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In aeoory of C.Snatzke. 

Who hath his life from rumours freed, 
Whose conscience is his strong retreat; 
Whose state can neither flatterers feed, 
Nor ruin make accusers great; 

Who God doth late and early pray 
ffore of fiis grace than gifts to lend; 
And entertafns the harmless day 
With a well chosen book or friend; 

This man fs freed from servile bands 
Of hope to rise, or fear to fall; 
Lord of himself, though not of lands; 
And have nothing, yet hath all. 

(Sir Henry Wotton, 1568-1639) 

Abstract: The tltle compound has been kinetically resolved in a llpase- 

catalyzed transesterlflcatlon with vinyl acetate In organic 

solvents. The influence of the enzyme source as well as the 

character of the solvent on the enantloselectlvity has been studied. 

The 1,4-benzodloxane moiety has been widely used in the design of 

therapeutic agents with a-sdrenergic blocking’-6’, antigastric7’, 

spasmolytic*‘. antipsychotic” and anxlolytlc’“’ properties. For the syntheses 

of the different compounds possessing the mentioned biological activity, 

2-hydroxymethyl-l,4-benzodioxane (1) has usually been applied as the 

approprlate synthon. The blologlcal activity of these compounds Is. however, 

considerably influenced by the chirallty of the 1.4~benzodioxane unit. 
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&wet 11’ and later others “‘i2’ have namely recognized that the compounds 

synthesized from (-1-S-l have, as a rule, significantly higher activities, 

than their enantiomers. 

The first synthesis of the optically pure enantiomers of 1 starting from 

D-mannltol’3’ requires a great number of steps. Although (-1-l and (+1-l could 

be obtained by direct condensation of catechol with enantiomerically enriched 

glycidol prepared by Sharpless epcxidationi41 or with enantiomerically pure 

epichlorohydrin derivatives synthesized from L-ascorbic acid or D-mannitol’5’, 

the preparation of these synthons also requires multistep sequences. Although 

a simple synthesis of (-1-l via the resolution of racemic 1,4+enzodioxane 

2-carboxylic acid with (+)-dehydroabiethylamine and subsequent reduction with 

LAH has been pub1 ished6’, not only the yield of the resolution is very poor 

(ca. 1X). but also the chiral base was not readily available. 

In this paper we report that (k)-2-hydroxymethyl-1,4+enzodioxane [(+I-11 

can be efficiently resolved in a lipese-catalyzed transesterificatlon using 

vinyl acetate (VA) as an irreversible acyl donor (Scheme Il. To optimize this 

process we carried out the reaction using lipases of different origins and in 

different solvents. The results are summarized in Table 1. 

@(;&3” ‘y _ @Q,,~H + GzDgLOAc 
organic solvent H I7 

(*-I- 1 = 
(-1-i (+I-_1 

Seven enzymes and five organic solvents have been tested to examine the 

enantioselective acylation of (+)-I with vinyl acetate. Except the lipase from 

Candida lypolytica (ClL) (entry 12) all enzymes catalyzed the acetylation of 

(frl-1, but with two of them the enantioselectivity was rather poor (entries 9 

and 10). moreover, the use of one of them resulted in a mlxture of racemates 

(entry 11). While lipases from porcine pancreas (PPL), Rucor javanicus (MjLl, 

Pseudomonas fluorescens (PsfL), and Aspergilus nlger (AnLl acetylated 

selectively the R-enantiomer affording (+1-Z (entries l-101, the lipase of 

Candida cylindracea (CCL) preferred the S-enantiomer as the substrate (entry 

131. The highest enantioselectivity was achieved in the reaction carried out 

by PsfL in dioxane (entry 81. The enantioselectivity as well as the activity 

of the enzymes were significantly influenced by the solvent, giving the best 

results in dioxane. Although no unambiguous correlation could be detected 

between the dielectric constant/dipole moment of the solvents and the enantio- 

selectivity/activity of the enzymes, reactions carried out in dioxane - 

possessing the lowest dielectric constant/dipole moment among the solvents 

used - have shown the highest enantioselectivity. More hydrophobic solvents 
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Table 1. Results of the lipase catalyzed acetylation of (?I-1 

Entry Lipasea 

amountb 

Solvent= 

(Dk; pld 

Time 

(h) 

Conv . e Alcoholf Ep 

x ‘We. conf. 

