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Enantioselective Synthesis of S-(+)-2,2-Dimethylcyclopropanecarboxylic Acid
from Ethyl-2,2-dimethylcyclopropanecarboxylate
Catalyzed by Lipase Novozyme 435

WANG Pu’, ZHU Jianan, HE Junyao
College of Pharmaceutical Science, Zhejiang University of Technology, Hangzhou 310032, Zhejiang, China

Abstract: S-(+)-2,2-dimethylcyclopropanecarboxylic acid (S-(+)-DMCPA) was synthesized by asymmetric hydrolysis of racemic ethyl-2,2-
dimethylcyclopropane carboxylate (DMCPE) over different lipases. Among the five enzymes investigated, Novozyme 435 showed higher
enantioselectivity and activity. The influence of reaction parameters, such as ionic strength, the ratio of lipase/DMCPE, buffer pH, reaction
temperature, and reaction time, on the biosynthesis of S-(+)-DMCPA was investigated. The optimum DMCPE concentration, enzyme dosage,
buffer pH, reaction temperature, and reaction time were 65 mmol/L, 16 g/L, 7.2, 30 °C, and 64 h, respectively. Under the optimal conditions,
the higher yield of 45.6% and enantiomeric excess of 99.2% for S-(+)-DMCPA were obtained. The biocatalytic activity of Novozyme 435
was relatively stable, retaining 70.3% of the initial activity after reuse three times. The results demonstrated that lipase Novozyme 435 is a
suitable biocatalyst for the synthesis of S-(+)-DMCPA and has great potential for industrial applications.

Key words: lipase; ethyl-2,2-dimethylcyclopropanecarboxylate; asymmetric hydrolysis; S-(+)-2,2-dimethylcyclopropanecarboxylic acid;
chiral intermediate
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oA 98.9%. Wang %5 BUR A5 T4 b 5K, T k4
)k A A7) B 42 AN 0 B  S-(+)-DMCPA, 2
72%, P71 ee R 92%. JLAF %MK LR IR R, R
PR 2 Al B A, HLBT R T AR S 5, R
G AT T 2], Horh 208 O 75 AE-T78 °C (IR N i
7. R YA TP A B AR % 1 29 Py )
DRI B AT i R s A 28R R AR B8 A B A5
i H &6 52 2 AL, SCHR[5,6]F) FH 20 Bk 7= A 1 G
K AR AN X BR K AR 2,2- R 3R I e RS A R
S-(+)-DMCPA, W 2 73 7l 2 26% F 45%, {H =9t
2ol BRI, ee fH 49 49 90% F1 81.8%. LAk, 1%tk
25 P W AE & g 72 vh 75 210 2 1 S A, X
1E— EREJE b5 3012 4 1 A B A 2. A SR H
JUE I A4 A EL A P s AR R L AR T B

fEAGTR, 25 5% 5% i A8 A0 s N 1 DR 2%, A4k I B 4%
1, & 1F & 57 I8 U B Novozyme 435 fi: 4, DMCPE A~
X BRI %% S-(+)-DMCPA [ 8 i& 42, 124, A
A0 1 AL AH O IR AR E.

Je s il AT R MR L1, R HATH T
T & W & L B AR AL 2 —. R 7
Novozyme 435 Ay Wi B [l 72 - KL oA 95 152 44 I 1 1
WA 22 W BE T 07 i B, EL AT w6 1) pH i H Y F R
BrAARe s, g TR BRI, BRIk
W 56 i 25 1 £ 4% U200 S LA N St R e A e v L
19 1 v (0 ST AR B R, A ORI 7 i Novozyme
435 T {# k. DMCPE ¥ A X FR /K fi# (S Y. Ji 2 41
K 1 FToR), 3543 T8 mBCR R w2 s v (4
¥y v 1 SCHR[5,6] 4R TE {E) 1 S-(+)-DMCPA, 37 T

BV 25 A 3 R A R, SR AN T 2,2-— I BEER Y e — Tof ] % U R Atk T TR o ] 4R S-(+)-DMCPA
2 L W5 (DMCPE) A i), i i Ptk & 35 1 i 10y It B 5 v
H;C CH, H;C CH, H;C CH,
A’W Novozyme 435
+ H,0 +
COOC,H; COOH “COOC,H;
DMCPE S-(+)-DMCPA R-DMCPE
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Scheme 1. Asymmetric hydrolysis of ethyl-2,2-dimethylcyclopropanecarboxylate (DMCPE) catalyzed by lipase Novozyme 435.
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Novozyme 435 K J5 T #§ # {5 22 1% B} (Candida
Antarctica), W Pt 8 & T K LA G R AW I, i35 ) 10
U/mg, & B i 415 2 & ; Lipozyme IM 3K 5 T 2K 2
E 4 (Mucor miehei), [ & F K AL B & 128 e W i,
Mg 15 /7 5.8 Ulmg, 4 17 % 4 {5 A 7] ; Lipase F-AP 15
B A R VR T K AR B (Rhizopus oryzae), B 3G 71 =30
U/mg, 1 1 Sigma /A w; L-1754 ¥ A KI5 T 90 R
22 J¢ B} (Candida rugosa), 7% /7 25 U/mg, 4 H
Sigma A 7; Lipase PS-D (% 5 1 [ 5 AL i) KI5 T
v 2B I # (Pseudomonas cepacia), fEvE 4 10.5
U/mg, 1 H Amano A .
1.2 Haﬂﬁ@fé%{t DMCPE A= X #R 7K i Iz iz

