530 B 12 W Tl 1k 2% 2 Eild Vol.30 No.12
2014 4E 12 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 2733-2739

BARFERAENHE R R FE-Ga*
FL &8I & B A s &

RARE D R W RF L
(EMRFBELTFER FMH 213164
CHERMIFRAFS AH TRFR, B 224051)

FE ., Wit a T 4 Fh & A [R5 A OIS A1 0% 0 2 e A0 H R B IR TG 1A% (2- £ T 2k it e U 25 — A HH TR B I (L)-H) L 2- H T ik
W R A H R R (L2-H) L 2- HH Tk 22k 0wy R R A A H R R (L) L 2- WY T 22 /K A 1 D 25 — 4G R HY I (L-H)) A9 SR E A
By e AT A R AT T e T RO S T RS TR DS BRI X B A M RS R s e R AR L S
Ga*H IR AE 19 S BT 45 W[ Ga(L),INO; (1) .[Ga(L3),]NO; (2)[Ga(L2),INO; (3).[Ga(L,INO; (4), 4 Bt 7 ¥ % 4 2 €6 5 245 Bk 1 A A
J AT T R B LG Ga(NOy);- OHL0 B Y 300 i 3% 400 ) 46 B €23 2 BR U4 1 i 0 3 T R IGAT 1A, b 1 R 2 93 2 LG A 7 B A v
Ha 2 AMEA Y S R Z 8 JC I @G22 5 LI-H A L2H 43 F bk e 356 174 5 I H 128007 AT RS 1 1 2 HLoa 50 o 10 7 905
BB, 4 BEC A P R e A K R TR AR R = T Ga(NO,),- OH,0, o 3 st JIF 3w T L-H, HARBC & 9 5 48 B i
R JC I P2 5

REW . BECEY ; HEE ST R PRI A9 5 PUs o MBOE R
HESES . 0614.3711 CEARIRAD . A XERS . 1001-4861(2014)12-2733-07
DOI:10.11862/CJIC.2014.364

Synthesis and Antibacterial Activity of Gallium Complexes of Methyl
Hydrazinecarbodithioate Bearing Different Aromatic Substituents
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Abstract: Four methyl hydrazinecarbodithioate derivatives containing different aromatic substituents including S-
methyl-N" -(1-pyridin-2-yl-ethylidene)-hydrazinecarbodithioate ~ (L'-H), S-methyl-N" -(1-pyridin-2-yl-methylene)-
hydrazinecarbodithioate (I.*-H), S-methyl-N'-(1-thiophen-2-yl-methylene)-hydrazinecarbodithioate (I.-H), S-methyl-
2-hydroxyl benzylidenehydrazinecarbodithioate ~ (L*-H), and their gallium complexes were synthesized and
structurally characterized. Their antibacterial activities were tested using Staphylococcus aureus and Escherichia
coli as substrates. The effect of different aryl substituents of ligands on the activities of each complex was
studied. The results show that the four ligands can bind with Ga® forming mononuclear complexes, [Ga(L'),]NO;
(1), [Ga(L),JNO; (2), [Ga(L),JNO;s (3), [Ga(L*,]NO; (4), respectively, and each complex is stable under near
physiological conditions. The antibacterial activities of the complexes and corresponding ligands for both bacterial
are higher than Ga(NOs);-H,0, and the inhibitory efficacy for Staphylococcus aureus is higher than that for
Escherichia coli. Among the complexes, the activities of both complex 1 and complex 2 are more potent than

corresponding ligand but the other two didn’t show significant difference in activity. The electro-withdrawing
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effect of pyridyl on L'-H and L-H may be responsible for the higher activity of complexes 1 and 2. The

inhibitory activities of four complexes for Aspergillus niger are likewise more potent than Ga(NO;);-9H,0. The

complex 3 is among the most potent and its activity is higher than I’-H. Little activity difference between the

other complexes was observed.

Key words: gallium(ll) complex; methyl hydrazinecarbodithioate; antibacterial activity; structure-activity relationship
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1.1 EEZNEMXA

ZEAL R KA E80%) T g 2- £ T IR IE |
K 2-MEiE H R 2-WEMY HE AR ER WEIR R 2%
M (PBS) 55 341 43 B 2,

G R A BRI K AT A R M
FHECAE PIRT ST oo S it

FREHEA PRI, 281K 100 mL, FHFH 0.3
g A 0.5 ¢ SEEMR 1 g 3B 1.5 g,pH 7.0~7.2;
L SR 2 W BRI A AR L L 2R ROK 100 mL B
20 g HIZEWE 2 ¢ IR 2 g,

