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Abstract -- (1~,4a~,lOa~)-(-)-l-Methoxycarbonyl-1,4a-d~ethyl-l,2,3,4,4a,9,lO, 
lOa-octahydrophenanthrene (deoxypodocarpic acid methyl ester l), a useful 
intermediate for the synthesis of various diterpenes, was synthesized from 
(R)-(+)-6-ethoxycarbonyl-2,6-dimethyl-l-cyclohexenyl acetate 4. The chiral 
starting material was prepared by the enantioselective hydrolysis of the cor- 
responding racemate using lipase OF from Candida cylindracea. 

Introduction 

(1~*,4a~*,1Oa~*)-1-Methoxycarbonyl-l,4a-dimethyl-1,2,3,4,4a,9,10,10a-octa- 

hydrophenanthrene (deoxypodocarpic acid methyl ester 1, Fig. I) is a useful inter- 

mediate for the synthesis of various diterpenes. Both enantiomers of 1 are 

necessary for the natural product syntheses because of the diverse stereochemistry 

of natural diterpenes. For example, (+)-podocarpic acid requires (lS,4a&lOaIJ)- 

(+)-1 as a synthetic precursor, while (-)-kaurenol, (-)-steviol, and (+)-monogynol 

were correlated to (lR,4aR,lOaS)-(-)-1. Chiral syntheses including a derivation 

from natural product,' an optical resolution of itself,2 and an asymmetric synthe- 

t Preparation of Chiral Ccmpxmd using Enzymes, Part 2. Part 1: T. Suqai and H. Ohta, Agric. Biol. Chem. in press. -- 
The chemical experimental part of this work was taken from B. S. thesis of H. K. (March, 1989). x-ray crystallo- 

graphic work was carried out by M. M and S. 0. 
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(+I -1 t-1 - 1 

Fig. I Both Enantiomers of Deoxypodocarpic Acid Methyl Ester 

sis3 have been reported as well as the racemic2r4'8 syntheses. Among them, Mori 

and Matsui's6 synthesis seems to be the most suitable method for the preparation of 

racemate of 1 in a large quantity. In their synthesis, 2-ethoxycarbonyl-2,6- 

dimethylcyclohexanone 2 was the key intermediate (Fig. II). The chiral center at 

C-2 in 2 was transferred into the one at C-l in 1, and chiral centers at C-4a and 

C-1Oa in 1 were correctly controlled via the diastereoselective cationic cycliza- 

tion reaction. Therefore, if the quaternary chiral center at C-2 in 2 is construc- 

ted in enantiomerically pure state, an efficient chiral synthesis becomes possible. 

Our continuing efforts in the field of utilization of microorganisms and enzymes in 

organic syntheses prompted us to develop a method for the preparation of optically 

active 2 from easily obtainable its racemate. 
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Fig. II Optically Active Starting Materials 

Preparation and stereochemistry - of the key intermediate (?)- 2 

In Mori and Matsui's synthesis,6 the relative stereochemistry 

(*) - 1 

OAc 

between C-2 and 

C-6 of 2 was left unknown and the possibility that 2 was a diastereomeric mixture 

could not be negligible. Therefore, a diastereomeric mixture of the oxoester was 

prepared y& another way and chromatographically separated. The relative stereo- 

chemistry was determined as (2g *,6IJ*) for less polar 2 and (2g*,6S*) for more polar 
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3 respectively (Fig. III), judging from their 400 MHz IH NME spectra [2, 6 1.28 

(equatorial C-2 Me); 3, 6 1.45 (axial C-2 Me)1.g Since the proposed stereochemist- 

ry was based on the conclusion obtained in the case of homologated compounds 

(CHZCOZR instead of C02Et),1° a diol (t)-5 obtained by the lithium aluminum hyd- 

ride reduction of (+)-2 was subjected to an X-ray crystallographic analysis for the 

further proof. Based on the obtained structure of (lt)-5 depicted in Fig. IV, the 

relative configuration of (k)-2 was unambiguously determined to be (2E*,6E*). Now, 

it became possible for us to correctly determine the stereochemistry and the dia- 

stereomeric composition of the product(s) in the process of enzymatic optical reso- 

lution. In addition, Mori and Matsui's oxoester was revealed to be a single dia- 

stereomer as 2 by comparing its IH NMR spectrum and GLC analysis. 

a, b) 
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(2R*,6R*)-2 (2R*,6S*)-2 
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d) 
'**C02Et > 

ti 

0 
CO*Et 

(2R*,6R*)-2 (*) -4 

a) ~2C03, MeI/An, 89.0%; b) LDA, MeI, 58.3%; c) i) NaOEt/EtOH; ii) 
MeI/toluene, 52.7%; d) Ac20, cat. HC104/CCl4, 92.6%. 

