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Abstract: In this study, eight kinds of fumaric acid amino acid ester derivatives were synthesized through amidation and isomerization, by
using maleic anhydride and amino acid ester as raw materials and anhydrous aluminium chloride as an isomerization catalyst. Using a ratio of
maleic anhy dride to amino-acid ester to anhy drous aluminum chloride a 0.2 mol:0.2'mol:1.0 g, the yield of these products was more than 75%.
The molecular structure of the compounds was determined by melting point determination and *H nuclear magnetic resonance imaging.
Antimicrobial activity of these compounds against Escherichia coli, Staphylococcus aureus, Salmonella sp., Bacillus subtilis, Lactobacillus sp.,
bacteria causing milk spoilage, as well as skin smear tests were conducted. The results showed tha the minimum inhibitory concentration of
fumaric acid amino acid ester derivatives were comparableto that of dimethy| fulminate. Moreover, fumaric acid amino acid ester derivatives
did not cause skin allergy, while dimethy | fumarate caused strong skin allergic reactions (red rash). Cell viability of normal liver cells (L02) and
hepatoma cells (HepG2) exposed to fumaric acid amino acid ester derivatives was also evaluated, which showed no toxic effect on either cell
type.
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Fig.1 The structure of fumaric acidaminoacid ester derivatives
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YR A R H NS (E)-4-[(2-methoxy-2-
oxoethyl) amino]-4-oxobut-2-enoic acid, ar), %75 [H
A, 7% 78.91%, m.p.190~191 °C .. 'HNMR (400 MHz,
DMSO-d6), 8.95 (s, 1H, NH) , 6.98~7.02 (d, 1H, J=18.4
Hz, HC=C), 6.54~658 (d, 1H, J=18.4 Hz, C=CH),
3.98-3.99(d, 2H, CH>), 3.66(S, 3H, -OCHs)

B R H &R 4 B ((E)-4-[(2-ethoxy-2-
oxoethyl) amino]-4-oxobut-2-enoic acid, az), 4 B0 [H
A, 7% 82.53%, m.p.169~171 C . 'HNMR (400 MHz,
DMSO-d6), 8.92 (s, 1H, NH), 6.97~7.01 (d, 1H, J=17.6
Hz, C=CH), 6.54-6.57 (d, 1H, J=17.60 Hz, CH=C), 4.12
(9, 2H, -OCH), 3.96 (d, 2H, NCHz), 1.20 (t, 3H, CHs) .

B IR H R R R N EE((E)-4-[(2-isopropoxy-2-
oxoethyl) amino]-4-oxobut-2-enoic acid, as), [ £a k14,
FE% 80.32%, m.p.183~184 C. HNMR (400 MHz,
DMSO-d6), 8.94 (s, 1H, NH), 6.98~7.02 (d, 1H, J=18.00

Hz, C=CH), 6.54~6.57 (d, 1H, J=18 Hz, CH=C), 4.93 (m,
1H, -OCH), 3.93~3.94 (d, 2H, NCH;), 1.20~1.21 (d, 6H,
-C(CHa)2) »

B DR H R A R ((B)-4-[(2-porpoxy-2-
oxoethyl) amino]-4-oxobut-2-enoic acid, ai), w14,
FRE 86.46%, m.p.181~182 C. HNMR (400 MHz,
DMSO-d6), 8.92 (s, 1H, NH), 6.97~7.01 (d, 1H, J=17.6
Hz, C=CH), 6.54~6.57 (d, 1H, J=17.60 Hz, CH=C), 4.03
(t, 2H, -OCHy), 3.97~3.99 (d, 2H, -NCHy), 1.07 (m, 2H,
CHy), 0.89 (t, 3H, CHs)»

5 T 20 P R R ((E)4-[ (L-phenmethy1-2-
methoxy-2-oxoethyl) amino]-4-oxobut-2-enoic acid; by),
A, 7 3 87.33%, m.p.157~158 ‘C. 'HNMR (400
MHz, DMSO-d6 ), 8.96~8.98 (d, 1H, NH), 7.27~7.31 (t,
2H, ArH), 7.22~7.23 (s, 3H, ArH), 6.94~6.98 (d, 1H,
J=18.80 Hz, C=CH), 6.47~6.51 (d, 1H, J=18.80 Hz,
CH=C), 4.59 (m, 1H, NCH), 3.62 (s, 3H, -OCH), 3.02 (d,
2H, CHAr) .

