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Abstract

Organotin complexes of bisphosphoramidates wergyapeel by the reaction of
SnRR’R®*CI (where R=alkyl/aryl/Cl) and BR(O)XP(O)Ph ligands (where X=diamine).
All the compounds were characterized by NMR and d$PRectroscopy. X-Ray
crystallography confirms that the bridging ligantbguces binuclear complexes with
SnPRCI acceptors irC,3 andC,4 and offers a polymeric structure toward SnlUle in
Ces. The synthesized compounds were screened forritigaaterial activity againgB.
cereusandE. coli. Based on the MIC test, the ligands are devoigntibacterial activity.
Notably, among the complexes, triphenyltin addwethibited a marked activity only
against Gram-positive bacteriuBr CereuqICso = 0.78ug/mL for C,3 andC,s). DFT—
QSAR models revealed that the descriptor of thetephilicity (w) parameter is
correlated with the inhibition activity oB. cereus The correlation matrix of QSAR
models and docking analysis confirmed that thetedphilicity parameter controls the
influence of the net charg&¢,) and polarizability of Sn atom of complexes on the

inhibition of B. cereus
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1. Introduction

Research on medicinal applications of metal congdag an area of current interest and
one of the most studied in biomedical and inorgdnechemistry. In this context, the
potent therapeutic properties of tin complexesveedf known [1-3]. The chemistry of
organotins has received considerable attentiomduhie last few decades owing to their
industrial (catalysts in PVC and foam producti@gricultural (fungicides and acaricides,
wood preservatives) and medicinal applicationsilfacterial and anticancer agents) [4-
7]. Biological activity of organotin complexes ipparently correlated with the kind of
the organic group and the donor ligand bound tg8inno method has been published so
far to clarify the mechanism of the antibacteriatgmcy of OTPA derivatives in the
electronic and structural levels. To extend andluata this issue, new method is
introduced by other authors in order to elucidate mechanism. Quantitative structure—
activity relationship (QSAR) equations enabled teate the correlation between the
electronic and structural parameters of OTPA déxiea and the antibacterial activity [9-
13]. From the above consideration, in connectioth wur current work on tin complexes
of phosphoramidates [14-18] and to investigatebibkgical aspects of them, herein, we
report synthesis and spectroscopic characteriz&tit>C, 3'P, °Sn NMR and IR) of a
series of organotin bisphosphoramidates preparethdyeaction of SNfR’R’CI (R =
alkyl/aryl/Cl) and PBP(O)XP(O)Ph ligands where X = diamineS€heme ). The
structure of ligand. , and three complexé&3,3, Cas andCgs were determined using X—ray

crystallography. All the compounds were screenedhfe antibacterial activity againBt



cereusand E. coli. In order to understand the influence of electoand structural
properties for the titled compounds, an integratedecular docking and QSAR models
approaches were used to evaluate the binding atiena between the OTPA analogous

and theB. cereus

2. Experimental

2.1. Material and calculations

'H, 3P and'°sn NMR spectra were recorded on a Bruker Avancesp@@trometer at
300.13, 121.50 and 111.86 MHz, respectivéll. chemical shifts were determined
relative to internal TMS3'P and*!°Sn chemical shifts were measured relative to 85%
H3PO, and SnMg as external standard respectively. Infrared (IpBBcsa were recorded
on a Shimadzu model IR-60 spectrometer using KBllefse Density functional
calculations (DFT) at B3LYP level have been carreed using Gaussian 09 package
[19]. The correlation analysis was performed by ®atistical Package for Social

Scientists (SPSS), version 16.0 for Windows [20].

2.2. General procedure for the preparation of ligan

All the ligands were synthesized by the procedweorted in the literature [17]. A
solution of diamine (1 mmol) and triethylamine (2nol, as HCI scavenger) in THF was
added at 0 °C to a solution of diphenylposphinitogtie (2 mmol) in THF. After 4 h

stirring, the solvent was removed in vacuum andréselting was washed with distilled



water. Compound_, was recrystallized from a mixture of THF angHat room
temperature to obtain crystals suitable for X-raglgsis. Physical and spectroscopic data
of new ligandsl(;-L 4 andLg) are presented below. CharacterizatiorL gfandL; were

reported in our previous work [17].

Ph,P(O)NH—(CH)~HNP(O)Ph (L1)

Mp: 228-230 °C'H NMR (d6-DMSO, ppm)s= 2.88 (m, 4H, Ch), 5.51 (m, 2H, NH),
7.43-7.47 (m, 8H, Ph), 7.49-7.52 (m, 4H, Ph), 7778% (m, 8H, Ph)**C NMR (d6-
DMSO, ppm);o= 42.0 (d Jpc = 6.1 Hz, CH), 128.3 (dJpc = 12.1 Hzm-Ph), 131.4 (s,
p—Ph), 131.6 (PJpc = 9.4 Hz,0-Ph), 133.6 (d'Jpc = 126.5 Hzjpso-Ph).>'P{*H} NMR
(d6-DMSO, ppm)s= 21.9 (m). IR (KBr, crit): U = 3199 (N-H), 2928 (s), 1438 (s),

1186 (s, P=0), 1111 (s), 722 (m).

Ph,P(O)NH-(CH)s—HNP(O)Ph (L>)

Mp: 222-225 °C'H NMR (d6—DMSO, ppm)p= 1.60 (g, 2HB-CHy), 2.84 (td, 4Ha-
CH,), 5.37 (m, 2H, NH), 7.44-7.47 (m, 8H, Ph), 7.4%27(m, 4H, Ph), 7.72-7.76 (m,
8H, Ph)."*C NMR (d6-DMSO, ppm)= 33.1 (m,3-CH,), 37.3 (sa-CH,), 128.4 (d3Jpc

= 12.0 Hzm-Ph), 131.4 (p-Ph), 131.6 (?Jpc = 9.2 Hz,0-Ph), 133.9 (d'Jpc = 126.1
Hz,, ipso-Ph).3'P{*H} NMR (d6-DMSO, ppm)= 21.8 (m) ppm. IR (KBr)¥ = 3178

(N=H), 2921 (s), 1437 (s), 1180 (s, P=0), 1120785 (m).

