Y/ =22
\W / TETRAHEDRON
\ Q!E 2 : / § TR O

LETTERS
Pergamon Tetrahedron Letters 39 (1998) 5233-5236

Lipase-Catalyzed Kinetic Resolution of
2-Acyiloxy-2-(pentafiuorophenyl)acetonitrile
Takashi Sakai*, Yasushi Miki, Mayuml Nakatani, Tadashi Ema,

A AN ~ams T T 1.

Kenji Uneyama, and Masanori Utaka*

Department of Appiied Chemistry, Facuity of Engineering, Okayama University, Tsushima-naka, Okayama 700-8530, Japan

Abstract

LERR
11}, l,[lc IUIlllCl Ul Wlubll wdd udllhlulllmu
hira

(TBSOT{, DMAP) into its TBS-ett 3, a new fluorinated chiral building block, and into naproxen ester 4
for X-ray analysis to determine the absolute configuration. © 1998 Published by Elsevier Science Lid. All rights reserved.
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Optically active cyanohydrins [R-C*H(OH)CN] have been frequently utilized as useful
chiral synthons for organic synthesis, since the two functional groups (CN, OH) can be
transformed into a variety of functional groups [1-5]. The synthetic versatility has been
applied, for example, to the syntheses of pyrethroid insecticides [6] and ferroelectric liquid
crystals [7] In general, cyanohydrins are optically stable enough to be prepared not only by
resolutions with lipases [2], but also by asymmetric svntheses with other biocatalysts [2, 8, 9]
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p l]v active fluorinated

henyl)acetonitrile 2 and its antipodal

which were prepared by the lipase-catalyzed enantioselective hydrolysis of
racemate (+)-1 (Scheme 1). We have been interested in such polyfluorinated arene-
containing molecules because of the attractive features such as the electron-withdrawing
property [12, 13] and the stacking ability with electron-rich arenes [14-16]. In the course of

this study, cyanohydrin 2 was found to be relatively optically and structurally unstable as
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by screening lipases and organic solvents as additives. Among lipases examined (Table 1,
entries 1-5), lipase PS in acetone—phosphate buffer (1 : 10) showed moderate selectivity (E =

15) but with slow reaction rate. In contrast, lipase A6 remarkably accelerated the reaction
rate (1.7 h for conv. = 0.46), while the enantioselectivity was decreased (£ = 7.5). Entries 5—
8 showed the results of the use of lipase LIP with different ketonic solvents. Addition of a
ketonic solvent to the media was found to be requisite to promote the reaction, probably
facilitating to suspend crystalline (+)-1a. The best selectivity was obtained when the reaction
of propionate (1)-1b was carried out by usmg lipase LIP and 3-pentanone (entry 9, E =

211). The suitability of lipase LIP for the fluorinated compound had been also observed in
ha £ 2_hoAd 1ty
the case of 3-hydroxy-3-(pentafluorophenyl)propionitrile [17].

antioselectivity tic .
to be hlghly dependent on the pH of the buffer. The optimum buffer was determined by
examination of the reaction with lipase LIP (entry 8 in Table 1) under various pH
conditions. Figure 1 indicates that the ee of (S)-2 was decreased dramatically by changing

the pH from 5.0 to 8.0, while that of (R)-1a was retained within small differences. Under

Table 1
Screening of Lipases and Effect of Organic Solvents as additives.
time (5)-2 (R)-1

entry  substrate lipase organic solvents (h) conv.” % yield (% ee) b g yield (% ee) ¢ E®
1 1a(R'=Me) lipase P¥  acetone 23 0.43 36 (70) 48  (84) 15
2 lipase AKY  acetone 27 0.35 29 (55) 62 (43) 5.1
3 lipase AY®  acetone 24 0.50 39 48y 42 59 5.0
4 lipase A6"  acetone 1.7 048 44 (60) 46 (62) 15
5 lipase LIP  acetone 43 037 27 (73) 45 (52 11
6 lipase LIP — 17 0.37 26 (59) 53  (68) 7.8
7 lipase LIP 2-butanone 5.5 0.47 38 (91 42 (76) 49
8 lipase LIP 3-pentanone 8.0 0.50 39  (94) 39  (BS) 92
9 1b®R'=Et) lipasc LIP 3-pentanone 10.5 0.46 38 (97) 46 (92 211
10 1 c(R1 = Pr) lipase LIP 3-pentanone 34 0.45 32 (89) 43 (96 67

Conditions: lipase (entries 1-4, 100 mg; entries 5-10, 200 mg), (+)-1 (100 mg), phosphate buffer (pH 5.6, 2.5 mL),
organic solvent (0.25 mL). “Determined by GC analysis (column; 5% PEG-20M). “Determined by 'H NMR spectra (200
MHz) of the corresponding MTPA ester. ‘Determined by 'H NMR spectra (200 MHz) in the presence of Eu(hfc), for 1a
(entries 1-8) and by HPLC analysis (column; CHIRALCEL OB-H, eluent; hexane / i-PrOH = 200 / i) for ib and ic
{antriac O 1M rocmntlvplv ‘IF-—In [ ] - I'I + 7{9‘1“‘ / ln I 1-¢ H - 2(ee)l), ¢ = 1(ee) / [1((’(‘\ + 2(ee)] (Ref HX“

ACHRUICS 7, 1V, TLopetuy T &E0)55 AHee) < A€EC) I [ 2EC) LEec)] (el

‘Pseudomonas cepacia. fPseudomonas ﬂuorescens ¢Candida rugosa. "Aspergtllus niger. ‘Pseudomonas aeruginosa lipase
immobilized on hyflo Super-Cel. ‘Obtained with antipodal enantioselectivity; (R)-2 and (5)-1.

