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BE i ( Lipase OF 360), ¥ ET RS E B LEES( Candida cylindracea), H X BE =

BHFE ARSI H (No. 20506043), RIBHE B E R HE M A ¥R,
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WA EEMARLEBLAFNTH. RN THENSFXERATASSREHT., HEFR
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1.2 FHi&k
1.2.1 #RARF. #RVE R 30CHER, K FRME (R® 120r/min) PHEFT. BE
Eedb 2 W IR Ao i g5 B A ¥ - 100mg B 88, 10ml 3F 9%, 100mmol/L WHTEE(dL-, d-
B &), 50mmol/L BREFELE 100mmol/L HHIEE, EBRHWHEAT, BEREEFER
EHNEAN 10p] BEFK. MEHBEKXBETERESH SOmmol/L BE. 10me &
BREAT 10u] 8% 20,0 K8 10m) HEHEFHHFHAT.
1.2.2 XN fEHEE LB R RIS E CEEMNE AR HEER
B(TEERY 20mDPiHET. Y@EF 60m! 3 200mmel/L BHBMFCEBRS
1200mg A MR B 5 88 o, B B3I R L 2. Sml/h 49 JEZELLH 0 90mmol/ L. FIBLET 2L
# 180mmol/L FBRBYETE, BIFF S5 1,
1.2.3 & RN TEANMERENERNEATET G SMSHEER
¥EE, HMERAE(L.0m), 84K % Chromosorb W AW DMCS(HLFL % 80/100 B), B E
FREERE SE - 30; 854 N,, B 60ml/min; FEREESHEF H 300C ;IR N E+Eiw. B
BAETFHR(60 ~240C, 20C /min) 8, WE A MR F o 0 F . FIELE, 1.5min; T BREF,
2. 7min; BHTEE, 3. 3min; MBS, 4. 8min; T BEHE, 5. 6min; T-E4%E, 6. 8min.
1.2.4 RPHEEME. REFERY - BERE EUECI/ZBIE(0:1) KR
Fl, ATEREAEIBZE BFHR 1.0%(W/ V)EEN LEBER, RN (EE
60 Feidt 4> &) DIP-140 &) Jl & H ot &,
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2.1 EEEHRECTHRESHREY
12 24 36 48 b

t/h FREaFRTFRINFCHRE

paEAm, #h U (Bl & MR — R A)

ML BRI CRESTN® a5 TP

Fig.1 Batchwise esterification of @¢-menthol with propi- BB RN (E 1), EFE B Ex, ﬁ

onic acid or propionic anhydride catalyzed by li- ﬁﬁﬁ@ﬁ%ﬁ%f&ﬁmﬁ%fk HiEEB

in dehydrated cyclohexane "

(O)Thep;sfanformez :ri:h prirsionicx:nhydﬁde, { ® ) Residual ﬁﬁfiﬁiﬁ&{%%, ﬁﬁﬂ@ﬁﬁﬁﬁg%%

propionic anhydride, { & ) The ester formed with propionic acid, ﬁ-%ﬁ;‘%ﬁ #] i Eﬂf;o {E %’%)\ﬂ'iﬁ‘:ﬁ’ﬂ '

( + )Water (10,,;1) was added. %, lh Zﬁﬁ?ﬁﬁlﬁﬁﬁﬂqﬂ&kﬁﬁﬁ
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BHRERE RURNLFERE 5B ETHKT. ZRABHARCBEZZELT EH
THABBELTRENR, RA—FrRFETRAMA THRENEERKR. G THER

BBBIK AR, B BB 7K BT Tk (P — SR IR R RE R BRI . r kIR, R AL

RRGEETEESS FEER LA M AENR, YHENELFHINT 28
K(E 2 FELFTR )2 G, BB LIE AR B KA.