Ph,P(O)NH-(CH)s+~HNP(O)Ph (L3)
Mp: 186-188 °C'H NMR (d6-DMSO, ppm)y= 1.61 (m, 4HB-CH,), 2.93 (m, 4Ha-

CH,), 5.18 (m, 2H, NH), 7.39-7.44 (m, 8H, Ph), 7.4887(m, 4H, Ph), 7.82-7.89 (m,



8H, Ph).”*C NMR (d6-DMSO, ppm)p= 29.1 (m,B-CH,), 38.0 (m,a-CH,), 128.9 (d,
3Jpc = 12.0 Hz,m-Ph), 131.9 (sp—Ph), 132.1 (d%Jpc = 9.2 Hz,0-Ph), 134.5 (d}Jpc =
126.0 Hz,ipso-Ph).3'P{*H} NMR (d6-DMSO, ppm)p= 23.8 (m). IR (KBr, crif): U =

3247 (m, N—H), 2939 (s), 1431 (s), 1188(s, P=0})51(E), 722 (m).

Ph,P(O)NMe—(CH),-NMeP(O)Ph (L)
Mp: 199-201 °C'H NMR (d6-DMSO, ppm)p= 2.38 (d,*Jp_ = 10.8 Hz, 6H, Ch),
3.07-3.09 (m, 4H, C}), 7.39-7.44 (m, 8H, Ph), 7.46-7.49 (m, 4H, PhJ5¥7.80 (m,
8H, Ph)."*C NMR (d6-DMSO, ppm)y= 34.3 (d,Jpc = 2.6 Hz, CH), 47.4 (m, CH),
128.6 (d,*Jpc = 12.5 Hz,m-Ph), 131.9 (sp-Ph), 132.2 (d%Jpc = 9.1 Hz,0-Ph), 131.4
(d, Ypc = 128.5 Hz,jpso-Ph).*'P{*H} NMR (d6-DMSO, ppm);o= 31.6 (m). IR (KBr,

cmi): U = 2930 (s), 1441 (s), 1161 (s, P=0), 1112 (s),@B4731 (m).

1,4-[PhP(0)O-GH4s-OP(O)Ph] (Le)

Mp: 206-208 °CH NMR (DMSO-ds, ppm):3 = 7.16 (s, 4H, Ph), 7.51-7.60 (m, 12H,
4Ph), 7.71-7.84 (m, 8H, 4PHYP NMR (DMSO#ds, ppm):5 = 29. 8. tH NMR (CDCl,
ppm): & = 7.06 (s, 4H, Ph), 7.40-7.56 (m, 12H, 4Ph), 7/ (m, 8H, 4Ph)y*'P NMR
(CDCls, ppm):8 = 28.4.] Selected IR data (KBr, & U =1235 (s), 1180 (s, P=0), 914

().

2.3. General procedure for the preparation of coexpk



The complexes were prepared by using the similacqmture: Methanol-chloroform
solutions of 2 eq. organotin chloride (Sni@&, SnPRCI, SnPACI, or SnPhG) with 1
eg. the bisphosphoramide ligand were mixed. Sutabjstals ofC,3, Ca4 andCes for X—
ray diffraction were obtained from slow evaporatafrthe solution at room temperature.
Physical and spectroscopic data of the complexegigen below: Characterization lo§

andL ; were reported in our previous work [17].

u-[Ph2P(O)NH—(CH)—~HNP(O)Ph][SnPhsCl] 2 (Caz)

M.p. 138-140 °CH NMR (CDs;OD, ppm):6= 2.99-3.03 (m, 4H, CH, 7.43-7.55 (m,
30H, Ph-P +m, p-Ph-Sn), 7.76-7.84 (m, 20Ry(****'Sn!H) = 58.6Hz, Ph-P ®-Ph-Sn).
3¢ NMR (CD;0D, ppm):é= 37.1 (d,3Jpc = 19.2 Hz, CH), 128.4 (s2J(****%sn,*C) =
73.0 Hz,m-Ph-Sn), 128.6 (sp-Ph-P), 129.2 (§-Ph-Sn), 131.6 (&-Ph-P), 131.8 (-
Ph-P), 132.0 (sipso-Ph-P), 136.0 (2J(**"**%n, %C) = 47.0 Hz,0-Ph-Sn).*'PNMR
(CDsOD, ppm):d = 24.6 (m).**°Sn NMR (CRXOD, ppm):é = -181.0 ppm. IR (KBr,
cmY): U = 3175 (m, N-H), 2928 (m), 1434 (w), 1306 (w), IXE, P=0), 1111 (s), 868

(W), 727 (W), 694.9 (W), 554 (W), 447 (W).

[PhP(O)NH—(CH)~HNP(O)Ph.SnPRCI3] n (Coa)

M.p. 176-178 °C’H NMR (CD:;0D, ppm):6= 3.18 (m, 4H, Ch), 7.46-7.75 (m, 18H,
Ph-P + Ph-Sn), 7.90-8.03 (m, 12H, Ph-P + Ph-88)NMR (CD;OD, ppm):6= 41.0 (m,

CH,), 128.4 (s2(*****%5n,*¥C) = 100 Hzm-Ph-Sn), 128.6 (an-Ph-P), 128.8 (-Ph-

Sn), 131.2-131.6 (m, Ph-P), 135.9 ¢s?h-Sn).>'P NMR (CD;OD, ppm):s = 24.9 (m).



11957 NMR (CROD, ppm):d = low solubility. IR (KBr, cmiy): ¥ = 3391 (m, N=H),

3056 (m), 1432 (), 1131 (s, P=0), 866 (w), 735, 693.8 (W), 558 (W), 457 (w).