& IR H 2K TN &R £ 16 ((E)-4-[(1-phenmethyl-2-
ethoxy-2-oxoethyl) amino]-4-oxobut-2-enoic acid, b),
{0 B, 7738 90.2%, m.p.167~168 ‘C. 'HNMR (400
MHz, DMSO-d6), 8.98~9.00 (d, 1H, NH), 7.28~7.31 (t,
2H, ArH), 7.23~7.24 (d, 3H, ArH), 6.96~6.99 (d, 1H,
J=19.60 Hz, C=CH), 6.48~6.52 (d, 1H, J=19.60 Hz,
CH=C), 4.57 (m, 1H, NCH), 4.08 (g, 2H, CH,), 3.02 (d,
2H, CH2Ar ), 1.12 (t, 3H, CHg).

B SR IR TN 2R 7 T4 B ((E)-4-[(1-phenmethy -
2-isopropoxy-2-oxoethyl) amino]-4-oxobut-2-enoic acid,
bs), FAEM, 77F 91.15%, m.p.170~171 C. 'HNMR
(400 MHz, DMSO-d6), 896~8.98 (d, 1H, NH),
7.28~7.24 (t, 2H, ArH), 7.23~7.24 (d, 3H, ArH ),
6.97~7.00 (d, 1H, J=19.20 Hz, C=CH ), 6.48~6.52 (d, 1H,
J=19.20 Hz, CH=C), 4.89 (m, 1H, -OCH), 4.51~4.53 (m,
1H, NCH), 3.00 (d, 2H, CHxAr), 1.11 (d, 6H, (CHs)2).

& R HOR Y &R N B ((E)-4-[ (1-phenmethy |- 2-
porpoxy-2-oxoethyl) amino]-4-oxobut-2-enoic acid, ba),
{0 844, 77 3R 88.67%, m.p.153~154 C . *HNMR (400
MHz, DMSO-d6), 8.99~9.01 (d, 1H, NH), 7.28~7.30 (t,
2H, ArH), 7.23~7.25 (d, 3H, ArH), 6.95~6.99 (d, 1H,
J=18.80 Hz, C=CH), 6.48~6.52 (d, 1H, J=18.80 Hz,
CH=C), 4.56~4.58 (g, 1H, -NCH), 3.98 (t, 2H, -OCH,),
3.03(d, 2H, CHAr), 1.51~1.53 (m, 2H, CH), 0.82 (t, 3H,
CHs).
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Table 1 Minimal inhibitory concentration (MIC) of fumaric

acid amino acid ester derivatives

15 J& % RARHITE K E (M IC)/(mmol/L)

#F £ E.coli S.aureus S.sp. B.subtilis Lactobacillus M.s.bacteria
aa 642 642 642 642 6.42 6.42
a 597 597 597 597 5.97 5.97
as 558 558 558 558 5.58 5.58
& 558 558 558 558 5.58 5.58
b1 443 443 443 443 4.43 4.43
b2 412 412 412 412 4.12 4.12
b 393 393 393 393 3.93 3.93
bs 393 393 393 393 3.93 3.93

