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Abstract: Caffeylvaline ethyl ester, caffeoylleucine ethyl ester, caffeoyl methionine ethyl ester, and caffeoyl
tyrosine ethyl ester were synthesized from L-amino acid ethyl ester hydrochloride with caffeic acid in the
presence of a catalytic amount of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
and 1-hydroxybenzotrizole (HOBt). Their structures were identified by mass spectroscopy (MS), proton
nuclear magnetic resonance (‘HNMR) and Fourier transform infrared (FTIR) spectroscopy. Then, their
antioxidant activities and irritation were measured by the scavenging capability to DPPH and hydroxyl free
radicals, as well as erythrocyte hemolysis experiment. The results showed that four N-caffeoyl amino acid
ethyl esters were synthesized with yields between 75% and 82%. After the combination of caffeic acid and
amino acid, all products exhibited good inhibition effects against DPPH free radical and hydroxyl radical.
Among them, caffeoylvaline ethyl ester (Illa) had the strongest ability to scavenge DPPH free radical, and
its ICsy value was (11.23+0.24) umol/L. Caffeoylmethionine ethyl ester (Illc) had the strongest ability to
scavenge hydroxyl free radical with an ICsy value of (0.244+0.002) mmol/L. Three synthesized caffeoyl
amino acid ethyl esters were less irritating to the erythrocyte membrane than caffeic acid monomer. The
antioxidant activities of N-caffeoyl amino acid ethyl esters derivatives were more effective than Vitamin C
and could be used as a new potent antioxidant.
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1.1 EFERFIESMNE

MIMERR . L-# R O R ERRR LR . Lo &R LR
ik | L-BEAR OBRERREL . L-E AR E R L
Ehmedh . 1-RERIE = (HOBt), 1-£43-3- (—
L ZEN L ) ik W R Re £k (EDC - HCL), db
EHEEIRHE A BR A F], B0 AR Bt , Jtae
T UE X 4RSS sh W R A8 T 5 b e i B R 4N

(SDS), Z[E Amresco Biotechnology Grade.

i B s e 2T AR R4 (1S10 ), € Nicolet
Nl BREIERIGEAL, FiL Bruker 23 H] (18175
fF. AV300 MHz, 7 : CDCly/DMSO-ds ); iYL

( Xevo G2 Q-TOF ), Z[H Waters A H) ( JRIE A
ESI &I, m/Z {5 : 50~ 500 amu; HLWE5H R
4500 V ); fEFR1X ( infinite M200 PRO ), Bi-1- TECAN
Nl AR EOHL (5810R ), fE[E Eppendorf
Centrifuge /A7) .

1.2 WnrEE: SR B 2 BREY & A

BT PR
(0}
H(O)D/\)LOH H NJ\rO EDC/HOB H‘ﬁ©/\/“ J\(O\/
H “Hal © DMF  ho
I MTa~d Ma~d

Ila, Ma: R =—-CH(CH,),
ITc, Me: R =—CH,CH,SCH,

b, Mb: R = ~CH,CH(CH,),
d, IMd: R = ~CH,C4H,OH

FH L-W IR CTRERIR Y . L2 &R O BRER R
. L-EHEAMROBEHR R . LB E MR L ER bR Eh 1
EDC YEF T 23 5 SWmMERR 47 B g, 2B AR I
MEDE Z B8 O . SCun P BR S 2% SClk[6], TTABR 43
Pz, LA B R 2R LR A R . B R
. HUL-BE R Wb iREh (2.03 g, 8.25 mmol ),
MIMERR (1.5 g, 8.25 mmol ) | -2 FEAKTF =M ( 1.15 g,
8.5 mmol ) e T34A DMF (25 mL) MY[EIK
B, Vs T REEhERE, JFZBEE N = e (3.45
mL, 24.75 mmol ) . 2% 10 min J5, A EDC (1.6
g, 835 mmol) , LUK, ARTHEREER, #iK
F£ 18~24 ho HIWEZZMTE (V(LRRAER) v (A
W) = 1 1) KRR 5S4, N e
S EIA 50x2 mL 7K, F (4x100 mL) LR Z
B ZEBOEH (50x2 mL) A& Kbk, FcHE
LA, ToKBRRREN T4 (24 h). 23E. (200~300
H) sttt areg (A v (ZRasE) = v
(AThEE) =1 :2), WUERISGAR, B2 THAE 5
F A AR AR HEBE R R R (Td) 2.4 g, 7~
R 78.4%,