[PhoP(O)NH—(CH)~HNP(O)Ph.SnMeCl3] , (Cc1)

M.p. 174-176 °C. Anal. Calc. forgH3,Clo:N,O.P,Sn: C, 49.45; H, 4.74; N, 4.12; found:
C, 44.72; H, 4.79; N, 3.69%H NMR (CD;OD, ppm):d = 1.08 (s, 6H?J(*****5n, H) =
91.5 Hz, Me-Sn), 3.02-3.22 (m, 4H, @H7.47-7.56 (m, 12H, Ph), 7.76-7.86 (m, 8H,
Ph).**C NMR (CD;OD, ppm):s = 38.2 (s, Sn—Me), 42.2 (m, GH128.4-128.8 (m, Ph),
131.2-132.6 (m, Ph}!P NMR (CD;OD, ppm):s = 24.6 (m).***Sn NMR (CXOD, ppm):
o= -245.5 ppm. IR (KBr, cii): U = 3247 (m, N=H), 2925 (m), 1434 (w), 1146 (s, P=0)

945 (w), 750 (W), 693 (W), 559 (W), 448 (W).

u-[PhoP(O)NH—(CH)s—HNP(O)Ph][SNPhCI] 2 (Caz)

M.p. 105-107 °CH NMR (CDs;0D, ppm):d= 1.74 (t,°Jun = 6.7 Hz, 2HB-CH,), 2.95—
2.98 (M, 4Ha-CHy), 7.43-7.59 (m, 30H, Ph-P + Ph-Sn), 7.75-7.9820k, Ph-P + Ph-
Sn).C NMR (CD;OD, ppm):6= 29.3 (m,8-CH,), 37.2 (m,a-CH,), 128.3-129.1 (mm-
Ph-P +m, pPh-Sn), 131.2-132.6 (m, Ph-P), 136.0 ¢?h-Sn).*’» NMR (CD:OD,
ppm): & = 24.4 (m).**%Sn NMR (CROD, ppm):d = -181.2 ppm. IR (KBr, ci): U =
3181 (m, N—H), 3055.1 (s), 2929 (m), 1431 (w), 1383, 1156 (s, P=0), 1117 (s), 863

(w), 731 (w), 694 (w), 554 (w), 449 (w).

[PhoP(O)NH—(CH)s—HNP(O)Ph.SnPRCI] » (Cy2)



M.p. 161-163 °C. Anal. Calc. forsH3sCIl.N2O.P,Sn: C, 57.24; H, 4.68; N, 3.42; found:
C, 58.74; H, 5.18; N, 3.81%H NMR (CD;OD, ppm):6= 1.78 (t,2Jqn = 7.5 Hz, 2Hp-
CH,), 2.94-3.08 (m, 4Hy-CH;), 7.52—7.56 (m, 18H, Ph-P + Ph-Sn), 7.79-7.851(2h],
Ph-P + Ph-Sn)**C NMR (CD;OD, ppm):d= 33.3 (m,p-CH,), 37.6 (m,a-CH,), 128.36
(s, 33 %N, *C) = 85.9 Hzm-Ph-Sn), 128.6 (sn-Ph-P), 129.3 (9-Ph-Sn), 131.6 (s,
p-Ph-P), 131.8 (53-Ph-P), 132.0 (spso-Ph-P), 136.0 ($)(**¥'*%sn,3C) = 48.0 Hz0-
Ph-Sn).3'P NMR (CD30D, ppm):s = 25.6 (m).***Sn NMR (CROD, ppm):é = -452.5
ppm. IR (KBr, cm): U =3386 (m, N-H), 3056 (m), 1434 (w), 1126 (s, PFE93 (w),

730 (w), 694 (w), 556 (w), 451 (w).

[Ph,P(O)NH—(CH)s—HNP(O)Ph.SnMeCly] , (Ce2)

M.p. 107 °C.*H NMR (CD5;OD, ppm):é = 1.08 (s, 6H2J(****'%n, H) = 95.0 Hz, Me-
Sn), 1.76 (t?Juu = 6.7 Hz, 2H,8-CH,), 2.95-3.08 (M, 4Hg-CH,), 7.48-7.59 (m, 12H,
Ph), 7.76—7.87 (m, 8H, PHYC NMR (CD;0OD, ppm):low solubility. P NMR (CD;OD,
ppm): § = 24.5 (m).11%n NMR (CROD, ppm):d = -120.4 ppm. IR (KBr, cil): U =
3278 (N-H), 2924 (m), 1443 (w), 1157 (s, P=0), 80 735 (w), 687 (w), 555 (w), 449

(w).

#-[PhoP(O)NH—(CH),—HNP(O)Ph][SnPhCl] 2 (Cas)

M.p. 117-120 °C. Anal. Calc. forggHeoCloN2O.P,Shp: C, 61.03; H, 4.80; N, 2.22; found:
C, 61.07; H, 4.98; N, 2.38%H NMR (CD;OD, ppm):d= 1.56 (m, 4HB-CH;,), 2.83 (m,
4H, 0-CH,), 7.44—7.58 (m, 30H, Ph-Prm, p-Ph-Sn), 7.72-7.98 (m, 20R)(*****Sn}H)

= 59.0 Hz, Ph-P ©-Ph-Sn).**C NMR (CD;0OD, ppm):é= 28.8 (d,3Jpc = 6.4 Hz,p-

10



CH,), 40.0 (m,a-CH,), 128.3 (s2J(**¥**sn,*C) = 71.0 Hzm-Ph-Sn), 128.5 (sn-Ph-
P), 129.2 (sp—Ph-Sn), 131.7 (9-Ph-P), 131.8 (99-Ph-p), 132.0 (3pso-Ph-P), 136.0
(s, 3(*"M8n23C) = 47.5 Hz,0-Ph-Sn).3'P NMR (CD;OD, ppm):6 = 24.3 (m).}*%sn
NMR (CDsOD, ppm):d = -180.5 ppm. IR (KBr, ci): U =3362 (m, N-H), 3055 (s),
2941 (m), 1428 (w), 1307 (w), 1157 (s, P=0), 119)0 837.3 (w), 731 (w), 695 (w), 561

(w), 449 (w).

