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Abstract: (R)-Cyanohydrins (R)-2b-h are obtained in good optical yields by (R)-oxynitrilase
catalyzed enantioselective addition of HCN to B-substituted pivalaldehydes 1b-h. Under opti-
mized reaction conditions with highly purified (R)-oxynitrilase, hydroxypivalaldehyde (1a) is
converted to (R)-2a in satisfactory chemical and optical yields. By acid-catalyzed hydrolysis
the cyanohydrins (R)-2a-h cyclize directly to give crude (R)-pantolactone (R)-3 with ee-va-
lues of 56-95% which, after recrystallization, go up to 298 %ee in all cases.

(R)-Pantolactone (R)-3 is the most important starting compound for (R)-pantothenic acid, a constituent
of coenzyme A.3 (R)-3 serves also for the preparation of (R)-panthenol, a bactericide, or (R)-pantotheine’
which is a growth factor. In the synthesis of natural products, (R)-pantolactone has been widely used as a
chiral auxiliary6 and as a chiral building block.”

In the last few years great efforts in the development of technical preparations of (R)-pantolactone have been
made, since vitamins have great importance as food and feed additives. Numerous synthetic procedures for
(R)-(-)-pantolactone have therefore been developed and described in the literature. Since racemic pantolac-
tone is easily accessible in a "one pot reaction” from hydroxypivalaldehyde, sodium cyanide, hydrochloric
acid and calcium chloride,8 general racemate resolution techniques have been applied to obtain enantiome-
rically pure (R)-pantolactone. The resolution via diastereomeric salts or amides using quininc,9 D(-)-galact-
amine, 10 (+)-3-aminomethylpinane,!! and (1R)-3-endo-aminoborneol!2 has been applied. 2,4-Dihydroxybu-
tyric acid derived from pantolactone with sodium hydroxide is enantioselectively protonated in the presence
of (18)-(+)-10-camphorsulfonic acid and undergoes spontaneous cyclization to (R)-pantolactone.!3 Besides
the enantioselective hydrolysis of O-acyl pantolactones to (R)-pantolactone using lipases or esterases,14 the
hydrolysis of racemic pantolactone by a specific fungal hydrolase!3 has been reported. Chromatographic
resolutions of racemic pantolactone were performed cither directly on chiral phases!6 or after formation of
diastereomers using optically active acid chlorides or isocyanates.!” The enantioselective hydrogenation of
ketopantoyl lactone is a further general route to (R)-(-)-pantolactone. The catalytic hydrogenation with
rhodium or ruthenium complexes containing chiral ligands provides high enantiomeric excesses and excel-
lent chemical yields.!® An enantioselective hydrogenation with moderate enantiomeric excesses could also
be achieved using NADH model compounds.!? In enzymatic hydrogenations, cells of the genera Rhodoto-
rula and Agrobacterium20 or of yeasts2! have been applied. Also microbial oxidation-reduction processes

starting from racemic pantolactone lead to the desired (R)-(-)-pantolactone.22 A very efficient synthesis of
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(R)-pantolactone was achieved via carboxylation of the chiral carbanion of a 1,3-propanediol, prepared by
metalation with sec-butyllithium/(—)—spartcinc.23 In a very recent publication a chemical synthesis of (R)-3
was described, where the chirality was introduced by a Sharpless epoxidation.24

In the "one pot reaction" for the preparation of racemic pantolactone,3 the racemic cyanohydrin is the
decisive intermediate, which under the reaction conditions (hydrochloric acid) hydrolyzes and cyclizes to
give the lactone (RS)-3. In recent years, (R)-cyanohydrins became easily accessible in high enantiomeric ex-
cesses by (R)-oxynitrilase catalyzed addition of hydrocyanic acid to aldehydes, especially using organic sol-
vents.25 The enzyme catalyzed enantioselective addition of HCN to hydroxypivalaldehyde could therefore
open a novel and simple route to (R)-pantolactone.

In the present paper we report on our investigations of the (R)-oxynitrilase [EC 4.1.2.10] catalyzed ad-
dition of HCN to B-substituted pivalaldehydes 1a-h to the corresponding cyanohydrins (R)-2a-h and the cy-
clization of the cyanohydrins to (R)-(-)-pantolactone (R)-3 (Scheme 1). The addition reactions were carried
out at room temperature in diisopropyl ether25.26 with an excess of HCN. The (R)-oxynitrilase, isolated

from bitter almond, was immobilized on cellulose soaked in sodium acetate solution at pH 3.3.27

Scheme 1
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Hydroxypivalaldehyde (1a)28 exists at room temperature as a crystalline dimer282 which can be
cleaved into the monomer by heating. The cyanohydrin (R)-2a is accessible by the enzyme catalyzed reaction
under the usual reaction conditions25 only in unsatisfactory optical yields (61 %ee) with distilled or freshly
melted 1a monomer.

