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Technical Notes

Effective Nonenzymatic Kinetic Resolution of (+)-trans-2-Arylcyclohexanols
Using 3f-Acetoxyetienic Acid, DCC, and DMAP
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Abstract: CH/x interaction

(1R29-trans-2-Arylcyclohexanols of high enantiomerically pu- /d;Sj:gOCI 18 '{oj AT

rity were obtained by the simple stirring of the corresponding 1 ©

(£)-arylcyclohexanols with 3-acetoxyetienic acid, DCC, and AcO

DMAP at room temperature. OH 2(L5equiv)  pog (1, 2R)-3
@.\Ar NEt; (1.5 equiv.) .

The kinetic resolution of racemic alcohols is one of the CH,Cl, co, Ar
most useful methods to obtain various chiral nonracemic (+)-1 1t, 24 hr \O
alcohols. So far, a number of enzymatic methbamn- (1S, 2R)-3: ~7% de
enzymatic methods with stoichiometric chiral acyl transfer AcO (1R, 25)-4

agents;and catalytic systems based on a chiral nonenzymatic Figure 1. Esterification of (+)-1 with chiral acid chloride 2.
catalyst with an achiral acyl donor have been repotted,
focusing on the achievement for the high levels of efficiency,
the s value? In these circumstances, it is likely that an
efficient method using an easily available chiral auxiliary
under mild conditions must also be a practical method. Here,
we show an effective nonenzymatic kinetic resolution of
racemictrans-2-arylcyclohexanols with easily availabigs-
acetoxyetienic acid as the chiral acyl donor with dicyclo-
hexylcarbodiimide (DCC) and H#kN-(dimethylamino)-
pyridine (DMAP)® This methodology is available to determine
the stereochemistry of the resolved alcohols as well.

We have already reported the novel determination method
of the absolute configuration of various useful 2-arylcyclo-
hexanol$ utilizing an intramolecular CHY interactiorf by

way of the modification to the corresponding diastereomeric
ester, chiral etienic acid esté these cases, the interaction
was only observed in the §12R)-isomer (3)° and kinetic
resolution with a slight excess of$]12R)-isomer (~7%le)

has been observed in the esterification using acid chloride
(2) (Figure 1). Thus, we assumed that an effective non-
enzymatic kinetic resolution off)-trans-2-arylcyclohexanols
along with the determination of the absolute configurations
would be achievable by optimizing the reaction condition
with simple esterification.

Among the examinations implemented by using various
esterifications, we found that DCC esterification gave the
best result of resolution efficiency. Although the methods
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GO.H Table 1. Kinetic Resolution of (+)-1a—i by Esterification

,dé:b Using Chiral Acid 5 and DCC—DMAP
(1S,2R)-3 (1R25)-1

AcO’
5 (1.5 equiv.) Ar
OH  pCC (2.0 equiv.) 18y 00, 2 OH yield de yield e selectivity
(‘j\Ar DMAP (2.0 equiv.) ((j&i; 1 . @,\Ar entry Ar (%) (%) (%) (%) (svalue)
(oo1ah  CHeCh 1° Ph(la) 50 49 40 74 66
- 1, 24 hr (1S,2R)-3a-h (1R, 25)-1a-h 2 p-tolyl (1b) 51 58 48 61 7.0
. o . I 3 p-methoxyphenyl (1c) 48 68 40 78 28.0
Figure 2. An optimized condition of the esterification. 4 p-chlorophenyl (1d) 74 34 17 >99 90
L . o 5  1-naphthyl (1e) 63 56 37 97 14.2
in Figure 2 gave extremely highvalues, considering the 6  2-naphthyl (1f) 58 52 32 >99 305
nonenzymatic method for the resolution of thig){trans-2- 7 2-pyridyl (19) 50 51 47 50 4.8
arylcyclohexanols series. g gﬁ“'?‘?'l)i" (1h) 1552 7747 6494 1942 39999
As listed in Table 1, the (1S,2R)-alcohols always pre- (cis:1) (1S,2S)-3i (1R,2R)-1i :
dominantly preceded to give the corresponding esters, which ’ '
showed the CHf interaction in'H NMR.** The chemical 2 Thedewas determined b$H NMR except for3a. P Theeewas determined
shifts of protons on C18CHs in3 [(3 (ppm)] were3a, 0.039; by HPLC analysislb—d, h: CHIRAL CEL OJ, hexandPrOH = 99/1. 1e

CHIRAL CEL OD, hexanéPrOH = 95/5. 1f: CHIRAL CEL OJ, hexane/
3b, 0.068;3c, 0.006;3d, 0.116;3e, —0.214; 3f, —0.248; iPrOH = 95/5. 1g: CHIRAL CEL OD, hexandrOH = 98/2. 1i: CHIRAL

. _ ; _ CEL OD-H, hexanéPrOH= 98/2.¢ Thede andeevalues were determined by
3g, 0.115; and3h, —0.226, respectively, and the stereo- ;5 analysis (CHIRAL CEL OD, hexarBfOH = 99/1).