Fig. III Preparation of the Substrate 

*co*, 
(2R*,6R*) - (*) - 2 (It) - 5 

An ORTEP drawing is shown for one of the enantiomeric form in (+)-5. 

Fig. IV Determination of the Relative Configuration of (_+)-2 

Hydrolysis of enol acetate (?)-4 usinq Pichia miso --~- ~- 

The first attempt was the enantioselective hydrolysis of the carboxylic ester 

group in 2 by using microorganisms and enzymes (Fig. II, path [A]) only to achieve 
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non-selective hydrolysis. 

Then another substrate 4 was prepared by converting the ketone group of 2 to 

an en01 ester, which was a masked and activated carbonyl compound and could be 

effected by hydrolytic enzymes (Fig. II, path [BI). Recently, we developed a 

method for the preparation of optically active ketones by using the enzymatic 

hydrolysis of corresponding enol esters. The chiral center was brought about by an 

enantioselective protonation I' of prochiral enol esters or a kinetic resolution of 

racemic en01 esters. I2 Pichia miso IAM 4682 and Bacillus coagulans FERM P-9237 were ~- 

found as the potent microorganisms in these cases. Thus, hydrolysis of the enol 

ester 4 by using those microorganisms was firstly attempted. The substrate (&)-4 

was prepared from 2 in 92.6% yield by the treatment with acetic anhydride in the 

presence of a catalytic amount of 70% aqueous perchloric acid13. 

Table 1 Hydrolysis of (+)-4 with Pichia miso ~- 

OAc 

(+I-? l-1 - 9 (+I-4 

Run Sub.conc. Cult. Conv. (+I-2 t-1-3 (+)-4 

(%) (h) (%) Yd/ee Yd/ee Yd/ee (rii) 

1 0.2 60 40 11.0/15 15.0/41 44.0137 

2 0.2 90 62 Il.0147 31.0142 16.0/83 

3 0.2 114 100 Ol- 3.710 Ol- 

4 0.1 63 53 12.0137 39.OlSS 38.0172 

5 0.5 90 74 11.0/18 45.0/15 19.0/42 

Bacillus coaqulans 
12 

hydrolyzed (k)-4 to give 3 in 67.7% yield. Although the 

hydrolysis was diastereoselective as revealed from the absence of 2 as the product, 

recovered 3 was almost racemic. On the other hand, when (?)-4 was incubated with 

Pichia miso" (see Experimental), (+)-2 (11.0% yield), f-j-3 (31.0% yield), and -- 

(+)-4 (16.0% yield) were obtained. The enantiomeric excess of each component was 

determined as fol,lows: (+)-2, 47% e.e. 1400 MHz NMR in the presence of chiral NMR 

shift reagent Tris[3-trifluoromethylhydroxymethylene)-(-~-camphoratoleuropium 

[Eu(tfc)3]]; (-)-3, 42% e-e. [400 MHz NMH, Eu(tfc)3]; (+)-4, 83% e.e. 1400 MHz NMH, 

Tris[3-heptafluoropropylhydroxymethylene)-(+)-camphoratoleuropium [Eu(hfc)311. 
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Then the effect of substrate concentration and period of incubation was examined 

(Table I), however, no appreciable enhancement of enantiomeric excess could be 

obtained. Moreover, since a prolonged incubation period made the total recovery 

lower, it is supposed that several enzymatic systems were concerned with this con- 

version and the products were further metabolized. Therefore, commercially availa- 

ble enzymes were tried to find out the more efficient one. 