1.3 5K DPPH B ESLK

S 2 SCHR[ 12105 200 %2 DPPH [ Hh &5 R o
i P 450 22 R £ R T a ) WOE Pk 5 22 R LR T ),
e R R L FR (Me). Md. Ve ¥WHTOK L
W, PO — RIVHREE, 4 1 mL AS[R) AR BE AR i i
5 1 mL DPPH «( 2x10* mol/L ) i ZBEE IR A,
BA), BEALE 30 min, 517 nm ZEDEWRSGE, LU
LRI IOK CREERZS BT, VAR BAYEXT IR
DARE SR BE O [ AE 5, [ Rl R R R0 N R A
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EHEATRIERLS, 8 1Cs 5 (THBRE R 50%H}
B P ALFI R ). 1Cs BN, %W AT A ik
A
1.4 EBREEHHAEIR

K JH Fenton [V AKF 2% SCHR[14] 75 100 & 2
L i FEVE RIS TE . FH DMSO YA TR0CHS 75 I 4 2 ) ik
ANFEVERE:2.0x10%.2.5%x10%,3.0x10%.3.5x 10,
4.0x10*, 4.5x 10" mol/L., HUIEMWMkA) £ BEIA W
(0.75 mmol/L ). WML ZZ vpik ( 0.2 mol/L,
pH=7.4). FESVAW . FeSO,/KiAEW (0.75 mmol/L )
2% 1 mL AR H, FEILA T mL H,0, 7K % #( H,0,
R4 0.01% ), 1R2). 37 CH¥E 1h, 536nm T
MEIREWIWICRE, T8 1Cso (B FIE [ 2L
B 7 N2 = A

1/%= [ (c - b)/(a — b)) x100

e TARE A REINHIAR,; b A HHBOEE;
c NFTBHWICEE ; a X RRAIOLRE
1.5 ZIZAfEiEMm ( RBC) £y

it pH=7.4 B2tk (PBS) ZEvhik (RN %
Wi, 1.8 g/L) KRIrBERFERRSE il (Frigm —4h
C¢HsNa;07-2H,0 ( 0.02 kg/L ), Fr# R CeHgO,
(10.008 kg/L ) Jo FHTCTRI B3 048 F3 26 R A 100 6 1L Y14
OB G M3 T I B0 A, #% v (i) = v
(BLEER D=1+ 9 I ABTRERIFTBEFR 22 v, TR ),
1500 r/min #.0> 15 min J5 5% LW, A PBS
PEIRVE G L, 2 RIFRCN RSB, Tl
EB43 ] PBS W VR R R AR S0 B 2%41 20 il A2k
PERI5), R4S RBC B, HEMIIH PBS &bl
Fi B % 1 mmol/L ( DMSO Bhi ); + A JLmiie ol
(SDS) (1.3 g/L) YENPHMEXT IR, S iE . 44k
FERE MRS RBC B4 v (FEfh) : V(RBC) =
31T ELE T, RS H AT /KA PBS 41
AR AR S A AR [ AR B EL AR I, A S 58 42 1l A B
PEXTRR, SRR EHEPEIREE 1 he ZIRY-RBC RS
WAE 10000 r/min F &0 1 min, 540 nm &b E H:
OD fi . ¥ I AT FiR .

FanOD-PIPEOD

SEAVA IMOD — [ 40D
K. BAYE OD by PBS 521 4l i ik Vi A 1 Je W e
{H; SE4I OD KB F/K S4B eI
W (E
1.6 HEFESH

L EEME 3 W, R SPSS 19.0 K fFHET
it o, MR EIE L) MeantS.D. 7%, it
T W R 22 SRR (1) 22 53 5 MR T 0 AT o R
P<0.05 B, BN A B2

100
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2.1 WHEEEEE ZERR S K

PLEDC MK, HA RN HEER, WoRm,
PR BE /N, SRR LF S A s HOBt i BERE 45 5 7
TR AMEEER , (AR TK, BCRA DMF
YEF . Fan!"3 R I SCER[6] A T i, PAAEERR
AR RN RGBT RHEEBEH 2R &
fis, 723N 89.5%. ASCLAMMMERR K A ) 2 3L 1R £,
BEERFRER R JEOREG B 4 FhommE it 2 IR £ 6 - Wk
MEam i s (Ma): ARG, %K. 79%,
m.p.136~138 °C; MIMEME=E 2R L (b ): Vi
W EAR, 773 82.0%, m.p.64~66°C ; WiMEEE 2 ik
g (Me): FEMARE A, ™K. 753%,
m.p.160~162 °C; MIHERERE 2R g (11d): FHA
WMACIRE A, =%, 78.4%, m.p.102~104 °C, f=F
FONBE S Mb>Ma>Md>Mc,

