Jan-Feb 1994

Synthesis of (-){S)-2-Hydroxymethyl-2,3-dihydro-1,4-benzodioxine by

Enzyme-Catalyzed Resolution in Organic Media
David Mauleén*, Cinta Lobato and Germano Carganico

R & D Department, Laboratorios Menarini S.A. Alfonso XII, 587,
08912 Badalona, Spain
Received May 27, 1993

The chiral primary alcohol 2-hydroxymethyl-2,3-dihydro-1,4-benzodioxine (1) has been resolved by enan-

tioselective acetylation in vinyl acetate solution, using Pseudomonas sp. Amano PS lipase. Enantiomers

37

(-}51(99% ee) and (+)R-1(72% ee) were obtained in 45 and 65% yield, respectively.

J. Heterocyclic Chem., 31, 57 (1994).

The synthesis of homochiral compounds containing a 2-
substituted-2,3-dihydro-1,4-benzodioxine nucleus (also
named 1,4-benzodioxane) usually starts from optically
pure 2-hydroxymethyl-2,3-dihydro-1,4-benzodioxine (1).
The enantiomers of this alcohol 1 have been prepared
starting from D-mannitol [1), chiral epihalohydrins [2], and
glycidol derivatives [3]. These methods have limited pre-
parative usefulness for multi-gram preparations of S-1 or
R-1, due to either the large number of steps required or
the use of expensive reagents. Since racemic benzodiox-
ane 1 can be easily obtained from epichlorohydrin and
catechol, resolution of 1 would constitute a cost-effective
procedure for the synthesis of its enantiomers. However,
classical resolution methods such as diastereomeric crys-
tallization are difficult to apply to neutral compounds.
Very recently, enzymatic resolution with Amano P-30 li-
pase in aqueous medium has been described [4] for the 8-
methoxy derivative of compound 1; however, this method
gave poor results when applied to the synthesis of S-1
(62% ee). It has been shown that several biocatalytic reac-
tions of water-insoluble substrates can proceed with high
enantioselectivity when carried out in organic media [5,6].
Lipases are the most suitable enzymes for this kind of
reactions, being very stable and active in apolar organic
solvents. Resolution of racemic alcohols has been carried
out by lipase-catalyzed transesterification with both sim-
ple alkyl esters [7-10] and activated esters [11-16]. To make
the enzymatic transesterification irreversible in organic
media, enol esters have been used as the acylating agent
[17]. In this case, the lipases isolated from Pseudomonas
microorganisms usually show the highest enantioselectivi-
ty [18-21].

In the present work this methodology has been applied
to the synthesis of (-)-(S)-2-hydroxymethyl-2,3-dihydro-1,4-
benzodioxine (S-1) from the corresponding racemic alco-
hol. This biocatalytic transesterification was performed in
anhydrous media with ethyl acetate or vinyl acetate as the
acylating agents (Scheme I).

Different enzymes were tested, comprising an esterase
(PLE) and six lipases (Table I). Reactions were carried out
under several conditions, using either an inert organic sol-
vent (diisopropyl ether or hexane) or the acylating agent
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itself as the solvent. The most reactive enantiomer was
R-1, the remaining subsirate being enriched in S-1, ex-
cept in the case of the transesterification with Candida
rugosa lipase, which showed opposite enantioselectivity.
The enantiomeric excess of acetate S-2 (or R-2 with Can-
dida lipase) was determined by stereospecific hplc, using a
Chiralcel OJ column. Since the enantiomers of alcohol 1
were not resolved under these hplc conditions, the enan-
tiomeric excess of R-1 (or S-1) could not be directly
measured. However, in those cases where a high ee was
calculated for S-1, a sample of the crude reaction product
was treated with benzoyl chloride and the resulting mix-
ture of acetate S-2 and benzoate R-3 was analyzed by
chiral hplc (four separate peaks), comparing them with au-
thentic samples of these esters.

All lipases tested were able to catalyze efficiently the
transesterification of rac-1 with ethyl and vinyl acetates,
whereas pig liver esterase showed little activity (less than
10% conversion). Some of these biotransformations were
very fast, reaching conversions greater than 50% in few
minutes. In most cases the stereoselectivity was very poor,
giving only moderate enantiomers excess for S-2. How-
ever, use of the lipase Amano PS from Pseudomonas ce-
pacea allowed us to obtain the enantiomers S-1 in accept-
able yield and with excellent optical purity. Thus, rac-1
(25 mmole scale) was treated for 30 minutes with an excess
of vinyl acetate and 5 g of lipase PS until a conversion of
75% into the acetate S-2(35% ee). The unreacted alcohol
(-)-S-1 was then isolated by column chromatography in
45% yield (yields are calculated as the percentage of the
theoretical 50% yield based on rac-1), showing an optical
purity of 99% (measured after conversion into the
acetate). On the other hand, treatment of rac-1 with lipase
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Table I

