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Abstract: Enantiomer selective hydrolysis of racemic 1,2-diol diacetates (rac-2a-h) was investigated by
iable regioselectivity but with moderste to aood ioselectivity vielding & mt of
isomeric monoacetates (3a-h and 4a-h) and unchanged diacetate enantiomers (2a-h). Evidence
was found that both monoacetates (3a-h and 4a-h) are formed with the same sense of

1,2-Diols are important structural unit or synthetic building block for a large mumber of biologically
active natural or synthetic compounds. The two enantiomers of such compounds possess different biological
activity, e.g. while the active enantiomer of pheromone brevicomin contains 1,2-dioxy-butane subunit with R
inhibitory properties were synthesized from (S)-1,2-heptanediol2 These examples indicate that there is a need for
rational method of enantioseparation of racemic 1,2-diols.

The utility of hydrolases, especially lipases for enantiomer and regioselective transformation of alcohols
and related compounds is well known3. Recently, lipase catalyzed transformations of 1,2-diol derivatives were
studied by several groups. Although hydrolysis* or alcoholysis® of 1,2-diol dincetates were also investigated,
enzymic acylstion (transesterification) was chosen as a tool for kinetic resolution of racemic 1,2-diols in the
mﬁmhyofﬁqemdwll.wmmmmmmcmmﬁn&m(&mh
aqueous biphasic system consisting tributyrin as ester componentS, porcine pancreatic lipase (PPL) in ethyl
acctate or butyrate’ or methyl propionate® matrix, or lipase from Psewdomonas sp. (Amano PS) in
tetrahydrofurane containing vinyl acetate and triethylamine?: 10 have been reported. Acylation of diols by acetic-
or butyric anhydride catalyzed by PPL in ether or tetralydrofirrane has also been investigated!!, Generally, kigh
wmmmmmmmmmmmwmm
acylations parallel with variable degree of enantiomer sclectivity. Contrarily, hydrolysis* or alcoholysis® of 1,2-
diol diacetates by using lipases from Psewdomonas sp. (P. aeruginosa lipase, and Amano PS, respectively)
) In the preseat study our aim was to investigate the hydrolysis of 1,2-diol diacetates catalyzed by the
mmM@dml.,Tﬁh)ﬁ&mMﬂythudmmﬁmmmﬂmhbﬂy.
wmwwmummmwwu@mmamm
diols® with methyl propionate using the same lipase (PPL) in the case of diols rac-1a,b.c e
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Scheme 1. PPL-casalyzed enantiomer selective hydrolysis of 1,2-diol diacetates
Reagents: L.,) Acy0, cat. Hy80,, reffux, 15 min; #,) PPL, Hp0, pH 7, rt.; iii,) cat. NaOMe, MeOH, r.t

mwmmnmmwmammmm
media in comparison the hydrolysis of the ester of the same alcohol by the same enzyme3, in the case of
1,2-diols the situation is opposite. Enantiomer scloctivities of hydrolyses of diacetates rac-2a,bye,e have proved
to be superior to those wbserved by acylation of the corresponding diols 7ac-2a,b,¢,e with methyl propionate in
each case. Furthermore, our preliminary experiments have shown that the hydrolysis of 1,2-diol diacetate rac-2d
catalyzed by PPL proceeds at least ono magnitude faster than the corresponding transesterification of the parent
diol rac-1d in ethyl acetate or methyl propionate with the same enzyme.

The ratio of monoacetste regioisomers (3 and 4) obtsined by hydrolysisi2 much depends on the constitution of
the diacetate rac-2 (Tabie), contrasily to the exclusive acylstion of the primary hydroxyl group in the acylationS.
The monoacetate regigisomers have proven to be separable by simple vacuum-chromatography2¢ from the
3+de,d,0,h mixtures. Analysis of each diol products ent-1¢ obtained from the separated monoacetates 3¢ and 4e
(Scheme 2.) showed that the enantiomer-preferences are the same in the PPL hydrolysis for primary and
secondary acetoxy groups.
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Scheme 2. Regiosslectivity - enantiomer preference correlation in PPL hydrolysis
Reageats: ..) PPL, HyO, pH 7, r.t., 30% conversion; /i) cat. NsOMi, MoOH, 1.t.

