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OPTICALLY ACTIVE CO~POUNDS AND .A PROCESS 

FOR PRODUCING THESE COMPOUNDS 

The present invention relates to optically active 

compounds which are starting materials of physiolosically . 

5 active substances, functional materials and the like, and 

to a process of producing the optically act"ive compounds. 

Optically active compounds and the"ir esters are 

useful compounds as starting materials of physiologically 

· active substances such as pharmaceuticals and 

10 agricultural chemicals, functional materials and the 

like, and as their intermediates. However, the compounds 

have optical isomers, and in many cases they do not 

sufficiently exhibit their useful characteristics unless 

the R- or S-compound is preponderant. 

1 5 -For "the above reasons, and in order to obtain an 

optically active substance, it is necessary to optically 

resolve a racemate (itself. typically obtained by .a 

synthetic chemical technique)", to conduct an asymmetric 

synthesis, or to convert from an optically active 

20 starting material by a stereochemical synthetic method. 

In many cases, the process. is troublesome and 

disadvantageous industrially. 

Accordingly, ~t is desired to develop a technique 

for obtaining optically active compounds by an 

25 industrially advan~ageous method. 

. ... _. 
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The inventors of the present invention carried out 

research for obtaining a process for producing o~tically 

active compounds by an advantageous industrial method. 

They found a process for produciµg an optically active 

5 aicohol and an ester, in"which the alcohol and the ester 

are efficiently obtained by using an enzyme. 

10 

Namely, the present invention prov"ides a compound 

represented by the general formula (I): 
OR1 .. 

2 '* R -C H-CH2-ox (I) 

wherein R 1 is hydrogen or cilkanoyl ·of 2.:.2 0 carbon a toms, 

· R2 is alkyl of 1-40 carbon atoms, alkenyl of 1-40 carbon 

atoms, or alkynyl ·of 1-40 carbon atoms in which the alkyl, 

alkenyl or alkynyl moiety is possible to have phenyl,· 

1 5 cyclohexyl, pyridyl ,· pyrimidyl, pyridadyl, pyrazyl, 
dioxyl,_bicyclooctyl, ·or a substituent thereof, or halo­

gen, cyanogen, oxygen, nitrogen; silicon or sulfur, and 

X is a protective group removable by a chemical method of 

organic synthesis and c* is an asymm~tric carbon •. 

20 Further, the present invention provides a process for 

producing an optically active compound which comprises 

reacting under substantially anhydrous conditions and in 

the presenc·e of a hydrolase an ester and a compound 

represented by. th~ general formula {II) : 
25 OR1 

R2_bJi_cH2-ox (II) 

wherein R 1 , R2 and X have the same· meaning as described 

above, to effect a tra~sester~fication reaction, and 
resolving to an optically active alcohol which has either 

. . . . 

30 the R~ or s-configuration and the corresponding ester of 
the s- or R-alcohol. 

Accordi~g to the method of the present invention, the 

reaction is ~onduc~ed under substantially anhydrous 
... 

conditions. This method does ·not require the use of a 

35 small amount of water or a lower alcohol instead.of. the 

. ;· "· . ~ . . ~.·; 
. ·,:.~~ · .. 
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water, and a side .reaction does-not occu~ such as 

hydrolysis of obtained esters and esters of starting 

compounds and formation of undesirable ester~, so that the 

enzyme is easily separated after the reaction and re-. 
5 used. Furthermore, since the reaction is cond~cted under 

substantially anhydrous conditions,.the method can be 

kept free from contamina~t of microorganisms. Accordingly, 

tl\ere is no necessity for preparing special equil-'ment, 

antiseptics, sterilization treatment, etc. It is possible 

10 to conduct the reaction in an open.system. Further, the 

reaction may be conducted in the same pr higher substrate 

concentration in compariso:ci·with common organic synthetic 

reactions. 
The.foliowing-descriptioh illustrates this invention more 

15 specifically. 

20 

In the present invention, the (R,S)-compounds of the 

raw material-s can be prepared, for example, by the fol­

lowing process. 

