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Abstract

Three phenol substituted 4-amino-1,2,4-triazole-3-thioethers were synthesized by etherification
reaction of 2-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)phenol with halohydrocarbon in alkaline
aqueous solution under room temperature, and characterized by 1H NMR, 13C NMR, IR, elemental
analysis, and single-crystal X-ray diffraction, and then the inhibitory activity of compound 1 and
2a~2c against Escherichia coli, Candida albican, Staphyloccocus aureus and Bacillus subtilis were
achieved by dilution doubling method. The experiment result of single-crystal X-ray diffraction
revealed that both compound 1 and 2a have intramolecular hydrogen bonds, the neighbouring
molecules interact mainly through hydrogen bonds, and the 1,2,4-triazole five-membered ring
reverses when the thiol structure changes to a thioether structure. The result of anti-bacterial ac-
tivities showed that both compounds 1 and 2c had good bacteriostatic activity against Candida al-
bican within the test concentration rage, the MIC value of compound 1 for Staphyloccocus aureus
was 500 pg/mL, and the MIC value of compound 2c on Escherichia coli was 500 pg/mL, while
Compounds 2a and 2b had no antibacterial activity on the four tested strains.
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PA5-(2-FEE)-4-FH-1,2,4- S FM-3- TN BB, SR TR ABR S5 R TRML R R B33
MNEB AR E4-BEE-1,2,4-=F -3 5REMLE Y, HEWETH NMR, 13C NMR. MS. IR. TGRS
BB X-SH R AT AT RAE, SR AS R BRI 2 P (R4 & 34N B AR =4k & Y0t &R BB 2R

BHESERE. WMEFRTE. RBTFERMEELE. BEEHNREREY:. LaWwIR2atyFEES T
WSS, S TFZHETERSEREEMEER, REEWENRBENEL24-ZERATHER
AR, MEFEENRESRRE: (WEWI2cENRIREERE X A STRE YA BT RS S,

AN & B E EERE FMIC{E N500 pg/mL, th&%2c3 KBFFHE FMICHE A500pug/mL, &4
2afn2bx R B P TN IS 1 .

K
5-(2-KM)-4-FH-1,2,4- = FM-3-TBE, BikE, SHRIE, RBESEH, MEFEE
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1. 5]

1,2,4-=FMAT Y BA T Z ARSI, TER MR OB AR R R BREFIFUR S, TRl
AU R . PURRE . PLREABUE ZGMYI1] (2] (3], fEEJBIE IS [4] [5] [6]5F kA 1 B 2
(R, DR 52 280 [ P9 AME 2 TAE B BT bk . 48 SCIRIRIE, & 4-85E-1,2,4- = F ML M ik & R &
A 5y 5 B SR B2 8L S 3 DA KSR AL MR I S A, DRI e — 2R o B B 4k T B2 e v A R TR AR
HATHEW ARG &BYIEYERE[4] [5] [61FE A M AYIEPE[7]-[13], &R H T i M g i A&
[14] [15] [16] [17], fEBEZG. K& AT 58 8 v 5 B4 45 SR A U 1 2 AR O E AN BF 52
Bt e 6T 3 AL My B IE-4- 0L -1,2,4- = BUME-5-BR W S LI (1] [3] [4)BRBERT DI & Rk B SRR
TE[18], {HAE T 3 A7 AWy BUAR KL -4- 5 FE-1,2,4- = S e - 5-B ik S FL e 11 3 PE AT 70 A L SRR IE « FRATTTE
AN SRR 78 TAE RO BEAE [19], RAEMEEAPHEE, S BOCEk[18] LKL H R N M F K, &
FHEAR . R 22 2D Ak 2 I N 4% P TR AR 5-(2- 2K )-4- 2 3 -1,2,4- = ZME-3-Bi S, R i P40 3 Ak S |
HRY 5-(2-KM)-4-F FE-1,2,4- = F W3-GBS, A REELIE 1 BRI E Y 2a BB
R-X MR R T, 2b B R-X N, 2¢ i R-X Ay 3-G 3Lt nE £ f2 4h), J@if 'H NMR. "“C NMR.
MS. IR\ JEE T LA S B X-SF AT SRR S ) M AT RAE, 52 T X S H A RRE. A
ERERE . MM ES PR IS, N DA A 2R A AT ARG A L - &
BB &R LI B R S .
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Figure 1. Synthesis route of target compounds