chemistry of resolved alcohols dfc, 1f, and1g was also
confirmed by the crystallographic analysis of the correspond- scheme 1. Esterification of (+)-1j Having a 'Bu Group

ing esters3.? Since the stereo-defineth is available, the COH
stereochemistry of the resolvéd was easily confirmed. The
other resolved alcohols are estimated by the remarkable high
field shift of the corresponding C18CH; protons of3 in AeO 5 (1.5 equiv.) ,Bu
1H NMR, which seems to be responsible for the interaction. OHt DCC (2.0‘ equiv.) COZTO oH
The efficiency for the kinetic resolution was significantly ~Bu DMAP (2.0 equiv.) By
high when the alcohols bearing a condensed-aromatic ring T ooHC, + O
was used (Table 1, entries 5, 6, 8). The almost enantiomeri- ()-1i . 24 hr AcO
(IR, 25)-4j (1S, 2R)-1j

cally pure (1R,2S)-2-arylcyclohexanols were available by
only mixing the corresponding racemic alcohol with the
other reagents at room temperature when Ar function was The use of acis-type cyclohexanol such aki gave a
p-chlorophenyl or 1-naphthyl or 2-naphthyl (entries@). moderate selectivity (entry 93.Furthermore, an interesting
result was obtained whentj-trans-2-tert-butylcyclohex-

(12) The kinetic resolution of racemic carboxylic acids by using the DCC: noké w th trat heme 1
Camps, P.; Perez, F.; Soldevilla, Netrahedron: Asymmet4997 8, 1877. ano as used as the substrate (SC eme )

5% (71% de) 71% (0.8% ee)

Calmes, M.; Glot, C.; Michel, T.; Rolland, M.; Martinez, Tetrahedron: In this case, the esterification was very SIUggiSh: but the
w3 _Ar'?‘]ymmhet?lzgoo,ll, 737. . . | i moderate selectivity (71%e) was observed in crudg. It
e chiral B-acetoxyetienic acid can be easily prepared from a com- . . _
mercially available pregnenolone acetate via the two steps; see: ref 5. !S notewor.thy that the major acylated SupStrate WMSD .
(14) Bovey, F. ANuclear Magnetic Resonance Spectros¢@mademic: New Isomer (1]): whose stereosense of diastereoselection is
York, 1969; p 64. opposite to what was seen with 2-arylcyclohexanols under

(15) The absolute configuration of ti& which was predominantly proceeded "
in the esterification, was determined by the comparison of the sense of the same conditiot. When 2-arylcyclohexanols were used

[o]p of the remainingli in the acylation process. Berti, G.; Macchia, B.;  as a substrate, the esterification predominantly proceeded in

Macchia, F.; Monti, L.J. Org. Chem1968,33, 4045. . . 18

(16) Dierassi, C.; Hart, P. A.; Warawa, E.1l.Am. Chem. Sod964,86, 78.  (1S,2R)-alcohol, which would make the GHhteractiort
Esser, P.; Buschmann, H.; Meyer-Stork, M.; Scharf, HADgew. Chem., possible to exist in the transition state; however, the
Int. Ed. Engl.1992,31, 1190. i R ; ; ; ;

(17) The absolute configuration of thg, which was predominantly proceeded partlc_lpatlon of th_e interaction in the acylation proce_ss_
in the esterification, was determined by the comparison of the sense of femains to be elucidated at the moment. Nevertheless, it is

[a] b of the correspondingj after the removal of the steroid moiety, see: strongly Suggested that the high electron density of the

fer1e. ic moi dlor th dability of theplane i
(18) For recent reports on the participation of the Ctattractive force, see aromatlc m0|etY_an ort € spreadanl ity of tmeplane Is
Yamakawa, M.; Yamada, I.; Noyori, R\ngew. Chem., Int. E@001,40, important to achieve the high selectivity and that the sense
A ovor. R.; Yamakai, M.; Hashiguchl, .B.Org. Chem2001,66. of the selectivity would be determined by the presence of
(19) A typical procedure: (=£)-trans-2-(2-naphthyl)-1-cyclohexamb(5.0 g, the r moiety on the Ar group and not with the steric effect.
22.1 mmol), F-acetoxyetienic acfd5 (12.0 g, 33.3 mmol), dicyclohex- The present nonenzymatic kinetic resolution methofl

ylcarbodiimide (9.1 g, 44.2 mmol), and M:N-(dimethylamino)pyridine . L .
(5.4 g, 44.3 mmol) were dissolved in dry @El, (519 mL), and the reaction (%)-2-arylcyclohexanols under mild conditions is simple and

mixture was stirred at room temperature. After the reaction mixture was yseful for |arge-sca|e syntheses_ The application to various

stirred for 6.5 h, it was washed with 5% ag NaOH 3 times and then water . . . . .

once. The organic phase was concentrated in vacuo, and the residue WasacyCIIC aryl alcohols is now bemg InveStlgated'
purified by column chromatography on silica gel (eluent: hexane/

AcOEt=1/6 to 1/1, then hexane/GHI, = 8/1) to give 6.8 g oBf (54.4%,

71%de) and 1.9 g of (B, 25)-1f(38.1%, 99%ee). The 3p-acetoxyetienic Received for review November 11, 2002.

acid (457 mg, 3.8%) was recovered by the neutralization of the aqueous

alkaline phase. OP0200928

584 e  Vol. 7, No. 4, 2003 / Organic Process Research & Development





