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Fig.1 Synthesis of B-uramino crotonic ester
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WRS-2A BUGIHLIE sSAN, b VA4S H 4 O 224
A BN A (AT R R 2K IE, BIREE A 60
°C, THEHEHN 1 °C/min) ; Bruker AV 11-600 4%
WAL HR I IE AL, Hii+ Bruker 2N ®], F¥5 70 HE N H.
—-1~14 ppm, "C: -10~230 ppm. LTQ-XL I 2
%@*Dﬁ:ﬁ%ﬁ(, 2% [E Thermo-Fisher A ), FiA Xcali-
bur BUEHRALEE R 48, HEE (32 Fisher A H]), it
AT m/z 50-5005 WiZ5 RN 1.0 kV, &J&
BRI 150 °C, ESI 5555 (N2) JE77 1.0 MPa,
FHA(N2) JE S0 0.2 MPa; #% B i i 7ERE 2 3F
FE, P 3 pwl/ming BRERETE AT, BEE TR
B 1.0 wm, REAE AR 30 ms, Al RE & 20%;
HAfZ%0h LTQ-MS 2% H shikik.

1.2 B-REESBREEMN S
TE10 mL B ZEHE IR, i A 3 mmol Z [ &

FRAME . 1 mmol JRE . 20 mg o-fEFE FEEF 3 mL
N,N-HEE R, T 37 CHEIREE IR (200 1/min)
HR N 48 h, 28 Rk B A ST I IR R AT 683 o) B
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JI'H NMR 1 HR-MS 47 T 45HRAE, 756
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Table 1 The catalytic effect of various enzymes for the model reaction®

Entry Enzyme Yield/%"
1 Pancreatin from porcine pancreas (8 U/mg) None
2 Alkaline protease (200 U/mg) None
3 Trypsin from porcine pancreas (2500 U/mg) None
4 Papain from papaya latex (800 U/mg) None
5 B-Dextranase (200 U/mg) None
6 Lipase (30-90 U/mg) None
7 Lipase B from Candida antarctica (100 U/mg) None
8 Cellulase from Aspergillus niger (50 U/mg) None
9 a-Chymotrypsin (800 U/mg) 33
10 Denatured a-chymotrypsin® None
11 Blank control None

a. Reaction conditions; 20 mg enzyme, solvent; DMF, Temp.: 37 °C, reaction time; 48 h; b. Yields of pure products isolated by

chromatography; c. At 100 °C, deal a-chymotrypsin with 8 mol/L urea for 8 h.
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Table 4 Effect of temperature on the yield of model reaction®

R 2 BTSSR R B R R

Table 2 Effect of solvent on the yield of model reaction®

Solvent Log P Yield/%"
MeOH -0.27 None
EtOH 0.07 None
H,0 - None
DMF -0.6 33
DMSO -1.49 20
MeCN 0.17 Trace

a. Reaction conditions; 20 mg a-chymotrypsin, Temperature ;

37 °C, reaction time: 48 h; b. Yields of pure products isola-

ted by chromatography.

= 3 [RYIEE/R Lo 3R & B2 7= R 9 82 0m°

Table 3 Effect of molar ratio on the yield of model reaction®

Ethylacetoacetate ; Urea Yield/ %"
1:1 26
1:2 17
1:3 Trace
2:1 27
3:1 33
4:1 32

a. Reaction conditions: 3 mL. DMF, 20 mg a-chymotrypsin,

Temperature ; 37 C, reaction time; 48 h; b. Yields of pure

products isolated by chromatography.

2.4 iR X ER R R B B 22N

T B AN M A2 S 7 R A i) il 3 12
MEEZIN R, b 58T IR B X AR R 1) 5
M, S5 DLER 4. BE A IR T R RN A A T
L SRR 37 C B RIS R KE, Z )5 Tt
o I R PR R RRAIR. PR R A AR,

Temperature/C Yield/%"
20 5
30 15
37 33
40 33
50 29

a. Reaction conditions: 3 mmol ethyl acetoacetate, 1 mmol u-

rea, 3 mL DMF, 20 mg a-chymotrypsin, reaction time:

48 h;

b. Yields of pure products isolated by chromatography.
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Table 5 Effect of enzyme loading on the yield of model reaction®

Enzyme/mg Yield/%"
0 Trace
5 7
10 17
15 30
20 33
25 33

a. Reaction conditions; 3 mmol ethyl acetoacetate, 1 mmol

urea, 3 mL DMF, 0-25 mg a-chymotrypsin, Temperature:

37 °C ,reaction time; 48 h; b. Yields of pure products isola-

ted by chromatography.
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Table 6a-Chymotrypsin-catalyzed synthesis of B-uramino crotonic esters*

Entry I 111 Yield/%"
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Entry I 111 Yield/%"
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a. Reaction conditions: 3 mmol B-ketoester, 1 mmol urea( thiourea) , 3 mL DMF, 20 mg a-chymotrypsin, Temperature: 37 C,

reaction time: 48 h; b. Yields of pure products isolated by chromatography.