1. Racemic acelate (+)-1a was prepared as follows: Pentafluorobenzaldehyde (1 equiv), sodium cyanide (2 equiv), acetyl chloride (2
equiv), ZnBr, (cat.), in CH,CN, 1t (92% yield): mp 4748 °C; 'H NMR (200 MHz, CDCIl,) § 2.18 (3H, s, CH,), 6.66 (1H, s,
CH); F NMR (188 MHz, CDCl,, C(F as an internal standard)  2.4-2.8 (2F, m, m-ArF), 13.88 (1F, t, J = 21.6 Hz, p-ArF),

[o 1o B -Hs Lo I s | e
22 5-22.9 (2F, m, o-ArF). Compounds of (1)-1b and 1c were prepared in a similar way to that of 1a.



the conditions at pH 6.5 — 8.0, a trace
of liberated aldehyde was detected by
'H NMR analysis. Both (5)-2 and (R)-

e obtained with accentahle
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Tesuits SUggest that racemization 01
compound 2 occurred gradually via
cyanohydrin—aldehyde equilibrium,
and can be suppressed considerably at
pH 5.6.

Optical purity of (S5)-2 was
raised up to >99% ee by recrystal-
lization from petroleum ether ( Tl

VRV ALY D

=-30.5 (c = 1.10, CHClg) mp 67-—69

converted to its optically stabie TBS-
ether (5)-3% in 83% yield without ioss
of the optical purity (Scheme 2).

The absolute configuration of
(5)-2 was determined by X-ray
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Figure | The correlation between the enantiomeric excess ((R)-1a
and (5)-2) and pH of phosphate buffer (pH 5.0 — 8.0)-3-pentanone

in the |1r\ucn LIP_catalvzed resolution. pH. reaction tim e
in we laiyzed resocaulion. pii, réaclion ume and

conversion; a (pH 5.0, 9.0 h, conv. = 0.45), b (5.6, 8.0, 0.50), ¢
(6.0, 8.0, 0.48), d (6.6, 7.0, 0.45), e (7.0, 7.5, 0.53), f (8.0, 7.5,
0.45).

analysis of its naproxen ester 4 (56% yield) as shown in Scheme 2 and Figure 2°. The (S)-
preference observed in the lipase-catalyzed resolution is in agreement with the empirical rule

Scheme 2
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Reagents and conditions; a) TBSOTT (2 equiv), DMAP (3 equiv), in CH,Cl,, 0 °C, 1.5 h. b) (S)-(+)-
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2-(6-methoxy-Z-naphthyi)propionyi chioride (2 equiv), pyridine (10 equiv), in benzene, O °C—rt, 20 h.

2. (S)-3: Optical purity was determined by HPLC analysis (column; CHIRALCEL OD-H, eluent; hexane / i-PrOH = 200/ 1): [o]*,

. MO & fa— tNE LI Y I ATMD MW MU CTYCINREN 12/ ¢ CHDY D26 (M ¢ CHDY NOANMAQH ¢ (CHAYY §77(1H
= =£0.J (C = 1.UU, LIilly), @1 INMVIR (LUVU IVIKLZ, 0UI3) U VLD (Vi 3y il3), VLU (JLL, 5y eliy), V. AU (711, 5y \\dX3)3)y Jel 7 (142,

s, CH); '*F NMR (188 MHz, CDCl,, C,F; as an internal standard) 8 1.7-2.1 (2F, m, m-ArF), 11.59(1F, t, J = 20.3 Hz, p-ArF),

19.9-20.2 (2F, m, 0-ArF).
3. Xeray crystal data for 4: C;:H,[FNO,, M = 435.35, m

onoclinic, space group P2, 6 =9.602(6), b = 15.545(8), c = 9.449(1) A, B

S T PO . PRSP o~ STAY nn

o (U) A% Z=3, Doy = 1.45(0) g / em®, R = 0.080 for 1273 observed reflections (I > 3.00 6 (I)) and 230
easurements were made on a Rigaku RAXIS-IV imaging plate area detector with Mo-Kat radiation.
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Quite interesting in the structure 4 is .
that the naphthalene ring is stacked in o . o . Mo )
parallel with the pentafluorophenyl group % s
at a distance of approximately 3.5 A ¢ // > &
(_Figune 2). w‘c.e wxsn to apply- sucn' a . ; .
tluorobenzene-directed structural and/or Wt‘ F
conformational regulation to a new supra- o F dT F {

molecular system [20-22]. At present, a Wf"
n i

few examples have been reported for such

arene—polyfluorinated arene interaction }:
W

and the detailed structural features of 4

will be reported elsewhere.
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Figure 2 X-ray crystal structure of naproxen ester 4.
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