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Abstract 

The pivaloyloxymethyl and butanoyloxymethyl derivatives of tert-butanol and linalool (1, 4) are readily accepted 
by hydrolases. Linalool derivative 4b is alcoholysed stereoselectively by Candida rugosa lipase (E=9.7). 
© 1998 Elsevier Science Ltd. All rights reserved. 
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Theuse of hydrolytic enzymes like esterases, lipases, proteases and peptidases in organic synthesis has 
become common practice in recent years, both in academia and in industry. Their advantages are fourfold: i) they 
are cheap, ii) they do not need cofactors, iii) they are highly active and stable both in water and in organic 
solvents, and iv) they are able to convert a broad range of substrates with high stereoselectivity [ 1 ]. Despite their 
numerous applications, commercially available hydrolases rarely catalyse reactions involving sterically hindered 
compounds like tertiary alcohols or esters thereof [2]. tert-Butanol has even been used as an inert solvent in 
protease- and lipase-catalysed reactions [3]. Screening programmes afforded enzymes which accept more 
hindered alcohols, but these display low reaction rates [4] and/or low stereoselectivity [2c,4] and are still limited 
in their substrate range [4,5]. 

Presumably commercially available hydrolases are not reactive towards tertiary alcohols or esters thereof 
because either the substrate is too bulky to penetrate into the enzyme active site, or because correct positioning of 
the substrate inside the active site is impossible due to steric restrictions of the binding pocket. We reasoned that 
the alcohol derivative might be acceptable to commercially available hydrolases if a spacer would be introduced 
between the tertiary carbon atom and the reaction centre. This spacer should be easy to attach, easy to remove and 
should be connected to a group which is well accepted by hydrolases. The spacer should not be too long since 
there is evidence that the stereoselectivity of enzymes decreases when the distance between the chiral centre and 
the reaction centre increases [6]. We chose the alkanoyloxymethyl group because this is a mixed acetal/ester of 
formaldehyde. After hydrolysis, the formed hemiacetal of formaldehyde would split off formaldehyde 
(presumably spontaneously), thus liberating the free tertiary alcohol [7,8]. 

In order to test this hypothesis, the pivaloyloxymethyl derivatives of t-butanol ( la)  and linalool ( lb)  [9] 
were prepared. Screening of 20 commercially available lipases, esterases and proteases revealed that only 
Rhizomucor miehei lipase [10a], Pseudomonasfluorescens lipase [10a], lipase G [10a] (Penicillium sp.) and 
cholesterol esterase [ 10b] showed acceptable activity in the alcoholysis of 1 with n-butanol in octane (see scheme 
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1). The conversion rate was 6-30% in 80 hours for the first three enzymes, whereas cholesterol esterase gave 
100% 2a and 46% 2b in 80 h. Inspection of the stereoselectivity of these four enzymes revealed that linalool 
(2b) was formed with very low e.e. (E = 1.00 - 1.15). 

O CH 3 hydrolase 
R-O-CH~-O-5--I--CH~ + .-BuOH 

OH 3 

la  R=bBu 

1 b R = ~ / - - -  OH 3 

H 3 ~ C H  3 

0 CH 3 

CH 3 

pontaneously 3 

H2C= 0 

R-OH 

2a R=toBu (tea-butanol) 

2 b R = -. ~ OH 3 (linalool) 

H 3 ~ C H 3  

Scheme 1. Alcoholysis of pivaloyloxymethyl derivatives of tert-butanol (la) and linalool (lb). 

In order to make the substrates acceptable for a wider range of enzymes, derivatives with a less bulky acyl 
group were constructed. Reaction of chloromethyl butanoate [ 11] with the sodium salt of t-butanol or linalool in 
THF afforded butanoyloxymethyl derivatives 4 [12]. The alcoholysis of 4a (see Scheme 2) with n-butanol in 
octane was catalysed by many hydrolases with a much higher rate compared to 1 (see Table 1). 

Q hydrolase [ ] O 
R-O-CH2-O-C-CH2CH2CH3 + n-BuOH ~ R-O-CH2-OH + n-BuO-C-CH2CH2CH 3 

4a R = t-Bu / 5 
ontaneously 

4b  R= . H  f ~ ' 3 ~ ~ H 3  H3 ' l - -  H2C=O 

R-OH 

2a R= t-Bu (tert-butanol) 

2 b R = ~ ~ OH 3 (linalool) 

H 3 C , " ~ " ~ C  H3 

Scheme 2. Alcoholysis of butanoyloxymethyl derivatives of ten-butanol (4a) and linalool (4b). 