Hydrolysis of enol acetate (k)-4 usinq lipase OF 

Among 16 kinds of enzymes tested, lipase OF was revealed to show the highest 

enantioselectivity. When (k)-4 was incubated with lipase OF (see Experimental), 

(+)-2 (5.0% yield; 49% e.e.), (-)-3 (54.0% yield, 47% e.e.), and (+)-4 (32.0% 

yield, >99% e.e.) were obtained. The results obtained by changing the incubation 

period. are listed in Table 2. Although the hydrolyzed product (-)-3 exhibited only 

a moderate optical activity, almost optically pure (+)-4 could be obtained after 72 

or 90 h incubation in 32-37% yield. 

The scale-up of the enzymatic reaction using several grams of substrate worked 

well, resulting in the preparative-scale production of (+)-4 of >99% e.e. in 32.7% 

yield. Because of the simplicity of the reaction process and the rather low cost 

of this enzyme, the above enantioselective hydrolysis is expected to be carried out 

in a several ten gram scale. 

In addition, when the reaction was carried out at low temperature I4 (bath 

temp, -3'C), an enhanced enantioselectivity was achieved although the reaction 

became slower. After 100 h incubation, (-)-3 (35.0% yield, 77% e-e.), and (+)-4 

(52.9% yield, 67% e.e.) were obtained. It is supposed that the repetition of the 

acylation and hydrolysis'* gives (-)-3 with a still higher enantiomeric excess, 

which had been difficult to obtain under a usual hydrolytic condition at 3O'C. In 

this way, the compounds (+)-4 and (-)-3 possessing a chiral center correlating to 

both the enantiomers of 1 were obtained. 

Table 2 Hydrolysis of (+)-4 with Lipase OF 

Run Sub.conc. Cult. Conv. (+)-2 (-)-3 (+)-4 

(%) (h) (%) Yd/ee Yd/ee Ydlee (%) 

1 0.2 48 51 2.0/- 41.0167 38.0188 

2 0.2 72 57 1 .o/- 45.0155 37.0/>99 

3 0.2 90 61 5.0149 54.0147 32.0/>99 

4 0.2 100 (-3-0°C) 36 Of- 35.0177 52.9/67 
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Conversion of (+)-4 into (-)- 2 

The next task was the hydrolysis of (+)-4 into the corresponding ketoester. 

Alkaline hydrolysis under as mild conditions as potassium carbonate in ethanol or 

non-selective hydrolyses using enzymes resulted in the formation of complex mixture 

of the products or recovery of the starting material. On the other hand, acidic 

ethanolysis with a catalytic amount of 70% aqueous perchloric acid (reflux, 13 h) 

afforded (-)-2 (67.3%, from thermodynamically favorable conformation [A]), (+)-3 

(11.5%, from unfavorable conformation [BI) (Fig. V). While the enantiomeric excess 

of f-j-2 was over 99% e.e. [400 MHz NMH, Eu(tfc)3], (+)-3 was 77% e.e. Epimeriza- 

tion of (-)-2 (less stable axial C02Et) into (-j-3 (more stable equatorial C02Et) 

through an intermediate enol [Cl under acidic conditions would cause the partial 

racemization of (+)-3 (Fig. V). Actually, prolonged reaction period caused the 

further racemization of 3 as low as 48% e.e. 

(+1-Q H - 2 (+I - 9 

>QQ%e.e. 67.3X, >QQ%e.e. 11.5%, Tl%e.e. 

M)+'$';E1-+CW &6+ 

OAc H* (-) - 2 (Cl 
(A) major 

unstable 

S v 

o=c 
,OEt 

‘OEt 

Fig. V Preparation of f-j-2 

Interestingly, the major product 3 resulted from enzymatic hydrolysis had the 

relative configuration contrary to the major product 2 under acidic ethanolysis. 

This fact suggests that in the case of the enzymatic hydrolysis, the proton comes 

to the enol double bond in a concerted manner from the catalytic site of enzyme, 
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not from surrounding water. 

Synthesis of (-)-deoxypodocarpic acid methyl ester from (+)-4 - -- 
The chiral key intermediate (-)-2 was converted to 1 almost according to re- 

ported procedures5'6'15 (Fig. VI). Treatment of (-)-2 with lithium phenylacetylide 

gave 6 in 82.8% yield, and following catalytic hydrogenation yielded 7 (89.4%). 

