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Synthesis and antibacterial activities of amino acid estersfrom
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Abstract: Five types of oleic acid derivatives were produced by reaction of oleic acid with L-alanine ethyl
ester hydrochloride, glycine ethyl ester hydrochloride, L-methionine methyl ester hydrochloride, L-leucine
ethyl ester hydrochloride and L-tyrosine methyl ester hydrochloride, respectively, in presence of
1-ethyl-(3-dimethyllaminopropyl)carbodiie hydrochlide and 1-hydroxybenzotriazole. In addition, two types
of dodecanedioic acid derivatives were also synthesized via reactions of dodecanedioic acid with L-alanine
ethyl ester hydrochloride and glycine ethyl ester hydrochloride, respectively. It was found that the yields of
all seven products were higher than or equal 75%. The structures of the products obtained were then
characterized by FTIR, TGA, 'HNMR and LC-MS, followed by evaluations on the dispersibilities and the
antibacterial activities against Staphylococcus aureus and Escherichia coli. The results showed that these
fatty acid acyl amino acid esters exhibited good dispersity in both aqueous and organic phases, and obvious
antimicrobial activities. Oleoyl leucine ethyl ester (0.01 mg) could effectively inhibit the growth of
Staphylococcus aureus (the number of bacteria was decreased from 2.0x10° CFU/mL to 1.4x10” CFU/mL),
while oleoyl tyrosine methyl ester with the same mass showed significant growth inhibition effect on
Escherichia coli (the number of bacteria was decreased from 2.0x10° CFU/mL to 1.8x10” CFU/mL).
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i ON’RZ C=0), 'HNMR (400 MHz, CDCl;), 0: 5.35 (dt, J =
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(3.259 g, 17 mmol ) 5& it T34 DCM (80 mL )
BB . FEVKIE (0 °C) FHFESIE,
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NEWilR . A AELRRNE . EDC-HCl. HOBt ¥y (i L i
15:15:17:178CH75:15:17: 17, AT,

THMIRIENZRR O : R AIIRIA, 1% 84%,
WIS A 283.3 °C, FTIR (vem''): 3258 (N—
H), 1740 (CH;CH,0—C=0), 1625 (NH—C=0),
"HNMR (400 MHz, CDCls), 0: 5.37 (dt, J=11.5. 5.7
Hz, 2H, C=CH), 4.60 (q, J = 7.2 Hz, 1H, N—CH), 4.21
(q, J = 7.1 Hz, 2H, COO—CH,), 2.21 (t, J = 7.6 Hz,
4H, C=C—CH,), 2.04 (dq, J = 13.4, 6.8 Hz, 2H, N—
CO—CH,), 1.64 (t, J = 7.3 Hz, 2H, N—CO—C—
CH,), 1.41 (d, J = 7.1 Hz, 3H, N—C—CH,), 1.34~
1.16 (m, 22H, CH,), 0.89 (td, J=6.7. 3.7 Hz, 3H, CHs).
ESIMS, m/Z: [M+H] 5Zi{E 381.69; T15.{H 381.32,

MR EEH 2R OB . T ARk, e
85%, WIAPIIMFIEIE : 301.9 °C, FTIR (vem'): 3250
(N—H), 1735 (CH;CH,0—C=0), 1625 (NH—

—CH), 4.03 (q, J = 7.1 Hz, 2H, O—CH,), 2.24 (t, J =
7.6 Hz, 4H, C=C—CH,), 2.03 (dq, J = 13.4.6.8 Hz, 2H,
N—CO—CH,), 1.64 (t, J = 7.3 Hz, 2H, N—CO—C—
CH,), 1.33~1.23 (m, 22H, CH,), 0.89 (td, J= 6.7 .3.7 Hz,
3H, CH;). ESIMS, m/Z: [M+H] S2li{E 368.31; 114844
367.71,

TMERIE R MR PG ORI, BOE 85%,
WG MR M 324.9 °C, FTIR (vem''): 3250 (N
—H), 1735 (CH;0—C=0), 1625 (NH—C=0), 1330
(S—CH3). "HNMR (400 MHz, CDCls), d: 5.37 (tt, J =
11.4. 5.2 Hz, 2H, C=CH), 4.75 (td, J = 7.4, 5.1 Hz,
1H, N—CH), 3.78 (d, J = 7.1 Hz, 3H, O—CHy), 2.80 (q,
J=173. 6.4 Hz, 2H, S—CH,), 2.58~2.46 (m, 2H, S—
C—CH,), 2.29~2.12 (m, 3H, S—CH;), 2.14~1.93 (m,
6H, CO—CH,, C=C—CH), 1.44 (s, 2H, CO—C—
CH,), 1.42~1.24 (m, 18H, CH,), 0.90 (td, J = 6.7. 3.7
Hz, 3H, CH;), ESIMS, m/Z: [M+H] 52l 428.31;
TEAE 427.49,

