YAKUGAKU ZASSHI 128(10) 1431—1441 (2008) © 2008 The Pharmaceutical Society of Japan 1431

—Reviews—

BNFMEFEHERE T TOSED FREHREZNALICT 7€ I{LEDORHSR
PSRN

Thermodynamically Controlled Deracemization Utilizing Inclusion Complexation
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Utilizing host-guest inclusion complexation in the solid state, a-monosubstituted ketones were deracemized using
optically active host compounds such as (—)-trans-2,3-bis (hydroxydiphenylmethyl) -1,4-dioxaspiro [5.4] decene (1a)
under alkali conditions. This new method afforded optically active a-monosubstituted ketones in excellent yields with
high enantiomeric excesses. For example, (+)-2-benzylcyclohexanone (2a) and (=%)-3-benzylhexan-2-one (3¢) were
converted to the R-isomer (74% ee) and the S-isomer (96% ee), respectively, in quantitative yields. An x-ray crystallo-
graphic study elucidated the structure of the inclusion complex of 1a and (R)-2a. The study showed that the host molec-
ules 1a ingeniously includes the guest molecule (R)-2a via hydrogen bonding and van der Waals interactions. As an ap-
plication of deracemization, coenzyme (R)-o-lipoic acid and (R)-(—)-epilachnene, the antipode of an defensive
droplets from the Mexican bean beetle, Epilachna varivestis, were synthesized in short steps with>99% ee and 87% ee,

respectively.

Key words——deracemization; host-guest chemistry, inclusion complexation; c-monosubstituted ketone, asymmetric

synthesis.
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Scheme 1. a) Enantioselective Protonation, b) Enantioselective Alkylation
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Fig. 1. Concept of Deracemization
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Scheme 2. Optical Resolution of 2-Benzylcyclohexanone (2a) utilizing TADDOL 1a

Table 1. Deracemization of 2-Benzylcyclohexanone (2a).
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Fig. 2. Deracemization of 2-Substituted Cyclic Ketones
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Fig. 3. Powder X-ray Diffraction Pattern
a) Mixture of 1a and (R)-2a from Suspension, b) Single Crystal.
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Fig. 4. Molecular Structure of 2 : 2 Complex of 1a and (R)-
2a
Hydrogen bonds are represented by dashed lines. The guest molecule I
and II are shown after transformation to (x—1, y, z) and (x+1,y, z),
respectively.

BTl OFRII b E@mWET THS. Ll
KBRIZIZZ SRS BN 72012, 778 3IMLDK
ISENERIC BT R TIT DWW THEMG L /-, Figure
I TRLULERIZBWT, HEMEZZET 2 EE5
KT 132448 stage A, B TH L7z 2 DO EEARM
2B BN ERERDEDIZT TH S, Z LT,

stage BMIDSKZED ZEMTERNEENS,

SIS IR stage A fllICfR-> TWbHEEZEZ BN

Fig. 5. Space-filling Representation of the Molecular Packing
Structure

(0]

ij/\@ 1a (1 equiv), NaOH (4 equiv) filtration  solid ij/\@
H,O / MeOH, rt, 2 days

2a

< GLC analysis >

filtrate

E——

100 ——— —— — — T
5 r’———O———"
[ S _Z d ]
80 / ey 1
L W i
60
(%, % ee) | / . ® : recovery of guest (%)
’ deracemization - . .
0 s = 100%, 74% ee M : optical yield (% ee)
20
0 20 40 60 80 100
H50 (%)

new method ~ original method

Fig. 6. Dependence of Chemical and Optical Yields of 2a on Solvent
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Scheme 3. Improved Deracemization of 2a
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Fig. 7. Dependence of Chemical and Optical Yields of 2b on Solvent
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RBETCHMZER TEZ, DTN, AEOFH
HZ2RTHWT, S 0ESNIERE
P k2 EE MREEHCH W KRR O A KIZ DN
THRITT 5.

EYIO—fETHD (R)-olipoic acid (4) D
IR OGRIIERZE < HoNT VWS, BI9%F T
FIEIMEEAVWTESNL (R)-2h 2NN
X, TNETEIDETETIZERTEDEEZ
. $xbb, FJEIEKDT k> 2h & 500mg
WTTF I3k EfTo/z. TOMERE, 88% ee DN
HHET, RN 99%[EINEI N7z, 250 mg T A4k
DEBZETOIEEELANT (Fig. 2), H515
TFRCONEMEI IR >TLE/=. TIT, )t
FHEO LAEZHEL, BEXFNEIETORED
%, 99% ee LLED(R)2W T I D k25 83

% DWNRTH SN (Scheme 5). 728, KA
TF—=IVZK 0T I IO ENE L 727 RITH
EDEZARHTH S, EMED (R)-2h N1F5 01
2 &5, Baeyer-Villiger BILICK D 7T BRS Y
r> 528 Wz, DWTIV 25223 — Ry 7
ST LEZ A, TN COBBREEBIT K
TN A=) D AT R AF IV T —F )V OBIREN
X7z, —|7 I a—=)v&E AL L THIVE B
6I12EE, it MU TATUHT S E (R)-o
lipoic acid NZEH# T X/~ (Scheme 6). ZDXKIIT
()20 N SOT N5 Befl, 2K 41% THBHN
"o,