The lipases from Candida rugosa, Pseudomonasfluorescens and Rhizomucor miehei as well as lipoprotein 
lipase and cholesterol esterase displayed the fastest conversion of 4a. These enzymes, together with two other 
lipases (Candida antarctica B and Humicola lanuginosa) were taken for the determination of the enantioselectivity 
of the alcoholysis of 4b in octane. The results are displayed in Table 2. It is clear that all seven enzymes are able 
to react with 4b, although the reaction rates differ to a large extent. Alcoholysis of 4b was enantioselective, 
although the E-values were generally low. All enzymes preferably produced (R)-2 [13], except Pseudomonas 
tluorescens lipase. 
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Table I 

Enzymatic alcoholysis of t-but),loxymethyl butanoate (4a) [14]. 
Enzyme (L=lipase, E=esterase) supplier mg enzyme added time (h) conversion /%) 

Candida rugosaL Sigma 100 110 
Porcine pancreatic L Sigma 100 110 
Chromobacterium viscosum L [10a] 5 110 
Lipoprotein L [10b] 5 86 
Lipase AP6 [10b] 100 86 
Lipase PS [10b] 100 86 
Lipase N conc [10b] 100 86 
Lipase R10 [10b] 100 86 
Lipase G [10b] 100 110 
Aspergillus niger L [10a] 20 110 
Geotrichum candidum L [ 10a] 20 86 
Rhizomucor miehei L [10a] 20 110 
Pseudomonasfluorescens L [10a] 20 86 
Cholesterol E [ 10b] 5 110 
Naproxen E [10b] 5 110 
subtilisin (protease) Sigma 5 110 

100 
6 
0 

75 
10 
I 

12 
3 
6 
2 
9 

96 
72 
100 
2 
8 

Table 2 

Enzymatic alcoholysis of linaloxymethyl butanoate (4b) [14]. 
Enzyme time (h) conversion (%) E-value 

Candida rugosa L 4.25 100 2.5 
Lipoprotein L 49 35 1.9 
Pseudomonas fluorescens L 48 50 2.3 * 
Cholesterol E 2.5 100 1.6 
Rhizomucor miehei L 48 8 1.5 
Candida antarctica B L [ 10d] 7 1 O0 2.0 
Humicola lanuginosa L [10d] 24 100 1.9 

• Preference for the (S)-enantiomer. 

The  react ion o f  the mos t  select ive e n z y m e  (Candida rugosa l ipase) was  op t imised  wi th  respec t  to organic  

so lvent  and tempera ture ,  s ince  it is k n o w n  that these  pa ramete r s  may  affect  the s te reose lec t iv i ty  o f  e n z y m e s  

[la,15].  The  results  are l isted in Table 3. 

Table 3 

Effect of organic solvent and temperature on the Candida rul~osa lipase-mediated alcoholysis of linaloxymethyl butanoate (4b) [ 14]. 
Solvent  IogP of solvent Temperature (°C) Initial rate E-value 

(I.tmol.mg enzyme" l:h" I ) 

acetonitrile -0.33 45 0.1 1.4 
tetrahydrofuran 0.49 45 very slow 1.0 
di-isopropyl ether 1.9 45 0.9 2.1 
benzene 2.0 45 1.05 5.4 
toluene 2.5 45 1.20 5.5 
octane 4.5 45 2.30 2.5 
hexadecane 8.8 45 2.60 1.0 
toluene 2.5 20 0.5 6.2 
toluene 2.5 0 0.15 9.7 
toluene 2.5 -10 0.08 9.9 
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The  organic  so lven t  indeed  has a p ro found  e f fec t  on the reac t ion  rate and the s te reose lec t iv i ty  o f  the 

a lcoholysis  o f  4b.  Toluene  appeared  to be the bes t  o f  all the solvents  tested. There  is a l inear relation be tween  the 

initial rate o f  the enzymat i c  react ion and the logP o f  the solvent ,  but there is no relation be tween  the E-value and 

the nature o f  the organic  solvent  [16]. The  background  o f  so lvent  ef fec ts  on e n z y m e  s tereoselec t iv i ty  remains  

en igmat i c  [ ld ] .  Dec rea s ing  the reac t ion  tempera ture  lead to a h igher  E-value ,  wh ich  m e a n s  that the s tereo-  

selectivity o f  the react ion is domina ted  by AAH:~ [ 15]. The most  selective reaction was obta ined at -10°C, but  the 

alcoholysis  at 0°C is more  practical without  losing too much  selectivity [ 17]. 

It is c lear  f rom the results ,  dep ic ted  in Table  3, that Candida rugosa l ipase is well  sui ted for the kinet ic  

resolut ion o f  l inalool  (E=9.7-9.9).  It is for the first  t ime that this tertiary a lcohol  is enzymat ica l ly  resolved with 

appreciable  select ivi ty .  These  results  show that our  s trategy to turn tertiary a lcohols  into suitable substra tes  for 

commerc ia l ly  available hydrolases  is fruitful. Invest igat ions to de termine  the scope and l imitations o f  this me thod  

are current ly  in progress .  
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