WRS-1B 5 45 s 4%, Bruker DRX-500 %4 # #
AR AL LCQ B H W 25 BT 3 4 (ESMS, Finnigan),
Shimadzu UV-2450 %4 45 40 0] UL 43 5% )% BE i1 | Vario
EL cube JCR 7 HT4X (72 Elementar), NEXUS 670
RYLLAMCTEALSE T T 25 A& W0 I RAE 5 287K
W R RAE B ARG WRAT fEIRAE 5
FEILAE T 516G W W 4 B s PR S 5
1.2 B L-L*MER

T IR 1 JI s 1 6 2 G UTRE A4 2- £ T s i g
JHE 3 A F TR R I (- H) |, 2- FY T e i e JF 35 —
AR IR R R (L2-H) L 2- Y 1k 35 19 3 JF 3 — i R Y 7R
B (L3-H) 1 2- ok 5E 7K A 1 ik — A PP 1R FH T
(L*-H), Z B SCHRMSE G B — A R R 7
PEAET , — 2 i M A R R 5 e 1Y 2-
CTENERE 2Nk e FH R -9 Wy R R /K A% I o B T
ToK CBE I 6~8 h J A B0 o
oK CEETE S5 i v BIAS BB A R L-H R
BRI AR T2H, 86 R LZH AR s R A
LAH, W3 (LA — i A0 R TR 31) 23 5914 81%
86% . 79%F1 73% , .

L“H:m.p.125~128 °C, 'H NMR(CDCly):5:8.62~
7.71(m,4H,Py),7.0(s,1H,-NH-),2.25(s,3H,-SCH; ),
1.81 (s,3H,-CHs), ESI-MS (m/z): [CoH N:S,+H*]*,
226.34 (BB {H),226.1 (SLM{H);[CoH,N,S,-SCH;]*,
178.24(FEie(H), 178 2(FEMIE), FTIR@,cm™):1 621
(m), 1 462(m), 1 425(m), 1 323(m), 1 275(s),1 105(m),
953(s),841(m),777(s).

I2H:m.p. 168~170 °C. 'H NMR(CDCl):8:8.65~
7.64(m,4H,Py),7.50(s, 1H,-CH=N),7.0(s, 1H,-NH-),
2.55 (s,3H,-SCH;), ESI-MS (m/z):[CsHsNS,+H*]*,
212.32 (FiE{H),212.10 (FZMH);[CsHN-S,-SCH,]*,
164.21 (FiBfH),164.20 (ZM{E), FTIR spectra(v,
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Fig.1 ~Synthetic routes of ligands

em™): 1 616(s),1 564(m),1 430(w),1 315.5(m),1 276
(m),1 107(m), 1 043(s),872(m), 774(s).

L*H:m.p.165~167 °C, 'H NMR(CDCLy):5:8.26
(s,1H,-CH=N),7.69~7.17 (m,3H,-C,HS),7.0(s,1H,
-NH-),2.55(s,3H,-SCH;) , ESI-MS(m/z) : [C;H;N,Ss+H*]",
217.36 (HIE{H),217.10 (FME);[C,HN,S-SCH,],
169.25 (FLiB1H),168.99 (FLMME), FTIR spectra(v,
em™):3 678(s),2 984(s),2 899(s),1 628(w),1 476(m),
1 409(m), 1 333(m), 1 066(s),769(s).

L“H:m.p. 205~208 °C, 'H NMR(CDCl):5:8.78
(s,1H,-CH =N),7.66 ~7.02 (m,4H,Ph),5.35 (s,1H,-
OH),2.55(s,3H,-SCH;),2.0(s, 1H,-NH-), ESI-MS(m/
2): [CoH oN,OS,+H*]*,227.32 (BB 1H),227.20 (SE)
1E) ; [CoH oN,0S,-SCH, [, 179.22(FEiE 1E) , 179.10(3E M
fH), FTIR spectra(v,cm™):3 116(s),1 613(m),1 521
(m),1483(m),1310(s),1 034(s),952(m), 789(m) , 750(m) .
1.3 BREMHEK

[Ga(L"),INO; (1)[Ga(L?),]NO; (2) .[Ga(L),]NOs (3),
[Ga(L4,INO; (4)#5 B & W BT AR B B_ A K 0.50
mmol BCAR LI~L* 2358 A3 15 mlL JosK BB
I 55 LA, 0 0P skt PRk B
RO, EAWTHERE T ) b 2208 % n &7
A 0.50 mmol Ga(NOs);-9H,0 Y JC7K H BV WL, O ik
PEFE S hJE  LH OFT L2H 0¥ 15 21 6035 WV
it E 2 F, 0 AT 29 0.089 F1 0.078 ¢ £ {4 ik
HAREC A 1M 2, DIECRmEIE, R0k
71.6% 1 64.7% ;1.-H 1 L-H 193 W8 53 317 A4 K
HEE SRR (A EUIE 2805 B B U