OH

de

f—



Lnantiomer selective hvdrolysis of 1,2-diol diacetates

Table; PPL-catalyzed enantiomer selective hydrolysis of 1,2-diol diacetates ¢

Substrate | Conv. | 2, Yieig? ful,of | eeof | Config 3:4 3+4, [t} of e.e. of
roc-1 %o e 1 1°, % of 1 ratio? | Yield?, % ent-1 ent-1%, %
a 50 75 485 f 28 R 0.62 64 +4.19 1 24
30 | 0.45 61 +533 7 30
70° i% g09 f 52 R

b 50 58 +849 % 72 R 1.1 67 .88 & 6%
30 0 &6 .05 & 82
70 48 +116 % 91 R

c 50 77 +14.1 ~ 81 R 2.2 R0 -132 76
30 2.5 86 -145 * 85
T 48 +174 4 96 R

d 50 78 +109% ¢ 72 R 0.57 72 04 7 56
30 0.64 80 14 7 68
70¢ 68 +134 ¢ 80 R

P 50 73 +94 / 7 R 0.75 11 14/ 62
310 081 17 93 7 78
e i +110 4 92 R

f 50 $1 +4.2 k 58 s 4.4 75 40 K 35
30 4.0 63 49 & 68
T0¢ 57 +6.3 * g7 5

E 50 75 +32 ! 54 5 43 54 2.9 1 49
30 4.4 30 44 1 75
70¢ 54 +54 1 g2 kY

h 50 51 28 7 51 Ay 1.7 73 +34) ™ 55
30 1.7 75 +31 ™ 57
TO¥ 63 T L 61 5

a: seaction conditions: 5-20 mg PPL/mmol substrate, water, pH 7.5, RT, 0.2-3 h For details soc the Experimental section; &
isolated vield after separation in respect to the given conversion: . determined by NMR using Eu-shill reagents!? and/or
compartng the measured optical rotatory powet with the corresponding Iiterature data gyven for gach diol below, o lsomenic
ratio was estimaled from the miggrauon of the CO-CH;, -CHy-0), and CH-0 signals 1o the TH.NMR spectra of 344 mixoures;
«: The diacetate {raction separated after hydrolysis 10 30% couversion was further hydrolyvzed to a degrec which corresponds Lo
70% conversion of the original substrate, £ (neat}. Maximum value found}? for (5), [, +17.489 (neat); g {c 2.5, cthanol).
The highesi values found' for the pure enantiomers: (8), [0, -12.87 (c 2.5, ethanol), (R), [a)?%, +124 (¢ 2.5, cthanoly;
k: (g 12, ethanol). Maximum values found for (), [al, +16.2 (c 14, ethancl) L6 and for (8. {u}ﬁ -16.1 (¢ 3, emmmi}”
Since our preparation had higher (+17.49) rotation value as found in the literature optical purity calculations are ba!:ed on our
own value; i (¢ 12, ethanol). Literature values found for (&), [u}®, +16.8 (c 12, ethanol}13:17 and for (8, [w}?2, -16.6 (¢
11.9, ethanel), 100% e.e.'%; ; (¢ 1, cthanol). Literatre value found?? for (5), &1}?2 -11.5% (¢ 1, cthanol), >94% e.e; & {c 5,
water). Literature values founa?! for (R, [a]?2, +7.1 (¢ §, water), >94%e.e. and for (5), [w)?2_ 6.4 (c 5. water), RR% .2
¥ {c 2. cthanol). The highes values found®? for (R}, [a)?', +5.9 fc 1.7, cthanol) and for {5), m?? 54 {c2, ethanoly, m {c
{0, benzene). Maximum vaiue found? * for ($), o}, +5.45 (c [0, benzene).
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It is noteworthy, that quite consistent structure-regioselectivity and structure-enantiomer selectivity
equations could be obtained for the PPL. hydrolysis of diacetstes rac-2a-h by minimizing multilinear equation
systems using NMR signals (acetate methyl, O-methyne, O-methylene chemical shifts), calculated (MM2)
distances, mass of side substituent R, and TLC Rf value of the diacetates as unconditional parameters.