1 PPL dichloromethane 8 32 23 S 3.62 
(209) (8.9;l.S) 

2 PPL dichloromethane 0.5 33 23 S 3.42 
(18301 1.0 58 53 3.67 

1.5 76 72 3.05 
2.5 88 83 3.27 

3 PPL chloroform 0.2 28 14 S 2.66 
(1740) (4.7;l.l) 

4 PPL 0.2 61 56 S 3.55 
(1740) 

5 PPL vinylacetate 0.2 86 83 S 2.75 
(17401 ( -;-I 

6 PPL dloxane 0.2 41 37 S 4.65 
(1740) (2.2;0.4) 0.4 57 59 4.43 

0.8 83 94 4.13 

7 PsfL dichloromethane 4 66 68 s 8.49 
(5231 

8 PsfL dioxane 3 19 21 S 22.21 
(523) 8 53 87 21.65 

13.5 62 99.5 22.63 

9 dichloromethane 3.5 11 3 S 1.69 

10 AnL dichloromethane 24 18 6 S 1.86 
(0.66) 

11 dichloromethane 24 3 R.S - 

12 ClL dichloromethane 24 
(0.15) 

13 CCL* 
4 f2r10SI 

dichloromethane 1 81 36 R 2.1 

a) All the enzymes were corarcia11y available (PLUM or SIGIU. the latter 
marked ulth ostsr1slr) ; PPL denotes porcin.9 p-lWa* llpane (spec. act. 2.4 

U/al), PefL denotes P~MldO~n~s f lourescens 11pase (SpEO. act. 31.8u/mg), MJL 
denotes lipase from nucor JWEllliCvs (IlpeC. act. W/g). AnL denotes llpase from 
A*perqlllrrs nigar (SWC. act 4u/g>, PI% denotes llpase from PO~lCllli~ 
roquerfort1 (SpGC. act. 1.8Wg). ClL denotes lIpas from Candlda lipolytlcs 
(8pOC. act. o.eru/g), CCL denotes llpase from Candida cyllndracea (S&WC. act. 

3OUhg); b) In units Of enY.ym per -1 Of (*I-l; c) All the solvents were 
anhydrous and contained 8 -1 Vinyl aCetate/mol(f)-1; d) Dlalectrlc constant 
and dlpolc mopont (Dobye) values WOPO taken frol Ref. 18; 01 COllWr~lOTl 
degrees were oalculated frol the yields Of the Isolated products obtalned by 
flashzhromntography. The reactions were carried out at room temperature; f) 
The enantioar1c excess VmB determined by measuring the opt1ca1 rotation in 
sthano1 (.x0.71-1) at the sodlua D-11~ and at r.t. [aID=-. (0=0.7, mom 

for OptIcally pure S-l 
13,141 

: 9) Calculated according to Ref. 17. 
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were not tried as they did not dissolve the substrate. To investigate the 

influence of the conformation of the substrate on 
5.0 

b.0 ,’ 
\ 

3.0 i 

Q 

the enantioselectivity the CD of (-1-l was measured 

At in dichloromethane and dioxane (Flg.1). Relying upon 

2.0 i 
ir 

_____________ &IO the negative sign of the ‘Lb-band at 279 ND, the 

1.0 i I ‘\ ! M-helicity of the heteroring. carrying the 
0.0 W 

*. i ‘8 ‘&I hydroxymethyl group in equatorial position, was 
., ,.i 
‘.d _Lso established applying the helicity rule published by 

two of us18’. The solvent the 
220 ZLO 260 200 h.lu 

dependence of 

.,a.,. CD - et I-,‘, 1. Il._ _ conformat ion was clearly demonstrated by the 
ti .,.ti-l_ ._._._ 

different Be-values. In dioxsne the enantiomer of 

S-configuration [(-l-11 is present in a higher concentration in the 

conformation with M-helicity [(-)-l=q >>> (-1-l 1 than in dichloromethane 

(Scheme 21. This conformational change (ca 22X? resulted in a comparable 

increase of the enantioselectivity (26-3531) using PsfL and PPL. 