PR AL - E%Haﬁﬁ@’iﬁ?ﬁﬁ@&%ﬁ@m(l
mol/L) ', I A — & & ¥ JiK ¥ DMCPE (& & 4
94.4%, FH T VLI FH 24 M JI 0y A7 BR 23 7 5 It S ).

DR AN T3] >k Y5 1 05 P 1) 0 0 e I 4% AF AN ), S I A4 2R
B G, R ARG 07 A 1 B I s N A A, R
B 75 W 3 A (b U O o0 AT A A T 3 AT R A ]
ZHWY-2012 %Y ) b 200 r/min F ¥ 41T W fi 1k
DMCPE AN R K AR 5 N, T JE 40 46 7K R 11 5 1R
FE AR, PR AE N AR & i N Tween-80 (20
mg/ml) 15 A Bl ), 4 o i A0 e 1R A o fid.

Ml A S I 46 R, I N R P A5 R R L TR & T
R IR, REEUR 28 08 2% 5 SR ACHE 8 i v e
Wy iR R0 ee 1. ASOM (53 A Ol 5 GC-2014
A | Chirasil-Dex CB & 4l 4 #F (25 m x 0.25 mm,
Varian, 3¢ ), FID & 002%, 28 Ny HEFE O RIS
W53 B 3 2 250 °C; AR R 4R i FE R 80 °C, fREF
3 min, JHiEHE 2% & 8 °C/min, £ 113 5 2k 180 °C, {4
¥ 5 min; #&SWE 2 ml/min; 4rEE 15, 7RI AAL
N, SR R AR . MRS (+kt). S TR R A
PRI B I TR) 43050k 3.69, 3.91, 8.29, 9.38 A1 9.73
min.
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S5 ISR ) RN R A 1) O 2 B TR ee {H RAE,
5l eey = (Csp—Crp)/( Csp+Crp) X 100% FlI eeg
= (CSS_CRS)/( CSS+CRS) x 100%. H EP Csp, Crp, Css
FI Crs 73 A RN 25U S B =4y, R AL, S 7Y
JEAIFI R B ) 1) BE R U B Wi I SEARIE PR DL E
R, AN E=In[1-X (1+ee,) J/In[1-X
(1—eep)]. Hr X AHALE (X = eed/(ees + eep)). /7
W 5 N Y = CeplCo x 100%. o Co MR
WIWILE BE R E . S B o 3 IR SR I MA.
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WS, I T i e R T Y O AT S G A S LT R 8
REEAE T AT HAT RAL AR FEE I A E AL i
107 g Bk SR B %, EOF AR #OE S T A S R T T

S-(+)-DMCPA. & {11 #% T Novozyme 435, Lipase
F-AP 15, Lipase PS-D, L-1754 F1 Lipozyme IM %% 5
e B e 33t 4T I 1 /& DMCPE A X BR 7K A 180 % Lb BF
5%. H1# 1 W40, Lipase F-AP 15, L-1754 Fll Lipase
PS-D H A R M7 4k £ 7%, 11 Novozyme 435 Fi
Lipozyme IM W H 47 S %Y 37 44 & £ 1%, H ' No-
vozyme 435 [f] 32 A4 IE $E 1 (E >100) FAE 46 7% 24 3
Bomr. Pk, K L AE 5 DMCPE A S B K i 5 1k
S-(+)-DMCPA [ A= ¥ 16 5. )45 Novozyme
435 76 0% N Il B (60 °C) 1 IR Ak v MR HE e
Fe A2 50.0%, (HAZAREFEVEAR T 30 °C 2 fH. K
F 30 °C Jx NI E {4 277.7, 7= 4 ee fH 3 99.0%,
WOk FE 30°C T a2 9T, ik Ak, XF Novozyme
435 1M 7, XN AR R F i Tween-80 J5 7~ 4 ee fH
AT B, 34 D 38 e T AR A A Bl R, B
B8 0 5 A ) R A i AR, AR B B PR AT