Dehydration and subsequent cyclization of 7 took place smoothly in refluxing acetic 

acid in the presence of sulfuric acid. The acid was methylated and purified by 

silica gel column chromatography and recrystallization to give pure (1&4aE,lOaS)- 

(-)-1 in 64.6% as prisms; m.p. 141-142'C (lit.' m.p. 141~142'C); [alg6 -149' 

(c=O.20, EtOH); [lit.' [aID -149' (EtOH)]. Since our present synthetic sample of 1 

was (lF&4ag,lOaS) form, the absolute configurations of (-)-2 and (+)-4 were unambi- 

guously determined to be (2IJ,65) and (FJ), respectively. 

a) PhCXLi/THF, 82.8%; b) H 

Pd-C/EtOH, 89.4%; c) 

c, d) 
t 

\I I 

d) CH2Q/Et$, 

Fig. VI Synthesis of t-j-1 

In conclusion, it was revealed that lipase OF from Candida 

64.6%. - - 

cylindracea prefe- 

rentially hydrolyzed the (S)-enantiomer of enol acetate 4, leaving (R)-4 in high 

enantiomeric excess (>99% e-e.) in 32.7% yield. Starting from (R)-(+)-4, t-j-1 

was synthesized in 5 steps and 32.2% overall yield. Present work has established a 

new synthetic method of optically active diterpenes , utilizing the enzymatic hydro- 

lysis of an unusual substrate, enol ester. 

EXPERIMENTAL 

All b.ps and m.p.s were uncorrected. IR spectra were measured as films for oils or as KB~ discs for solids on 

a Jasco IRA-202 spectrometer. 1~ ERR spectra were recorded with lM.5 as an internal standard at 90 MHZ on a JEDL 

Jk?M FX-90 spectraneter or at 400 MHz on a JEOL JNM GX-400 spectraneter. 13C NMR spectrum was recorded with TMS as 

an internal standard at 22.5 MHz on a JEOL JNM FX-90 spectrometer. Optical rotations were measured on a Jasco DIP 

360 polarimeter. Mass spectra were recorded on a Hitachi M-80 at 70 eV. TIC analyses were performed with Merck 
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Kieselgel 60 F254 (Art 5715). Wake Gel B-SF and silica gel 60 KO'IO-WH (70-230 mesh) of Katayama Chemical Co. were 

used for preparative TLC and column chrcmatcqraphy, respectively. Peptone and yeast extract were ~chased frcxn 

Kyokuto Seiyaku Co. 

(2R*,6R*)-2-Fthoxycarbonyl-2,6-dimethylcyclohex (t)-2 and (2R*,6S*)-2-ethcxycarbonyl-2,6-din&hylcyclohexa- 

none (t)-3. A" LDA sol" was prepired frcan (&-Pr)2NH (715 67.0 -1) and ;-8uLi (1.54 M sol" in h-e, 4.54 

ml, 7.0 mml) in dry THF (5 ml) at -78'C under AK. A soln of ~,N_dimethylpropyleneurneurea (2.08 g, 16.2 nol) in dry 

THF (5 ml) was added ad the mixture was stirred for further 15 min. 'Ihen, 2-ethoxycarbonyl-2methylcyclohexanone 

(1 g, 5.4 ~1) was added by keeping the reaction temp at -78'C. After 30 mi", Me1 (0.5 ml, 8.1 nwol) was added 

with stirring and the reaction temp was gradually raised to room temp. After stirring overnight at rcan temp. the 

mixture was pawed into sat NH4Cl sol" and extracted with Et20. l?~e extract was washed with 5% Na2S203 sol", 

dried over Na2SO4 and concentrated in V.XUO. -- The residue was purified by silica gel column chromatography by the 

elution with h-e-BtOAc (2O:l). 

Earlier eluted fractions gave (2R*,6R*)-2 (241 mg, 22.6%), TLC (hexane-EtOAc 3:l) Rf 0.55; vmax 1730, 1705, 

1240, 1205, 1150, 1115, 1080 cm-l; 6 -?1H,-400 MHz, CiX13) 1.05 (3H, d, J=6.8 Hz), 1.24 (3H. t, J=7.1 Hz), 1.28 

(3H. s), l-30-1.44 (ZH, m), 1.70-1.80 (2H, m), 2.01-2.07 (1H. m), 2.51-2.58 (2H. m), 4.18 (2H, g, J=7.1 Hz); MS: 

m/z 198 CM+, 100%); GIC (column, 15% BDS, 100°+50/min; N2, 1.0 kg/an2) rt 5.4 min. 