[Ph,P(O)NH—(CH)4~HNP(O)Ph.SnPhCl] » (Crs)
'H NMR (CD;0OD, ppm):d= 1.55-1.70 (m, 4H3-CH,), 2.99-3.10 (m, 4Hy-CH,), 7.58—
7.66 (m, 18H, Ph-P + Ph-Sn), 7.88-7.97 (m, 12HPPh-Ph-Sn)*C NMR (CD;0D,
ppm): 6= 28.6 (d,*Jpc = 4.7 Hz,B-CH,), 42.8 (m,a-CHy), 127.2 (s2J(**"%n, C) =
123.2 Hzm-Ph-Sn), 127.7 (9-Ph-Sn), 128.4 (Jpc = 11.9 Hz, 8Cm-Ph-P), 131.4 (s,
p—Ph-P), 131.7 (d®Jpc = 9.2 Hz,0-Ph-P), 133.1 (spso-Ph-P), 134.7 (SJ(**"*'%n,
13C) = 71.9 Hz,0-Ph-Sn), 155.5 (3pso-Ph-Sn).*’P NMR (CD;OD, ppm):d 24.5 (m).
11957 NMR (CROD, ppm):é = -471.5 ppm. IR (KBr, ciif): U = 3343 (m, N-H), 3053

(m), 2942 (s), 1433 (W), 1148 (s, P=0), 936 (WR 18), 695 (W), 553 (W), 455 (w).

[Ph,P(O)NH—(CH)s~HNP(O)Ph.SnMeCl,] , (Ces)
'H NMR (d6-DMSO, ppm)s = 1.03 (6H,2J(*****%8n,'H) = 111.8 Hz, Me-Sn), 1.47 (m,
4H, B-CHy), 2.66—2.69 (M, 4Hy-CH,), 5.24-5.27 (m, 2H, NH), 7.42-7.52 (m, 12H, Ph),
7.72-7.78 (m, 8H, PhJC NMR (CD;0OD, ppm):é = 38.2 (s, Sn—Me), 40.9 (fi;CH,),

42.2 (m,a-CH,), 128.4-128.8 (m, Ph), 131.2-132.6 (m, PH#. NMR (CDOD, ppm):d

11



= 26.9 (M).*°Sn NMR (d6—DMSO, ppm) = low solubility. IR (KBr, cm?): U = 2930

(m), 1434 (w), 1144 (s, P=0), 796 (W), 731 (), 08% 559 (w), 448 (W).

1-[Ph2P(O)NMe—(CH)~NMeP(O)PH|[SnPhsCl] » (Cas)
M.p. 217-2219 °GH NMR (CD:;0D, ppm):é= 2.53-2.57 (m, 6H, Me), 3.21-3.25 (m,
4H, CH,), 7.54-7.75 (m, 30H, Ph-P + Ph-Sn), 7.89-7.962&H, Ph-P + Ph-Sn}C
NMR (CDs;OD, ppm):o= 33.7 (s, Me), 46.5 (s, GH 128.3 (s, Ph-Sn), 128.9 (s, Ph-Sn),
128.7 (d,2Jpc = 12.1 Hz,m—Ph-P), 131.1 (9-Ph-P), 131.9 (d’Jpc = 9.3 Hz,0-Ph-P),
132.9 (s,ipso-Ph-P), 136.0 ($J(**"**%Sn, *C) = 67.8 Hzm-Ph-Sn) 162.0 (spso-Ph-
Sn).*'PNMR (CD;0OD, ppm):d = 31.5 (m).}**Sn NMR (CXOD, ppm):é = -153.3 ppm.
IR (KBr, cmi'®): U = 2931 (m), 1435 (w), 1309 (w), 1138 (s, P=0), 8§)1 731 (w), 696

(W), 557 (W), 454 (w).

[Ph,P(O)NMe—(CH)~NMeP(0)Ph.SnPhCl;] , (Cha)

Anal. Calc. for GoH4oCIl.N,O.P,Sn: C, 57.72; H, 4.84; N, 3.37; found: C, 56.885H)5;

N, 3.52%.'"H NMR (CDs;0D, ppm):é= 2.53-2.57 (m, 6H, Me), 2.91-3.23 (m, 4H, SH
7.59-7.75 (m, 20H, Ph-P + Ph-Sn), 7.88-7.99 (m,,1BR-P + Ph-Sn)’*C NMR

(CDs;OD, ppm):d= 128.6-137.2 (m, Ph-P + Ph-SHPNMR (CD;OD, ppm):d = 31.2

(m). *9Sn NMR (CROD, ppm):d = -156.0 ppm. IR (KBr, cif): U = 3055 (m), 1438

(W), 1144 (s, P=0), 994 (w), 734 (W), 696 (W), 564, 463 (W).

1-[Ph2P(O)N(GHg)NP(O)Ph][SnPheCl] 2 (Cas) [17]

12



'H NMR (CD;OD, ppm):5 = 3.10 (m, 8 H, GHg), 7.50-7.57 (m, 12H, Ph-P), 7.80-7.91
(m, 8H, Ph-P), 7.44-7.51 (m, 18, p—Ph-Sn), 7.67-7.70 (m, 12B8,Ph-Sn).**C NMR
(CD3OD, ppm):d= 44.52-44.62 (m, {Hg), 128.4 (s2J(*****%sn,**C) = 59.5 Hzm-Ph-
Sn), 128.7 (sp-Ph-Sn), 128.9 (FJpc = 8.4 Hzm-Ph-P), 130.6 (9-Ph-P), 132.0 (Jec

= 7.8 Hz,0-Ph-P), 132.2 (sipso-Ph-P), 136.0 (SJ(****'%8n, **C) = 39.8 Hz,0-Ph-Sn).
%P NMR (CD,OD, ppm):5 = 31.8.%n NMR (CROD, ppm):& = -180.7 ppm. IR
(KBr, cm™): U = 2906 (m), 1431 (w), 1150 (s, P=0), 1120 (s), 9B 727 (w), 696

(w), 544 (w), 450 (w).