We have therefore investigated the (R)-oxynitrilase catalyzed addition of HCN to the O-protected hy-
droxy- as well as to halogenated pivalaldehydes 1b-h.

The oxy-substituted pivalaldehydes 1b-e were synthesized according to Ref.292 starting from 2,2-dimethyl-
1,3-propandiol (4) via the monoprotected alcohols 6b-e and their oxidation with pyridinium chlorochromate
(PCC)29b.¢ (Scheme 2, Table 6 and 7).
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Scheme 2
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Chloro- (1f) and bromopivalaldehyde (1g) were also accessible by oxidation of the corresponding propanols
6f and g with pyridinium chlorochromate (PCC) in dichloromethane30 (Table 7) as shown in Scheme 2. The
chloro compound 1f can also be obtained by chlorination of hydroxypivalaldehyde (1a) with phosphoryl
chloride or thionyl chloride in dimethyl formamide according to Ref.3! Acetoxypivalaldehyde (1h) was
prepared by acetylation of 1a with acetic anhydride in presence of pyridine in dichloromethane.

The enantioselective addition of HCN to the aldehydes 1b-h with (R)-oxynitrilase as catalyst (1800-
3000 U/ml) (Scheme 1) under the usual reaction conditions23 gives the corresponding (R)-cyanohydrins (R)-

2b-h in most cases in excellent chemical and in far better optical yields (Table 1).

Table 1. (R)-Cyanohydrins (R)-2 by (R)-Oxynitrilase Catalyzed Addition of HCN to the Aldehydes 1b-h in

Diisopropyl Ether at Room Temperature

Aldehydes 1 Enzymed React.- (R)-Cyanohydrins (R)-2
X [U/mmol 1]  time [h] Yield [%]P ee[%] [a]® (c, CH,Cly); (ee%)

b CH,0 59 55 |b 100 96 +8.4 (1.4); (95)

¢ CH;CH,0 182 18 e 100 73 +10.9 (1.51); (72)

d CH,=CHCH,O 167 85 |d 81 88 +9.6 (1.38); (77)

e PhCH,0 192 48 e 83 61 not determinedd

f Cl 163 ¢ 3 f 100 92 +12.2 (1.54); (88)

g Br 179 15 |g 100 89 +3.8 (1.8); (87)

h CH,CO, 150¢ 65 |h 97 61 not determined

3 Activity of enzyme solution: 1800 - 3000 U/ml. b Determined by 'H NMR spectroscopy. € Specific activity 38 U/mg.
d Cyanohydrin (R)-2e was isolated as mixture with the starting aldehyde le.

Acid-catalyzed hydrolysis of optically active cyanchydrins affords optically active o-hydroxycar-

boxylic acids without any racemization and with retention of configuration.250.c.32 By hydrolyzing the
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cyanohydrins (R)-2a-h in conc. hydrochloric acid unexpectedly in all cases (R)-pantolactone was obtained

(Scheme 1, Table 2).

Table 2. Acid-catalyzed Transformation of (R)-Cyanohydrins (R)-2a-h to (R)-Pantolactone (R)-3

(R)-Cyanohydrins (R)-2 (R)-Pantolactone (R)-3
X (ee%) | ee[%]d  ee[%]®  Yield [%]P
a OH 80¢ 80 98 62
b CH;0 95 95 99 78
¢ CH,CH,O 72 74 98 55
d CH,=CHCH,0 77 77 98 62
e PhCH,O 61 56 93 42
f cl 86 86 98 88
g Br 87 88 - 654
h CH,CO, 52 52 94 45

4 Crude products. b After recrystallization from diethyl ether/petroleusm ether; the yields are
related to the enantiomeric excess of the crude (R)-3. € Prepared under optimized conditions

as described below. 9 After distillation.

The unexpected direct formation of (R)-pantolactone by treatment of the very differently substituted

cyanohydrins (R)-2a-h with conc. hydrochloric acid can be explained as outlined in Scheme 3.

Scheme 3
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The halogen substituted cyanohydrins 2f and 2g are hydrolyzed to the corresponding carboxylic acids A,
which then in a Sp2 reaction which is highly favoured by forming a five-membered ring,332 cyclize to give

(R)-3. For the O-substituted cyanchydrins (R)-2a-¢,h it is assumed, that the imide chlorides B formed pri-
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marily, react via the tetrahedral intermediates C to give (R)-3. Comparative rate studies have shown that re-
actions via a five-membered tetrahedral intermediate such as C are about 105 times faster than reactions
without this neighboring group participation.33b

The acid-catalyzed conversion of the cyanohydrins (R)-2a-h proceeds without any racemization as
shown by comparison of the ee-values of the educts (R)-2 and the obtained crude pantolactone (R)-3 (Table
2). In each reaction listed in Table 2, (R)-3 was completely characterized by elemental analysis, NMR spec-
troscopy and comparison of specific rotation values with literature data.90.10.212 Afier crystallization from
diethy! ether/petroleum ether21a (R)-pantolactone with high optical purity was obtained in all cases (Table

2), even from cyanohydrins with comparable low ee-values like (R)-2e and h.