2.2 MNMEEES B S B ER 2 BRI SSHRAE

Ma: IR (KBr), v/em ': 3341.21 (N—H), 1738.10
(C=0), 1260.30 (C—O0), 1153.27 (C—O), 'HNMR
(400 MHz, DMSO-dq), 6: 9.37 (s, 1H, OH), 9.12
(s, 1H, OH), 8.18 (d, J=8.1 Hz, 1H, NH), 7.23 (d,
J=15.7Hz, 1H, HC=C), 6.94 (s, 1H, ArH), 6.84
(d, J=8.2Hz, 1H, ArH), 6.74 (d, J=8.1 Hz, 1H,
ArH), 6.53 (d, J=15.7 Hz, 1H, C=CH), 4.29~4.22
(m, 1H, CH), 4.09 (dd, J=6.9. 7.0 Hz, 2H, OCH,),
2.09~2.03 (m, 1H, CH), 1.18 (d, J=7.1 Hz, 3H,
CH;), 0.91~0.86 (m, 6H), ESI-MS [M+H]", m/Z:
SCE (FFEAE ): 308.0713 (307 ),

b: IR (KBr), viem ':3347.59( N—H ), 2959.35
(—CHs), 2917.89 (—CH,), 1720.74 (C=0), 1271.39
(C—O0), 1191.36 (C—O)., 'HNMR (400 MHz,
DMSO-dg), 6: 9.35 (s, 1H, OH), 9.15 (s, IH,
OH), 829 (d, J=7.7 Hz, 1H, NH), 7.24 (d,
J=15.7Hz, 1H, HC=C), 6.94 (d, J=1.5Hz, 1H,
ArH), 6.84 (d,J=8.2 Hz, 1H, ArH), 6.74 (d,J=8.1 Hz,
1H, ArH), 6.39 (d, J=15.7Hz, 1H, C=CH), 4.36
(d, J=5.3 Hz, 1H, CH), 4.08(q, J=7.1 Hz, 2H,
OCH,), 1.66~1.50 (m, 3H, CH,+CH), 1.17 (t, J=
7.1 Hz, 3H, CHj), 0.88 (dd, J=19.6, 6.5 Hz, 6H,
CH;+CH;), ESI-MS [M+H]", m/Z: Sz ( 33548 ):
322.0833 (321),

Mc: IR (KBr), viem': 3324 (N—H), 2980
(—CHs), 2913 (—CH,), 1653 (C=0), 1303 (C—
0). '"HNMR (400 Hz, C;D¢0), 6: 7.33~7.22 (m,
1H, OH), 6.95(s, 1H, OH), 6.82 (s, 1H, NH),
6.70 (s, 1H, HC=C), 6.40 (d, J=15.6 Hz, 1H,
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C=CH), 4.57 (s, 1H, ArH), 4.50 (s, 1H, ArH),
436 (s, 1H, ArH), 4.02 (s, 2H, OCH,), 2.70 (s,
1H, CH), 2.46 (d, J=13.5 Hz, 3H, CH3), 1.91~1.84
(m, 3H, SCH;), 1.12 (s, 4H, CH,+CH,), ESI-MS
[M+H]", m/Z: SC0{E (TH5E ): 340.28 (339),

Md: IR (KBr), v/em': 3302 (N—H), 1721
(C=0), 1197 (C—O0), 'HNMR (400 Hz, C3D¢0),
5:7.40 (d,J=15.6 Hz, 1H,OH), 7.40 (d,J = 12.9 Hz,
1H, OH), 6.83(d, J=28.1 Hz, 1H, OH), 6.75 (d,
J=7.6Hz, 1H, NH), 6.64 (s, 1H, CH=C), 6.57
(t, J=14.4Hz, 1H, C=CH), 5.01(s, 1H, ArH),
4.76 (t, J=6.6 Hz, 1H, ArH), 4.70 (s, 1H, ArH),
4.65 (m,J=28.6 Hz, 2H, ArH), 4.45 (dd, J = 8.6 Hz,
2H, ArH), 4.10 (t, J=25.7 Hz, 1H, CH), 3.14~2.89

(m, 2H, OCH,), 1.97 (s, 2H, CH,), 1.19(t, J=
11.1 Hz, 3H, CHs)., ESI-MS [M+H]", m/Z: SZill
i (HFEAH ). 372.0484 (371 ),
2.3 DPPH EHEFRFMENE

