
~~~rnetr~~tio~ of ~e~o.Hydroben~~ via Stereoselective 
Enzymatic Esterifhtion 

Abstrncti Desynue&ization of meso-hydmbeuzoin by irreversible acyl transfer using 
vinyl acetate as the acyl donor in the presence of Rhiropus javanicws hpase or Can&a 
~~~a~u lipase enables the ~~~ of (R~l-~toxy-(~Z-hy~xy-I~- 
diphenylethane and (s)-l-acetoxy(Rf-2-hydro;xy-1;2-~nyIe~e respectively in 
exceltent optical purity, 

INTRODUCTWN 

Biocatalysed methodology has in reeent years become. one of the most proficient mutes to 
optic&y pure molecules~ In particular, the abiity of lipases for differentiation between 

enantiomeric akohels (and esters1 is now well d~~~tad 

~~~~ enautioaBecifho ~~ has been exploited not only in the 
resolution of rammates of a number of monohydrkc alcohols, but also of many dials, among 
which some vie-diol~.~-a On the contrary, only few meso-form of tic-dials have been 
asps thmugb biocatalysed stereoselective ~~~ation,~~ a proce&re that has the 
advantage of ~fo~, in principle, ltW& of the ataming material into the deski hornocbirat 

product. EnantiomcricaUy pure compounds thus obtained can then be elaborated to afford a 

variety of optically active products. For instance. they can IX converted via oxidation into 
a-hy~xy~emnes, versatile buihbng bIochs in organic synthesis or, vip rephuwnent of the 

unprotected secondary alcobol function with an amino group, into amino alcohols achy 

v&table as china auxikea for asymmetric synthesis.3 The ready auailabiB~ of 

meso-hydmbenzoiu (1,2diphenyl-1 ,%ctbanedi01,1) prompted us to consider this diol as substrate 
in l~~co~ly~ caption, and we wish to ~&SC&E here the nsults &takd. 

283 



284 E NICOLOSI et al. 

METHODS AND RESULTS 

In the early stage of the present study many lipases, including lipases from Cundiui~ 
cylindracea, PseudomoMs cepacia, Aspergillus niger, Rhizopus javam’cus, Mucor jaw&us and 

porcine pancreatic lipase have been te.sted in the incversible bausestkfication of 1 with vinyl 
acetate in the organic solvent system, cyclohexane-tert-amyl alcohol. Of these enzymes, only 
lipases from Candida cylindracea (CCL) and Rhizopus javanicur (RJL) were active. IH-NMR 
spectroscopy also in the presence of Eu(hfc)g evidenced that the transesterification product was 

a monoacetate of good optical purity but with opposite stereochemistry using one or the other 
lipase. At this point, further experiments were carried out with both CCL and RJL in different 

solvents, and the results a~ summan ‘sedinTable 1. 

Ph Ph 

HO OAc 

1 2a 2b 

The very polar acetonitrile gave poor results with both enzymes. Among the solvent 
systems screened, cyclohexane-tert-amyl alcohol was the best, in terms of chemical yield and ee, 
when RJL was used as catalyst, while toluene was the most effective in improving yields and 
enantioselectivity in the reaction catalysed by CCL. A kinetic investigation showed that the 
reaction profile is almost linear when RJL is the catalyst. Conversely, when CCL is used the 
reaction occurs rapidly in the initial stage reaching about 30% conversion in ca. 3 h. and is 
followed by a second stage, in which the reaction comes to a near staadstill, due to product 
inhibition (Figure 1). 

A preparative run with Rn was carried out employing an amount of enzyme fourfold that 

used in the preliminary experiments, and was quenched after 24 h. Column chromatography on Si 
Diol (the use of Si gel proved to be detrimental, causing extensive rilcemization) gave a 
monoacetate (isolated yield 70%) with excellent optical purity (ee 90%). Its absolute 

configuration was determined as (R)-l-acetoxy-Q-2-hydroxy-1,2-diphenylethane 2a by MnOz 

oxidation, that gave a product with the same optical rotation of the known R-benzoin acetate. 