For a technical synthesis of (R)-pantolactone, hydroxypivalaldehyde (1a) would be the most suitable
starting compound. The unsatisfactory optical yield of (R)-2a (61 %ee) derived from hydroxypivalaldehyde
1a under the reaction conditions applied for the preparation of (R)-2b-h required therefore an optimization of
the enzyme catalyzed reaction.

By varying the reaction parameters it became obvious that mainly two factors influence the optical yield of
the reaction: the purity of the enzyme and the concentration of aldehyde 1a. By using highly purified (R)-

oxynitrilase34 the enantiomeric excess and the chemical yield of (R)-2a increase considerably (Table 3).

Table 3. Variation of Specific Activity and Amount of (R)-Oxynitrilase in the HCN Addition to Hydroxy-
pivalaldehyde (1a) in Diisopropyl Ether at Room Temperature

(R)-Oxynitrilase React.- Cyanohydrin (R)-2a
{U/mmol 1a]  Spec. Act. [U/mg] | time [h] | Yield [%]2  ee [%]
112 11 17 60 61
130 31 1.5 43 68
150 38 2.25 55 83
175 74 1.75 84 89
425 136 1.75 77 89

a Determined by 'H NMR spectroscopy.

As can be seen from Table 3, there is a limit where a further increase of the specific activity of the enzyme as
well as the amount of enzyme does not improve the optical and the chemical yield of (R)-2a further.

Table 4 shows the influence of the concentration of aldehyde 1a. Increasing concentrations of la
result in a diminished chemical and optical yield of cyanohydrin (R)-2a. The reaction is independent on the
concentration of HCN varying between twofold and fivefold excess; enantiomeric excesses in the range of 86

to 88% were determined in all cases.
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Table 4. Variation of the Concentration of Aldehyde 1a in the (R)-Oxynitrilase? Catalyzed Addition of HCN

in Diisopropyl Ether at Room Temperature

1a React.-time (R)-2a
Conc. [mol/1] (h] Yield [%]P  ee [%]
0.22 2 68 89
0.44 225 44 84
0.87 2 48 79

3200 Units/mmol 1a, specific activity: 91 U/mg. b Determined by 'H NMR spectroscopy.

Our further investigations have shown, that the influence of all other parameters on the enzyme cata-
lyzed reaction of 1a with HCN is negligible. Neither the variation of reaction time in the range of 0.5 to 6.5
hours and the reaction temperature between 23°C and 40°C nor changing the support (cellulose, kieselguhr)

used for enzyme immobilization (Table S) gives a remarkable improve of optical and chemical yields.

Table 5. Variation of the Support in the Enzyme Catalyzed HCN Addition to Aldehyde 1a in Diisopropyl

Ether at Room Temperature

(R)-Oxynitrilase React.- Cyanohydrin (R)-2a
Spec. Act.  [U/mmol la] Support? time [h] | Yield [%]b ee [%]
74 U/mg 175 Avicel (cellulose) 1.75 84 89
91 U/mg 200 P100PSC (cellulose) 2 68 89
91 U/mg 200 Celite (kieselguhr) 1.75 77 82
136 U/mg 425 Celite (kieselguhr) 1.75 85 87

2 Soaked in 0.02 M sodium acetate solution, pH 3.3. b Determined by 'H NMR spectroscopy.

The supports used for the enzyme immobilization were soaked in sodium acetate solution at pH 3.3 as
described above. By treatment at pH 5.4, the pH optimum of (R)-oxynitrilase,35 the enantiomeric excess de-
creases from 89% at pH 3.3 to values below 84%. The application of kieselguhr for enzyme immobilization
affords chemical and optical yields comparable with those of cellulose (Table 5) whereas other supports such
as ion exchange resins are not suitable because both the conversion and the enantiomeric excess markedly
decrease.

Hydroxypivalaldehyde (1a) which is easily accessible, provides the cyanohydrin (R)-2a in relatively
high optical yields by using highly purified enzyme. Since the enantiomeric excess of the crude (R)-panto-
lactone obtained by acid-catalyzed cyclization increases to 298 %ee after one recrystallization, the route for
the preparation of (R)-(-)-pantolactone described in this paper is an interesting alternative to procedures re-

ported.
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In summary, the described novel route to (R)-(-)-pantolactone via enzyme catalyzed synthesis of the

chiral cyanohydrin is an alternative to the large scale preparations of (R)-pantolactone applied today.