TR MR O IREEIHRIRR, O 82%,
IR RN 283.6 °C, FTIR (vem'): 3255 (N—
H), 1744 (CH;CH,0—C=0), 1625 (NH—C=0),
'"HNMR (400 MHz, CDCls), d: 5.37 (tt, J = 11.3,
5.3 Hz, 2H, C=CH), 4.65 (td, J = 8.6. 4.6 Hz, 1H,
N—CH), 4.23 (g, J = 7.1 Hz, 2H, O—CH,), 2.23 (t, J =
7.6 Hz, 2H, C=C—CH,), 2.04 (dq, J=15.2. 6.4 5.5 Hz,
4H, CO—CH,), 1.65 (ddt, J=11.2. 8.0. 4.7 Hz, 2H,
N—C—CH,), 1.44 (s, IH, N—C—CH), 1.30 (dt, J =
11.5. 4.5 Hz, 21H, O0—C—CHj;. CH,), 0.93 (ddd, J =
28.7. 6.5. 3.5 Hz, 9H, CH3)., ESIMS, m/Z: [M+H]"
S 424.37; T 423.65.

TR Wk I 2R R R IR B R, R
82%, WILRHASIIRIEE N 307.7 °C, FTIR (v/em):
3400 (Ar—OH), 3260 (N—H), 1740 (CH;0—C=0),
1625 (NH—C=0), 830 (Ar—H), '"HNMR (400 MHz,
CDCly), 6: 6.94 (d, J = 8.1 Hz, 2H, Ar—H), 6.76 (d, J =
8.0 Hz, 2H, Ar—H), 5.99 (d, J = 8.0 Hz, 1H, Ar—OH),
537 (tt, J=11.6. 5.2 Hz, 2H, C=CH), 4.89 (dt, J= 8.2
6.0 Hz, 1H, N—CH), 3.75 (d, J = 7.1 Hz, 3H, O—CHj),
2.20 (t, J = 7.6 Hz, 4H, C=C—CH,), 2.14~1.95 (m, 2H,
CO—CH,), 1.44 (s, 2H, CO—C—CH,), 1.43~1.24 (m,
18H, CH,), 0.90 (dt, /= 7.0 3.3 Hz, 3H, CH3). ESIMS,
m/Z: [M+H] SZ{E 460.69; 115.{H 459.33,

TR RBEN AR TR HE AR, Ik
R 79% , I 4R PR Bk 308.8 °CLFTIR (v/em™):
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3250 (N—H), 1755, 1733 (CH;CH,0—C=0), 1650,
1640 (NH—C=0), 'HNMR (400 MHz, CDCl), §:
4.61 (q, J=17.1 Hz, 2H, N—CH), 4.23 (q, J = 7.1 Hz,
4H, O—CH,), 2.23 (q, J = 7.2 Hz, 4H, CO—CH,),
1.64 (d, J = 7.3 Hz, 4H, CO—C—CH,), 1.42 (d, J =
7.1 Hz, 3H, CH;), 1.31 (q, J= 6.3 . 4.8 Hz, 14H, CH,).
ESIMS, m/Z: [M+H] SEI{E 429.60; TH5(H 428.29,

TR REE AR R A EEARR A, Ik
R 75%, WIUH IR R 319.5 °CFTIR (vem):
3250 (N—H), 1755, 1733 (CH;CH,0—C=0), 1650,
1640 (NH—C=0), 'HNMR (400 MHz, CDCl;), §:
424 (q, J = 7.1 Hz, 2H, N—CH), 4.06 (d, J = 4.9 Hz,
4H, O—CH,), 2.26 (dd, J = 9.1, 6.2 Hz, 4H, CO—
CH,), 1.67 (d, J = 7.2 Hz, 4H, CO—C—CH,), 1.31 (t,
J=17.1Hz, 16H, CH,). ESIMS, m/Z: [M+H] sZill{&
401.26; T15H 400.26,

