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Synthesis and Antibacterial Activity of Silicon Containing Organotin Complexes of Salicylal
Dehydethiosemicarbazones

LIU Shuling, WANG Qibao*, XING Kun(School of Pharmaceutical Sciences, Jining Medical University, Rizhao 276826,
China)

ABSTRACT: OBJECTIVE To synthesis the new organic tin compound containing silicon and to test its antibacterial activity.
METHODS
salicylaldehyde semicarbazones with (Me3;SiCH,),SnCl, at room temperature, respectively. The products were characterized by
IR, NMR and X-ray diffraction. The antibacterial activity of the products were evaluated by disk diffusion method. RESULTS
Salicylaldehyde semicarbazone ligands chelated the tin atom in the form of tridentate ligand, central tin atom was
pentacoordinate trigonal bipyramidal structure. Antibacterial experiment showed that 3 compounds showed inhibitory effect

Four novel organotin compounds containing silicon were synthesized by reaction of corresponding

against G* bacteria: Staphylococcus aureus and Bacillus cereus G' and fungus Verticillium lecanii. The antibacterial ring of
compound 3 against Staphylococcus aureus was 20 mm and minimum inhibitory concentration was 25.17 mol-L™', furthermore
the study also showed that the compounds had no inhibitory effect on G~ bacteria including Escherichia coli, Typhoid bacillus
and Enterobacter aerogenes. CONCLUSION Salicylaldehyde semicarbazone organotin compounds containing silicon has
certain antibacterial activity against G* bacteria including Staphylococcus aureus and fungus Verticillium lecanii, without
inhibitory effect on G~ bacteria.

KEY WORDS: organotin; synthesis; antibacterial activity
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2 TR VA A% ol 2L R 445 ) 1) 45 R S
JIR B BC R S AR ) &SRB &9, R R IX ik
EVIIBUE - BUMRE TE LL S AE F WL A
EEE S SeBRa S RIk, AW BT IF &
K B 4a DR S REA L&Y, FFd T H
PR VIR AT, DUMA N I BT BB T 25 A 4 it
SR o

1 UE5HF

1.1 {48

Bruker TENSOR 27 J¢#£4% . Bruker AMX-400
R SLIRAL(TMS NN bR, CDCls A 7)) 3506 T
f# % Bruker A ) . DHP-420 Hi#VE IR 55 77 88 ORI
LIS A R A F]); LDZX-50KB 7
JIZEVRK I s (Lilg W 2y 7 #4808 ); SW-CJ-2FD
RUXN F 540 TAE & (IR N & A IR A A
TP-1102 TR -(Ab R 28 2 RIS R A R 2
Al); KYTIflE % i 2% (il sRoRs AR AR 38 A
FRA D).

1.2 R b S 77 2k

SO R . MR RAT R . L BBERR
W GUEFEZEAT I . KIGFH . %R, 775
JAAF B SRTE & W R R A B 3 T IR
EYRIER T L FREEARREREACTREE
EFEARGIR AT
1.3 A R A%

OTETE B 2 Hoke B B P e N AH B U A
MG FRE: b, WM 23, BIEIEREIRAE N5
FR(4HHE 37 C, 24h; H 28 'C, 48h), 0~4 T4
584 FH s @70 0 R PR PR B DV B AR T3 9 mL
TR KEARE N, RFHIE], il w Bl . %
R E, SN 10°~107 cfurmL ™,
R 7 A R A BV
1.4 7

BT 2 SRR 5 R PR ) o A L 8 Bl PR
IO O bR AE I i 22 50 BOR a3k AT b R
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(R 759 AR 245 FH b SCHRAR 77 2800
2 Hik
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Fig. 1 Preparation of ligands

2.1.2  (Me;SiCH,),SnClL-H,O Mk Jlid K iR
(MesSiCH,),SnCl, 3K75(Me;SiCH,),SnCl,-H,0M!,
7E A HF %% T (Me;SiCH,),SnClL-H,O Hi 0.447 ¢
(Me;SiCH,),SnPh, 55 15 mL i€ 18l i vk 25 BR 7E
30 mL S R B . RBIR AR FRAE 70 C
BikE 24 h, AEEH, AKMH BRI 2 IR (5
% 30 mL), G HFANUAH, SRS NI KBR R AN T )
. EETFETREGN, REWH &
Be/E CREELE S, 15 0269 g Tk, 4ifN
73.9%, mp 46~48 C, '""Sn-NMR: §-51.7. 5
BR[S]HRIE — 2L