Later eluted fractions gave (25*,6?*)-3 (383 mg, 35.7%), TLC (same condition) Rf 0.45; omax 1730, 1705, 1240, 

1205, 1150, 1115, 1080 an-l; 6 (lH, 400 MHz, CX13) 1.04 (3H, d, J=6.4 Hz), 1.28 (3H, t, J=7.1 Hz), 1.45 (3H, s), 

1.68-1.85 (3H, m), 2.00-2.08 (1H. m), 2.37-2.70 (3H. m), 4.20 (ZH, g, J=7.1 Hz); MS: m/z 198 CM+, 100%); GLC -- 
(saw condition) rt 7.9 min. 

E+.rther elution gave the starting material (192 mg, 19.2%). 

U.R*,6R*)-2-Ethoxycarbonyl-2,6-Zmethylcyclohexa"one (?)-2. According to the repxted procedure,6 (2R_*,6g*)-(f)-2 

was prepared from 2-ethoxycarbonyl-2rnethylcyclohexano"e in 52.7% yield, b.p. 87-97"/2.0 Torr. This was revealed 

to be a single diastereaner comparing its NMR spectrum, Rf value on TX and retention time on GIG analysis with 

those of an authentic sample obtained above. 

(1R*,2S*,6S*)-2-hydroxymethyl-2,6-dir&hylcyclohexan-l-ol (f)-5. In the cxwentional -er, (*)-2 was reduced 

with LiAlH4 to give (+)-5 in 96.2% yield as prisms, m.p. 62.E63.O"C; "max 3345, 2945, 2860, 1460, 1275, 1160, 

1040, 1030, 990, 945, 840 cm-'; 6 llH, 400 MHz, C!EC13) 1.02 (3H. d, J=5.9 Hz), 1.19 (3H. s), 1.31-1.40 (ZH, m), 

1.45-1.50 (lH, m), 1.59-1.62 (2H, m), 1.71-1.79 (2H, m), 2.56-2.63 (2H, m), 3.05 (1H. dd, J=5.4, 10.2 Hz), 3.34 

(lH, ddd, J=1.2, 7.3, 10.7 Hz), 4.26 (1H. dd, J=3.2, 11.0 Hz); 6 (13C, 22.5 MHz, CLX13) 19.1, 21.4, 24.8, 34.5, 

35.2, 36.9, 38.7, 67.9, 85.0. Single-crystal X-ray diffraction measurement was performed on a Rigaku AFC-5 four- 

circle diffractometer with No Ka radiation. Crystal data are as follows: %H1802, $.=158.24, monoclinic, C2/c, 

a=21.592(4), b=6.096(1), c=15.166(3) i, ~l15.00(l,", v=1809.1(6) i3, 2=8, ~=l.lS(l), D,=1.16 Mg m-3, R=O.O44 for 

1274 seflectio"s.16 The crystal structure has a center of symmetry and one independent molecule lies in a general 

position. 'Ihe molecular structure is shown in Fig. IV (see text). The molecules are linked into infinite chains 

by the intenmlecular hydrogen bonds between the hydroxy groups. 

6-EXhoxycarbonyl-2,6-dimethyl-1-cyclohexenyl acetate (f)-4. To a soln of (t)-2 (4.8 g, 24 nuwl) in Ccl4 (20 ml) 

was added Ac20 (9.9 g, 97 mrol) and a catalytic amount of 70% HC104 aq soln at 0°C with stirring. After stirring 

at rccan tap overnight, the mixture was poured into sat NaHCU3 sol" and extracted with Et20. The extract was 

washed with brine, dried over Na2S04 and concentrated in VXUO. The residue was purified by silica gel column 

chrcmv.tcgraphy. Elution with hexane-EtOAc (2O:l) gave (f)-4 (5.3 g, 92.6%) as a" oil, b.p. 118-122"/3.1 Torr 

(bulb-to-bulb); umax 1750, 1730, 1700, 1210, 1195 cm-'; 6 (lH, 400 MHz, CIX13) 1.25 (3H, t, J=7.1 Hz), 1.28 (3H. 

s), 1.51 (3H, s), 1.56-1.73 (4H, m), 2.12-2.20 (ZH, m), 2.14 (3H, s); GL& (s&me condition as for 2) rt 9.0 min. 