1.3 FRIEFHZEREENR
1.3.1 FTIR 4%

e P o8 FEL b A8 48 2T S 3 (S A T R ek 4 S I
Br, HERKEEEN 64 K, JEECH 4000~500 cm !,
YRR R 2 em ',

1.3.2 '"HNMR #l4%,

A PR A% B SR 3 SO B i 2R AT THNMR 3K
LR (CDCLy) SR, B 25 °C,
A4 MestReNova X% B #EAT AL B,

1.3.3 LC-MS @4,

il AN TR B 0RO %1%, Fidss UPLC BEH
C18 (i 1 mmx50 mmx1.7 pm ), B/ F e & «
0~2 min PREFGEIFIN MEETFIK) : CHH)=4 -
6; 2~10 min &M O HHZE EETFK) -
V(ZIE)=1 1 95 35 min B VERG R BIR0 45 HL B o
R B MR (KRB EC 0.1% ), WHEBA 60
uL/min, FEHREEA 45 °C. CiEiE R % 2 gAY,
HE R E N EE A, BB KRR 3LV,
HEFLHLEH 40 KV,

1.3.4 #A& T N

i FHARE T, FERR 2 20 mg, M 25 °Chnh
Z 600 °C, JNIHZFN 10 °C/min, i FHRSIMEN
IR, TN 20 mL/min; i {2 SAE NN R,
# A 10 mL/min,

1.3.5 K4 Horm X

21 g BERM TS T 5 mL NERH, kR
JILA 100 mL ZE 18K, %37 J5 1R G 2 BN 3L H A
Ao AfFH B OGRS B G T RLAR S0 A il i, %
B b 1 7K 43 BT

1.3.6 A3 @l

FEHL 100 wL 73700 B 9 R VR B o 2x10% mg/L)
BT 900 pL MBERREL 22 s (pH=7.4) T, P41
W10, 25, 50, 100, 150, 200 pL FiR¥Ew, H
AR R KA BEAR B B i vk B2 O 100,250, 500, 1000,
2000 F1 4000 mg/L WA, 7E 37 CHIFEIKE:
24 (100 r/min ) HHCE 24 he FHEAM-0T WG
SERETH A B i LR B AE 600 nm ARG
& (ODgoo 1H ), % il TRV T 0t R B -5 W B P b
Mk, BJERE 7 Fhfe RS & 43 BIR A 0 vk B R
1000 mg/L MR A W (534 ), 37 °C T HEIR
2 h J5 il H: ODgoo 1H. -

2 HRSIE

2.1 BB EBRENEHRIE

TH PR 1% V9 20 TR £ T R 3 TR TR T U IR £ TR 44 7
1625 cm™' AbAg — Wt AR 06 | I o G A I B R
(—NH—C=0 ) (R AW U5l , 7£ 1740, 1735 cm’™!
B LR L TR Pk EE ( CH3CH,0—C=0 ) M%F
TEM SO o e R T 2 ik R i e T e Pkt (8
R (1650 5 1640 em™ ), 148 KR 2 FEEE - 9%
Fet BRI (1755 5 1733 em '), £+ ke
TR PRI 5 E TR LRI R &L T W
RSB, o Fa5 kS A B L A, 5 S 4 i
R 25 SR — S0 R IR 1% 2R P ISR 7 3400 em ™' 5 — 4%
KETEWE, V)8 T ERIEAML4EIRS, 830 em ' 4b
TSR A FR C—H B 174 T 2125 i i sl I A0

it "THNMR SE—2 A=) o F4540 . It
AR A (CH—C=0) FIfgHEMT A (0—
CH,CH; ) #J7E "HNMR & i Bk =0, W
G T e 2 o R R A P 5 Ao 0 R I s 2 Y 71X 1)
THAb 6 Fhr= Py R ARG R R TP (6 6.76
F16.94) KFEHE (6599 ),
22 FEmEBESEBREEMNARTENE

N TR IR GEYE, X T BT T
WESHT, ISR = 5 A RS 2 R £ R R R
ERVEATRT LG o BT B I T 2 356 1 1 114 5 R o i
FHIAE 350 CA A, H, MBS &R LRI
O3 IR BE R ARG, AR P22, I TR IOk I
FF i DU LA S P RS 1, X PT R 5 B R 1
THMFE . 7356, 5 AR AR OB R 1)
WIHEP IR (248.7 °C) ML, Framy=# A
A = PTG PR IR B, RS AR XA o
2.3 BERTEE S EERER Rk S Bk