W, B TIRE153) 0.069 ¢ B4 A 0.079 g K
B EREC A 3 F 4, RSN 62.5%F 52.3%,
FIH L 25 i G AT BE AR LS LD ANk
S X A5 LA W AT R AE
1.4 HPEHEBENHK

KR ACR SRR B 809V ) K 45 B A 9 B
T B2 Ga(NOs); - OH,0 X 42 B (040 25 BR 1 . K AT 1
AN TR G P, B R & A G W B BE R 1.0x107
mol - L™ A VB W 98 1 7 120 CR A F R E H
JWR B 95 KT 20 min, 76 JC T S50 T 43 26 31 15 557 1L
oK 6 mm ZKFEBBEDIEIEA AR A LR &G
W TR 38400 S G BB TR B A R T
O350 WA BB A b g LIS 3 R
U1 Fras 6RO TR 37 CCHE A B B 5 97 16~48
h J& >R 5728 Ok I 2 0 i B AR S AT R
3 UK, BCF-HA A 30 B B AR A 0 3% Ak 4
R SCR B TR Es A4 BE G ) B AR B2 Ga(NOs)s-
OH,O XiF 2 iy 25 A 0 36 1 | 45 TR Mk B I
WAL A W PDA 555858 Pl IR il 25 # DF
BT LR FLER b, 28 CHERI R4
MRS 72 h G, 258 Ok HL B V5 B AR,
SEATINA 3 W, O YA B VA ELAR B ] O
Xof 2 A A A B 0 1 RE A A

2 BRIt

21 BREVWHRIESEHDHF
2.1.1  ZAMEIE By
IER e 9 FAR NS R R e ~ =S T NS
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Ga "B F Mg &, Hrb 1 aEasuigh sl T
2 971(s),2 864(s), 1 459(w),1 350(m),1 316(m),1 055
(s),1 012(s),770(m)(¥,cm ™) W W i ;2 i BL 1 3 705
(m),3 664(m),2 972(s),2 861(s),1 343(m),1 055(s),
1 009(s),772(w)(¥,em™) WU ;3 HIBE T 2 375(s),
2 321(s),1 589(s),1 517(m), 1 454(s),1 414(s),1 278
(m), 1 042(m),970(s),818(s),735(w), 680 (m) W Y U ; 4
HILT 2 970(s),2 861(s),1 740(m),1 459(m),1 343
(m),1 055(s),1 012(s), 748 (w) W e % | I UL Fig.S1~
S4. KL A5 BE A 4 RN AR I BC AR ) £ 40 6 1% T LR
th, MBAS GarkARALE, T 777~750 em™
DX [R] (4 W WL W 57 6 28 770~735 em™, WTHEWTE th
BAR 7+ c=S MM S 5 Ga kA4 TR,
T3 C=S B AR F TRl C=S B A i 4 4k
SR [FlE, BB A YAE 3 100~3 500 cm™
DX ] PN F A 220 35 (-NH-) ) R 3 3 B A T B b 1 9k
55, W] N-H #3228 7 52m | P65 SCHRHRGE | 2080 IR
FAUEWS Ga¥ Rl X A7 N 5T &9,
Ga*'5 S FLA 5 C=S #EE T sk | [ Al AH 21 11
C-NH %78 5 C=NUs"1 JtAh 7F 1613~1 628 cm™ X
[F1] P ) IF. 22 35 A (-C.=N-) 1) 9 3 i B b 2% A6 T ik 55
B, B Ga*5-C=N-" Y N R P kA4 T i
i, S BLAYTE 1430~1 420 ecm™ F1 1 330~1 320
em™ DX [A] P B4 I i 06 T 051 S8 A A0 B NO, B B T 1Y
PR Bl AT HEWT BC R LLH~L-H 4> F &
HE-C=N-ZEH P ) N JEFR-C=S HHAIH S i+ 15
Ga* L B T BB G Y 1~4,
2.1.2  HLmEZE i oAt

FL 5 257 0T 1% (ESI-MS) /& 2R 1iE Bt & 4 ) — Tl 2 22
F-Be, n DAAR 8 BC & 1 1) Hi 5 257 IO % 45 R 0 il
PIiTe i, DAH B R s 00 R O B AR I 45
Bt & 0 ) T 25 SR L Fig S5, Horb 78 1 1 i v
MEEE] T 2 AW m/z=248.80,517.65, 4l )& A
[L'+Na*]* (38 it {8 .248.33) F1 [Ga(L"),)"(¥ L 14 .