2.1.3  XU(KEH 5B K w46 s B R — K & (i
EY DA K 0.119 g ZFERNAHtHEL N
F 30 mL 7 0.215 g /KW i 28 ZE 8 IR 11 DY S5k il
(THR)E W H . AW FER S 2 h, SRJEMA
10 mL 7 0.288 g (Me;SiCH,),SnCl,-H,O ] THF ¥
W IREYILE 45 CRHFER B 24 ho I8 H 28 BRI
A, RV CNEE S, 19 0.418 g B AR A,
FEEA 83%. IR: vey 1 614, 1 549 cm™,
ves 764 cm™', 1H-NMR: 6 0.05(s, 18H, SiMes),
0.53(dd, 4H, 2Js,.y=58 Hz, SnCH,), 1.71(s, 2H,
H,0), 4.93(s, 2H, NH2), 6.69(d, 1H, aromatic-H),
6.71(d, 'H, aromatic-H), 7.10(dd, 1H, aromatic-H),
7.30(t, 1H, aromatic-H), 8.51(s, 1H, CH=N);
BC-NMR: ¢ 1.2(SiMe3), 13.2(CH,Sn), 116.6, 116.8,
121.5, 133.7, 134.7, 161.1(aromatic-C), 166.0
(CH=N), 167.9(C=N); "“Sn-NMR: §-107.6. TT&
I3 it 548 C16H3N30,S8Si,8n: C, 38.10; H, 6.19;
N, 8.33; SEZJ{l: C, 38.03; H, 6.11; N, 8.40.
2.1.4  RU(EEH 36)-#5-3- B AR B - K i 185 4 = 3 iR
BB AEMACED DGk &I RFLE
Y1, 7720 80%. IR: veen 1617, 1542cem™,
ves 762 ecm™'s '"H-NMR: §0.05(s, 18H, SiMe;),
0.52(dd, 4H, 2Js,.4=63 Hz, SnCH,), 3.71(s, 3H,
OCHj3), 4.92(s, 2H, NH;), 6.52(br, 1H, aromatic-H),
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6.75(d, 1H, aromatic-H), 7.23(dd, 1H, aromatic-H),
8.50(s, 1H, CH=N); “C-NMR: 6 1.2(SiMes),
13.1(CH,Sn), 57.3(OCHs), 111.2, 112.7, 117.7,
144.2, 151.4, 160.4, 1(aromatic-C), 164.3(CH=N),
167.2(C=N); "“Sn-NMR: 6-109.3. TTE/Hrit5
ff C7H3N30,8Si,Sn: C, 39.54; H, 6.05; N,
8.14; SE{E: C, 39.48; H, 6.16; N, 8.20.
2.1.5  RU(HEH )-8 3-H -5 T EAK M4
ERAIG SHEAEDHEY HNEKR  Hil&
ARG 1, 7% N 13%. IR: vey 1 611,
1539 cm™, ves 761 em™'; "H-NMR: § 0.03(s, 18H,
SiMe3), 0.52(dd, 4H, 2J5,.4=86 Hz, SnCH,), 1.42[s,
9H, C(CHs)s], 2.24(s, 3H, CH;), 4.89(s, 2H,
NH,), 6.76(s, 1H, aromatic-H), 7.16(s, 1H,
aromatic-H), 8.49(s, 1H, CH=N): "“C-NMR: §
1.2(SiMes), 12.9(CH,Sn), 20.5(CHs)s, 29.6(CHs),
34.8[C-(CH;):], 116.6, 124.9, 128.5, 131.6, 133.5,
140.5(aromatic-C), 163.0(CH=N), 167.5(C=N);
"Sn-NMR : 6-117.7 « & & 2 W it B 4
CH30N;08Si,Sn: C, 45.32; H, 7.06; N, 7.55;
SEME: C, 45.27; H, 6.99; N, 7.51,

