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ABSTRACT. Lipase catalyzed estetitication of several 2-cyclohexen- 1-01s 

proceeds with excellent enantioselectivity leading to (S)-enantiomers as 

promising chiral building blocks en route to ebumane alkaloids 

INTRODUCTION 

The hetetopentacyclic topology of the ebumane alkaloids’ [e.g. (+)-vincamine f and 

(-)-ebumamonine 21 and their pharmacological profile2 have stimulated several synthetic studies. 

Any viable method for preparing 1 and 2 must take into consideration the problem of the quatemary 

stereogenic center (asterisked C) as well as stereochemical control of the adjacent methine. Previous 

syntheses of homochirai ebumanes have solved this problem either by using suitable chiral 

auxiliaries or by classical chemical re.solution.3 

Our interest in this area was stimulated by the prospect of designing an enantiocontrolled 

m to this class of indole alkaloids, using the strategy outlined in the maosynthetic format in 

scheme I. 

The key feature of our synthetic plan involved generation of the crucial quatemary carbon center 
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Scheme I 

3 4 5 6 

fnwn a secondary allylic carbinol center by a (3,3]-sigmatropic process (Claisen reaction)! The 

concerted, non synchronous suprafacial nature of this process dictates the transfer of stereogenicity 

(i.e., stereochemical information) and, using enantiomerically enriched allylic alcohol, the 

rearrangement yields chiral nonracemic adducts. For example, Johnson orthoester modification 

FIec(OR&. acid catalystI of the Claisen reaction on 6 would generate 5 via the transient 

cyclohexenyloxyketene acetal 7. Applied to (S)-6, this process achieves two goals, namely 

irtatallation of a quatemary stereocenter- with predictable configuration and simultaneous 

intmdnction of a ($-fragment at its correct oxidation leveL7 Furthermore, the endocylic double bond 

in 5 is strategically located and all the required functions can be built around and through it. 

Accordingly, the enone 4 is the equivalent of a IJ-dicarbonyl synthon through a simple oxidative 

demolition, and the emerging carbonyl functions in 3 provide a convenient handle for the 

inuoduction of the basic nitrogen of tryptamine (Pictet- Spengler reaction) 

OH 

11 R,,R*:H 

12 Rt:H ; R2:(CH&OMe 13 R,:Br ; R2:H 

10 14 Rt:H ; R2:Br 15 R,:H ; R*:Me 

Adaptation of Scheme I to other related homochiral targets [e.g., vindebumol 8,s larutensine 99 

pnd curraziae lO”‘l would require fixing the absolute sterochemistry at the carbinol center in Q-11. 

(R>n ad &%12, respectively, and building up the properly functionalized aldehydo-eaters through 

a ju&oua choice of protecting groups.* * 

Qliral 2-cyclohexen-1-01s are currently made either by enantioselective reduction of ketones 

with Chid reducing agents or by enzymatic hydrolysis of the corresponding esters. We anticipated 
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that these (&)-alcohols would be more conveniently resolved via enantioselective esterification. in 

which an enzyme mediates acyl transfer to the 12 enantiomers of carbinols at different rates (Scheme 

II). While this manuscript was in preparation, a related report by Mori and Puapoomchareon’2 

appea& which has prompted us to communicate our preliminary findings in detail. Thus, we 

describe in this report the lipase-catalysed transesterification of a variety of substituted 

(i)-2-cyclohexen-1-01s [i.e. 6, 11-151, used as initial targets for subsequent evaluation of the 

potential of our synthetic plan (Scheme 1).13 

Scheme II 

OH OH 

WI (9 

OAc 
1 
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RESULTS AND DISCUSSION 

We began our investigation with the simplest compound of the series, Z-cyclohexen-l-o1 

(f)-11.14 However, our attempts to obtain a kinetic resolution of this racemic carbinol, in which we 

scrccncd more than 20 lipases and proteases, were unsuccessful, probably due to the conformational 

mobility of this molecule and to the lack of substituents on the cyclohexene ring. Therefore, we 

turned to 2-bmmo-2-cyclohexen-l-01 (f)-13,” with the hope that the introduction of the halogen on 

the molecule would result in different anchorage of the two enantiomers at the active site of the 

enzymes, making it possible to discriminate them. In our preliminary screening, in order to have 

irreversible esterification,16 vinyl acetate was both the acylating agent and solvent. As indicated in 

Table 1, Iipase from h&or miehei showed the highest enantioselectivity (E=79)” and was USA for 

funher investigations. In o&r to optimize the reaction conditions, analytical-scale acylations were 

perfomud in different solvents. 