DMF 278 417 486 4.17 4.17 4.17

7Z: Escherichia. coli- K#AFH#; Staphylococcus. aureus-4
FERH KA ; Salmonella. sp-i¥ ITAH; Bacillus subtilis-4% 3
#H; Lactobacillus-5LE% 5 ; Milk spoilage bacteria- 43 BRI H o
M2 1 A5, & SRR R MR AT A0 K T
W SR OHERRE. WITIRE . MR A
22 TR N 30 TUOTRE 45 T X — 7 RO E . AELARTH]
(1) 5 EHIR 2 = TR AT AR XA (8] FH R P AR ol
WREE SN . Gt an o SCB0:BITFH PRI B 110 S I Aot e
IRV FEHR A 6.42 mmol/L; az XS4 FT FH 1) 240 B TR K
k1| BE SR W BE#B9 5.97 mmol/L;  as Filag X S2 56T
{1 4 A1 14 BTt B 2R VR EE Sy 5.58 mmiol/L; by Xof i
56 BT FH P A1 P A0 T B /R VR R 9 4.43 mmol/L
b SXof S5 T FH FRIZT A7 ) 5 AL AT B8 PR R IR B 4,12
mmol/L; bs AT bog X SEEG: FT FHY FAIZH TRTFR) SR fIC TV B /K ik
JE#9 3.93 mmoliL . Xt DMF B3 &k 3 ] 40
ar~ . as Ml ay L DM XS0 HT A 4T A0 T
TH 22, b FH b o S BRI FH ) 40 ERT PRI FERT 5 145 DMIF
A4, (2 bs 1 ba oS58 it R SR RO U I 8 B
DMF FH4L .

23 HIRAHEER

20 BRBURMEN S, R 2 WA, e R —
R B G IRA SRR BT BB, T
T —F R/ SEB#ET 5 min [Et L T I BOR A,
H AT AR L R — ) P 5 e SR B A A T

50

WAL J , IS S5 I, THBR 1R SIRRITAE
YK BUEBONER , Fr3E0EH s S RE AR AT A
TEBOIN S .
* 2 B DEREEBREEE0TE R R BT i a0
Table 2 Skin allergy test results of fumaric acid amino acid
ester derivatives

Omin  30min  60min 120 min &4 %/%
a 0 0 0 0 0
a 0 0 0 0 0
a 0 0 0 0 0
N 0 0 0 0 0
b1 0 0 0 0 0
b2 0 0 0 0 0
bs 0 0 0 0 0
b4 0 0 0 0 0
DMF 0 4 6 5 100

E: (D) gtk sl Ry AR Oas: L4, 0
oy AT R, 14 ARTR, 249 PEIEELH, 35,
Rudasait HRpN R, 45 @K LK, 0 20 #
R, L4 TR (L% /e FARKK), 2 54 ARERY
ITmm, #BFHE] 30 KIKEALY Lmm A EAEEY X, 4
e RBEMEN 8 5

(2) Bl = L BUAEIR / 205286 A $x100% o
24 F DR AALBE RITENN @R FIE R

LA 5

KR SOL I T B BRI IRTER & o by
by %F IEH AR LO2 1 as & & by P AR
YAtk HepG2 (4 MIAATE 25550, MKl 2 AT LLE H,
M ZGWIRAREE F 12,5 pg/mL I, ap G A A IE 5 T4
Ml (LO2) [MYHMEAFIEZR N 93.43%; as Xt AR IEH T
ML (L02) HIZEMIAFE 3N 94.31%:;: A2k EA
200 pg/mL B, ax%f AARIE 4R (L02) HI4Hp A7
TN 76.76%; au SF ARIE 4 (L02) 4z
11 ZN 68.720%; AR¥E O I STk &4 nT1S, 78
0~200 pg/mL [PIRFETEEIN, B THEEN 200 pg/mL
() as FIZIMAETS %02 68.72%0M /T 75% 4 IH 38 h 5
P29 (AR 24, HRMPWEA#N 149, ¥
JBLEA. ik, BEE a. a- b Al b IRE T 5
IEF AR (L02) fEi&ZMK A FTpkss, HEATxT
B4R (L02) MEEFIEAA K. FH, ME 3
EREH, RFRWRER a. a. a Al by X AKRJE
Atk HepG2 MIEFF/EHARH U, Wik EE A
50 pg/mL. 100 ug/mL. 200 pg/mL AT 400 pg/mL 2 )
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a2, FOOI A BRI AFE 2253 R 93.77%. 92.48%
92.81%#1 91.83%, EATIIFFIHEZRIIRT 75%, AlvFo
N1, ¥R, 1E 0~400 pg/mL HIME TG A,
ars a2 as Ml by RTVESr 9 1 4%, BEEEAL. HIt,
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A% 4 6 3 1A AR R /DN

100 0. mmm e, mmmb, mmmb.
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