[Ph2P(O)N(GHg)NP(O)Ph.SnPRCI3] 1 (Cus)

'H NMR (CD;OD, ppm):3 = 2.93 (m, 8H, GHg), 7.24-7.36 (m, 6H, Ph), 7.46-7.57 (m,
10H, Ph), 7.75-7.81 (m, 8H, Ph), 7.89-7.91 (m, BR). *C NMR (CD;OD, ppm):low
solubility. 3'P NMR (CD;0D, ppm):5 = 32.1.1*%n NMR (CROD, ppm):5 = -74.6. IR
(KBr, cmiY): U = 3056 (m), 1437 (w), 1139 (s, P=0), 10718 (s}l O¥), 724 (w), 697

(w), 552 (w), 457 (w).

[Ph,P(O)N(GHg)NP(O)Ph.SnMeCl;] , (Ces)

'H NMR (CD;OD, ppm):s = 1.03 (6H,23(*****%Sn, *H) = 111.3 Hz, Me-Sn), 2.93-2.95
(m, 8H, GHg), 7.46-7.56 (m, 12H, Ph), 7.74-7.81 (m, 8H, Pfg. NMR (CD;OD,
ppm): d= 41.8 (s, Me-Sn), 44.9 (mBg), 128.5-129.2 (m, Ph), 131.2-132.9 (m, Pf¥®.
NMR (CDs;OD, ppm):5 = 31.5.1*%n NMR (CRXOD, ppm):5 = low solubility. IR (KBr,
cmY): U = 3061, 2920, 1438 (w), 1154 (s, P=0), 1119 (185 @v), 935, 784, 722 (w),

582 (w), 545 (w).
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#-[1,4-PhP(0)O-GH4-OP(0)Ph][SnPheCl] 2 (Cas) [17]
Mp: 171-173 °C'H NMR (CDCk, ppm):3 = 7.04 (s, 4H, €Ha), 7.41-7.57 (m, 30H, Ph-
P + Ph-Sn), 7.66—-7.70 (m, 12B3(*****Sn!H) = 60 Hz,0-PhsSn), 7.79-7.86 (m, 8H,

Ph-P).3'P NMR (CDCE, ppm):8 = 28.5.1'%Sn NMR (CDC}4, ppm):s = -49.7. IR (KB,

cmY): U =1210, 1173 (s, P=0), 918 (s).

w-[1,4-PhP(0)O-GH4-OP(O)Ph][SNPhCly] 2 (Cue)
Mp: 191-193 °C'H NMR (CDClk, ppm):5 = 6.95 (s, 4H, €Hg), 7.40-7.57 (m, 24H, Ph-
P + Ph-Sn), 7.70=7.74 (m, 88(*****Sn!H) = 60 Hz,0-Ph-Sn), 7.76—7.81 (m, 8H, Ph-

P). %' NMR (CDCE, ppm): 5 = 28.6.1%Sn NMR (CDC4, ppm):5 = -66.0. IR (KBr,

cmY): U = 1163 (P=0), 936 (s).

#-[1,4-PhP(0)O-GH4-OP(O)Ph][SNPhCE] 2 (Cae)

Mp: 1196-198 °C'H NMR (CDCk, ppm):3 = 6.91 (s, 4H, €Hs), 7.38-7.50 (m, 14H,
Ph-P + Ph-Sn), 7.59-7.68 (m, 8H, Ph-Sn), 7.76—{h808H, Ph-P)3'P NMR (CDC},
ppm): & = 30.2.11%Sn NMR (CDC4, ppm):8 = -54.0. IR (KBr, crit'): U = 1166 (P=0),

933 (s).

w-[1,3-(PRP(O)NHCH,).CeH4][SNPhsCl] 2 (Car)
Mp: 171-173 °C*H NMR (CDCk, ppm):5 = 3.11 (ps-q, 2H:Jpy = 5.8 Hz, N-H), 3.96
(ps-t, 4H,%Jpy = 7.6 Hz, CH), 7.19-7.27 (m, 4H, 1), 7.41-7.49 (m, 30H, Ph-P + Ph

Sn), 7.75-7.87 (m, 20HJ(*'***%SnH) = 63 Hz, Ph-P %-PhSn). 3P NMR (CDCI3,
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ppm): 5 =24.5.1*%n NMR (CDC4, ppm):8 = -80.8. IR (KBr, crit): U = 3341 (N-H),

1132 (P=0), 996s (P—N).

[1,3- (PRP(O)NHCH,)-CeHa.SNPRCIZ] n (Cp7)
Mp: 191-194 °CH NMR (CDCk, ppm):6 = 3.11 (m, 2H, N—H), 4.09 (m, 4H, G}

6.92-7.93 (m, 48H, Ph-P + Ph-SA}P NMR (CDCI3, ppm):8 =31.5.%Sn NMR

(CDCls, ppm):8 = low solubility. IR (KBr, cm™): U = 3436 (N-H), 1133 (P=0).

