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Ales&"- Eaentiomer selective hydrolysis of raamic 1,2-did diacetatates (,ac-2a k) was investigated y
ualeg the inexpensive cammeroid posrioe pancreatic lipue . The hydrolysis proceeds with
vwiable roioeelectivity but with moderate to pod aomtioseleal ey yielding a mccaue of
tine c monoscetates (3a-b and 4a-h) and uwlm .,d disoatate eaantiomom (2a-k). Evidence
was Bound that both moooaoetaas (3s-h and 4a-h) are Armed with the same sense of
anamioaser selacxvity .

1,2-Dick are important trcccad unit or synthetic bedding block for a large number of biologically
active natural or synthetic compounds . The two enantiome s of ouch compounds possess &NLe, biologial
activity, ergg while the active emmiomer of pheromone brevioomia contains 1,2-dioxy-butane submit with R
dguetion the other miner shows inhlbitoly poopertiesl . Prostacyclin analogs showing platelowa S him
iobLitary properties were synthesized from (S)-1,2•heptdol2 These examples indicate that there is a need for
rational method of wonWaeparation of raoemic 1,2-dole .

The utility of bydrolases, especially lpases for onsatiomer and regrosselective transformation of aloohols
and related compounds is well known3. Recently, lipase catalyzed tr oos of 1,2-did derivatives were
studied by several groups Although hydrolysis4 or aboholysias of 1,2-dol diacetates were also investigated,
enzymic acylation (t rHkation) was chosen as a tool for kinetic resolution of racemic 1,2-dins in the
majority of d= etudies611. TransestaiHcatien methods applying lipase from C®edfdor cyilin*araea (CcL) in
aqueous biphosic system consisting tdbutyrin as aster c omponent6, porcine pancreatic lipase (PPL) in ethyl
acetate or butyrate7 or methyl popionetea matrix, or lipase fom Paradnnsonas op . (Amano PS) in
UM&y&dwm vinyl acetate and Viediyymmo 9, 10 have been reported. Acylation of dills by acetic-
or butyric anhydride catalyzed by PPL in ether or totrahydrobnane has also been inv d11 . Generally, high
or eacbudve regiaelectivity preferring the primary hydroxyl groups has been observed by those enaymic
acyledons parallel with variable degroo of enaoeiomer selectivity . Contrarily, hydrolysis4 or akoholysiss of 1,2-
dial diaatatos by umg lipases 5 om PuS-aw m o. (P. aar grouse lipase, and Amen PS, respectively)
proceeded with moderate regio- and variable anantiomer selecaiviey .

In the present study our aim wu to investigate the hydrolysis of 1,2-did doc totes catalyzed by the
inexpensive PPL (Scheme 1 ., Table) with respect ad* to the degree of stowdomer selectivity and appfiabWty .
Enantiomer selectivity of hy&ulyds could be compared to that observed by mzymic acylation of the parent
dioL5 with methyl propionate using the same lipase (PPL) in the case of dole n c-1a,b,ea
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Although maatiomer selectivity is often observed by acylabon ofrace aleohols in orgasm
media in aompwiseanhthe hydrdyis of the ester of the same alcohol by the same enzyme3, in the came of
1,2-dials the situation Is oppoite. Ei amomer adectivities of hydrolyses of diaoetatm na -2a b re a have proved
to be superior to those obswved by aaylatiom of the corresponding dials ,w-2a,b e,s with narhyl propiontea is
ach am Pudhamad our pretimimry aparimeots have shown that the hydrolysis of 1,24o1 dtaoetate nao-sd
catalyzed by PPL proceeds at last one magnitude flow than the corresponding tra°samt'an8cat<aa of the parent
dial nso-id in ethyl acetate or methyl propionate with the same enzyme .
The ratio of monoaauge regloisomers (3 and 4) obtained by hydroiyisI 2 much depends on the moon of
the diaoetate nsa2 (Table), candy o the embaivm acylation of the primary hydroxyl group in the acylation! .
The monoaosute regMtsomers have proven to be separable by simple om the
3+4e,d,e,b mixtures. Mialysis of sub did products ant-ie obtained from the separated monoacatates 3e tend 4e
(Scheme 2.) showed tat the ematiaaser-proftences am the same in the PPL hydrolysis for primary and
secondary aoetosy groups .
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Table: PPL-catalyzed enantiomer selective hydrolysis of I,2-diol diacetates a