E 1. B &1 & R E

2. SELRERSY
2.1. FEMEEMRG

Bruker Smart APEX 11 CCD . 4% X-SF 2R A7 54X (18 [E Bruker A7), Bruker AV500 B4 A% e HR 9 it A%
(#5E Bruker A F]), Agilent Fii%{% (3% E Agilent A F]); Varian 640-IR {37 AR 21 ZR A (22 MG
F]), Sarteorius-BS110S LT RFALHFEZ RN ER R A AR AF]), SGW X-4B e sl @ 4 (A
FLA I AR A BR A7), Vario ELI 26 2 43 4% (4% E Elementar A 7). SW-CJ-1F & T/E G (L
RS A PR A R RIT 4T )s YXQ-SL-100G 11 i e 28 VR K B B (LR 75 T ) 25 il i A PR A
) LRH-250 A=A 1H iR 55 77 48 (FH OC T 28 75 R 280 BR A 7)) s DHG-9246A Hi 7% Fo VB IR 80X TR A48 (F
RS 2 S B A PR A A

AR 2 S5-(2- A WY)-4-F FE-1,2,4- = F M-3R EE] 1 8]HEAT il %%« WAREE S /K& HF(85%) —BRfbAk
FIR EOR RS S 3-F S ne SR 2R 0 5 L AR VG AL T AR A, HARFI &0
af, SEERHrRIEAifAbEE.

BB M KW % (Escherichia coli ATCC 8739), H &2k (Candida albicans ATCC 10231), 4=
05 %) BK 6 (Staphyloccocus aureus CICC 10786), i 5 2EHUN & (Bacillus subtilis ATCC 6633).

2.2. 5-Q2-FEY)-4-TE-1,2,4- =T3-S 2)RE R

ZWESCER[19]37E4T, LA 2a &AM, 78 100 mL — FUOR A NN 5-2-2K18))-4- 3 JE-1,2,4- = B UME-3-T%
fi£ 2.083 g (0.01 mol)FI7K 50 mL, YKIBHEFE T IAZEALE 1.125 g (0.02 mol) (£ 2¢ & 0.02 mol )
BRERET), 5 iAo E UG HINE LB FFlS 2.5 mL, XV 4 h JGEEZHTEREF S B 45 8, ATk
BEEEAEA, WIE, RS RRP R EDEE AN, M, SIERRETRE A, FREKR
Bk . WRMETRIA =Y, HRTK RS, AHERS R KRN A ER A, o
JEJE T 5 RIS 2.042 g B EUB R TE K4 2a.

5-(2-FW)-4- R FE-1,2,4- = FIME-3-BAC Z R F ER (L &40 22): AR R, P23 73%, m.p.: 196 ~ 197 °C.,
'H NMR(DMSO0-d6, 500 MHz) 8: 2.97 (s, 3H, -CH3), 4.13(s, 2H, -CH,-), 6.07(s, 2H, -NH,), 6.96-7.05(m, 2H,
PhH), 7.37-7.40(t, H, J = 15, PhH), 7.80-7.81(d, H, J = 5, PhH), 11.00(s, H, -OH). *C NMR(DMSO-d6, 125
MHz,)8: 169.5, 156.1, 154.3, 152.9, 132.1, 130.0, 119.7, 116.9, 113.3, 52.9, 33.0. ESI-MS, m/z: 303.05[M+Na]",
281.08[M+H]". IR(KBr), v, cm™: 3431.65, 3431.65, 3202.87, 3043.13, 2955.62, 2850.77, 2706.39, 2603.82,
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1736.80, 1620.37, 1597.32, 1532.79, 1500.68, 1471.13, 1437.06, 1391.76, 1306.51, 1269.72, 1251.88, 1229.41,
1191.30, 1173.34, 1129.56, 1100.52, 1048.63, 1011.83, 995.18, 966.33, 946.94, 906.37, 886.70, 832.36, 765.79,
746.69, 710.74, 676.30, 600.55, 555.02, 534.36. T 74T, Ci H1oN,O5S, SEMMEGTHAR), %: C 47.20(47.13), H
4.30(4.32), N 20.07(19.99).