(Found: C, 64.44; H, 8.27. Calc for C13H2004: C, 64.98; H, 8.39%). MS: m/z 240.1375 CM+). Calc for Cl3H2004: 

240.1361. 

Cultivation of Pichia miso IAN 4682. ----- One loop of P. miso IAM 4682 was inoculated into a 100 ml of medium (pH 7.2) -- 
containing glucose (10 g), peptone (7 g), yeast extract (5 g). K2HP04 (5 g) in water (1000 ml) placed in a 500 ml- 

shaking flask. After cultivating at 30°C for 48 h on a reciprocatory shaker (150 cpn), the wet cells (ca. 3.5 g) 

of c. miso were harvested by centrifugation (2500 rpn for 15 tin). - 

Hydrolysis of (f)-4 with P miso -~---._' The wet cells of p. @ from 4 flasks were combined (ca. 14 g) and washed 

twice with 0.z M phosphate buffer (pH 6.5). This was suspended in 0.2 M phosphate buffer (pH 6.5, 40 ml) and (?)- 

4 (80 mg) was added. The mixture was shaken at 30°C for 90 h. The reaction was monitored by GLC analysis. After 

60% conversion, Radiolite (a kind of Celite for industrial use) was added to the mixture and was extracted with 

EtOAc. The extract was dried over Na2SO4 and concentrated in vacua. The residue was chrcanatcgraphed over silica -- 
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gel by the elution with hexene-EtOAc (2O:l). 

Firstly eluted fractions gave (+)-2 (7.3 mg, ll.O%), [aIs6 +64' (c=O.73, CHC13). Its IR end NMR spectra were 

identical with those of racemic 2. IWX [lH, 400 MHz, C6D6, Eu(tfcJ3 (1.0 eq)l 6 (C-2 Me): 1.76 (0.79H), 1.81 

(2.21H). Therefore, the enenticxneric excess was determined to be 47%. 

Secondly eluted fractions gave C-1-3 (20.5 mg, 31.0%), tula7 -30' (c=i.l, CHC13). Its IR and NMR spectra 

were identical with those of racemic 3. tWR tlH, 400 MHz, C6D6, Eu(tfcj3 (1.0 eq)l 6 (C-2 Me): 1.83 (2.13H). 1.85 

(0.87H). Therefore, the enantianeric excess was determined to be 42%. 

Thirdly eluted fractions gave (+I-4 (12.8 mg, X.0%), [ala7 +45' (c=1.3, CHCl3). Its IR and NMR spectra were 

identical with those of racmic 4. NMR [lH, 400 MHz, C6D6, Eu(hfc13 (1.0 eq)l 6 (C-2 Me): 3.23 (0.25H), 3.27 

(2.75H). Therefore, the enenticmeric excess was determined to be 83%. 

Results obtained under other conditions were listed in Table 1. 

Hydrolysis of (?)-4 with lipase OF at 30°C. --- A mixture of (f)-4 (104 mg, 0.434 -1) and lipase OF (100 KKJ) in 

O.lM phosphate buffer (pfi 7.0, 50 ml) was stirred on reciprocatory shaker (150 cpn) at 3O'C for 90 h. After the 

addition of EtOAc (100 ml), the organic layer was separated by the additicn of Radiolite. The extract was dried 

over Na2SO4 and concentrated in VLCUO. -- The residue was purified by silica gel column chromatography. 

(+)-2: (4.3 mg, 5.0%). [al;4 +660 (c=O.41, CHC13). Its IR and 1~ NMR spectra were identical with authentic 

spectra. Its enanticmeric excess was determined to be 49% from its 1~ NMR spectrum in the presence of Eu(tfc)3 

(1.0 es). 

C-1-3: (46.5 mg, 54.0%), [ala4 -33' (c=2.3, CHC13). Its IR and 'H NNR spectra were identical with authentic 

spectra. Its enanticxneric excess was determined to be 47% from its 'H NMR SpectNm in the presence of Eu(tfcj3 

(1.0 eq). 

(+)-4: (33.4 mg, 32.0%). [a1z4 +50° (~~1.7, CHC13); Its IR and 'H NKR spectra were identical with authentic 

spectra. Its enantianeric excees was determined to be over 99% fran its 1~ NMR spectrum in the presence of 

Eu(hfc13 (1.0 eq). 