a : reaction conditions : 5-20 mg PPLdmmol substrate, water, pH 7 .5, RT, 0 .2-3 h . For details see the Experimental section ; i,
isolated yield after separation in respect to the given conversion_ c. determined by NMR using Eu-shift reagents 13 and/or
comparing the measured optical rotatory power with the corresponding literature data given for each diol below ; a- Isomeric
ratio was estimated from the integration of the CO-CH3, -0112-Cl, and CH-0 signals in the IH-NMR spectra of 3+4 mixtures ;
.: The diacetate fraction separated after hydrolysis to 30% conversion was further hydrolyzed to a degree which corresponds to
70% conversion of the original substrate; f (neat) . Maximum -value foundl 4 for (S), [a]0 +17.480 (neat) ; g: (c 2,5, ethanol) .
The highest values found IS for the pure enantiomcrs : (S), [a]24n -12.87 (c 2 .5, ethanol), (.R), [a]200 +12 .4 (c 2.5, ethanol) ;
h : (c 12, ethanol). Maximum values found for (R), [a]0 +16-2 (c 14, ethanol)L 6 and for (S), [,X]250 -16 1 (c 3, ethanol) 17 .
Since our preparation had higher (+17 .40) rotation value as found in the literature optical purity calculations are based on our
own value ; is (c 12, ethanol) . Literature values found for (i), [,X]200 +16.8 (c 12, ethanol) 18,19 and for (S), [a]220 -16.6 (c
11 .9, ethanol), 100610 e.e . 14 ; ;, (c 1, ethanol). Literature value found 2 t7 for (S), [,X]220 -11, 90 (c 1, ethanol), >94% e.c. ; k: (c 5,
water). Literature values found2i for (R), [a] 22i, +7.1 (c 5, water), >°943'ae .e. and for (S), [(x)2 D -6.4 (c 5, water), 88%a e.e . ;
r. (c 2, ethanol). The highest values found22 for (R),1a]2t,, +5.9 (c 1 .7, ethanol) acrd far (S), [a]= 1 0 -5,4 (c 2, ethanol); )n: fe
10, benzene) . Maximum value found23 for (S), [,X] 20 0 +5.45 (c 10, benzene) .

Substrate
rac-2

Cons'.
a'o

2, Yieidb
ofo

[(I],, of
I

C.C. of
1`, %

Config.
of I

3 :4
ratios Yield",

3+4,
%

[rrl i,of
eni-1

e.e. of
ent-1' , %

50 75

	

-4.85 f 28 Q62 64 +4 .19 f 24

30 0.45 61 +5 .33 f 30

70 0 49

	

-9.09 f 52

b 50 58

	

+8-9 9 72 1 .1 67 -8.8 9 69
30 1 .0 86 -10.5 g 82
70e 48

	

+11.6 g

50 77

	

+14.1 h 81 2.2 80 -13.2 k 76
30 2 .5 86 -14.5 h 85
70e 48

	

+17.4 h >96

50 78

	

+10,9 + 72 0,57 72 -9.4 ' 56

30 0.64 80 -11.4 ' 68
70e 68

	

+13.4 ' 80

50 73

	

+9.4 ! 77 R 0.75 71 -7.4 1 62

10 0.81 77 -9.3 78
74.7 0 70

	

+11.01 92

50 81

	

+4.2 k 58 4.4 75 -4 .0 ` 55
30 4,0 68 -4 .9 k 68

700 57

	