[1,3- (PhP(O)NHCH,)2CsHa.SnMeCly] ,, (C7)

Mp: 196-198 °C*H NMR (CDCk, ppm):5 =1.21 (s, 6H2I(*****%Sn,'H) = 77.9 HzMe-

Sn), 3.68 (ps-q, 2HJpn = 6.5 Hz, N—H), 4.11 (ps-t, 4HJpn = 7.5 Hz, CH), 7.20-7.27
(m, 8H, Ph), 7.48-7.52 (m, 12H, Ph), 7.80-7.868Hh, Ph), 7.94 (m, 8H, Phj"P NMR

(CDCI3, ppm):s = 26.6.1%Sn NMR (CDC}, ppm):s = low solubility. IR (KBr, cm):

U =3318 (m, N-H), 3059, 1146 (s, P=0), 996 (s).

2.4. Crystallography

Single crystal X-ray data of compounds, C,3 and Ces was collected on Bruker
APEX-II diffractometer with CCD area detector [2iding graphite monochromated Mo-
Ka radiations = 0.71073 A) while foiC,4 we used Gemini of Agilent with Atlas CCD
detector, mirror-collimated CKa radiation = 1.5418 A) and software package
CrysAlis PRO [22]. The structures were refined bijl-fatrix least-squares methods

againstF? with Jana2006(Cas) [23] and SHELXL-97 (L4, Cas and Ces) [24]. The
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crystallographic and refinement data are summatizdable 1.

2.5. Statistical analysis for QSAR model

In order to identify the effect of physicochemigalrameters on the antibacterial activity,
QSAR studies were undertaken using the approaatrided by Hansch and Fuijita [25].
The stepwise multiple linear regression (MLR) phge is a common method in QSAR
studies for selection descriptors. The MLR methedgymed by the software package
SPSS 16.0 was used for selection of the electramilcstructural descriptors obtained by
the quantum chemical calculations. The electror@scdptors include the energy of
frontier orbital Enomo and E umo), electrophilicity (), polarizability PL, the charge
difference between the atoms in functional growrs) the net atomic charged)( Also
dipole moment ) and molecular volumeMVv) are the structural descriptorfSomo,
EiLumo, o, P, Q, x andMv values are obtained from the DFT results. Thectogs of
phosphorhydrazide analogues are expressed in tefiog(1MIC) as an antibacterial
activity. The descriptor values were related withivaty using MLR analysis. MLR of
descriptors, selected for biological activity, guise to the problem of multicollinearity.
This problem can be solved by using the principaingonent analysis (PCA) by
MINITAB14 software. These linear combinations foemew set of variables, namely
principal components (PCs), which are mutually egtinal. The first PC contains the
largest variance and the second new variable emnthe second largest variance, and so
on. The variable selection in this PCA study wasfquemed by using the Fisher’s

weights. The descriptors with higher correlatiorf@icient and lower correlationr(|<
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0.5) to log(1IMIC) were selected to carry out stepwise MLR analgsis to optimize the
QSAR equation [26]. The stable geometry structfesompounds were further fully

optimized using the Density functional theory (DFT)

2.6. Antimicrobial assay

The antibacterial activity of all the compounds wsseenedn vitro against Gram-
negative E. coli (ATCC 10553), and Gram-posetiv&: cereuqprepared from a teaching
microbiological laboratory) bacteria. We used papg®oth microdilution method
according to the international guideline of the CI(Slinical and Laboratory Standard
Institute) [27]. Minimum inhibitory concentratiorfMIC) for the tested compounds were
determined by broth microdilution method. A stodtusion of compounds in methanol
was prepared and serially twofold diluted using riéumt Broth to give final
concentrations of 0.25-58/mL in sterile 96-well microplates. 100L of each cell
suspension of approximately>l0FU/mL was added into the wells (each containiog 1
uL of different concentration of compounds). The imaxn percentage of methanol
present in the wells was 5% v/v (a control treatimesith all tested bacteria, using 5%
methanol showed no antibacterial activity). The Miiéfined as the lowest concentration
of the compound which inhibited the visible growathbacteria, was determined visually
after incubation for 24 h at 37 °C. Results wereegated from at least three independent
experiments, triplicate each. Testes using S8RSNPRCI,;, SnMeCl,, SnPhCi and

gentamicin as positives controls were carried oydarallel [28] (Table 3).
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3. Results and discussion

3.1. Synthesis and spectroscopic characterization

The ligands were prepared using the same methad tihe reaction of BR(O)CI with

the corresponding diamine (2:1 molar ratio) in pres of EfN as HCI scavenger.
Among the ligands, suitable crystal bf, for X-ray analysis was obtained from a
THF:H,O solution (2:1). Various solvents were assessedhm crystallization of
complexes. However, single crystals of only threemplexes were obtained by
evaporation from solutions of HC£CH3OH (1:1), at room temperature and attempts to
grow good quality crystals of the other compoundsren unsuccessful. All the
compounds were characterized by IR and multinud¥#4R spectroscopy. A significant
decreasing of the P=0O stretching frequencies igrobd by ligation of the diphosphoryl
ligands. Other prominent bands at 3175-3390"am assigned to N-H vibrational
modesthat shift toward higher frequencies in therdimated ligands. Whereas the N—-H
bond patrticipates in the hydrogen bonding, thetpesshift ofv(N—H) may be attributed

to the weakening of the hydrogen bonds from NHqz¢On NH...Cl of complexes.

NMR spectroscopic results indicated that chemihit §0) of *'P for the complexes was
almost more up-fielded than those of the corresjmnligands. The integrateti NMR
spectra of SnRRI complexes are suggestive of binuclear structusdmsch exhibit the
expected proton signals for a bridging ligands &wd triphenyltin(lV). The single
resonance at -80.8 to -181.2 ppm in ##&n NMR spectra of these compounds provides

additional evidence for five-coordinated tin ceater this solution [29]. Since methanol
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is a coordinating solvent, binding to Sn and repigowith ligand is also probable.
Besides, thé'®Sn signal for diorganotin complexes lies (-45241-5 and -245.5 ppm
for Cpz, Cpz andCgs, respectively) at higher frequencies which strgrgyipports the six
coordination around the tin centers [30]. The iraéed 'H NMR spectra of them are
consistent with the formula of 1:1 adducts.