Experimental

Materials and Methods: Hydroxypivalaldehyde (1a) was purchased from Fluka or prepared according
to Ref.284 2,2-Dimethyl-1,3-propandiol (4) and pyridinium chlorochromate (PCC) were purchased from Flu-
ka, 3-chloro- (6f) and 3-bromo-2,2-dimethyl-1-propanol (6g) from Aldrich, Avicel cellulose from Merck,
Celite from Fa. Roth and Elcema P100PSC from Degussa. All solvents were purified and dried as described
in the literature. 'H NMR spectra were recorded on a Bruker ACF 250 with TMS as int. standard. Optical
rotations were performed in a Perkin-Elmer polarimeter 241 LC. Gas chromatography: Hewlett Packard
5700A and 5710 A with FID, 30 ml/min nitrogen, glass columns 2.3 m x 2 mm, phases OV 7,17,101,225 on
chromosorb W. Capillary GC for determination of enantiomeric excess: a) Carlo Erba Fractovap 4160 with
FID, Spectra Physics minigrator, 0.5 bar hydrogen, column 50 m, phase OV 1701 with 10% permethylated
B-cyclodextrin; b) Carlo Erba HRGC 5300 Mega Series with FID, Carlo Erba Mega Series integrator, 0.5 bar
hydrogen, column 20 m, phases OV 1701 and PS 086 with 10% permethylated B-cyclodextrin; c) Hewlett
Packard 5890 Series II with FID, 0.42 bar hydrogen, column 50 m x 25 mm, phase FS-Lipodex C (Macherey
Nagel) or column 30 m x 32 mm, phase Chiraldex B-TA (ICT).

Preparation of O-protected 2,2-dimethyl-1-propanols 6b-¢; general procedure according to Ref292: At
room temperature a solution of 2,2-dimethyl-1,3-propandiol (4) in THF (see Table 6) is dropped with stirring
within 1-1.5 h to a suspension of NaH in THF and then the reaction mixture is refluxed for 1 h. After cooling
to room temperature the corresponding alkyl halides Sb-e are dropped within 1 h and the reaction mixture
then is either refluxed for 16 h (Se) or stirred at room temperature followed by refluxing (times given in
Table 6). Then 15-20 ml water are added, the aqueous phase is separated and extracted three times with 60
ml diethyl ether. The combined organic phases are dried (MgSOy,), concentrated, and the resulting alcohol 6

is fractionated in vacuo.

Table 6. Preparation of Alcohols 6b-e and 1H NMR data

4 THF 5 NaH THF Reaction- Yield bp
g (mmol) (ml) g (mmol) | g (mmol) (ml) |time[h] temp.[°C] g (%) [°C/Torr]
344(330) 150 |b 51.1(360)(7.92(330) 300 | 18;4 23; 90 27.7 (1)  55-69/16
17.7(170) 70 {c 20.2(180)|4.10(170) 180 | 14;10 23,90 9.4 (42) 61/10
17.2(165) 75 |d 21.8(180)|4.00(170) 150 | 15;10 23,90 17.9 (75)  87-90/10
17.2(165) 75 |e 31.7 (180)]4.00 (170) 150 16 90 24.2 (75) 80-84/0.01

o Q6 T
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1H NMR (CDCls, 8)

6b  0.92(s, 6 H, CHy), 2.70 (1, J/=5.8 Hz, 1 H, OH), 3.25 (s, 2 H, a-CH,), 3.34 (s, 3 H, CH,0), 3.44
(d, 2 H, b-CH,)

6c  0.92(s, 6 H, CHy), 1.19 (t, J=7.0 Hz, 3 H, CH;CH,), 2.97 (t, J=5.6 Hz, 1 H, OH), 3.29 (s, 2 H,
a-CH,), 3.43-3.52 (m, 4 H, CH;CH,, b-CH,)

6d  0.93 (s, 6 H, CHy), 2.69 (t, J=5.9 Hz, 1 H, OH), 3.30 (s, 2 H, a-CHy), 3.45 (d, 2 H, b-CH,),
3.97 (dt, J1=1.4, /,=5.5 Hz, 2 H, CH,CHCH,), 5.15-5.30 (m, 2 H, CH,CHCH,), 5.81-5.97 (m,
1 H, CH,CHCH,)

6e 093 (s, 6 H, CH;), 2.49 (s, 1 H, OH), 3.32 (s, 2 H, a-CH,), 3.46 (s, 2 H, b-CH,), 4.51 (s, 2 H,
PhCH,), 7.25-7.39 (m, 5 H, Ph)

Preparation of the pivalaldehydes 1b-g; general procedure according to Ref.292,30: A solution of the
corresponding alcohol 6 in absolute dichloromethane is added at room temperature to a suspension of py-
ridinium chlorochromate (PCC) and sodium acetate (6d,e) in absolute dichloromethane. The reaction mix-
ture is stirred for the given time (see Table 7) and then diethyl ether is added (volume see Table 7). The sol-
vent is decanted and the remaining solid is extracted four times with 100 ml diethyl ether. The combined ex-

tracts are filtered through a silica gel column (12 x 3 ¢cm), concentrated and the residue is fractionated.