We found’*, as have othersI that the nature of organic solvents can influence the 

cnantioselectivity of an enzyme toward a given substrate. In this specific case, vinyl acetate was the 

solvent which gave the highest enantioselecitvity with the fastest reaction rate (Table 2).” The 

pqarative scale esterification of (+)-13 was therefore performed in it and, at 53% conversion, 

m&iual (S)-13 was obtained with 98% e.e. (For details see Experimental Section). 

We next turned to the isomeric (f)-fbmmo-cyclohexen-l-01 14. This compound has been 

ECCII~~Y used by Paquette et al. to gain enantioselective access to the taxane ring system.2’ The usual 

preliminary screening indicated that lipase P was the enzyme of choice (Table 3). In a preparative 

scale resolution of (f)-14, after 3 hr of stirring at 4S°C, 55% of racemic 14 was acetylated, with the 

isolation of residual (S)-14 being 99% e.e.. 

As the final step of our substrate screening. we used different 3-alkyl-2-cyclohexen-l-ols (i.e.. 6, 

12 and 15). The simplest term of this series 3-methyl-2-cyclohexen- l-01 (seudenol, l@ is a natural 

pheromone &zased by female Douglas-fir beetles (Dendrocronus pFcudorsugae).23 
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TW 1. Enantioselectivity of Different Lipases with (f)-2-Bromo-2-cyclohexen-l-01 (f)-13’ 

L&se %convb e.e.b EC 

product 

Pset&mo~ cepacid 15 67.7 6 

Porcine pancteaticc 16 93.3 34 

Chromobacterium viscosumf 6 68.5 6 
hiucor mkhei~ 15 97.0 78 
Humicola lanuginosd 19 94.0 40 
Penicillium camemberd 17 72.9 7 
Candida cylindraceti 50 75.0 16 

%kdtims To 1 ml of vinyl uxtate containing 10 ul of rremic l3.50 ntg of enzyme md SO mg of molecttlp sieves wem aided awl 
thscmpatnhwashakanat25Orpnlat45’C 

%EaemnMbychinl~lmycLC 
CBralmDwreukulued hnthc&gneofconversionmdc.e.of thcpmductaccordingtoChen~.” 
dti Pbamtmxutical Co.; eSigma Chemical Co.; ’ Finnsugar Biocbemicals Inc.; gBiocatalyst 

One of the enantiomers of 15 [specifically (S)-151 has been obtained in pure form (> 99% e.e.) from 

the racemic alcohol in a 46% yield by selective hydrogenation of the double bond of W-15 in the 

presence of BINAP-Ru(I1) dicarboxylate complexes. 24 Alcohol (f)-15 has also been acylated by 

Wong et al with Pseudomonas species lipase catalysis to give the (R)-acetate 15a with 67% e.e.. 

Table 2. Effects of Organic Solvents on the Enantioselectivity of Mucor miehei Lipase with 

W-U’ 

Solvent log pb rel. rate EC 

dodecane 6.6 7 32 

cyclohexane 3.1 13 43 

dibutyl ether 2.9 27 37 

toluene 2.5 27 56 

r-amyl alcohol 1.4 22 29 

vinyl acetate 0.3 100 78 

wti TO 1 ml of s&cttt conthimg IO ul of racemic 13 and 80 ul (a. 10 equiv) of vinyl acetate, 50 mg of RIZ~C ad 50 mg 

ofmDbcuL*cvaWerrddcdmdthesurpensionwlssh~en~t250rpmat45’C 
~P*rhwrmrrcllcul~rwdingu,R~~.R.F.;Dc~H.M.Euf.J.McdChan.~~ut.lY19.~,4~ 
%dd9d fran rhe degee of conversion and cc. of the poduct (determined by chiial capilhty GLC) rmrding to Chm a. *’ 

TO enhance the optical purity, the optically active 15a obtained above was subjected to hydrolysis 

by the same enxyme, to give the final product (R)-15, in 92% e.e. at 50% conversion. Enzymatic 

app’~Aes to the resolution of seudenol has also been repotted by Mori (hydrolysis of the racemic 

acetate lS8 by PIE)= and by Oehlschlager (acylation by PPL in diethyl ether).26 
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T&k 3. Bnantio~electivity of Different Lipases with (f)-3-Bromo-2-cyclohexen-l-o1 (j~)-14~ 