5-(2-F W) -4- T FE-1,2,4- = FM-3-FAC T LAY 2b): AR R, 7% 89%, m.p.: 204 ~ 205 °C.
'H NMR(DMSO-d6, 500 MHz) &: 4.46(s, 2H, -CH,-), 6.01(s, 2H, -NH,), 6.97-7.04(m, 2H, PhH), 7.28-7.48(m,
6H, PhH), 7.86-7.88(d, 1H, J = 10, PhH), 11.06(s, H, -OH). "“C NMR(DMSO-d6, 125 MHz,)5: 156.2, 154.3,
153.2, 138.0, 132.0, 129.8, 129.5, 128.8, 127.9, 119.7, 116.9, 113.3, 35.2. ESI-MS, m/z: 321.08{M+Na] ,
299.11[M+H]". IR(KBr), v, cm’: 3440.56, 3303.50, 3189.83, 3027.36, 2917.45, 2817.60, 2446.85, 1829.15,
1607.02, 1585.50, 1522.54, 1494.75, 1470.86, 1455.02, 1435.73, 1413.16, 1403.92, 1386.90, 1345.34, 1292.00,
1264.38, 1250.32, 1223.98, 1157.41, 1132.33, 1104.02, 1070.39, 1042.32, 1010.16, 946.00, 830.73, 770.92,
762.03, 750.86, 726.36, 696.11, 683.31, 671.26, 597.02, 563.30, 532.87. TG 4MHT, CisH4N,OS, SZilfE (4
18), %: C 60.56(60.38), H 4.69(4.73), N 18.85(18.78).

5-(2-FW)-4-2 HE-1,2,4- = -3 R-3- 0 SR LI (T &4 20): VAR AR, F73%R 62%, mup.:
173 ~ 174 °C. "H NMR(DMSO-d6, 500 MHz) &: 4.47(s, 2H, -CH,-), 6.02(s, 2H, -NH,), 6.94-6.98(t, 1H, J = 20,
PhH), 7.01-7.04(d, 1H, J = 15, PhH), 7.34-7.39(m, 2H, PhH), 7.81-7.83(d, 1H, J = 10, PyH), 7.87-7.90(d, 1H, J
=15, PyH), 8.46-8.47(d, 1H, J= 5, PyH), 8.67(s, 1H, PyH), 11.03(s, H, -OH). '*C NMR(DMSO-d6, 125 MHz)3:
156.1, 154.4, 152.7, 150.4, 148.9, 137.0, 134.3, 132.0, 129.9, 123.9, 119.7, 116.9, 113.3, 32.1. ESI-MS, m/z:
300.10[M+H] *, 322.07[M+Na]". IR(KBr), v, cm™: 3432.82, 3304.81, 3189.08, 2919.95, 2850.67, 2665.56,
2426.63, 1830.67, 1606.84, 1586.35, 1522.53, 1470.62, 1452.20, 1439.29, 1426.49, 1412.85, 1387.41, 1345.08,
1292.02, 1264.65, 1249.57, 1223.78, 1158.81, 1132.84, 1104.03, 1040.63, 1025.05, 1010.80, 945.27, 859.66,
824.15, 805.45, 761.53, 749.77, 725.37, 707.72, 684.08, 626.96, 597.70, 532.97. JL& 3 HT, C14H;3NsOS, SZill
TH AR, %: C 56.24(56.17), H 4.35(4.38), N 23.47(23.40)

2.3. BRI

WaEY 1. BULVF LA 1, H CEINPIE R VAER, RNV RRIE S, AR )E A
SRV AR IE,  UEMCEIR N i B RO A RV RTHT B I WL S8 1A, USCER 1A T A AR R st

W& 2a: BULVEALEY) 2a HI 5:1 1 ZBEAN LR C 6 TR A VA 71U N AT AR D9 VATV VAL, 98 2 L s
M, #EARERIEL, BN E @R AR, SRR T RS .

2.4. RIFERIRNE

EEURSE R/ANE S5 E T Bruker Smart APEX 11 CCD fiT#H{%, PAASEHALR) CuKa (1 =
0.154184 nm) P 2R FEAKIR N 3EAT WK & B S HOF 8 S AR AT S 400 - 7 7 450 SHELX-97 725 3E4T it
mMastatite, HEEEM R IEEE TR, EJRFA465 H Fourier & BUERH, @& TURMEEIE, £ 14
WEM 1 5EY) 2a 1) 3 E AR BIE M E ES .