Results obtained under other conditions were listed in Table 2. 

Preparative scale hydrolysis of (t)-4 with lipase OF. - A mixture of (f)-4 (2.2 g, 9.2 ~1) end lipase OF (2.2 g) 

in O.lM phosphate buffer (pH 7.0, 1100 ml) was stirred on gyrorotary shaker (150 rpn) at 30°C for 90 h. After the 

addition of EtOAc (1000 ml) and NaCl (300 g), the mixture was stirred and filtered through a pad of Radiolite (see 

above). The filtrate was extracted with EtOAc (800 ml x 3). The extract was dried with Na2SO4 and concentrated 

in vwxo. -- The residue was purified by silica gel column chromatography. 

(C)-2: (133 mg, 7.4%). [a186 +84.7" (c=1.2, CHC13); 63% e-e. nalR, Eu(tfc)3 (1.0 eq)l. 
c-j-3: (906 mq, 49.9%). [ala7 -36.7" (c=1.5, CHC13); 52% e.e. [NMR, Eu(tfcJ3 (1.0 eq)l. 

(+)-4: (720 mg, 32.7%). b.p. llO-113W3.0 Torr (bulb-to-bulb); [ala7 +54.2" (c=3.38, CHC13); >99% e.e. 

[NMR, Eu(hfc13 (1.0 eq)l; MS: m_/g 240 CM+, 40%). 

Hydrolysis of (k)-4 with lipase OF at -3'C. --- A mixture of (f)-4 (104.4 mg, 0.434 mwl) and lipase OF (200 mg) in 

O.lM phosphate buffer (pH 7.0, 50 ml) was stirred at -3'C (bath temp) for 1CXl h. After 36% conversion, the 

reaction was worked-up in the same twx!ner as before, and the crude extract was purified by silica gel preparative 

TLC (hexax-EtOAc, 3O:l) 

c-j-3: (30.1 mg, 35.0%). [a165 - 53.6' (c=1.2, CHCl3); 77% e.e. [NMR, Eu(tfc13 (1.0 eq)]. 

(+I-4: (55.2 mg, 52.9%). [ali +36.4' (~~1.2, CHCl3). Comparing its optical rotation with an authentic one, 

its e.e. was determined to be 67%. 

(2R,6R)-2-Ethoxycarbonyl-2,6-dimethylcyclohexanone (-J-2 and (2R,6S)-2-ethoxycarbonyl-2,6dimethylcycloheXeno~e 

(+)-3. To a soln of (+)-4 (688 mg, 2.86 nmnl) in dry EtOH (7 ml) was added a catalytic amount of HC104 (70% aq 

soln), and the mixture was stirred and heated under reflw for 13 h. After cooling to O'C, the mixture was neut- 
ralized by the addition of powdered NaHCO3 and filtered. The filtrate was concentrated in vacua and extracted -- 
with Et20. The extract was washed with brine, dried over Na2S04 and concentrated in vacua. -- The residue was puri- 
fied by silica gel column chromatography. 

c-j-2: (381.5 mg, 67.3%), [ml64 -135.2" (c=O.91, CHC13); ,99% e-e. [IWR, Eu(tfcJ3 (1.0 eq)l. Its IR and 'H 
NNR spectra were identical with authentic spectra. 

(+)-3: (65.0 mg. 11.5%), [ali +54.0' (c=1.2, CHC13): 77% e.e. [NMR, Eu(tfc)j (1.0 eq)l. Its IR and 1H NMX 
spectra were identical with authentic spectra. 

~2R.6R~-2-Ethoxycarbonyl-2.6-dimethyl-l-phenylethynylcyclohexan-l-ol c-j-6. To a soln of phenylacetylene (266 mg, 
2.61 nmol) in dry THF (1 ml) was added n-BuLi (1.57 M soln in hexane, 1.54 ml, 2.42 nanol) at -2OOC under Ar. 
After stirring for 2 h, the mixture was c&ed to -78OC and then a soln of C-j-2 (369 mg, 1.86 nmol) in dry THF (2 

ml) was slowly added. The reaction temp was gradually raised to room temp and the mixture was stirred overnight 
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at roan temp. Sat NH&l soln was added at O'C and the mixture was extracted with "20. The extract was washed 

with brine, dried over Na2SO4 and concentrated in vacua. 'fhe residue was plrified by silica gel preparative TIC 