Ma: HAFEA. "H NMR (600 MHz, DMSO-d,)
8:10.14 (s, 1H), 6.80 (s, 2H), 4.75 (s, 1H),
4.06 (q, J = 7.1 Hz, 2H), 2.24 (s, 3H), 1.18 (t,
J = 7.1 Hz, 3H). ESI -HRMS: m/z, [ C,H,,N,0,+
H A5 173.085, ME(E . 173.091.

b M@ ER. "H NMR (600 MHz, DMSO-d, )
8:11.09 (s, 1H), 6.90 (s, 2H), 5.45 (s, 1H),
4.06 (q, J = 7.1 Hz, 2H), 2.24 (s, 3H), 1.18 (t,
J=7.1 Hz, 3H). ESI -HRMS: m/z, [ C,H,,N,0,S+
H] 3H81E . 187.062, ME(H: 187.053.

Ilc,: FI@E K. "H NMR (600 MHz, DMSO-
dy) 8: 10.87 (s, 1H), 7.73 (s, 1H), 4.77 (s,
1H), 4.06 (q, J = 7.1 Hz, 2H), 2.77 (s, 3H) ,
2.30 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H). ESI -
HRMS: m/z, [ CyH,,N,0,+ H]* {15514, 187.100,
E(H: 187.108.

Id: F@GFR. "H NMR (600 MHz, DMSO-d,)
8:10.13 (s, 1H), 6.80 (s, 2H), 4.75 (s, 1H),
3.79 (s, 3H), 2.84 (q, J = 7.1 Hz, 2H), 1.20 (t,
J = 7.1 Hz, 3H). ESI -HRMS: m/z, [ C,H,,N,0,+
H 5 173.085, MIE(E: 173.092.

IMe.; A EA. "H NMR (600 MHz, DMSO-d, )
8: 11.13 (s, 1H), 7.10 (s, 2H), 4.75 (s, 1H),
3.79 (s, 3H), 2.84 (q, J = 7.1 Hz, 2H), 1.19 (t,
J = 7.1 Hz, 3H). ESI -HRMS: m/z, [ C,H,N,0,S+
H 385 . 188.062, ME(H . 188.059.

I0f, . MA@ FE K. '"H NMR (600 MHz, DMSO-
dy) 810.65 (s, 1H), 6.95 (s, 1H), 4.75 (s, 1H) ,

3.79 (s, 3H), 2.84 (q, J = 7.1 Hz, 2H), 2.75 (s,
3H), 1.20 (t, J = 7.1 Hz, 3H). ESI -HRMS: m/z,
[CoH, N, O, + H]"IF8 A 187.100, I & A
187.107.

g. H@REE. "H NMR (600 MHz, DMSO-d, )
8:10.14 (s, 1H), 6.80 (s, 2H), 4.75 (s, 1H),
4.05 (q, J = 7.1 Hz, 2H), 2.01 (t, J = 7.2 Hz,
2H), 1.36 (m, 2H), 1.18 (t, J = 7.1 Hz, 3H),
0.93 (t, J = 7.4 Hz, 3H). ESI -HRMS: m/z,
[CHN,O,+ H]" 7T & {H. 201. 116, W & {H.
201.123.

ITh: M ER. "H NMR (600 MHz, DMSO-d, )
5:11.14 (s, 1H), 7.10 (s, 2H), 4.75 (s, 1H),
4.05(q,J = 7.1 Hz, 2H), 2.01 (t, J = 7.2 Hz,
2H), 1.36 (m, 2H), 1.18 (t, J = 7.1 Hz, 3H),
093 (t, J = 7.4 Hz, 3H). ESI -HRMS: m/z,
[CoHN,0,S + H] ™ TH5{E . 215.093, I & {A.
215.034.

Ii; AH@EA. "H NMR (600 MHz, DMSO-d, )
8:10.25 (s, 1H), 6.91 (s, 1H), 4.75 (s, 1H),
4.05 (q, J = 7.1 Hz, 2H) , 2.76 (s, 3H), 2.01 (t,
J =72Hz, 2H), 1.36 (m, 2H), 1.18 (t, J = 7.1
Hz, 3H), 0.93 (t, J = 7.4 Hz, 3H). ESI -HRMS:
m/z, [ C,oHN,0,+ H] " IEAE ., 215.132, ME(E .
215.139.

2.7 REHERHED

o-JEE P E T KA S1 1 1Y 22 5 B2 75 11 i,

i 3 Ak O A 4 0 2 IR EE A R, A B
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Fig.2 Proposed mechanism for a-chymotrypsin-catalyzed synthesis of B-uramino crotonic ester
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a-Chymotrypsin-catalyzed Synthesis of S-Uramino Crotonic Ester

FU Lei-han, XIE Zong-bo ", LI Hong-xia, GONG Jun-yuan, LE Zhang-gao "
( Department of Applied Chemistry, East China University of Technology, Nanchang 330013, China)

Abstract ; B-Uramino crotonic esters are important intermediate for the synthesis of 6-methylpyrimidinedione deriva-

tives and 3,4-dihydropyrimidinedione derivatives, and they have a wide range of applications in biopharmaceuti-

cals. Enzymes have green, safe and highly efficient catalytic properties, so a series of B-uramino crotonic esters was

synthesized via the a-chymotrypsin-catalyzed condensation reaction between 1,3-dicarbonyl compounds and ureas at
37 C and in DMF medium.
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