+6.3 k 87 S

50 54 4.3 54 -2.9 r 49
30 4.4 50 -4.4 75
70e 54

	

+5.4 r 92

50 81

	

-2.8 "' 51 1.7 73 +34.1 !H 55

30 1 .7 75 +3.1 "' 57
70e 63

	

-3.3 rt! 61
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It is noteworthy, that quite consistent sdocfpft and selectivity
equations could be obtained for the PPL hydrolysis of diacetates mv-L-h by minimizing multiho r equation
syfms using NPAR signals (ate methyl, O-methyne, 0-methyleae chemical shit tsladsed (M 2)
diWaces, mass of side s*stitua t R, and TLC Rfvalue of the diaoetates a imcoeditiood parameters .

In cm of hydrolyses with moderate awntiower selectivity a cascade procedure can be applied to
enhance the enantiomeric purity . This possibility is i lustrated by the tandem hydrolysis of iaa2f (Scbame 3 .).

OAc

04414k~
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3f+ 4f
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Pass L J PPE, H2Q, pH 7. r.t. (deter damvenisn is ahs in inr tsmk NJ Ao3Q cat. H2SO,. reR ,c 15 .1.. ;
ltt)at ?

	

4s, W0lt; r.t.

Comparing the 90% anrttiem is purity of did ent-if prepared from =-2f by the sequence of PPL hydrolysis
(to 50% cone lion) - rtescxtylation of the monoacetate fraction W+4f - PPL hydrolysis (to 60% conversion) to
which obtained by the ate-step hydrolysis (55%e .e. and 68%e.e& at 50% and 3096 conversion, respectively)
shows that significant improvement of enantiomaic purity can be achieved using consecutive hydrolyses,
naturally, in charge of
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Conclusions

Analysis of data on lipase catalyzed hydrolysis of I,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 ofchoice .

EXPERIMENTAL

The IH-NMR spectra were measured on JEOL FX-100 (100 MHz) or Brucker AW-80 (80 MHz) spectrometers in CDC13 solutions
containing TMS as internal standard, Enantiomer purity determinations 13 using Eu(hfc)3 as chiral shift reagent were made in dry
d3-acetonitrile on a Varian VXR-400 (400 MHz) spectrometer. Optical rotations were determined on a Perkin Elmer 241
polarimeter. Thin-layer chromatography (TLC) was made using Merck Kieselgel 60 F254 aluminum sheets. TLC plates were
developed using the following solvent systems : hexane-acetone = 5 :2, A; diisopropyl ether-acetone = 2 :1, B . Spots were visualized
by treatment with 3% ethanolic phosphomolybdic acid solution and heating of the dried plates . Preparative vacuum-
chromatography24 was performed using Merck Kicsclgcl 60 F254. Acetic anhydride and racemic diols (rac-la,b,c,f) were
purchased from Merck. The other dials (rac-ld,e,g,h) were synthesized by known procedures . Porcine pancreatic lipase (PPL, Type
II) was obtained from Sigma . All solvents used were freshly distilled.

Acetylationof racemic diols(rac-la-h) :iteneral procedure
Acetic anhydride (12 .4 g, 0.12 mot) was added dropwise to the stirred diol (rac-la-h, 0 .10 mol) containing one drop of

cone, H2SO4 at a rate providing gentle reflux . After introducing acetic anhydride the mixture was stirred for 15 min and then
neutralized by adding sodium acetate . Product was isolated by vacuum distillation in 70-88% yield showing the appropriate lit and
1H-NMR spectra .
rac-2a : yield: 70%, b.p . : 81-82°C (22 mbarfl7 torr), TLC : Rf(A)= 0.59 ; rac-2b : yield: 73%, b.p . : 85°C (15 mbarll l torr), TLC:
Rf(A)= 0.58 ; rac-2c : yield: 78%, b.p . : 92-94°C (11 mbar/8 torr), TLC: Rf(A)= 0.59 ; rac-2d : yield: 81%, b.p. : 128-132°C (20
mbar/15 torr), 7LC: Rf(A)= 0.60 ; rac-2e : yield: 81 °/u, b.p. : 132-139°C (4 mbar/3 torr), TLC: Rf(A)= 0 .62 ; rac-2f: yield: 77%, b.p . :
118-122°C (21 mbar/16 torr), TLC : Rf(A)= 0.48; roe-2g : yield : 88%, b.p. : 114-116°C (21 mbar/16 torr), TLC : Rf(A)= 0.45 ; rac-2h :
yield : 72%, b .p . : 138-139°C (4 mbar/3 torr), TLC : Rf(A)= 0.59 .