Table 7. Oxidation of Alcohols 6 to the Aldehydes 1 and TH NMR data

6 g (mmol) PCC g (mmol) CH,Cl, (ml)2 Et,O (ml) R.-time[h] 1 Yield g(%) bp [°C/Torr]
b 15.0(127.0) 42.2(195.8) 160; 160 500 7 b 6.30(43) 131/760
¢ 5.0(38.0) 12.3 (57.0) 50; 50 100 7 ¢ 362074 71/40

d 7.7(53.9) 23.4 (109.0)b 20; 80 320 16/6.5¢ d 475(62) 55-57/10
e 8.1(41.7) 18.0 (83.5)b 15; 60 250 16/10¢ e 4.03 (50) 78-80/0.1
f 16.6 (135.4) 43.9 (203.6) 180; 170 400 7 f 10.8 (66) 38/10

g 10.0 (60.0) 19.5 (90.5) 75,75 500 7 gd 6.15 (62) 49-50/13

IH NMR (CDCl3, 5)

1b  1.08(s, 6 H, CHy), 3.33 (s, 3 H, CH;0), 3.38 (s, 2 H, CH,), 9.55 (s, 1 H, CHO)

tc 108 (s, 6 H, CHy), 1.16 (t, J=7 Hz, 3 H, CH,CH,), 3.42-3.50 (m, 4 H, CH,, CH;CH,), 9.58 (s, 1 H,
CHO)

1d  1.09 (s, 6 H, CHy), 3.43 (s, 2 H, CH,), 3.96 (dt, J,=1.4, J,=5.5 Hz, 2 H, CH,CHCH,), 5.14-5.31 (m,
2 H, CH,CHCH,), 5.78-5.95 (m, 1 H, CH,CHCH,), 9.58 (s, 1 H, CHO)

le  1.09 (s, 6 H, CHy), 3.45 (s, 2 H, CHy), 4.50 (s, 2 H, PhCH,), 7.28-7.38 (m, 5 H, Ph), 9.57 (s, 1 H,
CHO)

If 120 (s, 6 H, CHs), 3.60 (s, 2 H, CH,), 9.53 (s, 1 H, CHO)

lg  1.23(s, 6 H, CHy), 3.46 (s, 2 H, CH,), 9.49 (s, 1 H, CHO)

2 Volume in which 6 (1. value) and PCC (2. value) are dissolved. b Addition of about 0.37 mol sodium acetate per mol alcohol.

C Reaction time under reflux. 4 Ref.30

3-Chloro-2,2-dimethyl-propionaldehyde (1f):31 After addition of SOCl, or POCl; to absolute DMF

within 30 min at room temperature the solution is stirred for 15 min, cooled to 0°C, and a solution of freshly
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melted 1a in 10 ml DMF is dropped within 30 min. The reaction mixture is warmed up to room temperature
and refluxed for 6 h. Then the twofold volume of water is added and the reaction mixture extracted four
times with 100-150 ml diethyl ether. The combined extracts are washed with 100 ml water, dried with

MgSO,, concentrated, and the residue is fractionated in vacuo. Physical data see Table 7.

Chloride g (mmol) DMF (ml) 1la g (mmol) 1If  Yield g (%)
POCl, 18.5 (120.6) 74 10.3 (100.8) 6.10 (51)
SOCl, 7.9 (66.4) 40 5.1 (50.0) 2.23(37)

3-Acetoxy-2,2-dimethyl-propionaldehyde (1h): A solution of 3.0 g (29.4 mmol) freshly melted 1a, 3.63
g (46.0 mmol) pyridine and 9.0 g (88.2 mmol) acetic anhydride in 90 ml dichloromethane is stirred at 60°C
for 40 h. Then the reaction mixture is filtered through a silica gel column (5 x 3 cm), concentrated and the
residue is fractionally distilled in vacuo; yield 2.2 g (52%), bp 75°C/10 Torr. 1H NMR (CDCly) & = 1.12 (s,
6 H, CH3), 2.05 (s, 3 H, CH;CO,), 4.12 (s, 2 H, CH,), 9.52 (s, 1 H, CHO).

Enzyme catalyzed HCN addition to the aldehydes 1; general procedure according to Ref252.32c: A
solution of (R)-Oxynitrilase (amount and spec. activities are given in Tables 1,3-5) is dropped on the support
(e.g. Avicel cellulose, 1.5 g, soaked in 10 ml 0.02 M sodium acetate solution, pH 3.3). 4-5 ml of diisopropyl
ether are added followed by 100 ul of the aldehyde 1 and a two- to threefold molar excess of hydrocyanic
acid, and the reaction mixture is stirred for the given time and temperature (see Tables 1, 3-5). The catalyst is
filtered off and washed with diethyl ether. The combined filtrates are concentrated to give the (R)-cyano-

hydrins (R)-2. The reaction can be performed up to an amount of the aldehyde of about 20 mmol.