*1 ATREIFEEEMEL DMCPE /K#E R [ HY tL ik
Table 1 Comparison of the hydrolysis of DMCPE catalyzed by different lipases

Lipase Temperature (°C) ee, (%) ees (%) Conversion (%) E Stereoselectivity
Lipase F-AP 15 (5.0 g/L, pH 7.2) 40 85.0 98.3 53.6 57.7 R
L-1754 (6.0 g/L, pH 7.2) 40 79.0 95.0 54.7 31.2 R
Lipase PS-D (14.3 g/L, pH 7.0) 50 85.0 97.8 53.5 54.8 R
Lipase IM (25.9 g/L, pH 7.0) 30 65.9 1.9 2.8 5.0 S

40 46.7 45 8.8 2.9 S
Novozyme 435 (15.0 g/L, pH 7.0) 30 95.8 23.7 19.8 58.8 S

60 93.2 88.3 48.7 83.6 S
Novozyme 435 (15.0 g/L, pH 7.0)" 30 99.0 34.0 25.6 271.7 S

60 95.6 95.4 50.0 169.3 S

Reaction conditions: 2 ml of phosphate buffer (1.0 mol/L), DMCPE 0.13 mmol, Tween-80 20 mg/ml, 200 r/min, 20 h.

“Without the addition of Tween-80 in the reaction system.
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[ B9 52 1)
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2% 1TV T 5 B 4 U 4y F BT A P R B
S LT PR AL G, DT S ) R ) 37 A JE 5 1 R AR £k
WE. T4, R IR R SRR S TR AW,
H T YL+ B 0 MR 5 4, DR A I 35 1. Ak, R
T ORI R PR X T R ST A I R M 1
Wi P& 1(a) B, PR B 7 T R R I Y
RS2 T v i i FEAIG, 2488 1524 1.0 mol/L I}
WK B (32.9%), BEIN ee {54 99.1%. XK W1
e FEE 258 K11 I WL 3 oF T A4 A 3% P 7 2R A
I, VEFE 1.0 mol/L 1) B R 2 1 B A'E DAy AR A A %o

KA SN R A IR
2.2.2 B55 DMCPE iRE = tbB9 S0

T i ¥ DMCPE {E 7K Hh 1) ¥ i 5 18I, T4
A= TR BT AR AT RN, SRR
Pt AR 5 %8 7 A0 T WAL 2 RO 2% Al JBE (1 5 e AH B A IR
S, 25T S R AR B 2 LR AN X B K A R
(R Rgm, g5 R 1(b) Bros. Bl S5 IR YK B L
EL 38 K, 77 W W 26 A W T, ee fH AR A AN AR
(99.0%~99.2%). H {7 il ¥ i (1) Wi 6 Bt il 5 S 0 WK
FEZ L BT m n PR RS (WK 2). %
HHREFEIICE ee (ELRIER R H 250%, IR
JEE ) JEE R B 22 Bl 0.25, BB 16 g/L. MK
£ 65 mmol/L A fE.
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Fig. 1.

Effects of reaction conditions on ee and yield of S-(+)-DMCPA. Reaction conditions: (a) 10 ml of pH 7.0 phosphate buffer, 150 mg of No-

vozyme 435, DMCPE 0.65 mmol, 30 °C, 200 r/min, 40 h; (b) 10 ml of 1.0 mol/L phosphate buffer, pH 7.0, 30 °C, 200 r/min, 40 h; (c) 10 ml of 1.0
mol/L phosphate buffer, Novozyme 435 160 mg, DMCPE 0.65 mmol, 30 °C, 200 r/min, 40 h; (d) 10 ml of 1.0 mol/L phosphate buffer, pH 7.2, No-
vozyme 435 160 mg, DMCPE 0.65 mmol, 200 r/min, 40 h; (e) 10 ml of 1.0 mol/L phosphate buffer, pH 7.2, Novozyme 435 160 mg, DMCPE 0.65

mmol, 30 °C, 200 r/min.
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Fig. 2. Effect of ratio of lipase to DMCPE concentration on the uint
yield of enzyme. Reaction conditions: 10 ml of 1.0 mol/L phosphate
buffer, pH 7.0, 30 °C, 200 r/min, 40 h.
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S v pH A 5% i i ) A RS 2E T 52 e
{9 A Ak 3% P R S7 4 3% 8 . Novozyme 435 J& —Fh
W AR 3 0 2% A, 78 pH L 3.5~9.5 A 34 4 e I3,
¥ %% T Novozyme 435 f£ pH i 6.0~8.0 W X
DMCPE A% Bk 7K i S W2 1) 5% i) (AL 18] 1(c)). &5 4R
R, eI bE pH 1Y K . 2 pH = 8.0
I, 2% S (I8 39.1%); {HAH B[ ee A T B AIG
(96.0%). AR, 551 A5 AT A T b0 AR SR, AR I
il PR S AR IR BRI PR AR, SR pH = 7.2 A E, MBI
FEICE Sl 35.6%, ee {ii 4 99.1%.
2.2.4  [RNEE RS0

S5 I 3 FEE X 7 IR R e A 52 DL P 1(d).