Lipaseb 

Psehnas cepacia 

&mine pancreatic 

Chromobacterium viscosum 

Muwr miehei 

EC Lipaseb EC 

44 Hwnicola latuqitwsa 18 

24 Penicillium camemberti 2 

26 Candida cyhdracea 6 

15 

%a~Stirms To 1 ml of vinyl acetate containing 10 ul of rafemic 14.50 mg of enzyme and 50 mg of molecular sieves were dded ud 
ltmsuqJmshw~s~Qlu25orpnat4s’c 

- see footnotes d-g of Table 1 

However, both of their methods required sequential enzymatic reactions, and yielded the two pure 

enantiomers of 15 in 16% and 21% yield (Mori) and (&I5 in about 2% yield and 95.4% e.e. 

(Oehlschlager). Enantioselectivities of our lipases were significantly lower for seudenol than for the 

alcohols previously checked. Nevertheless, lipase from Mucor miehei seemed to be significantly 

better than PPL (Table 4). 

Tibia 4. Enantioselectivity of Different Lipases with (d$3-Methyl-2-cyclohexen-l-01 (seudenol) 

(*I-~~ 

Lipad EC Lipaseb 

Psetthmmas cepacia 6 Hmicola lanuginosa 

Pmcine pancreatic 4 Penicillium camemberti 

Chromobacterium viscosum 4 Candid0 cylifuiracea 

Muwr miehei 11 

‘conditpnr See footnote. ‘of Table 1, using instead 10 ul of racemic 15 
sotaces see footnoes d-g of Tabk 1 

EC 

7 

2 

2 

When the organic solvent was changed, enantioselectivity was not significantly affected, but 

there was a positive effect on the degree of conversion (Table 5). We chose cyclohexane because of 

its low boiling point and the reaction conditions were further optimixed in terms of the 

concentrations of reagents and of enzyme. Enantiomerically pure residual Q-15 was in the crude 

maction solution after 4 days (at 7 1% conversion) and was isolated by the usual method. Pinally, the 

Last two compounds in our series racemic 6 and 12 were studied. Pseuahonas cepacia lipase was 

the catalyst of choice for (f)-3-ethyl-2-cyclohexen-l-01 (E=69 in vinyl acetate ). After 1 hr. residual 

WI-6 WBS ~ami~merically pure (at 54% conversion). On the other hand. (k)-3-(2-mth~xyethyl)- 

2-cyclohexen-l-o1 12 was conveniently resolved, again, with Mucor miehei lipase (E;Sg). Residual 
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(.!+I2 was enarttiomerically pure at 55% conversion. 

T&k 5. Effects of Organic Solvents on the Enantioselectivity of Uucor tniehei lipase with 

W-W 

Solvent 8 conv.b EC 

toluene 

benzene 

cyclohexane 

dibutyl ether 

fpartMont 
r-amyl alcohol 

3-metltyl-3pentanol 

cHQ3 

40 10 

57 13 

58 11 

63 11 

66 14 

57 7 

42 7 

41 12 

33 9 

%IMihn% To 1 ml of ngrnic solvmt containing 10 ul of racemic 15 and 80 ul (ca 10 quiv) of vinyl a@am. 50 mg of enzyme md 
30 mg dwl&ular sieves were &cd md the suspension was shaken u 250 rpm a~ 45’C 
bAfta 24 III (in nw vinyl uxatc the convasion after 24 hr WBF 59.8%) 
ti.17 

In conclusion, we have shown that enzymatic acylation in organic solvents is a suitable method 

for obtaining enamiomerically pure allylic cyclohexenols. All the lipases tested showed a preference 

for the (R)-enantiomers and, depending on the substrate, enzymes from Mucor miehei and 

P~eudomo~~ cepacia gave the most satisfactory results.*’ 

EXPERIMENTAL SECTION 

Materials. Lipase sources are reported in the footnotes to Table 1. 2-cyclohexen-l-01 (11) and 

3-methyl-2-cyclohexen-l-01 (15) were purchased from Aldrich. 3-ethyl-2-cyclohexen-l-01 (6),29 

3-(2-methoxyethyl)-2-cyclohexen- l-01 ( 12)29 and 3-bromo-2-cyclohexen- 1-01 (14) were prepared 

according to procedures in the litetature. Organic solvents were dried over 3A molecular sieves 

before use.. 

EIIZ~~W immobilization. Lipase from Pseudomonas cepacia or Lipase from Mucor miehei (3 

B) were mixed accurately with Hyflo Supercel (10 g). Then, 10 ml of O.lM potassium phosphate 

buffer @H 7) wem added, the mixture was shaken vigorously, and dried by a vacuum pump (24 hr. 