SohoP 2. 

” OH 

k H /Oh 

fi 
o-o e O-0 
V 

Y 
H 

OH 

l-l-&q I-I-J,, 

lipase VA 
I 

Taking into account the higher reactivity of (+)-R-l in the 

lipase-catalyzed transesterif ication (excepting 1 ipase from Candida 

cylindracea). the binding of the substrate [(?I-11 to the active site of the 

enzyme should take place with the conformation of P-helicity, in which the 

equatorial position of the hydroxymethyl group leads to the preferable 

ES-complex. The alternative orientation of the hydroxymethyl function (axial) 

is energetically much less preferred and does not lead to a favourable 

ES-complex, thus the acetylation of (-1-l takes place very slowly. 

Summing up, we have shown that the proper selection of the solvent in the 

Pseudomnas fluorescens lipase-catalyzed acetylation of (&I-l using vinyl 

acetate as aoylating agent, provides (-1-l in an acceptable chemical yield 

(47X) and enantiomeric purity (ee = 87%). This purity could be increased to 

ca. 98% by crystallization from n-hexane. The same optical purity has been 

achieved when the acetylation was allowed to proceed upto 62% conversion. 
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This method is a contribution to the reported chemical syntheses of (-1-l 

hitherto starting from D-mannlto113’*5) or from 1.4~benzodloxane-2-carboxyl lc 

acid”. 

The authors are indebted to Dr.L. Poppe for helpful discussions. We thank 

the Deutsche Forschungsgemelnschaft (DFG) and the Hungarian Committee for 

Technological Development (OMFB; Project Number OTKA-427) for financial 

support of this work. 

Experimental : 

All reactions were carried out in dry solvents in the presence of 

activated molecular sieves of type 4A and monitored by TLC. Optical rotations 

were determined on a Perkln-Elmer 241 polarlmeter. CD-spectra were recorded on 

a Jobln-Yvon dlchrograph-VI. 

General procedure for the lipase-catalyzed resolution of (9-l 

al A solution of rat-1 (1 g, 6.02 mmol) in dry dlchloromethane (7 ml) was 

treated with vinylacetate (4 ml, 49.9 nun011 and llpase from porcine 

pancreas (4.59 g = 11016 U) in the presence of molecular sieves type 4A. 

The suspension was stirred at room temperature for 1.5 h. After filtration 

of the llpese la’ the filter cake was washed with dry dlchloromethane (3x5 

ml). The fl ltrate was evaporated and separatpd by flash-chromatography on 

silica gel 60 (0.063 - 0.2 mm) (column size 10x2.5 cm) with toluene-acetone 

(30: 1) yielding S-(-)-l as crystals (240 mg, [al;4= -24.69 (c = 1, EtOH), 

ee = 72X) and S-(+)-2 as a colourless 011 {948 mg, [alE4= +5.98 (c = 1, 

EtOH), ee = 16X2” 1. Crystallization of (-1-I (240 mg) from n-hexane (36 

ml) gave enantlomerlcally pure S-(-)-l (76 mg, m.p. : 74-75’C with an ee. > 

99.8%. lit. 12’14) m.p.: 73-74’C) 

b) Using llpase from Pseudomonas fluorescens (100 mg, 3.15 U) in the same 

procedure S-(-)-l [370 mg (37%). ee > 99.5X1 and S-(+)-2 I750 mg, ee.= 

26%) were obtained. 
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