£ SOmmol/L BEEFET, BEMAK RN 0.10% ., FE XS d-. -7 d-HATRRER
BE{bI R, X LR LAY B EFHEAT T B SR AI H AR (32 1), BRI M J- MR
AR, TIRG X BB N 4 - BN BE S J YR B HE
HE, BETR, IO EEAVREREY SREFVEEREREHNHE X, &
FRAMETS, MR EERE, I T TR pE Rt sE, Fi, MED
B B BT IR B R TR, T RISt AR IE T IR, FFLL, BEREE M F RepkiR T
WERF, U SIHUS S TR 84 . B4h, M IE TR 5 E T ME4T s at, R 7E kK
BN TREGRREZABIHETAE, X TEE KT BRI R RRIEER .

®¥1 HAREREIRESFOHE
Table 1 Comparison of acyl donors in batch reaction system

Acyl donor Conversion/ % Enantiomeric ratio
d?-menthal {-menthol d-menthol id
Acid anhydride
Acetic anhydride 5.1 8.4 ND* -
Propionic anhydnde 41.7 81.4 i.1 74
n~-Butyric anhydride 53.5 88.8 1.4 63
Isobutyric anhydride 13.3 21.6 0.6 36
a-pentanoic anhydride 39.9 72.4 1.3 56
n-Hexanoic anhydride 27.0 39.3 0.8 49
Free acid
n-Butyric acid 47.0 88.5 1.3 68
*ND, not detected

2.2 R R RE S AEET SREYIRtth

LR RRG, MBREFREENERARAZA RS EK, BEEH B LRy
Bk e, (B RIBBEF AR DURBEE 4k, FEIb, % M B ST AR A B
fREsfb, ZEREIREEE R EMER T, RE TSN H &g (E 200me), BELR
7 R A R R N, TRSAT LR R R 4. LITTE AR Y A9 M B R sk 2de nd (BP J7- T
B 50mmol/L, BB 25mmol/L), BEd 48 T > TEE. 7 100mmol/L JI-MIFBEM
BRR AR 4 SR o, B B T 69 50mmol/ L. FMET 4> % B 3 4 (20mmol/ L. 5 30mmol/L), #
SRS M. SR BERCREERAFCRPHITEBEABA FRERERE 2
FAREMBAERR. XFW, EFRETUBRSL, ML A0’ ZWHIE, B
ER S EminR RN E . A, BOMET — R CRHER) Y3, ERRE
B — ERAE SRR BRE - MEEIERA RTINS,

TR AR EAERT, BT T T £ 2 . % 60ml FIREFFE ¥ (90mmol/ L )4+ F LA R [ 44 3
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H(2.0- 60ml/h) i F|2EH 1200mg K5 B K M
60ml AR AY 7 Fr S8 e, SER K, % BR T
o REREE, R R TSRS 5% FE
4y R B A T 24 R Y O 750 780 B 01 5
R, BB T BT E, R A%
128, TERERN 2.5ml/h B, S 24h FEI AR
BITEL 45% HALE(EH 2). TEEHBIRSA
ERAGH BB ST ST RN EHRE
) L (90mmol/L, 60ml) . XHE, KR 2 5 R HH KA
ook ¥ 8 B EN AR AR E R RS, X
BEME BT SRR PR R

- | . P EEERE G,
Figz Pf:;ffﬂﬂiffiiﬁ_ KT LB BRI 5 40 B 4 B B B AT B A
cation of dI-menthol (200mmol/L, FIPERE, 5 7| A R BR (180mmol/L, 2. Sml/h) M 7

Conversion of di- menthol/ %

S0mi) . BABF (90mmol/L, 2. Sml/R) AT T AR KM (E
{ O ) Fed-barch reaction: propionic anhydride, 2)0 E?*Eﬁﬁ@ﬁf%ﬂiﬁ% ﬁ?ﬁﬁﬂﬁﬂigﬁﬁfﬁ
90mmol/L. 2. Sml/h: B, E R AR A M R AR BT P fF. TP

ta) f*d"“““‘“ m“"mh"“ propienic. acid, it 17 Ry HTRA, R S5 R R BT AT IR F R R, MK
o LY, PRANRSE SRR RAAD LS.
L0mmol/L. 60m. H M, EVHM L RBRE T, FRESH® 6
HEWPER(E3). BEEEQS% LB
), BB LR B RRE . XIS TR BB B R Bk R B L R
REEIMBIPE R . H3L b, B RS b E W07 B M 2 40 % Dk B A 388 N T 9 /0 (B4R )
BEAb, B R LA S By BT I, AT RRTE 24h B MR L E S TR R HA R
Fich i £E AEE (39 % ), T B HBlA B8R 45% HL BRI B ETE £ 4% 480, AR
BFEI AR PRI F R S L RAUE B 20h, Hl, AREFHR R EZ L EFR
KT 1%,