Therefore the monoacetate obtained in the tmusesterification catalysed by CCL, which has 
stereopreference opposite to RJL, must be its enantiomer, (S)-l-aeetoxy-(R)-2-hydroxy-1,2- 
diphenylethane, 2b. 

Taking into account that the reaction profile of the CCL-catalysed reaction indicates a 

maximum conversion near 30%. we lried to prepare 21, by treatment of meso-hydrobenzoin 

diacotate with n-butanol in the presence of RJL, since enzymatic alcoholysis is stereochemically 
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complementary to enzymatic esterScation. As this a,aempt was unsuccessful, we reconsidered 
the CCL-catalyscd reaction. At the end of a fmt run (iucubation period 3 II) the enzyme was 

recovered by filtration, washed with toluene and recycled in four successive turnovers, with about 

5% of total enzyme activity loss. Column cbromatograpby of the pooled filtrates fmm tbe five 
runs gave 2b in 28% yield (ee 90%) along with cu. 65% of unconverted diol, directly recyclable. 

Table l. EnzymecaWyaed Lksymmetrization of meso_Hydrobenzoina 

Enzyme Solvent Time, h Yie@,% Stereopreference ee, %c 

RJL Cyclohcxane-r-amylakohold 48 20 R 90 

Viiyl Acetate 48 19 R 80 

Toluene 48 23 R 78 

Acetonitrile 48 3 nde ndc 

CCL Cyclohexane-t-amyl akohotd 24 9 s 80 

Viiyl Acetate 24 7 s ~98 

Toluene 24 28 s 90 

Acctoniaile 24 0.2 ndc Ildc 

* Sub&ate 5 m@mL, vinyl acetate SO @JtnL (if not used as solvent). lipasc 50 III&L. 
GC analysis. c Datetmiaed by 1H-NMR in the pnxnce of Eu(hfc)~ d Ratio 9:l. 

0 

0 an am aal m rum lam 

Time, mln 

Flgun 1. Reaction profile for the esterificalion in toluene of meso- 
hydrobenzoin catalysed by lipase lrom C. cyfkfracea (CCL) or R. 
iavaniws (FIJL) (see Experimental). 
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We wish to remask here that no formation of diester was observed in the transesterlticatlon 

of 1 catalysed by CCL. or RIL. In our opinion this is to be ascribed more to steric hindrance, due 
to the acyl group in the monoester, than to the high stereoselectivity of these lipases. This 

contention is supported by: i) the observed inertness of meso-hydrobenzoin diacetate to the 
attempted aIcoholysis catalysed by CCL or RIL, and ii) the observation that racemic 
hydrobenzoin by irreversible acylation with vinyl acetate in the standard conditions gives (Rtl- 
acetoxy-(R)-2-hydroxy-1,2diphenylethane in the presence of PJL and its enantiomer, (q-l- 
acetoxy-Q-2-hydroxy-1,2-diphcnylethane, in the presence of CCL. without formation in both 

cases of the cotresponding diacetak4 

EXPERIMENTAL SECTION 

General. 

Meso- and (rt)-hydrobenzoin were purchased from Aldrich Chemicals. Lipases Born 

Candida cylindracea, Pseudomonas cepacia, Aspergillns niger (AP6), Rhizopus javanicus and 
Mucor juvunicus (M-10) were from Amano International Enzyme Co. Lipase from porcine 
pancreas was obtained from Sigma. Ail the enzymes were dried under vacoum overnight prior to 

use. Solvents were dried over 3A molecular sieves. Vinyl acetate was distilled prior to use. 
*H- and i3C-NMR spectra were recorded ia CDCl3 (tetratnethylsilane as internal reference) on a 
Bmker AC-250 instmment at 250.13 and 62.9 MHz, respectively. Buropium(III) tris[3- 
(heptaflaoropropyl)hydroxymethylene]-(+)-catnpborate], [Eu(hfc)J, was used as chlral shift 

agent. IR spectra were registered on a Perkio Elmer 1720X FT-IR spectrophotometer. Optical 
rotations were meawrcd on a Iasco DIP-370 polarimeter. 