OH . 
I . 

R2CHCH20H 
(III) 

OH 
2• R CHCH20X· 

(in formula (II), R1 is hydrogen) 

- Namely 1 the ( R, S) -compounds- can be obtained by 

~ntroducing a protective group to a commercially 

available dial cQmpound represented by formula (III). 

25 The other hand~· after a protective group is 

30 

introduced in an available compound represented by 

formula .. (IV) 1 the carbonyl group of the compound is 

reduced by a reducing agent and (R,S)-compound (II) can 

be obtained as shown in the 

0 

R28ca2oH --.. 
(IV) 

following process. _ 

OH 

-to R2bHCH20X 
(in formula (II), ·a1 is 

hydrogen) 

Further , the (R, S) -compoun(ls can be obtained by the 

35 following ring opening proc~ss of eppxy compounds (VI) 
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which are industrially and inexpensively prepared. 

0 
/ \ 

R2CH-CH2 -to 

(VI) 

OH 
2 I . 

R -CH~H20X 

(in formula (II) , R 1 is 
hydrogen) 

The (R,S )-c9mpou.nds can be produced by various proc­

esses in which common chemical methods of organic synthe­

sis are used. 
It is also enough to use esters, preferably tri-

10 glycerides and fatty acid vinyl ~sters, which are commer­
cially available without any difficulty. As these esters, 

methyl propionate, ethyl butyrate, ethyi stearate, tri­

chloroethyl laurate, buty1·1aurate, ethylene glycol 

diacetate, etc, ·can be used. Especially, triglycerides 

15 and vinylesters are preferable. Triacetin, tripropionin, 

tributyrin, tricaproin, tr~~tearin, trilauri~, trimyris­
tin, triolein, vinyl acetate, vinyl caproate, vinyl 

laurate, etc, can be exemplified as such triglycerides 
. . . 

and fatty acid vinyl esters. 
20 Th~_hydrolase which is ~sed in this.invention has the 

25 

ability to catalyse a transesterification reaction 

preferentially between . the R- or s-alcohol a~d the ester 

when the enzyme is used with the (R,S)-compound, and the 

enzyme can be ~f?ed r_egardless its class. For example a 
lipase, lipoprotein lipase,· es~erase, etc. are 

PJ:eferable; The_ following table shows·c~mmercially 
ava·ilable enzymes that ·can be used in the present. 

reaction. 
Table 

30 _'!'rad~ name 
Lipase AP" 

-Or_!.gin. 
Aspergillus niger 

Seller or Maker --------
Amano Pharmaceutical 

co. I .Ltd 
Lipase M Mu~~r :javanicus " . 
Lipase p Pseudomonas f luorescens " . .. 

35 Lipase CES Ps~omonas S,2 " 

..... 
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Lipase CE Humic.21!!· lanug in.9.§2 II 

·Lipase F-AP Rh~_9,P.US jav~,!s~§ " 
Lipase II R9Esin.!L.l?i!E.9!"~.ru! Sigma Chemical 

Co., Ltd 
Lipase VIII §~otrichum E~.!§E!! II 

Lipase x RhiZOJ?~§_§el~ fl 

Lipase ghromobacterium vi§.9.Q~!! Toyo Jozo Co., Ltd 
Palatase A Asper9illU§_!!iger Novo Industi A/S 

Lipase Shi~opu~_E.!~!? Nagase Bioch~mi-
cals, Co. Ltd 

In addition to these enzymes, microorganisms which 
produce the enzymes having the above ability can be used 
regardless of their species and genus. As such 

microorganisms, the genera ArthfEba9ter, ~cr.2!!!2P!E!~E, 
15 !-]:cal_!gene§, AsPef.9il1~§, Chr9mob!_9te_;ium, £!!.B-§!§!, 

• 
Mucor, fseudomonas, Rh!zopu~; etc, ·can be exemJ:.ilified. 
The ·enzymes produced from these microorganisms can be also 
used. 