(S) -Epilachnene (M IEAFTaAET >~ 7 DU
DorWYIT, BRITKT BB HEIKF & U CHBERE S R
ESNALEMTHS. D SEIAR GO TS >



1438

Vol. 128 (2008)

OHOH

oy

o

—

OHOH

Lo

@)

-
o

: &’@
2a 2c Me

O, 0O,
Original Method 100%, 74% ee

(H,O / MeOH = 1 /1)

71%, 93% ee

(H,O / MeOH =3 /7)

0}
U\OMOM
2e

96%, 59% ee

Improved Method

o)

Original Method
(H,O/MeOH =9 /1)

96%, 82% ee

(HyO / MeOH = 1 /1)

85%, 98% ee 8% 50% ee

(H,O / MeOH = 1 /1)

oM
2f

97%, 70% ee

(HoO /MeOH =1 /1)

6”©
2d
100%, 36% ee
(HoO/MeOH =1/1)

(H,O / MeOH = 1 /1)

(@) (@)
@/\/ GA/R
2b 29

96%, 74% ee 97%, 90% ee

(H,0 /MeOH=1/1) (HyO/MeOH =2/1)

Improved Method 45% 97% ee

( 82%, 87%ee )

([ 70%,93%ee | [ 96%, 96%ee ]

(H,O /MeOH =9 /1)

(H,O / MeOH = 3/ 2)

(H,O/MeOH=7/3) (H,O/MeOH =1/1)

Fig. 8. Improved Deracemization of 2-Substituted Cyclic Ketones
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Fig. 9. Acyclic Ketones for Deracemization
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Fig. 10. Deracemization of Acyclic Ketones
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>99% ee

o}

HOJ\/\/Y\/OMS

I
6

DMF, 80 °C

sulfur (1.16 equiv)

Scheme 6. Synthesis of (R)-a-Lipoic Acid

79%

HO,.C._~_"..
S-S
(R)-a-lipoic acid (4)
total 41% (5 steps)
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(0] 1b (1 equiv) H,O / MeOH 0
—~  NaOH (4 equiv) filtration - (7/3) filtration i B~
soli soli
H>O / MeOH rt, 1 day
2g (7/3) . "
t, 2:days 68%, 80% ee
’ ; compare a small scale (50mg)
—— filtrate ——filtrate | scheme 4
Ho0 / MeOH H,0/MeOH ¢ P
g (7
72%, 93% ee
Scheme 7. Improved Deracemization of 2b
1) Hp, Pd/C, NaHCO;4 o)
ether 0 1) DIBAL, CH20|2 CN
(F-2b ©] CcN OH
. 2) m-CPBA, NaH,PO, 8 PhP ™" ®0 0 Z\
ShE  choLd © Na CHs SCHy
quant. (2 steps) r 9
91% ee, by GLC DMSO, rt, 30 min 70% ZIE=94/6
TS\N/\,OTBDMS
H (1.5 equiv)
10 (/~OTBDMS OH
CMMP (1.5 equw) COH (\
N ~Ts = N~
tol r,24 h EtOH 95 C 18h
91% quant.

L OH

N* clr

Me NEts DME-40%)05h

MeCN, reflux, 30 min
60%

oo

Scheme 8.

I EIE TR AT DA EGE, 7 ik
ERFLE. ZRITXD, 2R D)7 anFH
JERBCOHDELREEZS DT N UDEEERARE L
THRIKAFTEDELDITRY, [FT731]
O— NG TE /-, 51T, X B RMETIC

K0, B ROkTEHS ML Boh
HEENE A B 2 W TR ERITH I L T
B0, FIELIMLOFGHAEEREZLEEATNS.

F I IMEOFEBIX, HIVARZIVEEWITES

2) p-TsOH, tol., 80 °C, 4 h

m

(R)-epilachnene (7)
total 15% (10 steps)
[a]3° —44.0 (c = 0.47, MeOH)
lit. [P +50.8 (c = 1.36, MeOH) (S-enantiomer)

C&r{:

56%

Synthesis of (R)-Epilachnene

T, TEIMLEDH 5P EEMITHEINTE 21T

TTHD., 581, FTORKICHHEEZNTTNWE
7=,
BT R X fRfs sy OWlE, M2 LT

HE X U2 REREEBCRBUZ RITIRH W2 L X T
KAMFS, EE SRR ETITBNTELD
MEHBHZEETITONE L. REEMNTHEZ
B0 ELAHSKABIRICES BILHAL BT T,
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/e, IEBRAHTFE, wEH @EMEZEICDHLET
DILFERFRE DO A TEHB L R ET. ab, K
WFFED —EBISSCE R E A FHATE Bl B) & R Rt 5%
(A) DXAWRE>TEBMENZHDOTHD, Z0D
BEgo THLRL R ET

D

2)

3)

4)

5)

6)

7)

8)

9)
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