2.5. HPEEEMER

KH 96 FLAR £ LeAf BRI Hh e iRk &9 1 5 B A=Wk &4 2a 1 2b ERARINE KR EMIC).
P LB i 9%, BB A PDB WA 7. U RMBIAEER TR 8 hy, H 0.5 22 IRFRAELLIVEA/EXS IR, A%
WK EEF] 1 % 107 ofu/mL (BT H o HERFREURRIL A4 1 R4 2a 1% 2b, 4350 F DMSO ¥R HC
il % 100 mg/mL R, A LB Mk 1 mg/mL TAEWR, RAMGHMBIEH LB RIKFREE 1~11 FLRFF

DOI: 10.12677/hjcet.2020.101005 27 e TREEHA


https://doi.org/10.12677/hjcet.2020.101005

ik 5

TIYDEIAE A : 1000, 500, 250, 125, 62.5. 31.25. 15.625. 7.8125. 3.90625. 1.953125. 0.9765625 FI
0.48828125 pg/mL, 55 12 FLAZ AR IFREEST IR, FHAHIIIN 100 uL #EHRN 1 x 10° cfu/mL Bk, 4158 E
F 30°ClHBA I 24 h, BEEE T 28 CHEHEA PRI FE 24 he BFRG ARG, LRI 52 (o0 A VE
MR ZE R, LSRN TG B R A B A K BB AE X PRIE  TEUTIE, BT 2R B R R S AR B VR B (MIC)
o MR RAE 2~5 s, R “—7 Fonmig A LRIRAT LT,  “+7 RoRBgE LA AR o] WL
%, 7 FoRbarEnh

Table 1. Main crystal data and structure refinement for compound 1 and 2a

= 1. BFENKEGREEREFHIER

ZH Ay //B| A 2a
2L R0 CsHsCoN,OS C 1 HN,0,8
AT 537 5 2 (g/mol) 208.24 264.31
IR /K 293(2) 293(2)
R K A/nm 1.54184 1.54184
A R ER
7% [H]HE P21/c Pbca
mESE anm 1.36915(15) 0.76084(2)
b/nm 0.59888(5) 1.44068(5)
¢/nm 1.19513(14) 2.15001(8)
ol 90.00 90.00
Bl 114.343(13) 90.00
Y 90.00 90.00
A V/nm® 0.89283(16) 2.35668(13)
ZE 4 8
T2 B/ (g/em’) 1.549 1.186
Wl 2% p (CuKa)mm™ 0.331 0.308
Hff A B0 H F(000) 432 138
AR < /mm? 0.17 x 0.18 x 0.20 0.16 x 0.19 x 0.20
AR 97 3.27~29.53 4.11~73.70
-18<h<15 9<h<3
PR 8% 8<k<8 -17<k<16
-12<1<15 -18<1<26
RI=0.0393 0.0501
I 2 25 T [1> 20 (D]
Rw =0.0893 0.1355
RI=0.0536 0.0569
SRR E)
WR2 =0.0978 0.1411
DOI: 10.12677/hjcet.2020.101005 28 =AW EESE YN


https://doi.org/10.12677/hjcet.2020.101005
javascript:;

Table 2. The antibacterial activity of compounds 1

2. wEY 1 WINEEM

W& concentration (ng/mL)