Uvdrolysis of racemic dialdiacetares(rac-2a-h):generalpa cedure(on 50 nunol scale
To a stirred emulsion of 1,2-diol diacetate (rac-2a-h, 50 mmol) and 80 nil 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 acetate layers were washed
with brine (40 ml) and dried (MgSO4) . After evaporating the solvent in vacuo the remaining oil was separated either by vacuum-
chromatography23 (a) or extraction (b) yielding diacetate (2a-h) and monoacetate (3+4a-h) fractions in 48-85% and 55-85% yield
(based on conversion), respectively,
a) The remaining oil was applied onto a column filled with silica gel (100 g) and eluted first with hexancacetone = 10 :1
(approximately 1000 ml) then with hexane-acetone = 5 :1 eluant mixtures. After analyzing the collected fractions the appropriate
parts were combined and evaporated yielding diacetate (2a-h) and monoacetates (3+4a-h) .
b) The remaining oil was dissolved in hexane (150 ml) and then extracted with water (3-4 x ISO ml) . After reextracting the
combined aqueous layers with hexane (100 nil) the unified hexane layers were dried (MgSO4) and evaporated in vacua giving
diacelate (2a,b,c,f,g) . The aqueous layer was then extracted with ethyl acetate (3-4 x 80 ml) . Evaporation of the solvent from the
combined and dried (MgSO4) ethyl acetate layers in vacua gave monoacetates (3+4a,b,c,f,g) .

For calculated yields of fractions 2a-h and 3+4a-h and isomeric ratio of monoacetates (3 to 4) see Table . Physical
properties (IR, 1R-NMR spectra, TLC) of optically active diacelates (2a-h) were similar to the racemic compounds (rac-2a-h) .

Hydrolysis of 1, 2-diaceto rypropane (rac-2a)
a) Hydrolysis of rac-2a: (10 g) at 50% conversion yielded after extractive separation 2a (3,75 g) and 3+4a (2 .36 g). 3+4a : TLC : Rf
(A) - 0 .39, 1H-NMR 8: 1 .19 (d, S= 6Hz, 1 .3H, 4a -CH3), 1 .22 (d, J= 6Hz, 1 .711 3a -CH3), 2.07 (s, 1 .311, CH3), 2 .09 (s, 1 .711,
CH3), 3 .61 (d, J= 5Hz, 1 . I SH, 3a -OCH2-), 3 .8-4 .3 (in, 1 .311, 4a -OCH2- and OCH), 4.7-5.2 (m, 0 .31 H, 3a OCH) .
b) Hydrolysis of rac-2a : (25 g) at 30% conversion yielded diacetate (11 .16 g) and 3+4a (3 .37 g) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2a (3 .68 g) and monoacetates (2 .41 g) .
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Hydrolysis of1,2-diacetoxybulane (rac-2b)
a) Hydrolysis of rac-2b : (10 g) at 50% conversion gave after extractive separation 2b (2.90 g) and 3+4b (2.54 g) . 3+4b: TLC : Rf
(A) = 0.40, 1H-NMR, & 096 (m, 314, CH3), 1 .25-2.0 (m, 214, CH2), 2.08 (br s, 3H, CO-CH3), 3 .55-3 .77 (m, 1.0514, 3b OCH2),
3 .78-4.35 (m, 1 .414, 4b OC142 and OCH), 4 .6-5.05 (m, 0.55H, 3a OCH).
b) Hydrolysis ofrac-2b : (15 g) at 30% conversion yielded diacetate (6.82 g) and 3+4b (2 .93 g) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2b (2.14 g) and manoacetates (2 .35 g),