2.1.6  XU(KEH 36)8) 2- 18 A K W iis 4 & LR (1L
AW AR HIREREREY 1, TRERA
73%. IR: veen 1 609, 1555 cm ™ veg 767 cm '
"H-NMR: 60.05(s, 18H, SiMes), 0.55(dd, 4H,
2J50.=60 Hz, SnCH,), 4.90(s, 2H, NH,), 6.90(d,
1H, aromatic-H), 7.28(dd, 1H, aromatic-H), 7.48(t,
1H, aromatic-H), 7.69(d, 1H, aromatic-H), 7.74(d,
1H, aromatic-H), 7.93(d, 1H, aromatic-H), 9.40(s,
1H, CH=N); "C-NMR: § 1.2(SiMe3), 12.6(CH,Sn),
107.0, 112.6, 119.1, 122.9, 124.2, 127.4, 129.1,
133.6, 136.2, 156.8(aromatic-C), 166.3(CH=N),
168.2(C=N); '"Sn-NMR: §-111.2. JCENHiT5E
{8 C,0H3N30SSi,Sn: C, 44.78; H, 5.82; N, 7.83;
SUME: C, 44.85; H, 591; N, 7.76,

2.2 KRR IR G A WAL S AR A0
I

221 HNEERCIME DA R IR 77 = F 2 R
(dimethyl sulfoxide, DMSO)AM XTI, &7
PR BH %o HE R 3 TR I8 4K (=6 mm)¥2:%f AN [+
WS B2 (RS2 38 26 AR BT RR . & BRI AL & Y 3 =
AR, WEY 2 Kagidt— PP EiEENRK, 5%
BERE 1. 3. 4 TR — 2 RKE, o
R EBAR R 2452 2015 4F 9 H 5 32 555 9 1

W 0.248, 0.405, 0.559 mol-L ™)k 47 41 B % 14 14
T FH A9 B8 Bl AR 1 K/ SR 7 (U BB — X D)
POBEVEVE . e 45 R WK 1~20 MK 25 Lk th 0
B =10 mm MHERE, 285 I 5E S (R 0 B ok
(minimum inhibitery concentration, MIC).

222 MIC WllE  F s MR E R & B A &
VIZ R 2, 4, 8, 16 155, B ASERIREZ 25
TG B, REREFIB AR FR=F, 37°C
BEF% 24 h J5 MRS [RIHR B () 24500000 40 v S5 AR )
A RO, MIREES 3 K, [FE L DMSO
s AT IR . S B EL 2 R LT AR ELAR K
J& SR IME (mm), 564 A B Rl HS IR0 24 v B
HMIC, MESRIE 1.

® 1 OAKWESEAERERANG LN HEHH Bk
T B 47 ) 1

Tab. 1 Inhibitive effects of salicylaldehyde semicarbazone
silicon-containing organic tin compounds on Staphy lococcus

aureus
S U IR 0 5 Pl /mm MIC/mol-L™!
L& 1(0.248 mol-L™") 17 61.46
45 3(0.405 mol-L™") 20 25.17
165 4(0.559 mol-L™") 12 69.90
DMSO 10 To B A
ARTEM 24 0.001

T2 KBRS AR AL G b S M XA 4

£

Tab. 2 Inhibitive effects of salicylaldehyde semicarbazone

silicon-containing organic tin compounds on microorganism
17 [ /mm

LS

wEmL tEm3 a4 DMSO

G R 2T 155 17.5 15 0
CFIRERR T 0 0 12 0
I A TR R 17 18 14.5 0
4R0IR T 57 0 0 0 0
KIGHFF B 0 0 0 0

15 FEHT 1 0 0 0 0
PR 0 0 0 0

3 #R5i1e
3.1 gAMbk

AL EY) 1~4 S5 LRI 261 ]
W, k&Y 1~4 7£ v(OH)FN v(C=S) KWL IS 5k
M0 46 2 56 B IR 19 06 3% v(OH) AT v(C=S) W Ui 7F
3 627~3 633 cm ! Fil 847~852 cm ™'

1AW 1~4 7E 1 539~1 555 cm™' 90 4 SRR
Wb, ATV JE AR R C=N XU, T4 IR R
7 A C-N gl it ha 1~4 v(C=S)T ik
W # Je, TTE 761~767 cm ' AT 4 AN H R Yk
- 1081 -
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g, wTIHJEN v(C-S).
3.2 LR