·In the following, the process for producing the 

20 optically compounds.is described .in more detail. In the 
practice of the invention, the reaction is -typically 
conducted by mixing .an (R,S)~compound with an ester, 
preferably a triglycerid~ or a fatty acid vinyl ~ster and 
contacting ef~icien~ly the mixture with an enzyme. The 

25 "(R,S)-compound and the este~ such as the triglyceride or 
the fatty acid vinyl ester can be used without any par­
t.icular treatments. When the alcohol is slightly soluble 
in the ester, an organic solvent sµch as, for example 

' heptane or toluene can be added. The reaction tem~erature 
30 is suitably 0 to 100°C and especially preferably 30 to 

45°C. The reaction time is broadly 5 to 2000 hours. The 
reaction time can be shortened by changing the reaction 

. . . 
temperature, the kind of the enzyme and the substrate 
concentration. 

35 The .(R,S)-alcohol which is a substrate and the ester 
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are mixed in the ratio 1:0.5 to 1:2 by" mole, and 
.. . 

preferably 1: 1 .1 to 1..: 2 by mole. 
After the transesterification reaction, the enzyme 

can ·be removed b¥ conventi"onal filter ope~ation and used 

5 again, as it is. The filtrate can be separated into an 

optically active alcohol. and an ester which is an 

antipode of the alcohol, respectively, for i~stance by 

distillation or column chromatogra~hy. The obtained ester 

is hydrolyzed ih an alkali or acid solution to derive the 

1 0 optically active alcohol which is an antipode of the 

alcohol. 
By the above described process, the optically active 

R- and s-alcohol can be obtained. 
Since the compounµs of the present invention 

15 r~presented by formula· (I) are dial compounds in which 

one of hyd~oxid~ groups is protected or compounds in 

which two hydroxide groups are decorated by different 

substituent groups, the compounds can be converted to 

various types of compounds·. 

20 As an example, the compound represented by the 

general formula (I) wherein. R1 is hydrogen, R2 is ethyl 

• and X is .D (the .same co~pound as in Example 1} can 

be easily converted to optical~y active 3-hydroxy­
pentanoic acid or optically active 2-methyl-3-hydroxy-

25 pentanoi.c acid~ The obtained compounds are useful as 

starting materials of serricornin or anhydrous· serricor­

nin which is pheromone of ~iodef~ serricofE.~· (R, w, 
Hoffmann et al., Te_trahedron Lett., 23, 3479 (1 ~82)}. 

~oreover, as an example, the compound of the general 
30 formula (I) wherein ·R1 i~ hydrogen and R2 is n-pentyl ·can 

be easily conv:erted to 1-iodo-2-heptanol which is useful 

for start.i~g materials of prostaglandin ( E. J, Corey et 

al., J. Am. Chem. Soc., 93, 1491 (1971)). 
Since the compounds of the· general formula (I) can be 
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changed to· diol com~ounds or epoxy compounds, these 
·c.ompounds are useful for starting materials .of v.arious 
compounds. 

As an example, optically active epoxy compounds as 
5 shown in the follow~n9 pro~ess are useful for starting 

materials of ferroelectric liquid clystal compounds which 
are recently noted (Nohira,· Kumano, Ishizuka and Miura, 
14th Forum of Liquid Crystals, 1B113 (1988)). 

10 ,,.o Hydrogen fluoride-
CnH2n+1 c*H-~H2 p~ridin~.~~~~-­

F 

-· _ ~ _ + ·Ro-@:~oca2c*acna2n+ 1 
15 Furth~rmore, the merits of the production process of 

the present invention are as follows. 
(1) Unnecessary hydrolysis of esters scarcely occurs 
because the transesterif ication reaction is substantially . . 
conducted under·the conditions of no water. 

20 (2) The enzyme can be easily recovered and re-used. 
(3) No .special equipment and materials are used because 

• the reaction can be perf·ormed under the conditions of 
r~latively low temperatures and an open system. 
(4) Optically ,active substances having high purity are 

25 obtained by a one-step reaction. 
(5) In spite of the biochemical reaction, the substrate 
concentration can.be increased and big reaction vessels 
are unnecessary, because a b~ffer solution and the like 
are not required in the reaction. 