Hydrolysis of1,2-diacetoxypentane (rac-2c)
a) Hydrolysis of rac-2c : (10 g) at 50% conversion gave after extractive separation 2c (3 .85 g) and 3+4c (3 .1 g),
b) Hydrolysis of rac-2c : (15 g) at 30% conversion yielded diacetate (6 .82 g), 3c and 4c (total monoacetates: 3.02 g). Analytical data
for the regioisomers separated by vacuum-chromatography on silica gel : 3c : TLC: Rf (A) = 0.39, IH-NMR, 5 0.93 (m, 314, CH3),
1 .48 (me, 41-1, 2 CH2), 2 .09 (s, 314, CO-CH3), 3.67 (mc, 214, OCH2), 4 .7-5.2 (m, IH, OCH) ; 4c : TLC : Rf (A) = 0.41, 1H-NMR, &.
0.93 (m, 3H, CH3), 1 .45 (mc, 414, 2 CH2), 2 .06 (s, 314, CO-CH3), 3 .7-4.3 (m, 3H, OCH2 and OCH) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2c (2 .14 g) and monoacetates (2 .35 g) .

Hydrolysis of 1,2-diacetoxyheptane (rac-2d)
a) Hydrolysis of rac-2d : (10 g) at 50% conversion gave after separation by vacuum-chromatography 2d (3 .9 g) and 3+4d (2 .9 g) .
Analytical data for the regiorsomers : 3d : TLC: Rf (A) = 0,39, 1H-NMR, & 0.89 (rn, 314, CH3), 1,38 (me, 8H, 4 CH2), 2 .08 (s, 3 H,
CO-CH3), 3 .67 (mc, 2H, OCH2), 4.7-5.2 (m, 114, OCH), 4d: TLC: Rf(A) = 0 .42, 1H-NAIR, & 0.89 (m, 314, CH3), 1 .41 (mc, 811, 4
CH2), 2.06 (s, 314, CO-CH3), 3.7-4.3 (m. 3H . OCH2 and ()CH) .
b) Hydrolysis of rac-2d : (20 g) at 30% conversion yielded diacetate (11 .3 g) and 3+4d (3 .87 g),
c) Hydrolysis of diacetate fraction from h) at 57% conversion gave 2d (4 .05 g) and monoacetates (2.94 g) .

Hydrolysis of 1,2-diacetoxydecane (rac-2e)
a) Hydrolysis of rac-2e : (10 g) at 50% conversion yielded after separation by vacuum-chromatography 2e (3.85 g) and 3+4e (2 .87
g) . 3e : TLC : Rf (A) = 0 .41, 4e : TLC : Rf (A) = 0.43, 3+4e : IH-NAM, & 0.89 (m, 31, CH3), 1 .35 (me, 14H, 7 CH2), 2.06 (s, ca.
1 .314, CO-CH3), 2.08 (s, ca . 1 .711, CO-CH3), 3 .64 (me, 1 .211, 3e OCH2), 3 .75-4.3 (m, 1.4511, 4e OCH2 and OCH), 4 .7-5.2 (nt,
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) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2e (2 .10 g) and monoacetates (1.87 g) .

Hydrolysis of3-chloro-I,2-diacetoxypropane (rac-2f)
a) Hydrolysis ofrac-2f: (10 g) at 50% conversion yielded after extractive separation Zf (4.05 g) and 3+4f (2 .94 g) . 3+4f- TLC_ Rf
(A) = 0.32, 114NMR, & 2.10 (br s, 31, CO-CH3), 3 .4-3.95 (m, 2.3514, Ci-CH2 and 3f OCH2), 3.95-4.5 (m, 2.451, 4f OCH2 and
OCR), 4.8-5 .3 (m, 0 .214, 3f OCH).
b) Hydrolysis of rac-2f : (20 g) at 30% conversion yielded diacetate (10 .9 g) and 3+4f (3 .20 g) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2f (3 .43 g) and monoacetates (3 .71 g) .