In case of hydrolyses with moderate emantiomer selectivity a cascade procedure can be applied to
enhance the enantiomeric purity. This possibility is illustrated by the tandem hydrolysis of rac-2f (Scheme 3.).
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Scheme 3. Cascaide hydrolysis of 1,2-diacetoxy-3-chioropropane (rac-2f). [Under formula of diol
enantiomers 11 and emi-1f an illustrative part of 400 MHz PMR spectra in the presence of Eu(hfc)3 as
chiral shift reagent’? are shown)

Reagents' ..) PPL, Hy(), pH 7, r.t. (degree of conversion is given in parenthesss); i1} Ac70. cat. HaSOj, reflux, 15 min.;
ii1,) cat. NaOMe, MeOH, r.t.

Comparing the 90% enaatiomeric purity of diol ent-1f prepared from rac-2f by the sequence of PPL hydrolysis
(to 50% conversion) - reacetylation of the monoacetate fraction 3F+4f - PPL hydrolysis (to 60% conversion ) to
which obtained by the one-step hydrolysis (55%e.c. and 68%e.c. at 50% and 30% conversion, respectively)
mmmmwdmmmmummmwm
nltunllymchrge yield.

From the of practical applicability it is worth to mention that in case of rac-2a,b,c.f,g the
ma)dmwmmmmmwmmmhwm
only extractive methods.
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Conclusions

Analysis of data on lipase catalyzed hydrolysis of 1,2-diol diacetates compared to the lipase catalyzed
acylation of 1,2-diols shows that contrarily to the acylation - hydrolysis of simple racemic alcohols and their
esters where a common or very similar transition state for the hydrolysis or acylation is assumable® the
hydrolytic process is mechanistically quite different from the acylation of the parent diol. The consequences of
this difference are the very high regioselectivity parallel with moderate enantiomer selectivity and the poorer
acceptance of the 1,2-diols as substrates in case of acylations and moderate and variable regioselectivity parallel
with a higher enantiomer selectivity and a higher rate of transformation in case of hydrolyses. It means, that in
synthetic procedures requiring high regioselectivity in transformation of 1,2-diols the acylation, while in
syntheses needing higher enantiomer selectivity the hydrolysis of the diacetates are the method of choice.

EXPERIMENTAL

The IH-NMR spectra were measured on JEOL FX-100 (100 MHz) or Brucker AW-80 (80 MHz) specirometers in CDCly solutions
containing TMS as internal standard. Enantiomer purity determinations!3 using Euhfc)y as chiral shift reagent were made in dry
ds-acetonitrile on a Varian VXR-400 (400 MHz) spectrometer. Optical rotations were detcrmined on a Perkin Elmer 241
polarimeter. Thin-layer chromatography (TLC) was made using Merck Kieselgel! 60 Fyg4 aluminum sheets. TLC plates were
developed using the following solvent systems: hexane-acctone = 5:2, A; diisopropy! ether-acetone = 2:1, B. Spats were visualized
by treatmeni with 3% ethanolic phosphomolybdic acid solution and heating of the dried plates. Preparative vacuum-
chromatography24 was performed using Merck Kicsclgel 60 Fas4. Acetic anhydride and racemic diols (rac-1a,b,c,f) were
purchased from Merck. The other diols {rac-1d,e,g.h) were synthesized by known procedures. Porcine pancreatic lipase (PPL, Type
1I) was obtained from Sigma. All solvents used were freshly distilled.