Conclusive information is obtained from the valoéshe coupling constant&)(****%sn,

H) and "3(*****%8n, *C) from the®H and *C NMR spectra. The coupling constants
2J(*9 %N, *C) and 23(*9*%n, *C) for triphenyltin adducts (40-47 and 60-73 Hz,
respectively) lie within the range of five-coordied species; but the higher values for
diphenyltins (48-72 and 86-123 Hz, respectivelyllicates the higher coordination
number of tin in these complexes. Besidd3(*'°*'%sn, *H) for dimethyltin(IV)
compounds (78-112 Hz) is higher than original SpBAe(68.7 Hz) and falls in the range
for six-coordinated dimethyltin(IV) species [31)n the case ofC.s substitution of
2J(M9M1 5N 1H) Lockhart-Manders [32] equation gives a valuel38.5° for the Me-Sn-
Me angle, in accordance with the value in the ssiate structure (168.4°). The other
remarkable coupling constant values cannot be eetlafrom the spectra because of the
complexity and overlapping of peaks in the aromagigion (for di- and tri-phenyltin
complexes) or disappearing of Me satellites '@ NMR spectra of low soluble
dimethyltin species.

Finally, it should be noted that the integrateNMR spectra of all complexes withg
(Ca1, Cps andCgyg) are consistent with the formula of binuclear adduHowever, this
result is not informative enough to be evidencehef adducts in solution. Although the

197 NMR resonance of them shift from the values oleske for the parent
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organotins(lV), such chemical shifts are not siill the range typical for the five-
coordinated tin compounds. This might be a hint thay partially or almost completely

dissociated in the solution.

3.2. X-ray crystallography investigation

3.2.1. Crystal structure of BR(O)NMe—(CH)—NMeP(O)Ph (L,)

The structure ok 4 is shown in (Fig 1a) and the most relevant bosthdices are listed in
Table 2. The P=0O groups are on opposite sideseohtblecules. Crystal lattice &fy
contains one-dimensional hydrogen-bonded chaingal@xis which is produced by the
O-Hy...Op=p interactions. Water molecules, as bifurcated Hedsrio P=0O groups, build
up R3(8) rings between two adjacent diphosphoryl unite ithe [001] chains (Fig 1b).
Weaker CH...O (C3...01w: 3.357(1) A, C3-H3: 0.95 AC3-H3...01w: 140°) and
CH...n interactions are also the driving force in gerniegaa 3D network irL4 (Fig. S1).
Similar crystal packing pattern were already obsérior the analogous structure lof

including water molecule [17].

3.2.2. Crystal structure of triphenyl tin(1V) coragesC,s; andCy

Both of complexe€£,3 andC,, crystalize in the monoclinic space group ;fh2vith two
symmetry-independent molecules in the unit celg. R2 and 3 shows an ORTEP
representation of the molecular structures for éhesmplexes, and selected bond
distances and angles are listed in Tabl€h& complexes have a binuclear structure, with

centrosymmetric bridging molecules of the diphosphlagand and tin moieties.
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The central tin atoms are in trigonal-bipyramidavieonments formed by three phenyl
groups in the equatorial plane, one chloride iod e phosphoryl group in the apical
(trang) positions. Theransangles around tin are 179.07(9)° and 177.51(3)d,the sum
of angles in the trigonal girdle around Sn are 867.and 358.94° (foC,3 and Cag,
respectively.

The Sn—C bond distances (Table 2) are in a googeaggnt with the published values
[15, 17]. These values also correspond well withghm of the covalent radii (2.15 A) of
tin and carbon [33]. The Sn—Cl bond lengths ar®75%9) and 2.5000(5) Ain Cazand
Cas respectively)lying in the normal covalent radii 2.37-2.60 A veénhthe Sn—O bonds
(2.363(2) and 2.3258(12) A i3 and C,4, respectively) are in accordance with the
coordinate bond. A comparison between the crystatires ofC,4 and its ligandl 4,
reveals that by coordinating the ligand to Sn,RE® bond gets longer (about 0.013 A).
Lengthening of the P=0O bond is simply describedpllarization of the phosphoryl
group in the electrostatic field of the tin(IV) atoIn return, the P-N and P-C bonds are
shortened about 0.011 A in the comp&y (Table 2).

The crystal structure ofa4 is governed by CH...Cl interactions which build uB2&
network. Here, the chlorine atom acts as a trifigtaacceptor involved in hydrogen
bonding with ligand-bound Ph rings of other moleculnits (Fig. S2). These non-classic
hydrogen bonds are established in this compourid difterent donor—acceptor distances
of 3.5677(18) (C21H21...Cl1), 3.708(2) (C28H28...Cll)nda 3.768(2) A
(C22H22...CI1).

In contrast, the presence of N-H moietiesCipy leads to the formation of interesting

inter-molecular hydrogen bonding. Each moleculthefcomplex is associated with other
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four molecules through symmetry-equivalent NH...@kéges (N...Cl: 3.664(3) A, N-
H: 0.86 A,[ON-H...Cl: 148°) in a two-dimensional arrangement (F&$). Besides, the
crystal packing o,z is further stabilized by weaker intermolecular C-H interactions

between hydrogen-bonded neighboring complexes.

3.2.3. Crystal structure of dimethyl tin(IV) comp(@;s

In the crystalline state, the title complex adaotsnfinite zigzag chain structure which is
produced by the bidentate bridging diphosphordrid) and the Sn(1V) center. As shown
in Fig. 4, each central tin atom is surrounded Wy tarbon, two chlorine and two
oxygen atoms in dranscis octahedral geometry. Theans bond angles around the
Sn(lV) centers are 168.37(5)C1-Sn1-C2), 169.53(2)J01-Sn1-CI1) and 175.94(2)°
(002-Sn1-ClI2), indicating a distortion of the geomelrhecis bond angles are in the
range of 87.23(4){C2-Sn1-01) to 98.30(4)TIC1-Sn1)-Cl1l) and deviate from the
idealized value (90°), close to the reported valiorsother trans—cis dimethyltin(IV)
adducts [31].