1k &40 1~4 T O-H A1 N-H Ji 1 B2 35 B &
AT FETAIRBL, IX SCRFLLA T H A e Ak
24 0, N, SHEAZHEMREEAA/E. (&) 1~4 1
8.49~9.40 ppm (1) HLUE ] T J& Jy HI WV Ji% (CH=N) %
[l ¥l . 0.03~0.05 ppm AbFHLIE K SiMes Jii +
I, 0.52~0.55 ppm [N SnCH, JiT I (Jnn=
58~86 Hz). F1ZZ CHR[7]HREMEFHLLEL, B4
IR T PC-NMR (5 5 I IER AL E . thad
1~4 1) "°Sn b2 EAE-107.6~111.7 ppm . %
WAL &) 1~4 B G O JR T 5 AN SR e,
3.3 X W&

mn A & 1 A0 4 1% B Bruker APEX I
CCD area-detector fiT 4 3, FFHL A A oa-H
HBERTHA A MoKa #8454 (4=0.710 73). B& T
SUR T ANE 4y Pl I H R IR . S5
#F shelxs-97P 1 shelx1-97 43 il f 4 Al e i
R AE Y 1. 4 FIEER ARG B LR 3, 454
T R B R B RN A BE LR 4.

®3 BERMEW 1048 RERERE

Tab. 3 Crystal structure datum of compound 1 and 4

Hd &1 a4

i C16H31N30,SSi,Sn C2oH31N30SSi,Sn

M/g-mol™ 504.37 536.41

RE/K 296(2) 293(2)

b AR 4EE /mm 0.27X0.20X0.15 0.25X0.21X0.13

SR RSB Monoclinic Monoclinic

2] 4] P2(1)/c C2/c

Unit cell

a(A) 17.179(2) 38.814(18)

b(A) 13.875 2(19) 7.206(3)

c(A) 10.061 8(14) 19.538(9)

Q) 96.891(2) 111.096(5)

V(A% 2381.0(6) 5098(4)

z 4 8

Deai/g-cm™ 1.407 1.398

LM A /mm™ 1.275 1.193

F(000) 1032 2192

fREE 16<h<20 46<h<46
-16<k<16 —8<k<8
“11<1<9 —23<1<23

SRR ST A 11 404 16 126

PRSE AT A 4172 4487

B 244 268

g iana Multi-scan Multi-scan

Max./Min.j& 6 % 0.8318, 0.7247 0.8603, 0.7547

F’ 1.110 1.302

REAHT[[>20()]  0.033 8 0.101 5

R BRI F 0.043 3 0.1257
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ARG 1 SRS, RH = AR R
58 EFEAEAL, FOBETEARMK =M
WUHELER o BOAL Z TR 2 MR T, SRE(CH
FREHFIE T COM C(13), WhE N()JET 5
FRIESPI, T S(HA O() R F SdE4hm A E . 78
AU EBARS R I C(7)-N(1) 1.276 AL N(1)-N(2)
1.380 A. C(8)-N(2) 1.346 A. C(8)-S(1) 1.689 A.
S 1, C(7)-N(1) 1.301(5) A. C(8)-N(2)
1.303(5) A. C(8)-S(1) 1.749(4) A MIEAAE TR KK
AE. C(8)-NQ)IAH A C(9)-S(1)IAEK K,
Z TR E N(2) R T MBRE i % e 3 B
A DI SR A 2 A Sl T AT B AR D 3 1 45
Fo TEEY 4 P RDLFEFEARLL

R4 o1 o4 KA A
Tab.4 Bond lengths and angle datum of compound 1 and 4
&) 1 IR A6 HEY 4 A

Sn(1)-0(1) 2.078(3) Sn(1)-0(1) 2.104(8)
Sn(1)-C(13) 2.133(4) Sn(1)-C(13) 2.129(13)
Sn(1)-C(9) 2.148(4) Sn(1)-C(17) 2.154(14)
Sn(1)-N(1) 2.264(3) Sn(1)-N(1) 2.190(9)
Sn(1)-S(1) 2.524(10) Sn(1)-S(1) 2.569(4)
S(1)-C(8) 1.749(4) S(1)-C(12) 1.722(12)
o(1)-C(1) 1.348(4) 0(1)-C(3) 1.331(14)
N(1)-C(7) 1.301(5) N(1)-C(1) 1.323(13)
N(1)-N(2) 1.388(4) N(1)-N(2) 1.423(12)
N(2)-C(8) 1.303(5) N(2)-C(12) 1.297(14)
N@G3)-C(8) 1.337(5) N(3)-C(12) 1.381(14)
O(1)-Sn(1)-C(13)  100.63(13)  O(1)-Sn(1)-C(13)  90.0(5)
O(1)-Sn(1)-C(9)  87.82(13)  O(1)-Sn(1)-C(17)  98.2(4)
C(13)-Sn(1)-C(9)  122.35(16)  C(13)-Sn(1)-C(17) 127.1(6)
O(1)-Sn(1)-N(1)  80.58(11)  O(D)-Sn(1)-N(1)  81.0(3)
C(13)-Sn(1)-N(1) ~ 97.40(14)  C(13)-Sn(1)-N(1)  114.0(4)
C(9)-Sn(1)-N(1)  140.06(13)  C(17)-Sn(1)-N(1) 118.9(5)
O(1)-Sn(1)-S(1)  142.83(8) O(1)-Sn(1)-S(1)  157.6(2)
C(13)-Sn(1)-S(1) ~ 110.80(12)  C(13)-Sn(1)-S(1)  98.6(4)
C9)-Sn(1)-S(1)  91.58(11)  C(17)-Sn(1)-S(1)  93.1(4)
N(1)-Sn(1)-S(1)  76.27(8) N(1)-Sn(1)-S(1)  76.6(2)