Hydrolysis of 1, 2-diacetoxy-3-methoxypropane (rac-2g)
a) Hydrolysis of rac-2g: (10 g) at 50% conversion gave after extractive separation 2g (3 .76 g) and 3+4g (2 .10 g). 3+4g: TLC: Rf
(A) =0.30, 114-NMR, &. 2.08 (s, 2 .45H, 4g CO-CH3), 2 .10 (s, 0.3 514, 3g CO-CH3), 3 .37(s, 3H, OCH3), 3.42 (d, J= 5Hz, 1.6511, 4g
CH2-OMe), 3 .56 (d, J= 5Hz, 0 .35H, 3g CH2-OMe), 3 .65-4.25 (m, 2 .4514, 4g OCH2 and OCH), 4.8-5 .2 (m, 0.2H, 3g OCH) .
b) Hydrolysis of rac-2g : (30 g) at 30% conversion yielded diacetate (14.7 g) and 3+4g (3 .51 g) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2g (4.83 g) and monoacetates (4 .82 g) .

Hydrolysis of 3-benzyloxy-1,2-diacetoxypropane (rac-26)
a) Hydrolysis of rac-2h : (3 g) at 50% conversion yielded after separation by vacuum-chromatography 2h (1 .22 g) and 3+4h (0.92
g) . 3b: TLC: Rf (A) = 0 .37 . 4h: TLC- Rf (A) =0.41, 3+4h; 1H-NMR, &. 2.04 (s, ca . 1 .914, 4h CO-CH3), 2.07 (s, ca. 1 .111, 36 CO-
CH3), 3.4-4 .3 (m, ca . 4 .611, BnO-CH2, OCH2, and 4h OCH), 4 .51 (s, 214, OCH2Ph), 4 .8-5.3 (m, ca. 0.414, 3h OCH), 7 .30 (m, 514,
ArH)-
b) Hydrolysis of rac-2h : (3 .1 g) at 30% conversion gave diacetate (1 .87 g) and 3+4h (0_57 g) .
c) Hydrolysis of diacetate fraction from b) at 57% conversion gave 2b (0.59 g) and monoacetates (0.62 g) .

Desacetylation of diacetates(2a-h)or monoacetates(3,4a-h)to optically active dials(la-h) or (ent-la-h) :general procedure
Acetylated 1,2-diol (2a-h or 3,4a-b ; 20 mmol) was dissolved in 0_2% methanolic NaOMe solution (15 ml) and stirred at

r .t. for 4 h . After neutralizing the mixture by IM HCl methanol was evaporated off and the rest was purified by vacuum-
chromalography using hexane-acetone= 2 :1 as eluant to give diol (ta-h or eat-la-h) in 70-85% yield .
Ia or ent-la: TLC : Rf(A)= 0 .15 ; lb or ent-lb : TLC : Rf(A)= 0.20; Ic or ent-Ic: TLC : Rf(A)= 0 .22 ; Id or ent-ld : TLC : Rf(A)= 0.27 ;
1e or ent-le: TLC : Rf(A)= 0.29; 1f or em-lf: TLC: Rf(A)= 0.20, Rf(B)= 0 .68 ; lg or ent-I g: TLC : Rf(A)= 0.11, Rf(B)= 0 .37, 1b or
ent-lh: TLC : Rf(A)= 0 .29. For optical rotation value, enantionwric purity and configuration data of the diols (la-h or ent-la-h)
prepared from the corresponding diacetates (2a-h) or monoacetates (3+4a-h) obtained by PFL hydrolyses of racemic diacelates (rac-
2a-h) see Table.