Acetyiation of racemic diols (rac-1a-h). generaf procedure

Acetic anhydnde (12.4 g, 0.12 mot) was added dropwise to the stirred diol (#2c-1a-h, 0.10 mol) containing one drop of
conc. HySOy at a rate providing gentle reflux. After introducing acetic anhydride the mixlure was stirred for 15 min and then
neutralized by adding sodium acctate. Product was isolated by vacuum distillation in 70-88% yield showing the appropriate IR and
IH-NMR spectra.
rac-2a: yield: 70%, b.p.: 81-820C (22 mbar/17 torr}, TLC: Rf(A)= 0.59; rac-2b: yield: 73%, b.p.: $59C {15 mbar/11 torr), TLC:
REA)= 0.58; rac-2¢: yicld: 78%, b.p.: 92-94°C (11 mbar/8 torr), TLC: RA)= 0.59; rac-2d: yield: 81%, b.p.; 128-132°C (20
mbar/15 torr), 7L RE(A)Y= 0.60; rac-2e: yield: B1%, b.p.: 132-1399C (4 mbar/3 torr), TLC: Rf(A)= 0.62; rac-2f: yield: 77%, b.p.:
118-1229C (21 mbar/16 torr), FLC: R(A)= 0.48; rac-2g; yield: 8%, b.p.: 114-116°C (21 mbar/16 torr), TLC: RE(A)= 0.45; rac-2h:
yield: 72%, b.p.: 138-1399C (4 mbar/3 torr), TLC: Rf{A)= 0.59.

Hydrolysis of racemic divl diacetates (rac-2a-h): general procedure {on 50 mmol scale)

To a stirred emulsion of 1,2-diol diacetate {rac-2a-h, 50 mmol} and 80 ml of water PPL enzyme (1 g) was added and the
pH value of the mixture was kept constant 7.4 by dropping IM NaOH solution from an autoburette. After consumpting the desired
amount of base (0.4 - 4 h) the mixture was extracted with ethyl acetate (4 x 60 ml). The combined ethyl acctate layers were wagshed
with brine (40 mi} and dried (MgSQy). After evaporating the solvent ir vacuo the remaining oil was separated cither by vacuum-
chxnmatography33 {a) or extraction () yielding diacetate (2a-h) and monoacetate (3+4a-h) fractions in 48-85% and 55-85% vield
(based on conversion), respectively.

a) The remaining oil was applied onto a column filled with silica gel (100 g} and eluted first with hexanc-acetene = 10:]
(approximately 1000 mi) then with hexanc-acetone = 5:1 elvant mixtures. After analyzing the collected fractions the appropriate
paris were combined and evaporated yielding diacetate (2a-h) and monoacetates (3+da-h).

#) The remaining oil was dissolved in hexane {150 ml) and then cxtracted with water (3-4 x 150 ml). After reextracting the
combaned aqueous layers with hexanc (100 ml) the unified hexane layers were dried (MgS0y4) and ¢vaporated in vacuo giving
diacetate (2a,b,c.f,g). The aqueous layer was then extracied with ethyl acetate (3-4 x 80 ml). Evaporation of the solvent from the
combined and dried (MgSOy) cthyl acctate layers in vacuo gave monoacetates (I+dabefg).

For calculated yields of fractions 2a-h and 3+4a-h and isomeric ratio of monoacetates (3 to 4) see Table. Physical
properties (IR, IH-NMR spectra, TLC) of optically active diacelates (2a-h) were similar to the racemic compounds {rac-2a-h).

Hydralysis of 1. 2-diacetoxypropane (rac-2a)

a} Hydrolysis of rac-2a: (10 g) at 50% conversion yielded afier extractive separation 2a (3.75 ) and 3+4a (2.36 g). 3tda; TL.C. Rf
{A) = 0.39, TH-NMR, & 1.19 (d, J= 6Hz, 1.3H, 4a -CHj), 1.22 (d, J= 6Hz, 1.7H, 3a -CH3), 2.07 (s, 1.3H, CH3), 2.09 (s, 1.7H,
CHy), 3.6¢ (d, J= SHz, 1.15H, 3a -OCHy-}, 3.8-4.3 (m, 1.3H, 4a -OCHj- and OCH), 4.7-5.2 (im, 0.31H, 3a OCH).

&) Hydrolysis of roc-2a: (25 g) at 30% conversion yiclded diacctate (11.16 g) and 3+4a (3.37 £).

¢) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2a (3.68 g) and monoacetates (2.41 g).
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Hydrotysis of 1, 2-diacetoxybutane (rac-2b}

@) Hydrolysis of rac-2b: (10 g) at 50% conversion gave after extraclive separation 2b (2.90 g) and 3+db (2.54 g). 3+4b: TLC: Rf
(A) =040, {H-NAMR, & 0.96 (m, 3H, CHy), 1.25-2.0 (m, 2H, CHy), 2.08 (br s, 3H, CO-CHy), 3.55-3.77 (m, 1.05H, 3b OCHy),
3.78-4.35 (m, 1.4H, 4b OCH; and OCH), 4.6-5.05 (m, 0.55H, 3a OCH).

b Hydrolysis of rae-2b: (15 g) at 30% conversion yielded diacetate (6.82 gy and 3+4b (2.93 g).