R TG A A B SR S v,
T T KM EENR, 255 WA 1,
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Fig. 1 Dispersion of fatty acid acyl amino acid esters
in oil-water system

WP 7S, 7 BP0 N ER AU iR SRR
BRI A R, HE 48 h AR DZ . JRgk
Ve 1 Hrp PR KR S 02T T Sl AL UM AR

BOHT. GEHRI, IR 2R LR A /K i FLIROT
PPRifeh 307.9 nm, I AR AL H 2R £ BRI A Wb
FLIR A AR 0 117.1 nm., 5 lERIEN 2R 2 BEAH
b, TPREE H 28R e 1 S SRS v K P TR
I, HFLBRARAXTEN

A I R 105 T 22 S R T R ) RE RS 20RR R 3k
FRER Y S K SE P (HLB {4 ) 5% 1 s, R
it HLB R 225, W50 3 25 55— 2w 1 2%
W, HHLBAEAT 0~3, ol BN, 52k
WK H P, HLB (AT 3~6, Al JHIE W/O0 BRI AL ;
5 =2 mm 2Bk, HLB{EAT 7~9, n] BN,
F2E 1 AT, b R A AP E SRR R (1) HLB A
5 H BN 2R O BRI L, R T =2
g P05 Pt e R R T 7 /K P RE 2450 48, AR A HILI R
WA EAF e o PRI, & =9 14 g P R
AT i FHVE /K P TR ST 1 R A B B R R

# 1 ENim A SRR R HLB {5

Table 1 HLB values of fatty acyl amino acid esters
A s T ot T T Pt 2R TR B 5 TRmERE T TR TRRmE T Tkl A RS AR
A T H W TR 2% H iR R TR R R (RN YA H 2 /R 2 TR BRI ER
HLB {H 2.75 2.14 4.50 4.37 5.41 7.81 7.20 7.47

£ HLB {H 2250050 HLB = 7 + 11.71g (MW/Mo)3RA5 , My, FI M, 53530 A 2 T35 41 70 23 i s K S P D S5 o i AT ) AR X 2 7 B

24 FEMEGEEREENENREE
TSI AN ) S5 e R B TR ODeoo fBL, 231
Bl i 2k, P ok VA TRV TR0 TR [ TR o A
W BIBEEL, MMiF5 3] ODgoo 1E 5 B BRI AH HE
S VR0 2 35K TR RN K AT TR A ) TR o VR
FEN XTI ODgoo fHANZE 2 Fis. M 2 AlH0, Bl
A BT R BE A Ty, AHR Y ODgoo fB A28 ¥

. MRS ODgo (R IEFICHE, MR 2 %L
PWHATIIA R (1) 1 (2), 2500 k4 % (4
BRTA A KA B 0 TR T YR E S ODgoo IHZ MY
FAIGPE
y=7150.5x* +7259.8x+87.1 (R*=0.9963) (1)
y =23090x> +4492.1x+87.2  (R*=0.9958) (2)
Ay HERTCERE, mg/L; x AREREY ODgoo (Ho

2 ANIE] TV L B Y ODgoo 1L AR XTI Y TR 45

Table 2 ODyg, value and bacterial count of bacterial solutions with different concentrations

T I 2k B /(mg /L) 100 250 500 1000 2000 4000
W $/(CFU/mL) 1.0x107 2.5x107 5.0x10’ 1.0x10* 2.0x108 4.0x10°
. S E O H R 0.002 0.028 0.061 0.094 0.225 0.388
B ODgoo fH —
KIGFF 0.009 0.019 0.088 0.112 0.206 0.326

B 7 FPRRIAE &2 B T A B K R, AR
VR EE R 1000 mg/L WYV, 43l B 10 pL finA
FIRFRBM R (EBCN 2.0x10° CFU/mL ) #:47
{EVRFEFE, FEMERES ARG ) ODgy 18, &5
W 3 . R 3 aTH, PRSI S SRR TR X 4
RAETER A A9 A4 K EA W A IR R, e ihmR st
R Mg . BRI H 2R £ e A BRI 2 2R L g
3 FPLH A RO PERCHR , 0.01 mg ZH0 I AR