M3 #F: (strains)
1000 500 250 125 62.5 31.25 15.62 7.81 39 1.95 0.97 0.48
*Eﬁ,% flutt + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Bacillus subtilis
j(%_ HE . + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Escherichia coli
R ORI - - + + + ++ ++ ++ ++ ++ ++ ++
Staphyloccocus aureus
[SRERES7 ] _ _ _ _ _ _ _ _ _ _ -
Candida albicans
Table 3. The antibacterial activity of compounds 2a
= 3. WA 2a BINEEM
W% concentration (ug/mL)
{320 B4 MK (strains)
1000 500 250 125 625 3125 1562 781 39 1.95 0.97 0.48
BT R
*ET SFFE b + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Bacillus subtilis
jzﬂ;? ﬁ_ . + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Escherichia coli
IO STk + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Staphyloccocus aureus
PR
H @‘ “ Ek'z' + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Candida albicans
Table 4. The antibacterial activity of compounds 2b
4. LAY 20 BHIEDE M
W% concentration (ug/mL)
{4320 B4 #K (strains)
1000 500 250 125 62.5 31.25 15.62 7.81 39 1.95 0.97 0.48
*E%EF @ﬁ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Bacillus subtilis
j(%, H:_'E . + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Escherichia coli
I ORI + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Staphyloccocus aureus
P
A @‘ = BKEI + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Candida albicans
Table 5. The antibacterial activity of compounds 2¢
F 5. LEY 2c INETEM
. R concentration (ug/mL)
{320 B4 #K (strains)
1000 500 250 125 625 3125 15.62 781 39 1.95 0.97 0.48
*ﬁ%ﬁt @H + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Bacillus subtilis
j:ij ﬁ ) + + ++ ++ ++ ++ ++ ++ ++ ++
Escherichia coli
2 R TR + = S T T s T =
Staphyloccocus aureus
ERERESINE| _ _ _ _ _ _ _ _ _ _ _
Candida albicans
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3. ER5118
3.1. BIFRERAYRIEERHE

HAR % TR &Y 1 78 A R SIS N SRS AR, I NG i) B L)
JRETER) 2 5, WEW 1 AR BNREF (R, HENSRIE A S 003 7, ek a1, AR
SRR, 5 SRRIEES 73T OS, ESRIATIIN 1 A58 2 15 T & 1 B s AUk, 753
WIS E 7=, T HR A 2 R s AURRS, BARP R A S 2 R m, RS A AT
KASAEY | MRV R s AURBAT RS SN 5 HER F St DB RR ] 1474 )5 I FH 2 & K
Ve, PR R - AIUEVR pH B2 4~5 Z [AMT5SR T 1t 870 VA A K 72400 o

an PRI R A ) 1 BRI RE S, WORAEH B R I D VRERIR, T HY
FIERy AR A, 15 A B8 AL S 2a 5 IR RE SR AT o FLET 1 LI R 218 45
AR SR AR A AT B 2 by R R T AN di A o A BT 2 1l o 503 v 7R i 2R (R — V7 R
ERFN) T ER ALY 2b A1 2¢ BEAT HLERRE IR, A RIS BIFTA H AR S 5, B2 H ATIE 3%
AHRBES S 2b A 2¢ BB AREETRIER

PR S SR s AR IR R, RS ALRE 11 ppm BT REM SR S 2a 2 2b 73 145
PRI BRI SR T LRI, £E 6 ppm MHDWE ] 1,2,4- =% M T3 BRI S 13k ig, 4~5
ppm Z[A] W7 A7AE I FH AR 73R . X RIS 2 RE LR B A~ F ARk 54 50 7 450 v 0 IF 2
BREIILRIE

3.2. kgl

JUE TR 208 2 i S50 7 2 B S 56 2 A 0 JEURE 2 A H bR G HEAT B 9, AR AR BT 3
HrTH T @RS M s i, DM — 20 TR T A MRHE, AT R S B T 5-Q-2K)-4-2
F-1,2,4- = FME3-TREE(L W0 DA 5-(2-281)-4-53E-1,2,4- = FME-3-0 AR LB HBS (TL A4 22) I 5L, T
5-(2-KM))-4-FIE-1,2,4- = FME-3-FACE LA 2b) e 5-(2-FKI))-4-F FE-1,2,4- = F M-3R -3- 1 FF FE it
WE(HL B 20) I B i 46 S R AR B (& L (b &Rtk il 2 Bos, Hob A BN IRZ,
B Ay MHERE, (&Y 1 NRARNE R, P2lc B, BANRBETEE 4 MG T, SRR
&Y 1 NBRERSE Y, NQ)ET B8R 1 ANEET . MAME Yo 72 8 3 Bl i S kB AR,
A A T ERE . 7 FNEBERAETERS FNRES oo ERER T2, A O-H--N &,
HAEHIEE A 0.2629 nm [O(1)-H---N(1)], J& T1EHER A 50 [RS8 3 252 O-H---N S8
N-H---S &, HAFHIEEA 0.3021 nm[O(1)-H---N(4)]A1 0.3237 nm[N(2)-H---S(1)]: HiX, 7T Z LT