EEY 1 B g, N—H--N S 8AE
FHAS 9 AH AR 70 7 B B AR, 1 SRR Z A
N—H--N fl O—H---S &8t 5/KF> T ZRIERK 1
AL, LA 3. i N@B)-H(3A)-N(2)
(—x+1, —y+1, —2)3.067 A 167.72° , N(3)-H(3B)---O(2)
(x, y, z-1) 2.871 A 152.3° , O(2)-H2A)---O(1)
2.812 A 160.58° , O(2)-H(2B)---S(1) (x, —y+0.5,
z+0.5) 3.384 A 171.44° #E#.
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B2 em1maEkEy

Fig.2 Crystal structure of compound 1

3 e — S

Fig.3 One-dimensional chain structure of compound 1
WEY) 4 1) X-HREMINERY], RULs

Y1 B Tai, BIKEMMERSHEY 1
L. 7> T 4R 4.

E4 bR El
Fig. 4 Crystal structure of compound 4
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3.4 R VE PRI

HH BT A B 7K B 4 s S TR B R ML A
Wt FIT 36 240 R 5 A A A 00 R A 3 S0 & SR el
A W3 AN [F) T PR S R AN TR A B v . Ho
B 3 % 4 v C R A BR VA A A0 1R 280 SR e i, 4D
85 20 mm, MIC LA 25.17 mol-L™, {HEL
SETEARAY MIC 18 0.001 mol- L™ iBEE k., 3 fifk
Ayt sl ey, PRI Kk g
i, SECCPIRGEEIE” B G REERMTE R
SRAEIVE R, W BT G (oK AT . 1
FRE L P2 AT BRI I HIE R, XA Sy 2
JFE . T P g A 6 T S s 0 ) A P (U 1 P
N 17, 18, 14.5 mm), X% B4R &L ME1E
o HBUE BRI B /A Rk — B0 9
4 Z5ip

LS Y 1~4 T, 4 Bk s 4 2 5L IR B A 5
(Me3SiCH,),SnCl, J8 3k i T 1 H 2H 2% s N R
4 MERE)E T IR, NMR AT 2Tk T T R AT
&Y 1 4 (1) XS R R, KR
JIRTC PR 355K F = A B AR T 30 5 85 Ji 1 3 A e
OB R T S O A 0 = A OUHE S . T S 5
SERRW], HALE YN AR R SR AN R v M
WA 3 X4 vs (08 & BRI d R ey, 0
% P&y 20 mm, MIC {E{¥ N 25.17 mol-L™",
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Synthesis and Characterization of /-Menthyl Diclofenacate

CAI Ran®, WANG Puhaib*, ZHANG Genyuanb(Nanjing Tech University, a.School of Pharmaceutical Sciences; b.Jiangsu
Institute of Materia Medica, Nanjing 211816, China)

ABSTRACT: OBJECTIVE To synthesize /-menthyl diclofenacate (Compound 3), an impurity in diclofenac sodium gel, as a
reference substance for the quality control of the gel. METHODS Diclofenac acid (Compound 2) was prepared by acidification
of diclofenac sodium with dilute hydrochloric acid (Compound 1). /-Menthyl diclofenacate (3) was synthesized by
straightforward esterification of Compound 2 with /-menthol using EDCI as the dehydrator and DMAP as the catalyst.
RESULTS & CONCLUSION The structure of the title Compound 3 was confirmed by IR, "H-NMR and HR-MS(ESI). The
purity was about 99.60% as judged by HPLC.
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