FH PR, 22 s WL AR 35 °C IR, 7= 4 i o i vl
JE f T e i 33 T, 35 °C IR ORI 44.9%;
Ak Ll TE s B, PR A B . SEIR A R,
Novozyme 435 7 35~60 °C Py % DMCPE [ A Xt #kK
T Y5 22 TR L B v P A A T 1

i P %) Novozyme 435 fi /£ DMCPE A%} k7K
fiff S IS R SEAR TR BEMEAT — 38 5, I K ) ee fi
Wt ek 255 T o 1T PR B, 4 SN BE S 30 °C I, il
[ SE AR I F 1 Bz 1, ee (BN 99.2%. 1X 5 SCHR[14]4)
JE 1 Novozyme 435 {4k #1078 e X 2 38 2K H &R H
TG 7K iR 1) 2 R e A 4l D- ) B0 L H R, DA R ST
Wik [L5] 48 1 [ 5 4k i 107 i CALB AL Ah i g 1-
A -2- TN B T A T Y A 1 45 R — 30 Sakait®!
WA, B BE W] 2 =y g IR S AR B VE, IR 4R AT
Eyring A X1 E M S5HE ML LR nE=
AAS*IR — AAH'/(RT). Dabkowska 25710y, i i %o
TR A A4 52 S A OB B P 114 55 W 55 400 TR o e A4 (1
RE T A 22 G, TR O0T A4k i o A 22 222 il K, I
FE S maiok. R AE 35~60 °C P MR = T
30°C ZAMl, 0" W) ee (A FTIRAK. LG %Y
(RS2 R ee {H, B A0 S ML B2 L 30 °C A 4f.
225 R R7ATE R 20

1(e) 4 Novozyme 435 fi:{t. DMCPE A% #x
JK AR S5 IS PR BT ] il 2. i AR A0 7K i S AR 24~72 h
W, 77 ee fH4EFFAE 99.1% A5 A7, N 80 h It} ee
fH T B4 94.8%. 7 W)W 2 Bl S 3% IR [] 1) 48 K T 4
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B, 720 I PR YK 45.8%, 1 T 64 h I )
45.6%. M Z U 1B S, AR SONIN ) R 64 h, ot
IS 7= I R ee {EL34) EL A AR
2.3 PERAMES Novozyme 435 HUESEEH

15 AR LA I SN 2% A 25 %% T JIG 107 B No-
vozyme 435 [ TE G AEH . % i3 [ E A EEAA 2
WS B AT ISR ), e KR SN 2 R ¥ LR LT
N B AR 53 Bl I I N rp — IR AT 2L, 2 )5,
Gy B OTR SR 7 F T3 MR I s A B, () ek
VER A Il 8 e A B 2 YR S, S Pk
BACIR, AR5 EOE T AL DMCPE ¥ AN X # /K il
SN 3 g5 AR W, G Wi I Novozyme 435 H & A
FVEREA L, A8 3 KU B W)W ATy v 3k ) 4R {E
] 70.3%, ee & 97.8%. FRALH 4 K, =Wk
HNVIURE 1 56.5%, ee i} 96.9%. =5 Af il 2
HH I IR 95 PR R B, T 22 T Novozyme 435
kv A A 2 T BE IR D B 22 W A A 1) A AL
fifg 8 S I 4R 3 ok A b AT i BLAR 2 T TR, A
T8 5 it R S ) 92>, 5% ) T il R 52 A P AR
Jii G 98 5 R R AS BE % Novozyme 435 HEAT AL
R [ e DAk — 254 v T PR A 1k

ee

Wr — = = =  Zyied
80 |
= |
< 60|
h=}
2 r

2 L

5 40 -

8 | Al Al L

200 -
LV AL AL VIL AL A

0 1 2 3 4 5 6
Cycle

B 3 Novozyme 435 {1t DMCPE R3#R/K BRI E & F F
Fig. 3. Repeated hydrolysis of DMCPE catalyzed by Novozyme 435.
Reaction conditions: 10 ml of 1.0 mol/L phosphate buffer, pH 7.2,
Novozyme 435 160 mg, DMCPE 0.65 mmol, 30 °C, 200 r/min, 64 h.
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