Transesterification Reactions of rac-1 in Organic Media

Enzyme [a] R Reaction
(mg/mmole of 1) conditions [b]  time (hours)
CL (100) CH,CHj3 A 22
CH=CH, B 22
PPL (100) CH,CHg A 22
CH=CH B 22
AP-10 (520) CH,CHg A 96
CH=CH, B 21
CH=CH, C 1.5
Lipozyme (200) CH,CH3 A 21
CH=CH B 35
CH=CH, C 3
CH=CH, D 0.33
DS (200) ClI,CHg A 3.5
Cll,CH3 A 21
CH=CH, B 29
CH=CH, C 0.25
CII=CH Clh} 1
CI=CH o D 0.16
AP-G (2100) CH,CH A 168
CH=CII» B 21
CH=CH o C 2
PLE (1400) CH,CHj A 72
CH=CH B 168
CI1=CIT, C 22
CH=CII, D 6

c (%) ee S-1 [c] ee S-2 [d] E[e]
23 15 (R) 50 (R) [f] 4
28 12 (R) 33 (R)[f] 2
48 34 37 3
40 10 15 2
29 24 58 S
33 20 38 3
39 37 58 5
30 32 76 10
10 7 61 5
46 58 68 10
78 95 26 5
36 40 72 9
66 80 41 6
11 7 57 4
70 99 [¢] 43 16
74 WM [e] 35 14
78 ) 9 [g] 27 10
42 0 0 1
44 4 5 1
43 12 16 2
3 2 57 4
5 3 58 4
8 3 38 2
5 3 45 3

[2] For enzyme sources und abbreviations see Experimental. [b] Aflter addition of the powdered enzyme and stirring at 37° for the indicated
period of time, conversion was measured by gas chromatography. A: Ethyl acetate as solvent; B: 1 equivalent of vinyl acetate in diisopropyl
ether; C: Vinyl acetate us solvent; D: 10 equivalents of vinyl acetate in diisopropyl ether. [c] Calculated from the conversion and the ee of ester
2. [d] Determined by chiral hple (Chiraleel 0]™). [e] Calculated as described by Chen et al. [5]. [f] Enantiomers R-1 and R-2 are obtained.

[£] Meusured by chiral hple after conversion into the benzoate. [k] Half of the cnzyme amount was used.

PS in ethyl acetate for 3.5 hours resulted in a 36% conver-
sion into acetate S-2, having 72% ee. After chromato-
graphic separation and alkaline hydrolysis of this ester, a
65% yield of the benzodioxane (+)-(R)-1 was obtained.
The enantiomeric excess of this alcohol was also of 72%,
thus indicating that no racemization took place during the
hydrolysis. Optical purities for the above enantiomers of
benzodioxane 1 were confirmed by comparison with sam-
ples prepared by the method previously described [3].

In conclusion, transesterification of racemic benzodiox-
anylmethanol 1 with acetate esters, catalyzed by the lipase
PS from Pseudomonas cepacea, constitutes a useful and
short alternative to the stereocontrolled synthesis for the
preparation of the enantiomers of 1. In the case of S-1
high ee values could be obtained.

EXPERIMENTAL

Apparatus.
Melting points were measured in a MFB 595.010M Gallen-

kamp apparatus and are uncorrected. The nmr spectra were re-
corded on Varian XL-200 and Gemini-300 spectrometers; chem-
ical shifts (&) are reported in ppm from TMS. Gas chromatog-
raphy was performed on a Perkin Elmer 8600 apparatus, with a
flame detector and a BP1 capillary column of 12 m and 0.22 mm
diameter. The hplc analysis were performed in a Hewlett-Packard
HP 1090 apparatus, with an uv detector (A = 254 nm), using a
Chiralcel OJ™ column (Daicel, Japan; cellulose m-dinitro-
phenylcarbonate on silica gel) of 25 x 0.45 cm and eluting
with mixtures of hexane and isopropanol (from 5:1 to 4:1).
Optical rotations were measured on a Perkin-Elmer 241
polarimeter.

Reagents and Enzymes.

Vinyl acetate was purchased from Fluka Chemie AG, Buchs,
Switzerland and used without further purification. All solvents
were analytical grade. Racemic 2-hydroxymethyl-2,3-dihydro-1,4-
benzodioxine (1) was synthesized in 65% yield from catechol and
epichlorohydrin and purified by distillation (120-125°, 0.5 Torr).
CL: Candide rugosa lipase Type VII was obtained from Sigma
Chemical Co., St. Louis, MO, USA. PPL: porcine pancreatic
lipase Type II was obtained from Sigma. AP-10: Mucor miehei
lipase was obtained from Amano Pharmaceutical Co., Nagoya,
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Japan. Lipozyme: Mucor miehei lipase was obtained from NOVO
Nordisk A/S, Bagsvaerd, Denmark. PS: Pseudomonas cepacea
lipase was obtained from Amano. AP-6: Aspergillus niger lipase
was obtained from Amano. PLE: porcine liver esterase was ob-
tained from Boehringer Mannheim Gmbh, Mannheim, Germany.