¢} Hydrolysis of diacetate fraction from 2} at 57% conversion gave b ¢2.14 g} and moncacetates (235 g).

Hydrolysis of 1,2-diacetoxypentane (rac-2¢)

a) Hydrolysis of rac-2¢: (10 g) at 50% conversion gave after extractive separation 1¢ (3.85 g) and 3+4¢ (3.1 g).

b) Hydrolysis of rac-2c: (15 g) at 30% conversion yielded diacetate (6.82 g), 3¢ and 4«¢ (total monoacetates: 3.02 g). Analytical data
for the regioisomers separated by vacuum-chromatography on silica gel: 3c: 7LC: Rf (A} = 0.39, T NMR, & 0.93 (m, 3H, Cii3),
1.48 (me, 4H, 2 CHy), 2.09 (s, 3H, CO-CHy), 3.67 (me, 2H, OCH,), 4.7-5.2 (m, 1H, OCH); 4c: TEC: RE(A) = 0.41, TH-NMR &
093 (m, 3H, CHy), 1.45 (mc, 4H, 2 CHy), 2.06 (s, 3H, CO-CHy), 3.7-4.3 {m, 3H, OCH; and OCH).

¢} Hydrolysis of diacetate fraction from &) at 57% conversion gave 2¢ (2.14 g) and moncacelates (2.35 g).

Hydrolvsis of 1, 2-diacetoxyheptane (rac-2d)

a) Hydrolysis of rac-2d: {10 g) at 50% conversion gave afier separation by vacoum-chromatography 2d (3.9 g) and 3-+4d (2.9 p).
Analytical data for the regioispmers: 3d: TLC: Rf (A) = 0.39, FH NMR, & 0.89 (m, 3H, CHa), 1.38 (mc, 8H, 4 CHy), 208 (s, 3 H,
CO-CHg), 3.67 (mc, 2H, OCHy), 4.7-5.2 {m, 1H, OCH); 4d: TLC: RfE{A} = D .42, Iy NMR, & 0.89 (m. 3H, CHy), 1.41 (mc, BH, 4
CH3), 2.06 (5, 3H, CG-CH3), 3.7-4.3 (m, 3H, QCH; and GCH).

b) Hydrolysis of rac-2d: (20 g) at 30% conversion yviclded diacetate (11.3 g) and 3+dd (3 .37 g).

¢) Hydrolvsis of diacetate fraction from b) at 57% conversion gave 2d (4,05 g) and manoacetates (2.94 g).

Hydrolysis of 1, 2-diacetoxydecane (rac-2e)

a) Hydrolysis of rac-2Ze: (10 g} at 50% conversion yielded after separation by vacuum-<chromatography 2e (3.85 g) and 3+de (2.37
g). 3¢: TLC: RE (A) = 0.41, 4e: 7LC: Rf {A) = 0.43, 3+de: TH-NMR, & 0.89 (m, 3H, CHy), 1.35 (mc, 14H, 7 CHy), 2.06 (s, ca.
1.3H, CO-CHy), 2.08 (s, ca. 1.7H, CO-CH3), 3.64 (mc, 1.2H, 3¢ OCHyp), 3.754.3 (m, 1.45H, 4¢ OCH; and OCH), 4.7-5.2 (m,
0.6H, 3e OCH).

b) Hydrolysis of rac-2e: (10 g) at 30% conversion gave diacetate (5.2 g) and 3+4e (1.94 g).

) Hydrolysis of diacetate fraction from &) at 57% conversion gave 2e (2.10 g) and monoacetates (1.87 g).