J& M[Ga(L2),)'GHIE{E .490.33); 78 3 MY i b s B0 T
m/z=216.85,500.70 P10 433 U9 J& AL (BRI A
216.35)H[Ga(L),(FLIE 1A : 500.40) ;4 1 FZLWE m/z=
519.65 HJ&E M[Ga(LY),[(FLIE (A . 520.34), 45 FF T,
BUAR L-H~L-H 315 Ga¥*BF R4 T46, BT
T Gal M 12 MRS,
2.13 FAYIMEEIRES3

DLHTRE R i 00 B iR BE R 1.0x107 mol - L Y
BC AWV, T 24 °CT I 45 75 W JBE JR FL 32 8
g R 1 PR,

*1 SWMAVHERBSE
Table 1 Molar conductivity for each complex

in methanol

Complex Molar conductivity / (S+m*-mol™)
1 49.3
2 50.2
3 55.2
4 60.6

S5 IR A B W EE IR L R R AE AR T 35
S-m?-mol™, K& HA WY JE T HL A 5T B2,
NO;HANF BB F , KRS 5N A Ga* M BLAL %4
5B AP LA 25 A — 3,

@) JCESHT

TCE TR R BN ) —HEF B
JCEMHT, AT EA S YA, Lk 4 DAY
MIICER ST 45 R L3 2 Fiw

LA A YR TR 0T KB R B S 3R 2
ATUAHEWT, BAPh cR — AR L
5 Ga*W M EZ o 12, MR BT NO,, B
[Ga(L),]NO;,

(5) BLAEYHI AT RELEHY

WFE 2 B | a-N-23% 4 453 52 S 0 R S 407 A6 4 vl 4
HEN NS BLA R T, 5 Ga™Ph 2:1 Tt F B sl i
FER/blE S I AVANTIR: S 7 A [eau My B S ¥ dvl A - E

518.38);2 7 m/z=490.65 AL BL T 1 AW, "I B85 45 L B IR S0 & W30 A AR Ak 2 45
F2 BEAVHTESNER

Table 2 Results of elemental analysis for each complex

C/ % H/ % N/ % S/ % 0/ %
Complex
Caled. Tested Caled. Tested Caled. Tested Caled. Tested Caled. Tested
1 37.25 37.32 347 3.78 16.89 16.94 22.10 22.19 8.27 8.28
2 34.78 34.75 2.92 3.20 17.75 17.77 23.19 23.17 8.70 8.73
3 29.90 29.83 2.51 2.61 12.43 12.44 34.21 34.28 8.53 8.58
4 37.12 37.25 3.12 3.50 12.03 12.05 22.03 22.04 13.74 13.76
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Fig.2  Possible structure of complexes
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FLA AL (28 T ) /\ T A S5 48 | 7T B 1) 25 44 T &1 2
fis
22 EAYMEEMEEZGETHREN

Ga* & FrEK PR e PEAR 22, 76 pH>3 MK
WP BN R A KRR, Ga> B T5 5 PO S HIE
B GaPO, ULTE , 3 L6 fl 52 1 A2 BH A5 85 25 W ik 55 1 3=
SRR N ANRHIF TR B B0l TS s
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1.0~24.0 h P BERS ] A28 A AE O 45 2R DLIEL 3, 4521
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Fig.3 Changes of UV spectra of the complexes in aqueous solution with time
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4 19 PBS KR 24 h R ERUE ) ’ i 1 .3 HIR 2 Table 3 Diameter of bacterial inhibition zone
VERE2E | 4TRSS T o B 35 B MU 345 51y 2 B .
WE P Tk Ak L | P IR W S RN K A I | — ok
L, R 3 3 4 8RR S 5 X Ga O A3 Compond T
RE 0 55 T N A1 O, B R4 40 1 0 2 R o s b
REVERTZAE , LY T 3, (02 Ah RO 45 . 0 s
Eﬁéf’ﬁiﬁﬂ‘?%%i‘#ﬁl,@fu,%@Eﬁ%ﬂ’ﬁ%ﬁi 1-H 10.3 7.7
PEA R A HEE FBHE—L L% % 1“H 10.3 73
23 mEREMN 1 22,0 16.3
R T 1] CIF BE AR B )(2002 45 hiL) H R0 B 2 15.0 8.7
VI 0 W 410 70 48 T 70 400 5T Bl LA R T 20 mm 3% 3 10.3 77
7 ELA SR B RCR  E 10~20 mm P A R AOR | 4 10.7 83
Ga(NOy);-9H,0 9.0 7.0