(-Sr2-Hydroxymethyl-2,3-dihydro-1,4-benzodioxine (S-1).

A mixture of 4.15 g (25 mmoles) of racemic 1 and 5 g of lipase
Amano PS in 100 ml of vinyl acetate (dried over calcium chloride)
was heated to 37°. After stirring at this temperature for 30 min-
utes, the suspension was centrifuged and the supernatant was fil-
tered to remove all the enzyme. The clear solution was evaporat-
ed to dryness at reduced pressure and the residue was purified by
column chromatography on silica gel, eluting with a mixture of
hexane and ethyl acetate (7:3). The alcohol (-)}{S)}1 was crystal-
lized from diethyl ether, obtaining 0.94 g (45% yield) of a solid,
mp 73-74° (lit [21] 74-74.5°); [odf° = -34.1° (C = 0.6, ethanol) (lit
M [a)y® = -34°, ¢ = 0.1, ethanol, and [22] [a], = -33°,¢ = 0.7,
ethanol); '"H-nmr (300 MHz, deuteriochloroform):  ppm 2.19 (bs,
1H, OH), 3.78-3.91 (ddd, 2H, CHCH,0H), 4.07 (dd, 1H, C°Hax),
4.19-4.29 (m, 2H, C?H + C°He), 6.77-6.89 (m, 4H, Ar);"*C-nmr
(75.5 MHz, deuteriochloroform): 6 ppm 62.12 (CH,OH), 65.49
(C°H,), 73.81 (C*H), 117.79 and 117.86 (C*H and C®H), 122.17 and
122.25 (C°H and C’H), 143.42 and 143.61 (C* and C%).

An analytical sample of this alcohol S-1 was converted into the
corresponding acetate R-2 by reaction with 1.2 equivalents of
acetyl chloride and 1.2 equivalents of triethylamine in anhydrous
dichloromethane (77% yield); 'H-nmr (200 MHz, deuteriochloro-
form): 6 ppm 2.08 (s, 3H, COCH,), 4.02 (dd, ] = 4.61, 7.61 Hz,
C’Hax), 4.23-4.36 (m, 4H, C*He + C?HCH,0-), 6.70-6.80 (m, 4H,
Ar). This acetate was analyzed by chiral hple, showing an enantio-
meric excess of 99%.

(+HR)2-Hydroxymethyl-2,3-dihydro-1,4-benzodioxine (R-1).
a) Enzymatic Transesterification.

A mixture of 4.15 g (25 mmoles) of racemic 1 and 5 g of lipase
Amano PS in 100 ml of ethyl acetate was heated to 37° and then
stirred for 3.5 hours. The reaction was stopped by filiration of the
enzyme, the filtrate was evaporated to dryness at reduced pres-
sure and the residue was chromatographed on silica gel. On elu-
tion with a mixture of hexane and ethyl acetate (85:15), 1.8 g of
the acetate S-2 was obtained as a clear oil; *H-nmr: identical to
that above described; **C-nmr (50.4 MHz, deuteriochloroform); &
ppm: 20.97 (CO CH5), 62.94 (CH,0CO), 65.40 (C*H,), 71.25 (C*H),
117.76 and 117.98 (C°H and C®H), 122.10 and 122.39 (C*H and
C7H), 143.37 and 143.58 (C* and C®), 171.44 (C = O). Chiral hplc
analysis indicated an enantiomeric excess of 72% for this acetate

§-2.
b) Hydrolysis to R-1.

The above acetate S-2 was dissolved in 20 ml of methanol and
added to 20 ml of a 5 N aqueous solution of potassium hydrox-
ide. The resulting mixture was heated to reflux for 1 hour,
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cooled, and evaporated to a volume of 20 ml. The aqueous phase
was extracted with diethyl ether (3 x 15 ml), the organic layers
were dried over sodium sulphate and evaporated to give 1.34 g of
the alcohol (+)-(R)-1(93%; 65% overall yield), mp 71-72°; [o]3°
= +23.9° (¢ = 0.6, ethanol); '"H-nmr and **C-nmr spectra identi-
cal to those found for S-1. A sample of this product was acetylat-
ed as above and the resulting ester showed an enantiomeric ex-

cess of 72% by chiral hple.
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