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Abstract: PPL catalyzed transesterification of seudenol (2) in dry Et20 yielded both 

optically enriched enantiomem (2 95% ee). Epoxidation, mesylation and reductive ring 

opening furnished optically enriched MCOL (1) 

1-Methyl-2-cyclohexen-l-ol (l) (MCOL) and 3-methyl-2-cyclohexen-l-01(2) (seudenol) are two of several 

pheromones released by female Douglas-fir beetles, Dendroctonus pseudotsugae Hopkins.192 While 

structure 1 is deceptively simple, syntheses of optically pure MCOL are generally based on the 

rearrangement of optically pure seudenol, which may be obtained by classical resolution,3 enantioselective 

reduction$ or enzymatic resolution of seudenol acetate.5 Optically active MCOL has recently been prepared 

by a Sharpless epoxidation of cyclohexenemethanol followed by ring opening and functional group 

manipulationP 

1 2 

AS part of a study on the response by spruce beetles, Dendroctonus rufipennis Kirby, and Douglas-fir 

beetles to’ baits containing MCOL, we required a convenient synthesis of multigram quantities of optically 

pure MCOL. Our experience with enzyme reactions in apolar solvent,7 suggested that transesterification of 

racemic seudenol in anhydrous ether catalyzed by Porcine Pancreatic Lipase (PPL) might be suitable for 

scale-up.8 Rearrangement to MCOL could then be easily carried out by formation of the corresponding 

epoxymesylate followed by reductive ring-opening. 

From a number of small-scale enzyme catalyzed reactions using trifluoroetbyl butyrate (TFEB) as acylating 

agent, it was determiued that the enantiomeric ratio (E)g for the transesterification of seudenol was low (E < 

20),to so that recycling of the material would be required to obtain high optical purity. Under these 

condition8 it is more convenient to stop the initial reaction at low conversion to obtain product with relatively 

high enantiomeric excess (ee). After separation, the ee’s may be enhanced by exposing both the unrea~ted 

starting material and the saponified product to a second transesterification. 
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SCHEME 1 

14h R-3 

/ 

11.4 g 

6M NaOH 
MeOH 

OH 
PPL 9.lg 
TFEB 7.5g 17.25h 

+ u-2, 4.349 98 = 0.854 

OH 

R-2 R-3 u-2 
5.429 2.lg 
ee = 0.867 ee I 0.954 

The results of a typical resolution of (f)-seudenol(2) are shown in Scheme I. In this case, after the initial 

transesterifkation, the optically enriched R-butyrate (R-3) was separated and saponified to yield R-(+)- 

seudenol (R-2) (5.42g; eep=0.867). This was combined with another sample of R-(+)-seudenol (4.34g, 

eep=O.854), prepared and isolated similarly, and subjected to a second enzyme catalyzed transesterification 

to yield 2.lg of R-(+)-seudenol (R-2) (eep = 0.954). To obtain the S-(-) isomer, seudenol (ees = 0.015) 

was stud with PPL and an equimolar quantity of TFEB for 10 days until the ees reached 0.89. Separation 

of the product and submitting the unreacted starting material to another transesterification cycle yielded S-(-)- 

seudenol (S-2) (ee = 0.985). 

Scheme 2 

s-2 
1. mCPBA -30% 

* “&CO,,0 + 60 ciiq c OOH 
2. Et,N, MsCl -55°C - 

5 4 R-(-)-l * 

In the subsequent epoxidation of optically enriched seudenol the chiral alcohol directs epoxidation to the 

same side of the ring. 1 1 In this case the epoxide was not isolated, bu? subjected to an in situ mesylation at 

low temperature, the epoxy mesylate 4 being conveniently separated from 3-chlorobenzoic anhydride (5) by 

column chromatography. A dissolving metal reduction of epoxy mesylate 4 using sodium in liquid 

ammonia effected the stereoselective 1,3-transposition I2 of seudenol to MCOL in high yield without 

significant loss of optical activity. 

EXPERIMENTAL SECTION13 

(R)-1-Methylcyclohex-2-en-l-01 (R-2). A mixture of I-methyl-2-cyclohexen-l-01 (2) (50.71 g, 

0.45 mol), TFEB (17.64 g, 0.10 mol) and PPL (5 1.6 g) was stirred in dry Et20 (200 mL) at room 

temperature for 14 h. The reaction mixture was then filtered through a Cklite bed which was washed with 
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Et20 (200 mL). The solvent was removed on a rotovap at room temperature and then the residue was 

distilled (72-9O’C) under reduced pressure (water aspirator) to remove most of the unreacted starting 

material. The still-pot residue was purified by columu chromatography (Merck Kieselgel60; 150 g), eluting 

with 5% EtOAc/hexanes and collecting fractions of 40-50 mL. Fractions containing the faster-running 

butyrate R-3 were combined and evaporated to yield a colorless liquid (11.4 g). 

The butyrate was dissolved in MeOH (20 mL), freshly prepared 6M NaOH (30 mL) added and the mixture 

stirred overnight. After dilution with water (200 mL) and extraction with Et20 (200 mL), the organic layer 

was washed with water (100 mL) and aqueous satd. NaCl (50 mL), dried (MgS04). filtered and 

concentrated to obtain a colorless liquid (5.42 g), The enantiomeric excesses of the unreacted starting 

material and the product alcohol were 0.158 and 0.867 respectively, 14 indicating an enantiomeric ratio (E) of 

17. 