30 The following examples illustrate this invention more 
specifically. . .. 

. ~filu 
The preparation of optically active 1-

tetrahydropyranyloxy-2-butanol (in formula (I), R1 is 
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hydrogen, R2 is ethyl and: X. is {) ) 
The first· step: The preparation of (R,S)-1-t~traydro­
pyranyloxy-2-butanone 

The mixture of ·100 9 of 1-hydroxy-2-butanone, 143 9 
5 of 2,3-d~hydropyran and 200 ml of dichloromethane was 

cooled to 0°C. 4.8 9 of pyridine p-toluenesulfonate in 
75·m1 of dichloromethane was added dropwise.to the mix­
ture. The mixture was stirred for four hours in an ice 
bath and then for one hour at room temperature and left 

10 overnight. The obtained solution was ·cooled in an ice 
bath. To the solution 3 g of ·sodium bicarbonate was 
added. After stirring for ·one hour, dichloromethane was ' . 

removed from the _solution under reduc:;:ed pressure. 200 ml 
of n-heptane was· added and the obtained product was 

15 purified with a chromatograph over silica gel. After 
removing the solvent, 1. 7419 of_ (R, S )-1-tetrahydro- . 
pyranyloxy-2-butanone was obtained by reduced distilla­
tion. b.p. 82°C (4.5 torr}. 
The second step: The preparation of (R,S)-1-tetrahydro-

20 pyranyloxy-2-butanol 
The mixtur~ of 38 g of LiA1~4 and one liter of tetra­

hydrofuran was cooled to 0°C. 173 9 of (R,S)-1-tetra­
hydropyranyloxy-2-butanone in 450 ml of tetrahydrofur.an · 
was added dropwise to the mixture and stirred at room 

25 temperature for three hours. 
To the reaction product cooled in an ice l:;>ath, 300 ml 

of .ethyl acetate, 300 ml of water and 300 ml of aqueous ., 

solution of 2N sodium hydroxide were added. After solids 
were removed by-filtration from the reaction system, 

30 tetrahydrofuran was removed under reduced pressure from 
the filtrate. The obtained product wa's purified with a 
chromato9_r~ph over silica ·9.el •. After removing the sol­
vent, 64 9 o·f .(~ 1 8)-1-tetrahydropyranyloxy-2_-butanol _was_ 

·obtained by r~uced distil-lation. 
35. The third step: The optical resolution of (R,S)-1-tetra-
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hydropyranyloxy-2-butanol 
·The mixture of 1_0 g of enzyme lipase "Amano" CES 

(produced.by Amano Pharmaceutical Co., Ltd), 60 9 of 
(R,S)'.'""1-tetrahy~ropyranyloxy-2-bU:tanol and 117 9 of 

s· ·tributyrin was reacted with stirring at 38°C 'for ten 
days. Af~er the reaction wa-s stopJied, the enzyme was 
removed by filtration, and the enzyme· on the filter paper 
was washed by using n-heptane. n-Heptane was distilled 
~way from the filtrate,, the residue was purified with a 

1 O chromatograph over silical gel, and 22. 5 9 of Ol;.itically 
active 1-tetrahydropyranyloxy-2-butanol and 20.8 9 of 1-
t.etr ahydropyrany loxy-2-bu tyry loxybu tane, were obtained. 

The obtained compounds were determined by structure 
analysis of a NMR chart. 

1 5 £:~~!!1.l?.!~_.? 
The determination of the optical purity of o~tically 

active 1-tetrahydropyranyloxy-2~butan61 
The first step: The preparation of o~tically active 1,2-
butanediol 

20 The mixture of 4.3 g of o~tically active 1-
tetrahydropyranyloxy-2-butanol which was obtained in the 
third step of Example 1, 0.6 g of }iyridine p­
toluenesulfonate and 20 ml of ethanol was reacted with 
stirring for.three hours at 60°C. 