X TFE B, 3R 2 WTLUR , Tt e PR AY 5T R 46 2 7E 7 G B 1 S RY
BB B Y M B AR (> 98%e.e. ), JEAN, WM B EHEIET €K, THHE
—IRAR R KRR A S — R R R R Y 2 5, SRR I E i, R SR R K
BESE—RENMARNEET, CMATFEREN. B2 TR, KBNSkt
R 4 9 R B RS 38 — LR BN % 1 BB, TR MR P A0 2t = Y A R
TSR T 88%, Mixt Wt KRR S, X746 55 T 8R IZ 7 A B2 A4 /K ZEBR A8 1
FHRRE R EETER - BRASRENNEE - KENEH K &R E
B, Byt AR (8.3% ) Einm B TEREA LR R (3.0%).
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Table 2 Comparison between fed-batch esterification with propionic anhydride and batch reaction with free
propionic acid®
Acyl donor Reaction mode 1st reaction 2nd reaction Stability/ %
conc. /% ee?/ % cone. /% ee”/ % (2nd/1st)
Free acid Barchwise 39.4 99.3 13.8 n.t.” 35
Anhydride Fed-batch 45.3 98.7 39.9 98.7 88

*Reaction time was 24h, other conditions were the same with Fig. 4; *Enantiomeric excess of the ester produced; “Not deter-

mined.

2.3 BAEFAIBR{R KRR R

i SR N0 R YEBR BT 89 M U L T A R A S R A . DARTRY —
BB 9 7 8 BIRR AT AT R A M R — R E AR HER), Berger EAPEAHE
& BB aY oK bR R 4 A F MR A A R AR B B A T BRI R TR, RITIA N —H
FUREEE)BITERG TRFHIEESHELERER V&R, CEREREKES
REAGHRAKTERBEAEZEBTERNERT, E—RNBHXBLELFMER, WHRE
EREFE T SEE 2t HEFERNRERTS.
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FK BRI B R, 4 B 78 fmak A B8 B B
MIETR T, MR E AR R PR KEE
MHTTHE, MEA3IHR BRETER
HEGKACKRIHLRE, HESE
(UAEEILE ARG 42 —) @I fEM
B8 (lipase OF360) #F7E T B @ AL 7K %
e ob, B B K A 4 3 BE B B0 K B R 3
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FMFAERBOER. A2TH LM
(fE/k B Lh JE % T) &9 RS 5 86 AT i
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MBI E, i — A UEE T A8 BT B X MR
BEK ey fEfbfE . BRETIR g 2 Ab 38
A(EFE)WAEIE /KR XRERTH
B R AR IR & P R
MR BB, RIETMEZ/, WREH
BRI I RE OF 360 ®mAI/KME, EBXR
B i b /K A% P R IFF 09 35 A H 2 AR BT B
I, MKBET Candida rugosa B lipase

B3 FCHE(10ml) g AT B8 (OF 360) ELIET
B2 AT (50mmol/ L) 7K fif I

Fig.3 Hydrolysis of n-butyric anhydride { 50mmol/
L) catalyzed by lipase OF 360 in cyclohexane
(10ml)

() 104 water, no lipase;

(A2 )10g] water, 10mg heat-deactivated lipase;

(@)10ud water, 10mg active lipase;

