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Abst?ack Baeemic 6-methyl-2-thtopknfpmpmol was resolved (E = 260) viu aeu catalysed by lipsse 
from PseudGv?wnasf7uorescens using an excess of vinyl amate in chlomfam at an initial water activiQT f+ = 0.32 
when tryiug te resolve rat-2-methyl-I-atkauels mere modest E-values were oh&cd (E - 10) aud were of the same 
e&X of llul&Xk hnspcetive of subsnsk ehaialeal6th, wateX activity, immobilizlllim, acyl &ner cX ether 
P~e~~~daivedLipaseaHoweva,the~ratesare~tedbyvariatioosofrhese~~Bothtbe 
rates and E-values were influenced by the oepln of the solvent. 

Enantiomerically pure 2-methyl-l-alcohols and their derivatives are valuable synthetic huermediates for 
the preparation of stereochemicahy pure insect pheromones and other natural products containing methyl 
branched alkyl chains.‘3 Many enantiosekctive methods leading to such alcohols have been developed both by 
using asymmetric chemical synthesis and various bioorganic methods.’ 

We have recently described the Baker’s yeast (B.y.) reduction of the unsaturated aldehyde 1 which leads to 
virtually enautiomerically pure (S)-pmethyl-2-thiophenepropanol (S)-2 (370%. >98% ee), which was subse- 
quently transformed into various 2-methyl-1-alkanols 3 of unchanged ee via a short and efficient reaction se- 
quence.4 However, since this B.y.-reduction furnishes only one enantiomer. (S)-2, alternative routes’ must be 
explored to prepare enantiomerically pure (R)-2. 
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Lipase P (Aman~)~ and PFL7** t?om Pseudomonas is known to react with high enantioselectivities in ir- 
reversible transrsterifications of some 2-methyl-l-alcohols, notably with rue-~methylbenxenepmpanol. The 
PFL-catalyzed xt.solution of rut-2-methyl-1-decanol, rac3b, by transesterification with vinyl acetate was re- 
cently reported to readily give the @)-acetate (S)3bAc (at 40% conversion) and the remaining substrate, (R)- 
alcohol (R)-3b (at 60% conversion), both claimed to be of 98% ee.8$ These ee-values should correspond to 
E-values well over 100. Using other Pseudomonas dexivcd hpases (Amano P and Amano PS) lower enautiose- 
lectivities for similar substrates in transesterifications with vinyl acetate have been qortedlo In the latter publi- 
cation a study of the effect of variations of the chain length of the acyl donor and the effects of solvent changes 
were briefly described and vinyl acetate in dichloromethane was found to give the best E-values. On the other 
hand, in the Amano PS catalysed resolution transesterification with vinyl acetate of the allylic alcohol group in 
rut-trans-sobrerol, an allylic monoterpene dial, rerr-amylalcohol as solvent gave by far the best E-value.” 
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We have recently reported that variation of the water activity has a great influence on the E-values 
when using lipase from Candida r~gosu as the catalyst for the esterification of 2-methylalkanoic acids in cy- 
clohexane.12 However, using lipase PS and lipoprotein lipase, both from Pseudomoms sp., as the catalyst for 
transesterifications of the racemic secondary alcohol, (f)-sulcatol(6-methyl-5-hexene-2-ol), enantioselectivity 
seemed to be independent of water activity.t3 

In order to be able to prepare efficiently both antipodes of 2-methyl-1-alkanols enantiomerically pure 
we have now studied different PseudomoMs derived enzymes as catalysts for the resolution of various 2- 
methyl-l-alcohols by transesterification. Using racemic pmethyl-24hiophenepropanol rat-2 as the substrate 
in a PFL-catalysed transcsterification with vinyl acetate as the acyl donor in chloroform with an initial water 
activity of a, = 0.32, we found, to our satisfaction, that this reaction was highly enantioselective (E = 200). 
Thus at 39 % conversion the acetate of (S)-2 was produced in 98% ee and at 57% conversion enantiomerical- 
ly pure remaining substrate (R)-2 was produced{>99 % ee by GC: method described below; [cc],,” +21.1 (c 
0.8 MeOH), Lit? (S)-2: [al,25 -19.3 (neat)). Using Amano PS lipase under the same conditions a slightly low- 
er enantioselectivity was observed (E = 130). 