2 5 After etha,nol was distilled . away from the react~d 
product under redu~ed pressure, 0.48 g of optically 
active-.1,2-butanediol was obtained by reduced 
distillation. b.p. 78°C (10 torr). 
The second step: The preparation of optically activ;e 1 ,2·-

30 butanediol diacetate 
To the mixture of 0.48 9 of o~tically active 1,2-

butanediol, 5 ml of toluene and 2.5 ml of pyridine, 1.7 9 
of acetyl chloride was added drp~wise in an ice bath and 
stirred for two hours. 10 ml of water and 10 ml of 

35 toluene were added to the reaction mixture and stirred. 
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The obtained.solution was washed with 2N spdium.hydroxide 
and.then with water. The toluene solution was dried.over 
anhydrous magnesium sulfa.te. 'l'oluene was distilled away 
from the solu~ion under reduced pressure, t~e residue.was 

5 pur.ified with a chromatograph over silica gel·, and 1, 2-
butanediol diacetate was obtained. The obtained com~ound 

·had a gas chromatograp~ic purity of 98.9%. It showed a 
specific rotation of c0.1 0

28 = -12.2°c (c = ·1.oa, CHC1 3). 
The OE'tical purity of the compound was determin.ed by 

10 ~sing a column of optical resolution (Trade name: Chiral 
.eel OB, produced by Daicel Chemical .Inductries, Ltd., in 
Japan). From the peak area of the product, the o~tical 
purity was 85%ee. 

~~~~.Pl-~~ 
15 The_determination of the o~tical purity of o~ticallY, 

active 1-tetrahydropyranyloxy-2~butyryloxybutane 
The first step: The preparation of op~ically active 2-
butyryloxy-1-butanol 

The mixture of 9.5 9 of opt\i.cally active 1-
20 tetrahydropyranyloxy-2-butyryloxybutane which was 

obtained in the third step of ExamIJle 1; 1.5.9 of 
pyridine p-tol~enesulfonate and 50 ml of ethanol was 
reacted with stirring for three hou.rs at 60°C. After 
ethanol was distilled away under reduced". pressure, 5 .O 9 

25 of optically-active 2-butyryloxy-1-butanol was obtained 
by reduced distillation. b.p. 90· 0 c (4 torr). 
The second step: The preparation of optically active 1,2-
bu tanedio 1 -, 

The mixture of 5~0 9 of LiAlU4 ~nd -30 ml of 
30 tetrahydrofuran·was cooled·to 0°G. 5.0 g.~f optically 

active 2-butyr~~oxy-1-..bu:t~nol in -15 ~l of· tetrahydrofuran 
was added dropwise to the mixture and stirred at room 

' . • • • • • I • 

temperature f~r· t~ree hour_s. To. the- rea.ction mixture· 
cooled in an ice "bath, 10 ml of· ethyl' ~cetate, 1 o. ml of 

35 water and 1 o ml of aqueous '·solution of 2N sodium 
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hydroxide were· added. -After soli4s were removed by · 
. . . 

. filtration from the reaction system1 tet~ahydrofuran was 
. . 

·removed under reduced pressur~ from the filtrate, and 3.4 
g of optically active 1.,·2-butanediol was obtained. 

5 The third step: The preparation of optically active 1,2-
butanediol diacetate 

To the mixture of 0.34 g of optically active 1,2-
butanediol, 5 ml of toluene and 2.5 ml of pyridine, 1.2 y 

of acetyl chlori_de was added dropwise in an ice bath and 
10 stirred for two hours. 10 ml of water and 10 ml of tel-

' uene·were added to the reaction mixture and stirred. The 
obtained solution was washed with 2N sodium hydroxi_de and 
then w~th water. The toluene solution dried over anhy­
drous magnesium sulfate. Toluene·was distilled away from 

15 the solution under reduced pressure, the residue was 
purified with a chromatograph over silica gel1 and 1,2-
butanedi~l diacetate was obtained. The obtained compound 
had a gas chromatographic purity of 95.0%. It showed a 

specific rotation of ia1 0
30 + 14.8 (c = 1 .12, CHClj). 

20 The optical purity of the compound was determined 