(& )20ul water, 10mg active lipase

AY; EETF Pseudomonas sp. # lipase. PS; ¥R T Humicola lanuginosa B lipase CE; A K&
KT Geotrichum candidum B lipase GC(HH A AR BHIZH AT = R), HHEERwR
Bianchi!”' #1 Berger[sl%AF)ﬂifﬁ SRR, BB, ERP -FREIBRFYEL
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A 51 & FK ey g 15 B oL F- = AR W B8 .
2.4 REDESMEILER SEAETER{L B A A0 EE
EFERTRERMAMNRAH R AR ERCR Y ELNED, RIRET
&R ES M L R SRR BT BE 1L R S B9 R, 0l 5 Brm. EXTREEERP, BE hBREER
B (BELES) S RN M TS RME R FRAR T 2MERM . fFEARRETEEH
WA B AR AT A 588 (I R85 ) R A L BR, T B AT 5 KRB = A ey 8R, H A
BRI ERANEAREVRET. B TERAREEN R KW IRFHEE
A R EHE REH SN R TR TMBR N SO ESE —E RO KL, M2
KRB K RESTF AR, EHEFHEE N MR T B PREFS
KBAREHEE, FLE BFOKBENEZHERERNVNEERBS(LE 2
B 4),

Acnd H!G

Acid snhydride + Enzyme Aql-mzym Acid + Enzyme

“‘“‘ﬂ# =

Ester + Enzyme

M4 BUHEEEBSHEFRELREVARENE
Fig.4 A presumed mechanism of lipase-catalyzed esterification of an

sleohol with ar acid anhydride

A ERMBANEEBER, bt 2B AR L PR AU BRENE
BB ERNEE, BAERBRENKSE, — T EEY T EAEELTERKER
FPKAWTE, MERSKHESFT BFRALFURKECATRERELEHFF
B WA IR KE ., B, LR IR AR AT R B AR R AT BOW AL BT
TRE—XHEL2REANRAR Y RZATETN. EFHELR5 P, TELELR R
THREMILE, BEAHSKBERTE -1 RENTEER, FRITRAREML A TEELR
R, MRREFLIBE R AT, (U RSB KR TRAOBRENKE, 3+ B AKX
(] B S e BR Y R L S B o e A YK BT AR . B B, X R SR B S MR BT 6 B (R B
A Sz b7 7] LA N R T = S o 24T

g5 BRI, M PR BB AE LAY - WA RS S K TE R £ X B I R4 B A S Y SR L S
BERATEMRRERANTELYER L FHIES, FEBNBEENEELE.
S5{Ega#HRREHE L, S E BB EN BTSRRI AEN TR,

2 ¥ X ®
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Comparison of Acid Anhydrides with Carboxylic Acids
in Enantioselective Enzymatic Esterification of Racemic Methol

Xu Jianhe*! ZhuJie® Takuc Kawamoto® Atsuo Tanaka® Hu Ying’
{ State Key Laboratory of Bioreactor Engincering' and Department af Chemistry®, East China University of Science
and Technology, Shanghai 200237)
( Laborutory of Applied Biological Chemistry, Department of Synthetic Chemistry and Biological Chemistry’
Faculty of Engineering, Kyoto University, Kyota 606, fapan)?

Abstract Optical resclution of racemic menthol has been efficiently achieved by lipase-catalyzed
enantioselective esterification in an organic solvent. The performance of the reaction using an acid an-
hydride as an acyl donor was compared with that using its corresponding free acid. The reactivities of
acid anhydrides were found to be higher than their corresponding free acids, but acid anhydridés were
also found easy to be hydrolyzed into free acids under the catalysis of the same enzyme. The existence
of too high concentration of an acid anhydride in a micro-aquecus reaction system will cause dehydra-
tion and thus deactivation of the enzyme, and will enhance non-selective esterification of a chiral alco-
hel, which will reduce the optical purity of the product. All these drawbacks, however, could be effec-
tively overcome in a semi-batch reaction system into which propionic anhydride was continuously
fed. This system showed some advantages over a batch reaction system using free propionic acid: the
reaction time of d{-menthol was shortened by half, the stability of the enzyme was much enhanced,

and the optical purity of the product {/-menthyl ester) was kept at a similarly high leve{ >98%ee).

Key words Menthol, enzymatic esterification, carboxylic acid, acid anhydride
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