MR P 22 FE R £ TR TR B DPPH A FH LR 1Cs UL
# 1. WP DPPH [ LG8 77 o 21 55 1T 2 -
Ma>Md>Mc>lb>CA> Ve, &%
EMEZES (P<0.05), FHULAT UL, minnfl it 235 iR £ B
Y iE bR DPPH [ FH JE B4 F o T obn i R B 44
HB R & F 5 HPUEAR Voo MIHERR 5 AN 7] 2 L R
SN AE T R I T B 1 PR R T M 55 B B AR TR, R
P00 5% 20 35 1 5 A X 3 W e 5 e 1 25 0 I iy e 4Rk
P i 3, ZIERRIL X DPPH H IS RGP
M) P 56 553 LAy = 450 2 T > ik A R > FR TR >S5 R o

%£1 ARG BT=Y R DPPH H HH &L 1 5 B30

Table 1  Effects of different synthetic products on DPPH free radical scavenging
Ma Mo Mc Mmd CA Ve
ICs¢/ ( umol/L ) 11.23+0.24" 20.86+0.04" 19.50+0.04" 15.62+0.03" 27.54%0.06" 76.210.04

*P<0.05 (5 Ve A lE ).

24 REHHAEBFBREFENE

SR D B 5 | & 22 Rl A s B A BRIL IR 0 3
Bilt o 495 1 SR A0 7= A A e A0 A 2R A RO E T R
FALN S e . A I — RS A,
WAERNIE R, XA F U B . & F s A% R
T ™ EE AR S U e P R A R T AR i R R A
H Y 1Cso W55 2 iR . B e 5 T d Y5 2 (8] G
R 22 AN, Hh A5 W T R Y PR AE O 22 5 W

( P<0.05 ). 459 Ui bR ¥ 56 [ i 5L 68 77 50 55 0 7
Jp: Me>Md>CA>Ma>Mb> Ve, AN, MIHER
RILTR CEREAT YIS BRIt A RERE ) Y5R T4
PR Voo ANIRIBMMEfE 22 35 R < B8 2540 0 s R
FRIE A HERE T R TR], 5 L A e SR R B A AT G
BRI E L TE BRAE /15 DPPH [ i 3L A0 TS BR AE
SR EFIUT A —32, ULEH SRR RN, X T g
J BB AR RE ) R AFAE 22 S

2 AFEG YR OH H 1 B3 Bk
Table 2  Effects of different synthetic products on the elimination of OH radicals

Ma b

Mec md CA VC

ICso/ ( mmol/L) 0.35+0.001" 0.39+0.002"

0.24+0.002"

0.25+0.001" 0.29+0.001" 1.62+0.004

*P<0.05 (5 Ve % ),

2.5 LI4RRTA I ZENE

RBC /& Draize IR S5 A9 £ AR vk 2 — 111,
S A PR 3 o I R I 21 A i o AR AR R
FE SRV Ak 27 i 6 IR 2 2 A B #3405, L B b 32
¥ RBC SZ56FH T Aot i = i S0k S5k 27 i B R
TR ST S

HIHAREIE A B0, AR ARV BE R, I I sy
2T 240 L 5 P o e e o i I 2 R £ R AT A
PrLT 20 B 5 1M 58 0L 3% 3 B 5T I e Xof 21 200 B JE 1Y)
JEESMa, %55 (DMSO) ZIa) g &M%,

At 254 D A I () B A7 A S 2 (P<0.05 ), 3R 3
BAMEE S 1 mmol/L B ( SDS i ik &k
1.3 g/L), FESEE IR (08 ) R E/NHET 4 - SDS
(74% ) >MMb (40% ) >CA (1.5% ) >IMa, Mc. I
d. DMSO (<1% ). H¥% IR/, miHER S
RIEIR TR ER R R BUIE I Je R P 5 F A . mT A
WEFE A B, 5 2 IR T 388 o 410 o) U 1 A A I 0 1 5
IR A AR Ak, A0 R A ) A T A7 IR
AU il A 2 R £ T RE R T R 3 A B A7
FE , DTG 2T 200 A A 0 v T A B e

3 ARG PRI B0 1

Table 3  Effects of different compounds on red blood cell hemolysis rate

Ma b Me

lrd CA DMSO SDS

IR /% 0.42+0.004" 40+0.074" —-0.40+0.175"

0.62+0.142" 1.5+0.195" 0.84+0.102° 74+0.048

*P<0.05 ( 5 SDS 4 b4 ),
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