differentiating hydrolysis of the OH OH O OH OH O
corresponding 1,3-diol-acetonides (2,2-dimethyl-1,3-diox- C'Motsu C'Motsu
anes). syn-(3R,55)-1 anti-(38,55)-1
(1) (a) Qishi, T.; Nakata TSynthesid99Q 635-645. (b) Rychnovsky, . ) ) )
S. D.Chem. Re. 1995 95, 2021-2040. (c) Schneider, G\ngew. Chem., Although these residues still mainly consisted of the

Int. Ed. Engl.1998 37, 1375-1378.
(2) (@) Tamaru, Y.; Hojo, M.; Kawamura, S.; Sawada, S.; Yoshida, Z.
J. Org. Chem.1987 52, 4062-4072. (b) Jung, M. E.; Kretschik, Q.

desiredsynf3,0-dihydroxy estesyn{3R,59-1,° a second crop
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of crystalls could not be obtained. Separation of the diaster-

eomerssyn{3R,59-1 and anti-(3559)-1 by column chro-
matography is ineffective as a result of marked coelution,
and the same holds for the cyclic derivatiws{3R,55)-2
and anti-(3559)-2.5

On deprotecting aynanti mixture of acetonid® with a
catalytic amount of diluted aqueous hydrochloric acid in
dichloromethane solution, we observed thatahé diaste-
reomer hydrolyses much faster than the diastereomer.

diastereomer-differentiating hydrolysis as described above.
At 20 °C and a substrate concentration of 0.2 mot,Lthe
hydrolysis is slow enough to be conveniently monitored by
means of gas chromatographin a representative examgle,

a noncrystallizing mother ligour residue, consisting mainly
of dihydroxy estersyn(3R,59-1 and anti-(3S59-1 in a
diastereomeric ratiesynanti (drs. of 9:1, gave acetonide
syn(3R,59-2 with drs., = 221:1. The unreacted acetonide
syn(3R,59-2 was isolated by flash chromatography, which

Premature quenching of the acid catalyst with aqueousremoved the other polar impurities originating from the
sodium bicarbonate solution resulted in a mixture of the diols preceding synthesis steps as well (67% isolated yield; 75%

syn(3R,59-1 and anti-(35,59)-1 and highly enrichedsyn
acetonidesyn(3R,59-2 (Scheme 1). Because of the great
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a(a)2 N HCI (5 mol %), CHCIl,, 20 °C, 4 h; (b) flash
chromatography (isolated yields shown).

differences in polarity, the diastereomeric didlscan be
easily removed from the corresponding acetoniibg flash

chromatography. Thus, the diastereomer-differentiating ac-

etonide hydrolysis turns the difficutynanti diastereomer

based on thesyn diastereomer present in the starting
material). Apart from the minute content of remainiagti
diasteremoer<0.5%), the producsyn(3R,59-2 was pure
according to NMR and GEMS analysis. Remarkably, the
acid-sensitivetert-butyl ester group is not significantly
affected under these conditions.

This workup procedure was successfully applied to benz-
yloxy-substituted3,o-dihydroxy estesyn(3R,59-3° as well
(Scheme 2). Treating a diastereomeric mixture of this
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a(a) (1) 2,2-Dimethoxypropane, cat. CSA, acetone;@02 h;
(2) 2 N HCI (5 mol %), CHCI,, 20°C, 3 h; (b) flash chromatog-
raphy, 77% isolated yield (88% based on tn diastereomer
present in the starting material).

compound as described above led to an increase of the
diastereomeric ratisynanti from 7.3:1 to more than 400:1
(GC—MS analysis). Acetonidsyn(3R,59)-4 was obtained

in a 77% yield after flash chromatography (88% yield with
regard to the amount ofyn diastereomer present in the

separation into a separation of nonstereoisomeric compoundsStarting mgterial). o .
which show great differences in their physical properties and  To confirm the general applicability of this method, we

can therefore be readily separated.

investigated the hydrolysis of two other 1,3-diol-acetonides.

On the basis of these observations, we developed a workupFor that purpose, diastereomeric mixtures of the racemic
procedure for the mother liquor residues of the large-scale acetonidesynanti-5 (drs.a = 1.2:1) andsynanti-6 (drs.a =

synthesis of dihydroxy esteyn(3R,55-1. To this end, the

residues are treated with excess 2,2-dimethoxypropane in the (7) Athigher concentrations=0.3 mol L) the reaction is impracticably

presence of camphor sulfonic acid to generate the acetonide§5'1

syn(3R,59)-2 andanti-(3S559-2. The crude product, obtained
by merely evaporating the volatiles, is subjected to the

(4) (a) Thottathil, J. K.; Pendri, Y.; Li, W. S.; Kronenthal, D. R. U.S.
Patent 5,278,313, 199€hem. Abstr1994 120, 217700. (b) Kizaki, N.;
Yamada, Y.; Yasohara, Y.; Nishiyama, Y.; Miyazaki, M.; Mitsuda, M.;
Kondo, T.; Ueyama, N.; Inoue, K. Eur. Patent Application 1,024,139, 2000;
Chem. Abstr200Q 132, 166230.

(5) Diastereomeric ratio (dp syn(3R,59-1:anti-(3555)-1 =5:1 up to
9:1, ee> 99.5%.