1H NMR (CDCls, 8)

(R»-2a 1.04 (s, 3H, CH;), 1.13 (s, 3 H, CH3), 3.50, 3.80 (AB system, J=-10.8 Hz, 2 H, CH,), 4.37 (s, 1 H,
CH)

(R):2b  1.03 (s, 3 H, CHy), 116 (s, 3 H, CH;), 3.40 (s, 3 H, CH;0), 3.27, 3.63 (AB system, J=-9.2 Hz, 2
H, CH,), 4.24 (s, 1 H, CH)

(R)»-2¢  1.03 (s, 3H, CH,), 1.17 (s, 3 H, CHy), 1.23 (t, J=7.0 Hz, 3 H, CH,CH,), 3.48-3.61 (m, 2 H,
CH;CH,), 331, 3.69 (AB system, J=-9.3 Hz, 2 H, CH,), 4.23 (s, 1 H, CH)

(R)-24 1.04 (s, 3 H, CHy), 1.18 (s, 3 H, CH,), 3.32, 3.68 (AB system, J=-9.3 Hz, 2 H, CH,), 3.95-4.05 (m,
2 H, CH,CHCH,), 4.26 (s, 1 H, CH), 5.21-5.33 (m, 2 H, CH,CHCH,), 5.81-5.96 (m, 1 H,
CH,CHCH,)

(Ry-2¢  1.03 (s, 3H, CH,), 1.17 (s, 3 H, CHy), 3.35, 3.70 (AB system, J=-9.2 Hz, 2 H, CH,), 4.28 (s, 1 H,
CH), 4.51, 4.60 (AB system, J=-11.8 Hz, 2 H, PhCH,), 7.28-7.41 (m, 5 H, Ph)

(R):2f  1.17 (s, 3H, CHy), 1.19 (s, 3 H, CH;), 3.41, 3.67 (AB system, J=-11.1 Hz, 2 H, CH,), 4.56 (s, 1 H,
CH)

(R»-2g 1.18 (s, 3H, CH,), 1.24 (s, 3 H, CHy), 2.97 (s, 1 H, OH), 3.32, 3.57 (AB system, J=-10.4 Hz, 2 H,
CH,), 4.58 (s, 1 H, CH)

(R)-2h  1.10 (s, 3H, CH,), 1.13 (s, 3 H, CHy), 2.12 (s, 3 H, CH,CO,), 3.99, 4.06 (AB system, J=-11.4 H,
2H, CH,), 4.31 (s, 1 H, CH)
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Determination of the enantiomeric excess: 50 pl acetic anhydride and 10 pl pyridine are added to a
solution of 10 pl (R)-2 in 250 ul dichloromethane. After standing at 60°C for 4 h the reaction mixture is
filtrated through a silica gel column (3 x 0.5 cm) with 3-4 ml dichloromethane. The enantiomeric excess of 2
is determined directly from the filtrate by capillary gas chromatography on OV 1701 and PS 086 phases with
10% permethylated pB-cyclodextrin.

Transformation of cyanohydrins (R)-2a-h to (R)-pantolactone (R)-3; general procedure according to
Ref.32¢: A solution of (R)-2b-h in an excess of conc. HCl is stirred 16 h at room temperature and heated for 5
h at 115°C, (R)-2a is stirred in conc. HCI 8.5 h at room temperature. The excess of HCl is removed in vacuo,
the residue taken up in diethyl ether, dried (Na,SO,), concentrated and distilled in vacuo or recrystallized

from diethyl ether/petroleum ether to give (R)-pantolactone (R)-3, bp 100°C/0.01 Torr,89-21a mp
90.5°C,8.9b.21a [o}% = -49 (c 0.6, H,0),9%:10.21a (99% ee). 'H NMR (CDCly) & = 1.09 (s, 3 H, CHy), 1.24

(s, 3 H, CHy), 3.95, 4.04 (AB system, J=-8.9 Hz, 2 H, CH,), 4.14 (s, 1 H, CH). 13C NMR (CDCl;) 8 =18.8
and 22.9 (CH3), 40.9 (C3), 75.5 (C2), 76.5 (C4), 177.9 (C1). The enantiomeric excess is determined without
derivatization on chiral B-cyclodextrin phases (Chiraldex B-TA) by capillary gas chromatography. (R)-3 is
characterized at each conversion by 'H and 13C NMR, elemental analysis and comparison of optical rotation

values.

Acknowledgement: This work was generously supported by the Bundesministerium fiir Forschung und
Technologie (Zentraler Schwerpunkt Bioverfahrenstechnik, Stuttgart) and the Fonds der Chemischen Indu-

strie.