. . 

by using a column of optical resolution (Trade name: 
Chiral Cel OB, produced by Daicel Chemical Industries, 
Ltd., in Japan). The antipode of the_ product was absent 

and the optical purity was 100%~e. 
2 5 £:xa~]:e _4 

The preparation of optically active 1-tetrahydro­
pyranyloxy-2-butanol (in formula (I)_, R1 is hydrogen, R2 

is ethyl and x is v· ) 
The first step: The optical re.solution of. (R, S)-1-tetra­

·30 hydropyranyloxy-2-butano·l 

The·mixture of 23 g of enzyme.lipase "Amano" CES 
(produqed. by Amano Pharmaceutical Co., Ltd), 40 9 of· . . 
~R,s)~1-tetrahydropyranyloxy-2-butanol and 16.5"9 ·of 
vinyl caproate was reacted with stirring at 38°C for 
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·eight l;lours;.. After the reactio·n \t{aS ·stopped,. ~he enzyme 
. . . . . 

was re~oved by filtration, and the enzyme on the filter 
paper was Wa.shed·by using n-heptane~ n-Heptane was dis­
tilled away from the filtrate., the residue was purified 

5 with a chromatograph over silical gel, and 21.5 9 of 
·optically·_ ~ctive· 1 -:tetrahydropyranyloxy-·2-butanol and 23 

9 of 1 _-tetrahydropyranyloxy.,-2-caproyloxybutane were 
obtained. 

The optical purity of the obtained com~ounds which 

10 was determined by using the same method as in Examples 2 
and· 3 was 67. 6%ee and 1 _00%e·e, respectively~ 

.. 
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CLAIMS: 

i. Optically active compounds characterized in that 

they have either t~e R-conf iquration or the 

s-conf iguration and are represented by the focmula: 

OR
1 

2 I 
R -C*H--CH2-0X (I) 

wherein R1 is a hydrogen atom or a ·.C1-c20 group: 

R2 is a c 1-c40 alkyl, c2-c40 alkenyl or 

c 2-c40 alkynyl qtoup, which may be su~stituted or 

interrupted by one or more of substituted or 

unsubstituted phenyl, cyclohexyl, pyridyl, pyrimidyl. 
. . 

....... 

pyridazyl, pyrazyl, dioxyl or bicyclooctyl groups, or by 
. 

one or more of cyanogen groups or halogen, oxygen, 
. : ~-

ni~rogen, silicon or sulphur atoms: X is a chemically 

removable protective group: and C* is an asymmetric 

carbon atom. 

2. An optically active compound as claimed in claim i. 

wherein R2 is a c1-c40 alkyl qroup. 

' I 

· .. 

3. An optically active compound as claimed in 

wherein X is a tet~ahydropyranyl qro~p. 

.· I fllf Ulf ll{UU~/H ID 
.. 
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4. An optically active compound as claimed in claim 1, 

· wherein R
2 is a c

2
-c10 alkyl qrou.p. 

5. An optically active compound as claimed in- claim 1, 

wherein R2 is.an ethyl group. 

6. An op~ically active compound as claimed in claim l, 

h • 2 • hl dX" w ere1n R 1s an et y qroup an 1s a 

tetrahydropyranyl qroup. 

7. A process for producing an optically active 

compound. which process compris~s reactinq. under 

substantially anhydrous conditions and in the presence 

of a hydrolase. an ester and a compound of the formula: 

(II) 

C in which R1
• a2

., and X have the meanings defined 

above) to effect a transterification reaction. and 

resolvinq to an optically active alcohol which has 

either the R- or S-configuration and the corresponding 

ester of the S- or R-alcohol. 

8. A process as claimed in claim 7, wherein the ester 

is a triglyceride. 
,/ 

... 
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9. A process as claimed in claim 7, whecein the ester 

is a fatty acid vinyl ester. 

10. A process as claimed in claim 7, wherein the 

hydrolase is a lipase, preferably from a Pseudomonas 

species. 

. . 

' \1111111\11\\ 1111\ \11\1 \\ \Ill 
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