Figure 2. Crystal structure and packing diagram of compound 1

2. LE 1 BIFER(A) K EIRE(B)
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fE53H) C-H---C EHEA N-H--N S5, C-H---C S EERAEAMLD FHIZEAZ, W C4)-H---C(4)
MIVEFEE N 0.3491 nm, N(4)-H---N()I/EFHEEE N 0.3221 nm. AR G970 F 1) C=S FE [ 2 [ ik A7
1 S-—-nfEH, HAEHIEEES A 0.3475 nm [C(8)---S(1)]« 23T &5 #6) h L3R B £EF- 1 5 T e ¥R B #1122 A 52
Bl 14.29 ey, SLPASAERERORR R T 2 M AEE A 0.1462 nm  [C(6) -C(7)] 4> F i Sa Bt i KN
0.1367 nm [C(1) -O(1)], BEER B 0.1683 nm [C(8)-S(1)], TLcH &SR A EE K 0.1367 nm [N(1)
NQ), &EEET5 Ao FHESENEE 718K 0.1404 nm [N(4)-N(3)].

5-2-7KM)-4- 2 HE-1,2,4- = F -3 A SRR H ER (LAY 22) iR H(A) & B (BYan 14 3 o,
NIEAL i &, Pbea 25 (B, AN AL E 8 MEEY T AW 2a 70 7 FocH AR SR 7,
MAED 1 P eI B — AN R FAAE N-H &, 0 e DR 2% 1 T R = 45 4 1) 4 2 Q4 i e A
A ED) 2a FEL N F AR AR i, RN BITEE P T 45 T G R BT AT TH 5 30 H 380K 1 % £A(50.17
%), Ut B AR A 52 B0 T AR R K . 4 RSB BR SR (C-S) B KAE 20 M 0.1742 nm [C(8)
-S(1)]A1 0.1803 nm [C(9) -S(1)], “FIME N 0.1773 nm, ¥HHALEY 1 20 Frb C=S KA K. Tioh &
5 VTR, ATz WA T N EsE, HAEMBEE N 0.2923 nm [N(4)-H---O(1)], Tfifb&
Y1 TR RS oo ERREERAE T FM, AR ER A R AR A R N B R R LG e kAR
B . TLCH 5 2RIR 2 Al C-C B KAB N 0.1466 nm [C(7)-C(6)], 5aM 1 2 Frh H o 553 2 16
(1) C-C S KA ARAHLT, UM ZE 0.0002 nm, HEMSE FooH R AL B DL S N4y 1 AR o B ], (H2 %)
FLICH 5 2RIR 2 8] () C-C BB KAl L% 52

Figure 3. Crystal structure and packing diagram of compound 2a
E 3. &Y 22 A ELE(A) R REEB)

PLETI& 7 AR 540 1 ARG 2a B AR A S5, th T 2830 S5 4 5 TU TR & A Bk H B mT e %
HEN AT GE 2 707 SISk B e Tu e R A OIS, B &) 2a FES5 A IRES T Tunh 2 KBRS,
M SBULEY 1 SAEY) 2a (95 1S5k PR FTAE 1 1 -5 TL TR P 1 0 2 0 BOK i 5% £ Z

3.3. mEEY

15 AR 25 S 2% 0H A (AR B AL &4 1 753K E 1000 pg/mL AT 500 pg/mL N i 4 2 78 4 BR A AT R 1 3
£, 1E 1000~0.48828125 pg/mL o [H] P 0T €008 BR TR 50 SOV TR 6 12 170 X0 Al B0 2 R T A0 K AT 18 356
HEYE . BRI S 2a A 2b TEMNRIR BEVE I O &R A BR 0 . R ERE . MR K
FFE I TS M. LAY 2¢ FERR IR BERD 1000 pg/mL A1 500 pg/mL I K AT E A A w M, KT
500 pg/mL B 5 A A BT, (2 HAEDN K S 1000~0.48828125 pg/mL 6 ] 0T 1 (5 3 2R 1R 35
A PBRIE M, TR 4 A 3R B RURG B 2R AT R X TG B O B TR

4. &g

ERFFRIET = 5-Q-FK))-4-FFE-1,2,4-=FM-3-im B L W0, FEX A a4R 5-2-2Kmy)-4- 7 5=
-1,2,4- =R M3 EE K HARME G 5-(2-Z510))-4- A FE-1,2,4- = FMe-3- AR A% 2 R B G 1) A AR S5 i b 4T 17 1