References

1.  Enzyme catalyzed Reactions, Part 19. - Part 18: Effenberger, F.; Béhme, J. Bioorg. Med. Chem., in
press.
2. a) Eichhorn, J. Part of Dissertation, Universitit Stuttgart, in preparation.
b) Roos, J. Forschungspraktikum, Universitit Stuttgart, 1992.
3. a) Lehninger, A L. Prinzipien der Biochemie; Walter de Gruyter: Berlin. 1987; pp. 283 ff.
b) Brown, G.M.; Williamson, M. Adv. Enzymol. Relat. Areas Mol. Biol. 1982, 53, 345-381.
4. Shimizu, S.; Tani, Y.; Ogata, K. Agric Biol. Chem. 1974, 38, 1989-1996.
King, T.F.; Stewart, C.J.; Cheldelin, V.H. J. Am. Chem. Soc. 1953, 75, 1290-1292.
6.  a) Bestrnann, H.J.; Schobert, R. Angew. Chem. 1985, 97, 783-784; Angew. Chem. Int. Ed. Engl. 1985,
24,790-791.
b) Poll, T.; Sabczak, A.; Hartmann, H.; Helmchen, G. Tetrahedron Lett. 1985, 26, 3095-3098.
¢) Knol, J.; Jansen, J.F.G.A.; van Bolhuis, F.; Feringa, B.L. Tetrahedron Lett. 1991, 32, 7465-7468.
7.  a)Lavallee, P.; Ruel, R.; Grenier, L.; Bissonette, M. Tetrahedron Lett. 1986, 27, 679-682.
b) Fischer, G.C.; Turakhia, R.H.; Morrow, C.J. J. Org. Chem. 1985, 50, 2011-2019.
8. Ford, JH.J. Am. Chem. Soc. 1944, 66, 20-21.
9.  a)Reichstein, T.; Griissner, A. Helv. Chim Acta 1940, 23, 650-657.

i



10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
24.
25.

26.
27.

28.

29.

Synthesis of (R)-pantolactone 281

b) Stiller, E.T.; Harris, S.A.; Finkelstein, J.; Keresztesy, J.C.; Folkers, K. J. Am. Chem. Soc. 1940, 62,
1785-1790.

Kagan, F.; Heinzelman, R.V.; Weisblat, D.L; Greiner, W. J. Am. Chem. Soc. 1957, 79, 3545-3549.
Paust, J.; Pfohl, S.; Reif, W.; Schmidt, W. Liebigs Ann. Chem. 1978, 1024-1029.

Fizet, C. Helv. Chim. Acta 1986, 69, 404-409.

Fuji, K.; Node, M.; Murata, M.; Terada, S.; Hashimoto, K. Tetrahedron Lett. 1986, 27, 5381-5382.
a) Bevinakatti, H.S.; Banerji, A.A.; Newadkar, R.V.J. Org. Chem. 1989, 54, 2453-2455.

b) Glinzer, B.I; Faber, K.; Griengl, H. Enzyme Microb. Technol. 1988, 10, 689-690.

Yamada, H.; Shimizu, S.; Kataoka, M.; Sakamoto, K.; Shimizu, K.; Hirakata, M. In Harnessing Bio-
technol. 21st Century, Proc. Int. Biotechnol. Symp. Expo., 9th, 1992, 160-163; Ladisch, M.R.; Bose, A.
Eds.; ACS: Washington, D.C.; Chem. Abstr. 1993, 118,212 739c.

a) Oi, N.; Do, T.; Kitahara, H.; Inda, Y. J. Chromatogr. 1981, 208, 404-408.

b) Koénig, W.A.; Sturm, U. J. Chromatogr. 1985, 328, 357-361.

c) Francotte, E.; Lohmann, D. Helv. Chim. Acta 1987, 70, 1569-1582.

d) Armstrong, D.W.; Li, W.; Chang, C.; Pitha, J. Anal. Chem. 1990, 62, 914-923.

e) Li, W.-Y.; Jin, H.L.; Armstrong, D.W. J. Chromatogr. 1990, 509, 303-324.

a) Arai, T.; Matsuda, H.; Oizumi, H. J. Chromatogr. 1989, 474, 405-410.

b) Takasu, A.; Ohya, K. J. Chromatogr. 1987, 389, 251-255.

a) Ojima, I.; Kogure, T.; Terasaki, T. J. Org. Chem. 1978, 43, 3444-3446.

b) Kagan, H.B.; Tahar, M.; Fiaud, J.-C. Tetrahedron Lett. 1991, 32, 5959-5962.