(hexane-EtOAc, 3O:l) to give 5 (462 mg, 82.8%) as an oil, [u1s4 -29.8' (cF1.9, CHC13); vnax 3470, 2240, 1695, 

1600, 1240, 1180, 1150, 1070, 755, 690 cm-l; 6 (lH, 400 MHz, coCl3) 1.18 (3H, d, J=6.2 Hz), 1.30 (3H, t, J=7.0 

Hz), 1.53 (38, s), 1.44-2.22 (7H. m), 4.14 (2H, g, J=7.0 Hz), 4.60 (1H. s), 7.26-7.60 (5H, m); MS: m/z 300 CM+, -- 
43%). 

~2R,6R~-2-Ethoxycarbonyl-2,6~~~yl-l-(2-ph~yl)e~yl~cloh~n-l~l C-l-7. A mixture of 6 (459 mg, 1.53 nxnol), 

and W-C (10%. 135 mg) in EtOH (25 ml) was vigorously stirred overnight at roan temp under H2. The mixture was 

filtered through a pad of Celite, and the filtrate was concentrated in vac~o. The residue was pxified by silica -- 
gel preparative TIC (hexane-EtOAc, 2O:l) to give 7 (416 mg, 89.4%) as an oil, [ala4 -32.5' (c=l.l, CHC13); wax 

3500, 1695, 1600, 1240, 1170, 1150, 1080, 1020, 755, 695 cm-'; 6 ('H, 400 MHz, cDc13) 1.05 (3H. d, J=6.2 Hz), 1.28 

(3H, t, J=7.0 Hz), 1.35 (3H. s), 1.42-2.25 (8H. m), 2.78 (2H. t, J=8.2 Hz), 4.18 (2H. g, J=7.0 Hz), 4.66 (1H. s), 

7.15-7.40 (5H, m); MS: m/z 304 (M+, 77%). -- 

(1R,4aR,lOaS~-(-)-l-Methoxycarbonyl-l,4a~i~~yl-l,2,3,4,4a,9,10,10a-octahydrophenanthrene [(-)-deoxy@ocarpic 

acid methyl ester1 1. According to a repxted procedure, a mixture of 7 (100 mg, 0.33 ml) and CO~C H2SO4 (0.2 

ml)in A&H (2 ml) was stirred and heated under reflw for 2 h. Then the mixture was poured into ice-water and 

extracted with Et20. The extract was washed with brine, dried over ~a2SO4 and concentrated in vacua. The residue -- 
was diluted with Et20 (2 ml) and to it was added a ethereal soln of CH2N2. The mixture was concentrated in vacua 

and the residue was purified by silica gel preparative TLC (hexane-EtOAc, 9:l) followed by recrystallization fran 

hexane to give 1 (58.6 mg, 64.6%) as prisms, m.p. 141-142'C (1it.l m.p. 141-142'C); [aIs6 -149O (c=O.20, Etch); 

[lit.' [al, -149O (EtOH)l; "max 3450, 3075, 2960, 3860, 1725, 1460, 1445, 1435, 1380, 1330, 1240, 1230, 1190, 

1145, 1030, 760, 730 cm-l; 6 (lH, 400 MHz, cDcl3) 1.04 (3H. s), 1.09 (1H. dt, J=3.9, 13.7 Hz), 1.28 (38, S), 1.39 

(1H. dt, J=3.9, 13.7 Hz), 1.54 (lH, br.s), 1.63 (1H. d, J=14.2 Hz), 1.94-2.03 (2H. m), 2.19 (1H. dd, Jz5.9, 13.9 

Hz), 2.28 (2H. d, J=13.2 Hz), 2.80 (lH, ddd, J=5.9, 12.7, 16.8 Hz), 2.92 (1H. dd, J=5.9, 16.8 Hz), 7.04 (lH, d, 

J=7.3 Hz), 7.08 (1H. t, J=7.3 Hz), 7.13 (1H. t, 

Calc for C18H2402: C, 79.37; H, 8.88%). 

AdmarledIplent -- TYLs work was suppx-ted by a 
Education, Science and Culture. 
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J=7.3 Hz), 7.27 (lH, d, J=7.3 Hz). (Found: C, 79.54; H, 8.92. 
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