Although, as mentioned above, the preparation of the individual enantiomers of 2-methyl-1-alkanols 
(S)-3 and (IQ-3 from either of the now readily accessible enantiomerically pure antipodes of Emethyl-2-thio- 
phenepropanol2 should be ~traightforwsrd,~ we were of course also interested in improving the preparation of 
the desired enantiomexically pure 2-methyl-1-alkauols directly via the already described PFLcamlysed mm- 
sestezification mentioned above.8*9 However, we were unable to reproduce the high ee:s claimed9 for this ms- 
olution of rat-2-methyldecanol (rac9b). Since our reaction conditions could have been different from those 
previously described**9 and therefore responsible for the low enantioselectivities we observed., we have now 
studied the effects of variations of the water activity of the reaction medhuu, of the solvent and of the acyl do- 
nor in the PFLcatalysed transesterifkations of some racemic 2-methyl-1-alkanols rue-3. 

In all experiments described below the conversions were monitored by GC and, for the determinations 
of the E-values, the reactions were stopped at = 40 % conversion. The E-values were calculated by measuring 
the ee:s of the @)-acetates (details: see experimental section). 

Since no water is produced in the transesterification with vinyl acetate, the water activity (u,,J should re- 
main roughly constant during the course of the reaction. The initial water activity was adjusted as described 
below. The results from the transesterifications of rut-2-methyl-1-decanol (rcrc3b) at different water activi- 
ties at 25 “C are presented in Pigures 1 and 2. Although the reaction rates increased with increasing water ac- 
tivity, the E-values decreased although probably not significantly. 

The infhtence of the solvent on the E-values in the transesterification of rut-2-methyl- 1-decanol (rat-3b) 
is shown in Figure 3. These reactions were all performed at an initial a, = 0.32, and the concentrations of sub- 
strate and vinyl acetate were the same in all experiments. The rate increased in the order dichloromethane, 
chloroform, wrahydrofban (THF) and l,l-dimethyl-1-propanol (rAnOH). The E-values for chloroform 
and dichloromethane were the same, whereas for THP and especially for r-AmOH they were lower. However 
no conelations between E-values and solvent properties such as log P or dielectric constant (E) were found. 

temp. and s, (WAC 
3a:n=S; 3b:n=lO;Sc:n=12; 3ckn=14 
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Flgure l. laitial rates of PFL-mediated W- Figure 2. E-values ia PFLaediaM e 
tion of 2-methyl-ldecanol rue-3b with vinyl acetate in of 2-methyl-l-decaml rue3b with vinyl ace$lte in 
clllomfWmat25ocatdiffereniaitialwatesactivi~. chlcxoformat2SoCatdiffemntinitialwateractivitie8. 

The chain length of the alcohol had little effect on E-values except in the case of 2-metbyloctanol (rut-3a), 
which gave a significantly lower value (see Figure 4.). These experiments were all performed at a, = 0.32 in 
chloroform at 25 ‘C. 

Different Pseudornonar derived lipases were used with 2-methyl-ldecanol (rut-3b). The Amano lipas- 

es PS and AK gave the E-values 10.7 and 9.9 under standatd conditions (CHCl3, a, = 0.32, 25 “C) as com- 
pared with 10.4 for PFL. Lowering the temperature gave an E-value of 11.8 at 1 “C (PFL). Two additional 
acyl donors were also tested. Vinyl laurate gave unchanged E-value (10.6) but reduced rate. Another acyl do- 
nor which has been used for irreversible transesterifications is ethyl thiouctanoate.‘4 The reactions become ir- 
reversible through evaporation of the produced volatile thioethanol. In our case we tested ethyl thioacetate in 
a closed vessel (reversible conditions) and interrupted the reactions at low conversions. llte reaction was very 
slow but the E-value was essentially unchanged (10.7). 

Immobilization of PFL on celite13 increased the reaction rate of the standard reaction (vinyl acetate, rac- 
2-methyldecan- l-01, CHC13) but no effect was noticed on the E-value. 

Thus we have shown that despite efforts to optlmise the resolution by transesterification of 2-methyl-l- 
alkanols 3 by variation of the reaction conditions the maximum E-value that can be achieved lies slightly above 
10. This value is not high enough for simple preparation of the 2-methyl-1-alkanols of the high enautiomeric 
purities needed for use in e.g. the synthesis of pheromones of some pine sawflies. However, multistep pmce- 
dures’“~‘s*16 can be used iflow yields can be accepted or, ifenantiomerically pure 2-methyl-1-slkanols (3) with 
n 2 7 are needed the transesterification of racemic &methyl-2-thiophenepropanol (rat-2) can be utilised. 
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Figure 3. E-values in PFL-me&ted M- Figure 4. E-values in PPL-mediated e 
Iioll of 2-methyl-l-decallol rat-3b with vinyl &Sate of 2-methyl-1-alcanols rat-3 of various chaialengdu n 
in various solvents at 25 Oc and c+= 0.32. withviaylacetateinchloroformat2S~andq,,=0.32 