Hydrolysis ef 3-chioro-1,2-diacetoxypropere (rac-2f)

o) Hydrolysis of rac-2f: (10 g) at 50% conversion yickied after extractive separation 2f {4.05 g) and 3+4f (2.94 g). 3+Hdf: TLC: RY
(A)=0.32, {H-NMR, & 2.10 (br 5, 3H, CO-CHjy), 3.4-3.95 (i, 2.35H, CI-CH, and 3f OCHj), 3.954.5 (m, 2.45H, 4f OCH; and
OCH), 4.8-5.3 (m, 0.2H, 3f QCH).

b) Hydrolysis of rac-2f: (20 g) at 30% canversion yielded diacetate (10.9 g} and 3+4f (3.20 g).

¢) Hydrolysis of diacetate fraction fram &) at 57% conversion gave 2f (3.43 g) and monoacetates (3.71 g).

Hydrolysis of 1, 2-diacetoxy-3-methoxypropane (rac-2g)

&) Hydrolysis of rac-2g: (10 g) at 50% conversion gave after extractive separation 2g (3.76 g) and 3+dg (2.10 g). 3+dg: TLC: Rf
(A)=10.30, TH-NMR, & 2.08 (s, 2.45H, 4g CO-CHy), 2.10 (s, 0.55H, 3g CO-CHsy), 3.37(s, 3H, OCH3), 3.42 (4, J= 5Hz, 1.65H, 4g
CHy-OMge}, 3.56 (d, J= 5Hz, 0.35H, 3g CH,;-OMe), 3. 65-4.25 (m, 2.45H, 4g OCHy and OCH), 4.8-3.2 {m, 0.2H, 3g OCH).

b) Hydrolysis of rac-2g: (30 g) at 30% conversion vielded diacetate (14.7 g) and 3-+dg (3 51 g).

¢} Hydraolysis of diacetate fraction from 4} at 57% conversion gave 2g (4.83 g) and monoacetates (4.82 g).

Hydrolysis of 3-benzyioxy- I, 2-diacetoxyprepane (rac-Zh)

a) Hydrolysis of »ac-2h: (3 g) at 30% conversion yielded after separation by vacwum-<chromatography 2h (1.22 g) and 3+4h (0.92
£, 3b: TLC: RF(A) = 0.37, 4h: 72C: R (Ay = 0.41, 3+dh: {H-NAMR, & 204 (s, ca. 1.9H, 4h CO-CH3}, 2.07 (s, ca. 1.1H, 3h CO-
CH3}, 3.4-4.3 (m, ca. 4.6H, BnO-CH,, OCH3, and 4h OCH), 4.51 (5, 2H, OCH,Ph), 4.8-5.3 (m, ca. 0.4H, 3h OCH), 7.30 (m, 5H,
ArH).

b) Hydrolysis of rac-2h: (3.1 g) at 30% conversion gave diacetate (1,87 g) and 3+4h (0 57 ).

<) Hydrolysis of diacetate fraction from b} at 57% conversion gave 2h (0.59 g) and monoacetates (0.62 g).

Desacetylation of diacetates (2a-h) or monoacetates (3.4a-h) lo optically active diols (1a-h) or (ent-1a-h): general procedure
Acetylated 1,2-diol (2a-h or 3,4a-h; 20 mmol) was dissolved in 0.2% methanolic NaOMe solution (15 ml) and stirred at
rt. for 4 h. After neutralizing the mixture by 1M HC! methanol was evaporated off and the rest was purified by vacuum-
chromatography using hexane-acetone= 2:1 as cluant to give diol (1a-h or ent-1a-h) in 70-85% yield.
laorent-la: TLC: Rf(A)= 0.15; 1b or ert-1b. TLC: RE(A)= 0.20; 1¢ or ent-1¢: TLC: Rf{A)= 0.22; 1d or ent-1d: TLC: R{A)= 0.27,
le or ens-1e: TLC: RE(A)= 0.29; 1f or ent-1f: TLC: R(A)= 0.20, Rf(B)= 0.68; 1g or ent-1g: TLC: Rf(A)=0.11, RRB)=0.37, 1h or
enf-1h: TLC: Rf{A)= 0.29. For oplical rotaticn value, enantiomeric purity and configuration daia of the diols (1a-h or ent-1a-h)
prepared from the corresponding diacetates (Za-h) or monozcetates (3+4a-h) obtained by PPL hydrolyses of racemic diacelates {rac-
2a-h} see Table.
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