¢) Genet, J.-P.; Pinel, C.; Mallart, S.; Juge, S.; Cailhol, N.; Laffitte, J.A. Tetrahedron Lett. 1992, 33,
5343-5346.

d) Roucoux, A.; Agbossou, F.; Mortreux, A.; Petit, F. Tetrahedron Asymmetry 1993, 4, 2279-2282.
e) Yamamoto, K.; Saeed-Ur-Rehman, Chem. Lett. 1984, 1603-1606.

f) Takahashi, H.; Hattori, M.; Chiba, M.; Morimoto, T.; Achiwa, K. Tetrahedron Lett. 1986, 27, 4477-
4480.

Versleijen, J.P.; Sanders-Hovens, M.S.; Vanhommerig, S.A.; Vekemans, J.A.; Meijer, EM. Tetra-
hedron 1993, 49, 7793-7802.

a) Hata, H.; Shimizu, S.; Yamada, H. Agric. Biol. Chem. 1987, 51, 3011-3016.

b) Kataoka, M.; Shimizu, S.; Yamada, H. Agric. Biol. Chem. 1990, 54, 177-182.

a) Kuhn, R.; Wieland, T. Ber. Dtsch. Chem. Ges. 1942, 75, 121-123,

b) Wilken, D.R.; Dyar, R.E. Arch. Biochem. Biophys. 1978, 189, 251-255.

c) Nakamura, K.; Kondo, S.; Kawai, Y.; Ohno, A. Tetrahedron Asymmetry 1993, 4, 1253-1254.

a) Kataoka, M.; Shimizu, S.; Yamada, H. Rec. Trav. Chim. Pays-Bas 1991, 110, 155-157.

b) Shimizu, S.; Hattori, S.; Hata, H.; Yamada, H. Enzyme Microb. Technol. 1987, 9, 411-416.

¢) Shimizu, S.; Hattori, S.; Hata, H.; Yamada, H. App!. Environ. Microbiol. 1987, 53, 519-522.
Paetow, M.; Ahrens, H.; Hoppe, D. Tetrahedron Lett. 1992, 33, 5323-5326.

Rama Rao, A.V.; Mahender Rao, S.; Sharma, G.V.M. Tetrahedron Lett. 1994, 35, 5735-5738.

a) Effenberger, F.; Forster, S.; Ziegler, T. Angew. Chem. 1987, 99, 491-492; Angew. Chem. Int. Ed.
Engl. 1987, 26, 458-460.

b) Effenberger, F. Angew. Chem. 1994, 106, 1609-1619; Angew. Chem. Int. Ed. Engl. 1994, 33, 1555-
1564.

¢) Effenberger, F. NATO ASI Ser., Ser. C 1992, 381 (Microbial Reagents in Organic Synthesis), 25-33.
Wehtje, E.; Adlercreutz, P.; Mattiasson, B. Biotech. Bioeng. 1990, 36, 39-46.

Kragl, U.; Niedermeyer, U.; Kula, M.-R.; Wandrey, C. Aan. N.Y. Acad. Sci. 1990, 61/3(Enzyme Eng.
10), 167-175; Chem. Abstr. 1991, 115, 181477x.

a) Nerdel, F.; Frank, D.; Lengert, H.-J.; Weyerstahl, P. Chem. Ber. 1968, 101, 1850-1862.

b) Kohn, M.; Neustiidter, V. Monarsh. 1918, 39, 293-298; J. Chem. Soc. 1918, 114, 477.

a) Eliel, E.L.; Clawson, L.; Knox, D.E. J. Org. Chem. 1985, 50, 2707-2711.

b) Corey, E.J.; Schmidt, G. Tetrahedron Lett. 1979, 399-402.

c) Corey, E.J.; Suggs, J.W. Tetrahedron Lett. 1975, 2647-2650.



282 F. EFFENBERGER et al.

30. Pennings, M.L.M.; Reinhoudt, D.N. J. Org. Chem. 1983, 48, 4043-4048.
31. a) Hepbum, D.R.; Hudson, H.R. J. Chem. Soc., Perkin Trans 1, 1976, 754-757.
b) Hepburn, D.R.; Hudson, H.R. Chem. Ind. 1974, 16, 664-665.
32. a) Effenberger, F.; Horsch, B.; Forster, S.; Ziegler, T. Tetrahedron Lett. 1990, 31, 1249-1252.
b) Ohta, H.; Kimura, Y.; Sugano, Y.; Sugai, T. Tetrahedron 1989, 45, 5469-5476.
c) Ziegler, T.; Horsch, B.; Effenberger, F. Synthesis 1990, 575-578.
33. a) March, J. Advanced Organic Chemistry; 4. Ed., John Wiley and Sons, Inc.: New York. 1992; p 398.
b) March, J. Advanced Organic Chemistry; 4. Ed., John Wiley and Sons, Inc.: New York. 1992; p 335.
34. We thank Dr. S. Forster for the development of purification methods for the (R)-oxynitrilase.
35. Becker, W.; Pfeil, E. J. Am. Chem. Soc. 1966, 88, 4299-4300.

(Received in UK 28 October 1994)