EHUN 2.0x10° CFU/mL 43 HI 4K E 1.8x107, 1.9x
107 Al 1.4x10" CFU/mL. X 3 Fhj= %t 4 8 (65 4
BR G 0000 230 T PH A REZH Y H) A R RS =R £ R
ERRRER( B 2.0x10° CFU/mL B 2 1.2x10” CFU/mL ),
PR ot — R IR S LR TR () 410 B SR AN Ay R 9 2
FERRATAEY), WTREIRIN A R AT A W 43145 M G i
YRR B R LR FE A , S0 28 155 20 M B rp AT B2
TeiEE AR EAE, PR A BRSO A 35 2
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S T AR L A RO BE A, S AR T
KA (CF 22 R ) fEA MR 3k 3
SEELATHL, A O K AT B B — S A
BAE ST, (BN P55 T H 4 35 (038 2 BR A A R
Hodr, 0.01 mg I P2 19k 1% 2202 P T 2L o it 174 4000 o 4
(B%0h 2.0x10° CFU/mL [ % 1.8x107 CFU/mL), 5
JREBRS ZR £ B Eh R R 5 R A0 24 (K 2.0x10°
CFU/mL [ % 2.4x10" CFU/mL ), TiiHAth 6 Fl=4ir)
0 RO A 55 T R S AN T B A R S 25 S S B
RODRIGUEZ %5248 5 1t 4 fifd BE 45 #4) 1) 5% 0 SR 4R 5T

H TR R R £ TR ER TR ER 43 F X V0 T FG B Al 4 B (0
A ER DA BT PR X, % 30 A A RE AE BT TR 75 e
TRB R A S EUR AP E AR 25 . &8
O 2 B DA AN A B G M RE 20 f R ) 4 R A
FRERBE . BERRTEE A M A . KA FT RNk £ )2 40
MuBELEN, HARSBEIRER 5 205, P07 4o 2 DLk
AN AT RO, T R T 1 R R A A
1y ¥ FE 25 K A7 ) T LR 2 BE (38 B AR R
Ko T X KA AP, R B 2.0 %
10° CFU/mL f# % 1.8 x 10’ CFU/mL.

K3 RN ESETR A S B ODgoo S B L

Table 3 ODggg value and bacterial count of bacterial solution after adding fatty acyl amino acid esters

2 IhMEREEN R IhREEE

IMERIESE  IMERIERR T R + b TRREE RS AR

YA AR ARCEE AMRWEE ARLME ARWE WEROE HEROE  CBEERRi:
Gt 0 AR 1.251 0.013 0.014 0.021 0.008 0.023 0.045 0.041 0.005
T ODgoo {H
LW GERERE  2.0x10°  1.8x107 1.9x107  2.4x10’ 1.4x107  2.6x10’ 4.2x107 3.9x107 1.2x107
B $0/(CFU/mL)
KIHFFH ODeoo L 0.975 0.089 0.101 0.096 0.085 0.020 0.155 0.111 0.029
TR T B 2.0x10°  6.7x10"  7.7x107  7.3x107  6.3x107  1.8x10’ 1.3x10° 1.0x10° 2.4x107
(CFU/mL)
[31 ARROYO B J, BEZERRA A C, OLIVEIRA L L, ef al. Antimicrobial
3 gﬂn: i@ active edible coating of alginate and chitosan add ZnO nanoparticles

i jf EDC-HCI/HOBt 4k 1 It i 52 1 B2 65 1
T 7 PR B SRR R, WORI>T5%. TG B R
P17 T R T2 T P 90 e A e T X808 T R AL 7
HRERRAS BR L BR R PR L, PR A gt P
RS e, AR AT R K A, A
PR AT AT T S A b A K v M U R R T
o 7 BhBE TR 2 SRR R4 BE A R ] 4 2 (A 4
BREMAER, 7 0.01 mg IMBREE 2R LBR1ER T
FETH 2.0 x 10° CFU/mL [ % 1.4 x 10’ CFU/mL,,
TR IL G 2R P G D I PR PR, R R A
SR PIHIPE, 0.01 mg %Y RN L 2.0%
10° CFU/mL %% 1.8 x 107 CFU/mL, T HA4 = Py%}
KT T BT B AR 55 o T A 1 A O s Tk 2
P2 It T A B IAFR e PRI IR A M, FEIR
BEKCH AR T BB Tz RS, AR
JEORE SR IR, e &SR H AR T L A I B A
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