DOI: 10.12677/hjcet.2020.101005 31 =AW EESE YN


https://doi.org/10.12677/hjcet.2020.101005

ik 5

w,

i I 28 K AR R BR S ) e 1,2,4- M TL e S A B . (a1 K 2¢ 90 BB Bk AR IR G

RIS TE, AR BARf a0 @ M T giE k. hiik k Btstb s s a s 58 mE 1
BEATRCAL R T BR T, Hem s TSV e Y EES G it — D SR T, AR NG
J 25 B 4-2HE-1,2,4- = ZUE-3- TR TE (R BRTE ) 45 44 R AT ZE W S AR s e Fe 4R 2%

EHEWH

N K EAE G TRIIZR00 H (20195200570) A 5t M A B T H (2016 SEZAEEE 163 5).

SE

(1]

(2]

(3]

(5]

(6]

[15]

[16]

AT, P, TRIEME, TR, T, SEECUL SR TREESS R 1,2,4- =S SPGB A VE TR,
N, 2015, 32(4): 399-404.
Kaur, R., Dwivedi, A.R., Kumar, B. and Kumar, K. (2016) Recent Developments on 1,2,4-Triazole Nucleus in Anti-

cancer Compounds: A Review. Anti-Cancer Agents in Medicinal Chemistry, 16, 465-489.
https://doi.org/10.2174/1871520615666150819121106

Maddila, S., Pagadala, R. and Jonnalagadda, S.B. (2013) 1,2,4-Triazoles: A Review of Synthetic Approaches and the
Biological Activity. Letters in Organic Chemistry, 10, 693-714. https://doi.org/10.2174/157017861010131126115448

Swathi, N.P., Alva, V.D.P. and Samshuddin, S. (2017) A Review on 1,2,4-Triazole Derivatives as Corrosion Inhibitors.
Journal of Bio- and Tribo-Corrosion, 3, 42. https://doi.org/10.1007/s40735-017-0102-3

Tourabi, M., Sahibed-dine, A., Zarrouk, A., Obot, B., Hammouti, B., Bentiss, F. and Nahlé, A. (2017)
3,5-Diaryl-4-amino-1,2,4-triazole Derivatives as Effective Corrosion Inhibitors for Mild Steel in Hydrochloric Acid
Solution: Correlation between Anti-Corrosion Activity and Chemical Structure. Protection of Metals and Physical
Chemistry of Surfaces, 53, 548-559. https://doi.org/10.1134/S2070205117030236

Ansari, K.R., Quraishi, M.A. and Singh, A. (2014) Schiff’s Base of Pyridyl Substituted Triazoles as New and Effective
Corrosion Inhibitors for Mild Steel in Hydrochloric Acid Solution. Corrosion Science, 79, 5-15.
https://doi.org/10.1016/j.corsci.2013.10.009

Siileymanoglu, N., Unver, Y., Ustabas, R., Direkel, S. and Alpaslan, G. (2017) Antileishmanial Activity Study and
Theoretical Calculations for 4-Amino-1,2,4-triazole Derivatives. Journal of Molecular Structure, 1144, 80-86.
https://doi.org/10.1016/j.molstruc.2017.05.017

Saidov, N.B., Georgiyants, V.A. and Lipakova, E.Y. (2017) Synthesis and Pharmacological Potential of New
3-Mercapto-4-amino(pyrrolyl-1)-5-(thienyl-2)-1,2,4-triazole(4H) Derivatives. Pharmaceutical Chemistry Journal, 51,
26-29. https://doi.org/10.1007/s11094-017-1551-1

B, WIAATE, VIRKS, B0, SREDW, BN, 3-(5-URIRIE-[1,3 4108 e-2- M1 FH AR A6 ) -5 -t e -3-JE-[1,2,4] =
-4 JH (R M LR VD). 255724, 2005, 40(4): 337-339.

Lok, SREE, IER, BEiA, XM, =EREE AT A A4 SMMC-7721 (WAL ERIT].
VYR R2EA4R, 2007, 28(19): 1764-1767.

Afreen, F., Chakraborty, R. and Thakur, A. (2015) Synthesis of a Triazole Derivative and Evaluation of Their Antitu-
berculer Activity. International Journal of Pharmaceutical Chemistry, 5, 343-349.