GC analyses were carried out on a HP-5 5% phenylmethylsilicone capillary column. 

Preparative column chromatography, unless otherwise stated, was performed on 40-63 pm 
LiChroprep Si Diol. 

Standard procedure for lipme-mediuted esterification of 1. 

Diol 1 (5 mg/mL, 23 mM) was dissolved in the solvent of choice (Table 1) containing vinyl 

acetate (50 pL/mL). Enzyme (50 mghnl) was added and the suspension shaken at 45 ‘C. After 

the given time the enzyme was removed by filtration and the Ntrate evaporated and analysed by 
GC for the determination of the conversion. Enantiomeric purities were de&mined by iH-NMR 
in the presence of Eu(hfc)3 using the integrated areas of the acetoxy resonances. Reactions for 
kinetic investigation were performed in toluene using 200 m&I_ of llpase. Values of % 
conversion are mean values of three GC determinations. 



Desymmetrization of meso-hydmbenzoin 287 

Preparation of (U)-I-acetoxy-(S)-2-hydroq-I ,2-diphenylethane Za 

To s solution of l(50 mg; 0.234 mmol) in cyclohexane-t-amyl alcohol (91 vol/vol; 10 rnL) 

vinyl acetate (0.5 mL) and lipsse from R. javanicus (2 g) were added. After 24 h the enzyme was 
tittered off, the solvent evaporated and the residue subjected to column chromatography (ethyl 
acetate/petrol ether as eluent) to &ford 2n (40 mg, 70% yield, 90% ee) as white powder. 
Recrystnlked from hexane it had mp 79-80 “C; [a]D = -5.1 (c 0.65, benzene). JR (Cm) 3466, 

3067,3035,2931,1749. 1455, 1372, 1234, 1029 cm-l. *H-NMR 6 2.00 (s, 3H, -OAc), 2.12 (d, 

lH, J= 3.6 Hz, OH), 5.0 (dd, lH, J=6.0 and 3.6 Hz. -WOH), 5.90 (d, lH, J=6.0 Hz, -WOAc), 
7.28 (m, lOH, -Ar). t3CNMR 8 20.97, 76.24, 78.83, 126.88, 127.67, 128.05, 128.20, 128.37, 

136.35, 139.52, 169.76. 

Determination of absolute configuration of 2a. 

A suspension of h4nOg (100 mg) in a solution of 2a (50 mg, 90% ee) in CH$lz (5 mL) 
was shalcen at room temperature for 24 h. The reaction mixtnre was filtered and the filtrate taken 
to dryness in vacua. The residue wss puritkd by Si gel chromatography to afford 45 mg of 
(R)-acetoxybenzoin [CZ]I, = -210.0 (~0.5, benzene), lit5 [a]D = -230.5 (c 1, benzene). 

Preparation of (S)-I-acetoxy-(R}-2-hydra+ ,2-diphenyletane 26. 

To a stirred solution of l(l0 mg, 0.047 mmol) in toluene (2 mL) contsiuing vinyl acetate 

(100 pL) at 45°C crude CCL (400 mg) was added. After 3 h the enzyme was recovered by 
filtration, washed with toluene and used in a second run in the same condiions. The recycling of 

the enzyme was repeated for a total of five successive runs. The combined filtrates and washings 
from the five runs were evaporated and the residue pm&d by column chromatography to give 2b 
(17 mg, 28% yield, 90% ee), LctjD = + 5.0 (c 0.7, benzene) and unreacted 1 (32 mg; 64% yield). 

The total loss of enzyme activity (detemkd as conversion of substrate) after five turnovers was 

about 5%. 

Attempt to synthesise 2b by transesterification bemeen meso-hydroberuoin diacetate and 

n-butano!. 

A solution of meso-hydrobenxoin d&&ate (50 mg; 0.168 mmol) and n-butanol(250 pL) 

in cyclohexsne-r-amyl alcohol (9: 1 voJ/vol; 10 mL) was shaken at 45’C in the presence of lipasc 
from R. javanicur (2 g). No deacetylated product formation was observed throughout 4 days of 
incubation. 
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