PFL (E.C.3.1.1.3). lipase from Pseudomonasj7wresce was obtained fiam l%kn. The specific activity was 31.5 U / mg. Li- 
pasePS(30.OU/mg)andlipaseAK(25.2U/mg)froplPse~~~sp.wenobtainedfromAmano.Iheenymeswerestoaedat 
4”CinadesiccaanoverdriedsilicageLTheacyl~vinylacetateandvinyl~artcommerciallyavailsbleanbwenused 
witbllt funher pluification. 

Tram mjtkadon 
9 

reactions of preequikbrated water acdvitie~. General procedure: A alight mod&x&m . ofmemetbodde- 
scribed earh was ased. Enzyme (PFL: 13.7 mg. Lipase Ps: 14.4 mg, Lipase AK: 17.1 mg) and a rut-2-mcthylakokd (rut-3) or 
ruc+methyl-2-U 1 (rut-2) (1.0 mmol) was mixal with solvent (1.8 ml) in the rcacbn tlask conbing a magn& 
stirring bar. ?lte mix 

!iYe 
intheopenflaskwasstinrdfor2Abinase;lledconteinaovarrstllratedaaltsolutioasofhvmmwataac- 

tivity [valivety et al. : Mgclz 6H20 (uW = 0.32) aad znso4GI-I20 (uw = 0.90)1. The acyl doaor and the solveat wem equilibmt- 
edtothesamew~activityinanothersealedcontaina.AAa24hthebquilibratedsolventwasaddedtomenacdonflaeLa,com- 
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pensam for loss by evaporation. The acyl &nor (3.7 mmol) ~89 added to the reaction tl&, which was immediately awled with a aep 
tam. The mixture was stirred at 400 rpm. The conversion was followed by pexiodical withdrawal of samples (10 pl), When the reac- 
tion had reached the desired conversion (- 40 %) the mixture was filtered through a filter of low porosity and the filter was wasbed 
with n-pea~tane (3 ml). Ihe compcaents were separated by MPLC using silicagel 60 (Merck) w&b a gradient of increasing amount of 
diethylether in n-pentane as eluent. The esters we obtained pure @99% by GC) without any trace of the remabdng alcohol. 

Detmninarion of conversion. The wwersh sintheaansesterificationreacti~w~determinedusingeVarian3300gas 
chromatograph equipped with a 30 m x 0.32 mm ID. capillary column coated with cross-linked Carhowax @ 2OM+= 0.25pm ; carrier 
gas He15psi,splitratio30:l.?beconversionswerecalculatedfromtheareasofmeester~relativetotheptalrs~the~ 
hol which was calibrated against the race& esters. 

Determination of cnantiometic excess and calculation gf E-values. The 3%:” of the ahxhols were demmined by analysing the 
diaatexe4Jmaic mbtture of the umesponding 2-methylacyl-l-phenyletbylamides . Baseline scpcrration WBB ra@y obmined using the 
same GC and conditions desuii above. The E-values were calculated using Silt’s method (imvcrsiMc case). 

rat-2-MethyI-l-akohois (rat-2 and rut-3). The racemic alcohols wue prcpsrad by reduc&n with q in dielbyl ether us- 
ingthemethoddescribedbelowbuttheesterwasmplscedbythe . 

acid, 2-me&y-kid, 2-mehyldodeamic acid ,2-methyltetradeaumc 
txemic2-methylacidwhich~prapendbyrheme$- 

Ethyl thioacetate. Ethyl thioacetate WBS pmpared ~JWII e-1 and acetykhlori& as described for ethyl thioa&ne’4. 
(S)-2-Met&l-lslcottols [(S)_2 or (S)-31. The &en&ally m enantiomericauy en&bed es&ax obtainad as desuibed above 

(= 0.3 mmol) were dissolved in anhydrous diethyl ether (1 ml) and added to a &fed solution of LiAUQ (30 tag) in anhydrous diethyl 
etherQml)onderargon.Themixturewasstirxdatroomtemperaaue lhandthenquenchedwitbwater/THP(l:l,60~)ffollowed 
by 15% NaOH (30 fl) and water (20 pl). Afta refhudng for 10 min the mixture WBS filtered, washed with die&y1 ether and dried 
(MgSO4). After evaporation the pure alcohols [(S)-2 ot Q-31 was obtained in quantitative yield. 
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