R —

p—

[ S22

s

TETRAHEDRON
\ 54 LETTERS
Tetrahedron Letters 39 (1998) 7881-7884
Pergamon —

Low-Temperature Method for Enhancement of Enantioselectivity
in the Lipase-Cataiyzed Kinetic Resolutions of Soiketal and Some Chiral Aicohois
Takashi Sakai,* Tetsuo Kishimoto, Yukie Tanaka, Tadashi Ema, and Masanori Utaka*

Department of Applied Chemistry, Faculty of Engineering, Okayama University,
Tsushima-naka, Okayama 700-8530, Japan

Received 22 June 1998; revised 6 August 1998; accepted 17 August 1998

Ar .
ADstract.

T At _toamamnecatisea maflﬂr\r] AN 9 at laat) f.
LOW-iemperawuie met 8.5

PRPNY LY P tevnon Antalerad

the enantioselectivity in a lipase-catalyzed
ols and enabled theoretical

a a
be wid ! imary and second ary alcohols and enabled theoretical
prediction of the course of enhancement of the nantlmelectlwty physwochemlcally 1998 Elsevier Science Ltd.

All rights reserved.

Keywords: acylation, enantiospecificity, enzymes and enzyme reactions, resolution

transestenification was proved to be widely appl

angesienticanon was paaYeAs

in)
LI P

o

In recent advances on the lipase—catalvzed kinetic resolutions of chiral alcohols,'™ various methods for the
ove the enant lpphvﬂv -7 However the development of
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a generally applicable method for relatively unsu
available method for synthetic organic chemists, we recently proposed a low-temperature method (0 °Cto —40 °C)
in the lipase-catalyzed resolution of 3-phenyl-2H-azirine-2-methanol (4).” It was the first example of an
enzymatic reaction carried out at such very low temperatures as far as we know. The method enabled us not only

o lmprove the enanuoselecﬂvnty (E value®) even for a primary alcohol, but also to theoretically predict the course

of enhancement of the enantioselectivity on the basis of the following physicochemical equation (1):°
In ' — AACHD _AALRI/ DT (e 1Y
ML = Q00 /i —aondi i) \DLI. 1)

Equation I is derived {rom the transition-state theory, AAG* = —-RT in E, and thus should be applicable generaliy
to the lipase-catalyzed resolutions, as far as the lipases work at the very low temperatures unusual for enzymes
and the reactions proceed through an identical transition-state at all the temperatures examined. However, no such
example is available except our case.” We here explored the applicability of the low-temperature method to

qeconddry and pnma.ry racemic alcohols of 1-3 and 5, and found that E values for all reactions, even with
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Figure 1. Faster-Reacting Enantiomers
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As a typical example, the low-temperature method was applied to solketal, 2,2-dimethyl-1,3-dioxolane-4-

on ID 13 The!

reported that the iipase AK (Pseudomonas fluorescens)-catalyzed resolution in the transesterification of (+)-1
with 2,2,2-trifluoroethyl 3-methylbutyrate gave moderate £ values (16 at 23 °Cand 27 at 0 °C) and thus utilized a
double kinetic resolution to improvc the efficiency. In contrast, we succeeded in increasing the FE value up to 55

was found to obey Eq. 1 in the range of 30 °Cto —40 °C (Flgurc 2). Surprisingly, the reaction itself proceeded
even at 60 °C, although the E values were decreased irreguiarly. Reasons for the loss of the enantioselectivity
below —40 °C are now under investigation, but we confirmed that the loss does not arise from irreversible
structural damage to the lipase. The lipase PS once cooled to —60 °C for 3 h in i-Pr,O exerted an efficiency
similar to that of fresh lipase at temperatures higher than —40 °C. These results suggest that —40 °C is the lowest
practically feasible temperture giving the highest E values with sufficient total turnover number (TTN) as

previously observed for (+)-4.”

Similar reactions using other racemic alcohols such as 2-hydroxymethyl-1,4-benzodioxane (1)-(2),"° 2-
phenylpropanol (+)-(3) **'? and 1-cyciohexylethanol (+)-(5)!® were also proved to obey Eq. 1 as shown in

Figure 2.'° The rcaction conditions, except the temperatures, followed those reported in the literature.'®'*'®

Alcohol (£)-3 gave very low selectivities (£=4) even at —40 °C with lipase PS (Pseudomonas cepacia);

Tabie 1. Temperature Efiect in the Lipase-Catalyzed Kinetic Resoiution of Soiketal.

o Lipase AK® @] 0] O
><r\j\ JOH = o butvrate g ><Aj QCI,!C H, *t ><_ j Oy

07 Viny! butyrate 4 -, 7 4

()-1 (O.’JI mmol), © ! 07 NA
o .. i-Pry0 (3 mL) (5) (R)-1
{50 mg, 0.38 mmoi)

Temp. Lipase  Time Ester  Alcohol
Bty (C) (mg) ()  (%ee) (%ee) Cow® E

1 30 20 3 63 69 0.52 9

2 0 20 6 88 25 0.22 20

3 -10 60 8 84 77 0.48 26

4 =20 60 11 7 32 026 31

5 =30 100 16 93 39 030 39

6 —40 200¢ 24 93 63 0.41 55

7 =50 200¢c 48 74 97 0.57 27

8 -60 200¢ 48 93 51 0.35 44
MW = ca. 33,000. Lipase (ca.1% w/w) is adsorbed on Celite YCalculated from



Figure 2. Plots of In E vs 1/T for the Lipase-Catalyzed Resolutions.
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however, the piot of in E vs /T is correiated in its own way. Changing the lipase to AK for (£)-3 further
decreased the E values (E = 2 at —40 °C), which, however, still exhibited a linear-correlation to the temperature
(1/T). Oxygen-containing heterocycles (+)-1 and (+)-2 were found to show a tendency similar to that of previous
data for (+)-4 .7

The thermodynamic parameters (A AH* and A AS*) and racemic temperatures 7,° are calculated from Fig. 2

and listed in Table 2, which indicates

activation-enthalpy differences (AAH®) Table 2. Thermodinamic Parameters for the Lipase-Catalyzed

; S ] Resolutions (i-Pr;0, Vinyl Acetate).

govern the enantioselectivity. We under- ‘ d

stand that the AAH* orginates from the AAHF AAS? T,
difference in the steric interactions —Ompe Lpase  (kcalmol™) (cal deg™ mol™) (°C)
opperating between the enantiomers in 1 AR 222 L nan 1712 4070 n1Q
Ly i A —2.J2 T ULU —/.18 xU.7IY L1y
the transition-state.’® The negative
e ANER o 2 AK 224 +£0.12 -1.35 £ 0.40 1386
vaijucy Ui L.lL‘Lll T Luipen 4 v
negalive activation-entropy differences 3 PS -1.13 £0.05 -1.77 +0.96 36_5
(AAS?) in all cases. The higher enantio- 3 AK 074 £0.05 -151 019 217
selectivity for secondary alcohol 5 4 psb 301 £+013 431 £0.50 425
comes from the larger negative 5 PS -373 +025 -3.02 +0.92 962

difference in AAH* and the low X -
*With vinyl butyrate, ®In Et,O.

values in AAH".

In recent asymmetric synthesis with artificial catalysts, the temperature effect has been an attractive method
for fine-tuning of the enantioselectivity.?! We here demonstrated that lipases can be used as thermostable
macromolecular catalysts cven at such very low temperatures in an organic solvent to enhance the
enantioselectivity (E values) similarly to artificial catalysts. Further applications of the low-temperature method to

a wide range of alcohois are in progress.
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