0.02 mbpr). The water content, determined by the optimized Fischer method, was 2%. 

Datemtlnatiun of enantiomeric excess (e.e.) and degree of conversion. Both the percentage 

conversions of 6, 11-15 into the corresponding acetates and the e.e. of the ester products or the 

iemaining substrates (or both) were determined by chit-al GLC on a CP-cyclodextrin-l3-2.36-M-19 

column (50 m, 0.25 mm id, Chrompack) using H2 as carrier gas, under the following conditions: 

(*)-6: oven temperature ftom 100°C (initial time 5 min) to 13YC, with heating rate of 

0.7Wmin [starting (*)-6 was base-line resolved] 

(f>ll: oven temperature from 60°C (initial time 20 min) to 70°C, with heating rate of 
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0.5Vmin [sming (f)-11 was base-line resolved~. 

(*)-12: oven temperature 105’C for 120 min [acetate (f)-lh was base-line tesolved~ 

(f)-13: oven temperature from llS°C (initial time 30 min) to 12YC, with. heating rate of 

1.0”Uxtin [acetate (*)-Da was base-line resolved] 

(*)-I& oven temperature 105’C for 70 min [both (+)-14 and the corresponding acetate (k)-14a 

were base-line resolved] 

(f)-15: Oven temperature 95°C for 30 min [starting (&)- 15 was base-line resolved] 

Re.~lution of (k)-6 with immobilized Pseudomonas cepacia lipase. Immobilized Pseudomonas 

cepacia lipase (1 g, equivalent to 230 mg of free crude lipase) was added to a solution of (f)-6 (I g, 

7.94 mm01) in vinyl acetate (67 ml). The suspension was shaken on a plate rotating at 250 rpm, at 

45°C. and the reaction progress followed by GLC. After 1 hr (approximately 54% conversion), the 

enzyme was filtered off and (S)-6 (> 99.5 e.e.) was recovered by flash chromatography 

(hexane-AcOEt, 6: 1). 

Resolution of (rt)-12 wirh immobilized Mucor miehei lipase. Immobilized iMucor miehei lipase 

(1 g, equivalent to 230 mg of free crude lipase) was added to a solution of (f)-12 (250 mg, 1.6 

mmol) in vinyl acetate (15 ml). The suspension was shaken on a plate rotating at 250 rpm, at 4S’ C. 

and the reaction progress followed by GLC. After 3 days (approximately 55% conversion) the 

enzyme was filtered off and (.!+I2 (> 99.5 e.e.)30 was recovered by flash chromatography 

(hexane-Et*O, 3: I). 

Resolution of f&)-l3 with immobilized Mucor miehei fipuse.Immobilized Mucor miehei lipase 

(10 g. equivalent to 2.3 g of free crude lipase) was added to a solution of (f)-13 (1.0 g. 5.65 mmol) in 

vinyl acetate (75 ml). The suspension was shaken on a plate rotating at 250 t-pm, at 45’ C, and the 

reaction progress was followed by GLC. After IO days (approximately 53% conversion), the enzyme 

was N&red off and (n-13 (98% e.e., determined after chemical acetylation) and (R)-13a (82.6% 

e.e.) WHIZ recovered by flash chromatography (hexane-AcOEt, 9: 1). 

Resolution of (k)-14 with immobilized Pseudomonas cepacia lipase. 330 mg of (f)-14 were 

dis~~l~cd in 7 ml of vinyl acetate, immobilized lipase P (50 mg, corresponding to 12 mg of free 

crude lipase) were added and the suspension was shaken at 45” C for 3 hours. The degree of 

conversion was estimated by GLC to be 55% and the e.e. of the residual alcohol was 99%. The usual 

work up isolated Q-14 (99% e.e.) and (R)-14a (84.3% e.e.) 

Resolution of (f)-15 with immobilized Mucor miehei lipase. Immobilized Mucor miehei lipase 

(2 g, equivalent to 460 mg of free crude lipase) was added to a solution of (k)-15 (4 ml, 33.7 mmol) 

and vinyl acetate (16.5 ml) in cyclohexane (40 ml). The suspension was shaken on a plate rotating at 

250 rpm, at 45°C. and the reaction progress followed by GLC. After 4 days (approximately 71% 

conversion) the enzyme was filtered off and (q-15 (P 99.5 e.e.) was nxovemi by flash 

chmmamgmphy (hexane-EtzO, 3:l). 
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