ZETE9E, TR, TB, BRI, SKFE, SERA. BB = &M Schiff SHATAEYIN SR KBRS R FLT). PR RO K
AR (E R EHFAR), 2014, 40(6): 826-832.

Yu, F., Jia, Y.L., Wang, H.F., Zheng, J., Cui, Y., Fang, X.Y., Zhang, L.M. and Chen, Q.X. (2015) Synthesis of Tri-
azole Schiff’s Base Derivatives and Their Inhibitory Kinetics on Tyrosinase Activity. PLoS ONE, 10, e0138578.
https://doi.org/10.1371/journal.pone.0138578

Al-Mathkuri, T.S.F., Al-Jubori, HM.S. and Saleh, A.T. (2018) Synthesis and Study the Chelating Activity of Some
Polymers Containing Heterocyclic Rings, the Derivatives from 1,2,4-Trizol Levofloxacin Acid. Oriental Journal of
Chemistry, 34, 2031-2042. https://doi.org/10.13005/0jc/3404042

HIELE, R, DR, DR R, 4201 24- = R0 B R & BT A0 & 5 R ). LR
71, 2012, 34(10): 891-894.
Patil, S.A., Naik, V.H., Kulkarni, A.D., Unki, S.N. and Badami, P.S. (2011) Synthesis, Characterization, DNA Clea-

vage, and In-Vitro Antimicrobial Studies of Co(II), Ni(I), and Cu(Il) Complexes with Schiff Bases of Coumarin De-
rivatives. Journal of Coordination Chemistry, 64, 2688-2697. https://doi.org/10.1080/00958972.2011.594507

DOI: 10.12677/hjcet.2020.101005 32 =AW EESE YN


https://doi.org/10.12677/hjcet.2020.101005
https://doi.org/10.2174/1871520615666150819121106
https://doi.org/10.2174/157017861010131126115448
https://doi.org/10.1007/s40735-017-0102-3
https://doi.org/10.1134/S2070205117030236
https://doi.org/10.1016/j.corsci.2013.10.009
https://doi.org/10.1016/j.molstruc.2017.05.017
https://doi.org/10.1007/s11094-017-1551-1
https://doi.org/10.1371/journal.pone.0138578
https://doi.org/10.13005/ojc/3404042
https://doi.org/10.1080/00958972.2011.594507

[17] Singh, K., Kumar, Y., Puri, P., Sharma, C. and Aneja, K.R. (2012) Synthesis, Spectroscopic, Thermal and Antimi-
crobial Studies of Co(II), Ni(Il), Cu(ll) and Zn(II) Complexes with Schiff Base Derived from
4-amino-3-mercapto-6-methyl-5-oxo-1,2,4-triazine. Medicinal Chemistry Research, 21, 1708-1716.
https://doi.org/10.1007/s00044-011-9683-4

[18] Lechani, N., Hamdi, M., Kheddis-Boutemeur, B., Talhi, O., Laichi, Y., Bachari, K. and Silva, A.M.S. (2018) Synthetic
Approach toward Heterocyclic Hybrids of [1,2,4]Triazolo[3,4-b][1,3,4]thiadiazines. Synlett, 29, 1502-1504.
https://doi.org/10.1055/5-0036-1591991

[19] ZEH, MEE, FrRigg. Dol R E = @-258-1,2,4- = R W-3-B ) 16 B RAED]. 227, 2019,
41(11): 1189-1196.

DOI: 10.12677/hjcet.2020.101005 33 =AW EESE YN


https://doi.org/10.12677/hjcet.2020.101005
https://doi.org/10.1007/s00044-011-9683-4
https://doi.org/10.1055/s-0036-1591991

	Synthesis and Anti-Bacterial Activities of Phenol Substituted 4-Amino-1,2,4-Triazole Thioethers
	Abstract
	Keywords
	苯酚取代基4-氨基-1,2,4-三氮唑-3-硫醚的合成及其抑菌活性
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 主要仪器和试剂
	2.2. 5-(2-苯酚)-4-氨基-1,2,4-三氮唑-3-硫醚(化合物2)的合成
	2.3. 单晶培养
	2.4. 晶体结构的测定
	2.5. 抑菌活性测试

	3. 结果与讨论
	3.1. 制备条件及产物波谱学特征
	3.2. 晶体结构
	3.3. 抗菌活性

	4. 结论
	基金项目
	参考文献