Two samples of optically enriched (R)-1-methylcyclohex-2-en-l-01 (4.34 g, ee = 0.854 and 5.42 g. ee = 

0.867) were combined in dry Et20 (50 mL). TFEB (7.52 g, 44.2 mmol) and PPL (9.14 g) were added and 

the mixture stirred for 17.25 h to give an estimated 36% conversion. The butyrate was isolated by column 

chromatography. Hydrolysis in MeOH (20 mL) and 6 M NaOH (20 mL) for 1.5 h followed by extractive 

work-up yielded R-l (2.5 g, ee = 0.954). 

(S)-(-)-3-Methyl-2-cyclohexen-l-01 (S-l). A mixture of 3-methyl-2-cyclohexen-l-01 (2) (44.0 g, 

0.39 mol; ee = 0.015), TFEB (60.0 g, 0.35 mol) and PPL (50 g) was stirred in dry Et20 (200 mL) at room 

temperature until the optical purity of the unreacted starting material reached 0.89 (10 days). The reaction 

mixture was subjected to the same work-up as above to yield S-l (15.9 g, 0.14 mol; ee = 0.89) and R-3 

(41.0 g, 0.22 mol). The unreacted starting material was subjected to another acylation reaction using TFEB 

(10.2 g, 0.06 mol) and PPL (30 g) in dry Et20 (50 mL). After 27 h, work-up of the reaction yielded R-3 

(3.96 g, 21.7 mmol) and S-l (10.69 g, 95.3 mmol; ee = 0.985). 

(1S,5S,6R)-5-Methanesulfonyloxy-l-methyl-7-oxabicycio[4.l.O]heptane (4). S-(-)-3- 

methylcyclohexen- l-01 (S-2) (10.69 g, 95.3 mmol) was dissolved in anhydrous CHzCl2 (200 mL) and 

cooled to -3O’C in a dry ice/acetone bath. m-CPBA (20.14 g of 85%, 99.2 mmol) was added in small 

portions with the temperature maintained between -20 to -3OOC. The temperature was then allowed to rise to 

0°C over 1 h, and then lowered again to -7O’C. Triethylamine (39 mL, 280 mmol) was added dropwise over 

a 5 min period, causing the reaction mixture to become homogeneous. A solution of methanesulfonyl 

chloride (19.4 mL, 251 mmol) in anhydrous CHzCl2 (50 mL) was added dropwise over 0.5 h with the 

temperature maintained at < -55OC. After an hour the cold reaction mixture was poured into ice water (300 

mL) and stirred until two clear layers were obtained The aqueous phase was extracted with CH2C12 (2 x 75 

mL), and the combined extracts were washed with water, dried (MgS04) and concentrated to a solid 

residue. Column chromatography (hexanes:EtOAc, 2: 1) yielded the pure epoxy mesylate 4 (18.05 g, 92%). 

which was recrystallized from hexanes:EtOAc (1:l) (125 mL) to yield analytically pure material (15.76 g, 

80%) : mp 80-81°C; [~1]~b’-70.2 (c = 1.93, CHC13) 15; lH NMR (CDC13, 100 MHz) 6 1.35 (s, 3H). 1.73 

(m, 6H), 3.08 (s, 3H), 3.25 (d, lH, J=2.5 Hz), 5.07 (dt, lH, J=2.5 Hz, 7 Hz); Anal. Calcd. for 

C8H1404S: C, 46.59, H, 6.84. Found: C, 46.70, H, 6.81. 

(R)-(+)-l-Methyl-2-cyclohexen-1-01 (R-(+)-MCOL) (R-l). To a mixture of the epoxy meSYlate 

4 (15.53 g, 75.3 mmol), anhydrous NH3 (400 mL) and dry THF (150 mL) was added small Pieces of 
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sodium metal until the blue color persisted for several minutes. The reaction was then quenched by the 

addition of NH&l (15.5 g) and the NH3 was evaporated by warming in a water bath. The residue was 

partitioned between Et20 (250 mL) and water (200 mL). The aqueous phase was extracted with Et20 (2 x 

100 mL) and the combined extracts were washed with satd. aqueous NaCl solution (2 x 50 mL). The ether 

solution was dried (MgS04) and concentrated at atm. pressure. The residue was distilled at aspirator 

pressure (bp 53-57°C @ 20 mm Hg) to yield R-(+)-MCOL (7.57 g, 90%, >99% pure by capillary CC). 

The material was >99% ee by chiral GC 16; [a$ = +76.7 (c = 1.29, Et20) (lit.s.[ol]g = +74.5 (c = 0.47. 

Et20). 

(S)-(-)-1-Methyl-Z-cyclohexen-l-01 (S-(-)-MCOL) (S-l). Prepared from (R)-(+)-seudenol (R- 

2) (6.57 g, 58.7 rnmol; ee = 0.937) by epoxidation, mesylation and reductive ring opening as described for 

R-l, to yield 4.98g (75.8%, >99% pure by capillary GC). The material was >99% ee by chiral GC; [a]@ 

= -79.1 (c = 1.48, Et20) (lit.S.[o]?,? = -74.0 (c = 0.4, Et20). 
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