(6) For the sake of clarity, the relative configuration of the acetonides
2, 4,5 and 6 is expressed by adopting trsyranti descriptors of the
underlying 1,3-diols instead of using tle&s/trans nomenclature.

620

ow, whereas at a lower concentratior€(1 mol L~1) the reaction is too

st to be reasonably monitored by GC.

(8) To a solution ofs,0-dihydroxy estersyn(3R,55)-1 [34.5 g, mother
liquor residue, chemical purity85% (H NMR), ee> 99.5%, dg.,= 9:1]

in acetone/2,2-dimethoxypropane (210 mL, 50:50 v/v) was added camphor
sulfonic acid (0.5 g, 2.2 mmol). The solution was stirred at room temperature
for 2 h and then concentrated in vacuo. The oily residue was dissolved in
dichloromethane (0.7 L), and hydrochloric acid (2 moi*L3.2 mL, 6.4
mmol) was added. After vigorously stirring at 2@ for 3 h, the solution

was washed with saturated aqueous Nal€dution and water, dried over
MgSQ;, and evaporated in vacuo. Flash chromatography of the residue (ethyl
acetate/isohexane 10:90 v/v, 10 cm @ column, 0.38 kg)3j@ve acetonide
syn(3R,59-2 as a weakly yellow oil: yield 23.2 g (67%); ¢1221:1 [GC-

MS, HP-5MS column (Hewlett-Packard), 12Q]. 'H and 13C NMR data

of this compound are described elsewh#re.

(9) Beck, G.; Jendralla, H.; Kesseler, Rynthesisl995 1014-1017.
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1.4:1) were prepared by sodium borohydride reduction of reasonable to assume that this explanation applys generally
the corresponding-diketones and subsequent ketalization to the hydrolysis oSyn andanti-1,3-diol-acetonides. Relief
with 2,2-dimethoxypropane. The acetonides were subjectedof strain has been invoked as an accelerating factor in the
to hydrolysis conditions as described above, except for the hydrolysis of other strained acetals and ketals as #ell.
application of a lower reaction temperature in the case of

synanti-6 (0 °C). Quenching with sodium bicarbonate ><

solution after partial conversion was followed by a usual /?\/?\)\

aqueous workup procedure, and the crude products were

analyzed by GEMS! and NMR spectroscopy. As can be >< 2 M HCI (5 mol%) o 8)17-350.1
seen from egs 1 and 2, the hydrolysis is highly selective in w CH,Cl,, 20°C, 1h ora = 90
both cases; only traces of the respectivei diastereomer (63% conv.) M Eq.1
were found in the remaining acetonide fractions. synlanti-5 OH OH
The application of Lewis acids as the hydrolysis catalyst ~ %sa =121 /I\/\)\
led to a high selectivity as well. Using 5 mol % Fe®H,0" ryg=12

instead of hydrochloric acid under otherwise identical

conditions, we observed an increase of the diastereomeric ><

ratio synanti from 3:1'? to 238:1 withi 1 h in thecase of 0" "o
acetonidesynanti-6 (0 °C, 36% conv). Obviously, the )\/'\Ph
presented diastereomer-differentiating hydrolysis of 1,3-diol- 2 MHCI (5 mol%) syn-6
acetonides is of general scope. Moreover, it can be applied 0~ 0 CH,Cly, 0°C, 4h dree =291

to generate highly enricheahti-1,3-diol from a diastereo- Ph W + Eq.2
meric mixture of 1,3-diol-acetonides as well (eq 2). To obtain .

. . .. . synianti-6 OH OH
optimal results with regard to selectivity and yield, careful 4 = 4:1 PP
monitoring of the hydrolysis is necessary. Ph

It is known from the literature thatyrr1,3-diol-acetonides drsa = 1:13

preferentially adopt a chair conformation, while for steric
reasons the acetonidesaniti-1,3-diols are generally forced
into a more strained twist-boat conformatirDifferences

in the reactivity of diastereomerisyn and anti-1,3-diol-
acetonides are scarcely described, however. Paterson an
Scott observed acetonide protection of anti-1,3-diol
building block to be too labile under several hydrogenolysis )
conditions while the acetonide moiety of thgnconfigured In cqn'clusmn, We'have dgveloped a pew prqcedure fF”
counterpart proved to be inert under the same condiffbns. the efficient separation of diastereomeric 1,3-diols that is

In the course of a kinetic conformational analysis conducted P2s€d on a diastereomer-differentiating hydrolysis of the
on diastereomerically pure 1,3-dioxanes, Pihlaja showed thatcOrresponding 1,3-diol-acetonides. The presented method is
very mild and highly selective and can be easily applied on

anti-2,4-pentandiol-acetonide hydrolyses 26 times faster than

the correspondingyn diastereomer (diluted hydrochloric & 1arge scale.

acid, 25°C).1® Pihlaja assigned the relief of strain in the ring Acknowledgment. Financial support from the Deutsche
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The differences in the hydrolysis rates of diastereomeric
1,3-diol-acetonides had been known in princiffi§.o the
best of our knowledge, however, an intended utilization of
H1ese differences for the separatiorspft andanti-1,3-diols
or syn and anti-1,3-diol-acetonides has not yet been
described in the literature.
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