M/ T 10 mm R85 ERCRS, 3£ 3 iy Bl &
W, 4 B A5 4 B AR N7 T A 0T 6 B €0 8 4 3K 8 RN K
Jo A TR T R 4 TR 0 4 T TR PR XS T Ga (NOS); -
9H,0, BCAY 1 R 2 (36 PE LU AR I e R 5 | 4y 2
MG SRR Z R E B2 5 SREY S
A IE TC A X 19 o 20 T 1) 410 TR M e A D B 25 S R
AL 4 R AT 0 4 7 R 5 T R A AT T IR
J¥ 0 1>L-H>2>4>3 ~L-H =~ L-H>1-H>Ga(NO,); -
9H,0 (4 & A ERIA); 1>L-H>2>4>3 ~L-H~L*
H=~12-H>Ga(NO);- OHO(K I HTF 1), %I PEIF %
WY, AH X T BCAR F Ga(NOs);-9H,0 , B & 9 1) 100 B T
PEAF S T a5 AT DA Ga¥ s TR L A S
FHEOF B 3 5 0N O S B E A B AN RIS i
Wy 09 T8 FCGE B 43 18 i AR 43 BRI | AT R 23 5 T
HOHEF B bR pE 500 i Ah RS Ga* B+ 1t
[F) 250 W] B R T R ASOR i S R S 2 HoA
MR EE e — 8, SRS HGE | R &
Y153 b HURIE A WG H, B8 7 ki | L B 9 1 A
R, DL A A P I R 25 5 n] g R S
PRI 3 T 25K A DG #E 1R 2 I BC AR 23 F b | Tl iE

R A5 oy 5 R 1y 0 LA AR 1) R FlL R0, T B
AT 1R 2 L b 9 i G A5 B A AR 1 40 T T
‘Hfo

SR A —Fh R UL BT W] AR R R R
ke BUE R s R B, MR,
JE P N S AR RS A SOXF 1 A 4% A 4 2 ol
BTG PR — 2 BEAT 7552 TN & 1 SE SR 2 T 7%
25 %8 B (CK)AH PO, T 7 A K AR /N 1 R B
ZAL A Y R B RO AR S5 R 4, BUE BOR
Ga(NO;); - 9H,0 *F 2 ih 5 1Y A= K L 3 A 1 il 4R
FH T 25 BC G 0 B AH 7 AR 12 S5t s A T R 1 40
i ROR o 3 B BTG PETE 4 RS9 b dw o %t
B ABCAA 1-H 78 4 FPECH b i3 e il 3 19T
PER S T LH, HAR B G W) 5 AR B AR 22 [ 1 3%
PETCHA B 22 5 A5 5 1 IR I 4 5 0 8 A BR R
TR AT s 9 e 248 0240 UG 1 AL S, 8 B 40 1 R
L R 2 AN [ IO s 1 R R — it A Y R Y TR Ak
Y B EEEE

x4 BEHEREER
Table 4 Diameter data of Aspergillus niger colony

mm
Compound
CK
1 2 3 4 L'-H L-H L-H L*-H Ga(NO3);-9H,0
20.0 17.0 17.1 132 16.0 17.0 16.9 15.8 16.3 19.0
3 o7 L-H ELERIT A JFEF T 20E, Hoitisesh %

BEVTA BT 4 R RE TR R R Y R A TG AR

B, 4 B0 EC A 4 B A 0 TC A XoF 4 €074 25 Bk 1T A
KN A T 400 B3 1 2 T Ga(NOs)s - 9HL0, X 46
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0] 4 BR A A BE D 8 T ORI AT L AR 4 Rl IE
B ECE Y 1A 2 0V FA S AR Ay
PSS 5 KR Z (e JF E W 22 5%, L-H Al
2-H J3 - F AR I R Y 5 g I 1 RN R BB 1 A
2 U HABTRC 5 9 HAT S50t 400 T 5 1 B £ 2R 4
PGP0 | 3 BT LR P ek, HERCAR 1-H 7E 4
FC A P R 3 BTGB s T LA, HARTE
B 5 AR R E] TE TG PR 22 5 B R [R5 A U
(1% B 5 B A 1R PP e 0 X 2 R R L TR 1 D
HVE I EA SR, AR RSP i EY)
P S S ML B A B MR T
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