Enantiomer selective hydrolysis of 1,2-diol diacetates 2217

Acknowledgement. We thank the Hungarian OTKA Foundation for financial support and Dr . Gabor Veress
for structure-enantiomer selectivity calculations .

REFERENCES AND NOTES

1 . Rossi . R., Synthesis 1978, 413 .
2. Novak, L., Aszodi, J ., Szantay, Cs., Tetrahedron Left. 1982, 2135; Novak, L., Aszbdi, J ., Kolonits, P .,

Szabo, E., Stadler, I., Simonidesz, V., Szantay, Cs.,Acta Chim. Hung. 1983, 113, 355 .
3. Poppe, L ., Novak, L., Selective Biocalalysis: A Synthetic Approach, Verlag Chemie, Weinheim-New York-

Basel-Tokyo, 1992 .
4. Iriuchijima, S ., Kojima, N., Agric. Biol. Chem. 1982, 46, 1153 .
5. Bianchi, D,, Bosetti, A ., Cesti, P ., Golini, P ., Tetrahedron Left. 1992, 33, 3231 .
6, Cambou, B ., Klibanov, A. M., J Am. Chem. Soc. 1984, 106, 2687 .
7. Cesti, P ., Zaks, A., Klibanov, A. M., Appl. Biochem. BiotechnoL 1985, 11, 401 .
8. Janssen, A . J. M., Klunder, A . J. H., Zwanenburg, B ., Tetrahedron 1991, 47, 7409.
9. Theil, F., Ballschuh, S., Kunath, A., Shick, H ., Tetrahedron: Asymmetry 1991, 2, 1301 .
10. Theil, F., Weidner, J., Ballschuh, S ., Kunath, A., Shick, H ., Tetrahedron Lett. 1993, 34, 305 .
11 . Ramaswamy, S ., Morgan, B., Oehlschlager, A . C., Tetrahedron Left . 1990, 31, 3405 .
12. Theoretically, acyl migration between the primary and secondary position may occur under the conditions of

the enzymic hydrolysis influencing the 3 to 4 ratio . The 3d to 4d ratio was found, however, practically
independent from the conversion of the hydrolysis of rac-2d analyzed by GLC with 4 min frequency . This
means either no or a very fast equilibration between the monoacetate regioisomers . The latter possibility can
be excluded as no isomeric 3h was detected in the PPL catalyzed hydrolysis of rac-4h yielding ent-lh
([a]20D +2,9 (c 10, benzene), 53%e.e .) after 33% conversion .

13. Sweeting, L . M., Crans, D. C ., Whitesides, G. M, J. Org. Chem. 1987, 52, 2273 .
14. Fryzuk, M. O., Boschnich, B., J. Am. Chem. Soc. 1978, 100, 5491 .
15. Mori, K., Sasaki, M ., Tamada, S., Suguro, T ., Masuda, S ., Tetrahedron 1979, 35, 1601 .
16. Levene, P. A ., Haller, H . J ., J. Biol. Chem . 1928, 79,475,
17. Mulzer, J., Angermann, A., Tetrahedron Left. 1983, 24, 2843 .
18. Levene, P. A., Walti, A., J. Biol. Chem . 1932, 98, 737 .
19. Barry, J., Kagan, H . B ., Synthesis 1981, 435 .
20. Masacka, Y ., Sakakibara, M ., Mori, K., Agr. Blot. Chem. 1982, 46, 2319 .
21 . Crans, D . C., Whitesides, G. M., J. Am. Chem. Soc. 1985, 107, 7019.
22. Goldstein, I. J., Hamilton, J. K., Smith, F ., J. Am. Chem. Soc. 1957, 79, 1190 .
23 . Hirth, G. Brauer, R., He/v. Chim. Acfa 1982, 65, 1059 .
24. Poppe, L., Novak, L., Magy. Kem. Lapja 1985, 40, 366 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7