As usually, the methyl groups aretians positions with almost equal distances (Table
2). Non-symmetrical coordination of the bidentat2-ligand to tin can be observed with
two different Sn—O distances (2.3486(10) and 2.pIM8A) and also two different P—O—
Sn angles (163.35(5) and 149.66(5)°, respectivdligere are chlorine atoms trnans
position of the two oxygen atoms and distancescareelated: the shorter is Sn—0O, the
longer is Sn—Clttans effect), in agreement with other organotin phosphudates [34].

The P=0 bond distances of 2.5006(9) and 2.5030(8)€Ain the range found for P-O-
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single bonds in other phosphoryl compounds, indigad considerable lengthening of the
P=0 bond by (P-6-Sn) coordination.

As mentioned earlier, Sn-O interactions have a tamial contribution to the
organization and stabilization of the crystal stmoe. 1D infinite coordination chains
extend in the crystallographib-direction with Sn-Sn separation of 10.529 A. The
neighboring chains are correlated by CH...Cl intéoast (C14H14...CI2: 3.606(2) A
and C5H5...CI1: 3.606(2) A alongaxis and C26H26...CI1: 3.606(2) A @direction),

generating a 3D network (Fig S4).

3.5. Bioassay

Broth microdilution susceptibility tests were cowothd to evaluate the antibacterial
activity of tin complexes and the correspondingds.Two Gram-negativeH. coli)) and
Gram-posetiveR. cereuy was examined. To substantiate the results, teste carried
out for SnPBCI, SnPhCl,, SnPhd, SnMeCl, and the commercial antibiotic gentamicin
as positive controls. The MIC valuagy(mL) are presented in Table 3. Based on the MIC
test, the ligands are devoid of antibacterial @gtiiNotably, among the compounds,
triphenyltin complexes exhibite@lmarked activity only against Gram-positive bacteriu
B. Cereuq(ICso = 0.78ug/mL for Ca3 andCys). In addition, the antibacterial activity of
Caz andC,s exceeded those of the primary compounds 0lRhSnPhCG) and SnMeCl,.
Besides, the antibacterial activity of gentamiciaswhigher than that df,;3 and Cas
(Table 3). Literature survey reveals that Sn comgsehave a variety of remarkable

antimicrobial potencies, although mode of actiod amechanism has not been clarified
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yet. Three possible mechanisms for biocidal abilitfy aqueous Sn ions can be
distinguished: (i) binding to bacterial enzymes amubiting them from their functions,

(i) binding to bacterial DNA and leading to inhilbin of cell replication, and (iii)

interaction with the cell membrane of the bactand ultimately causing cell death [35].
To gain a better understanding of the inhibitoryeptial of the synthesized complexes
and to study on their mechanism in more detailw@s necessary to examine the
interaction of the derivatives with the bacteriddustures by QSAR method. QSAR

technique was used to find the effective electrama structural parameters.

3.6. QSAR analysis

According to Hansch and his co-workers, there relationship between the physico-
chemical properties of a molecule, mainly electtopsteric and hydrophobic factors, and
its biological activity. In our previous works, tii@SAR studies have been performed on
some bisphosphoramide compounds relating to thdicholineaterase activities, and
showed that the electronic properties are closefsetated with biological potency of the
studied compounds. Here, with Sn complexes attadwedohosphorus atoms of
bisphosphoramide ligand, we used quantum chemiglgulations in order to obtain
electronic and structural properties of the comgdexo see if such correlation is also
valid. QSAR studies were done in order to recogniee effect of descriptors on the
activity of bacterial. The stepwise MLR proceduraswised for model selection, which is

a common method used in QSAR studies.
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To obtain the electronic and structural descriptgigen in Table 4, we used the
optimization structures to calculate by the leieBBLYP/LANL2DZ and 6-311G* basis
set in the water solvent used for all moleculesngyshe descriptors from Table 4, the
following equation was obtained:

log(1/MIC)= - 15543Q, — 7156Q, + 4262Q, + 0016PL,_, — 10092PL,,

+ 46963, ., + 944033 E,,,, +545572w+ 0193y + 0002Mv - 61187 2

n=12R*= 0996 S, = 008Qr = 0146 F, ;. = 28049

tatistic —
Where,n is the number of compounds;s the correlation coefficient (sig.R* is the

determination coefficients, is the standard deviation of regression &gglisic is the

Fisher statistic [36]. The high values of Variano#ation Factor (VIF >10) caused
impossibility to calculate MIC. The best way to bed@h such a problem is to calculate
variance inflation factor (VIF). We calculated VIFRwhich is a measure of
multicollinearity, for each of the parameters inxedd in models. The VIF is defined as

1/(L- R%), where Ris the multiple correlation coefficient of the ittdependent variable

on all of the other independent variables. A VIFot@nore (no upper limit is defined) for
large data sets indicates a collinearity probleor. $mall data sets, even VIFs of five or
more (here also no upper limit is defined) can caté collinearity. Therefore, the
variables with a high VIF are candidates for exidadrom the model [37]. To clarify

this problem the PCA method must be used. Fishegight approach is a method for the
reduction and selection of the best descriptorschvhave high correlation between the
variables and principal components. PC egs. 388hmnere obtained with eight variables

from among seventeen descriptors:
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PC, = +0254Q,,+ 0390Q, + 04633, — 0014PL,_,

3a
- 014FL,,, + 048F, 0 — 0476w+ 005MV (3a)

PC, =+ 0512, - 0231Q, + 0108, + 0392PL,,_,
+ 0556PL, o — 0D07E, ;0 — 00290~ 0335Mv

(3b)
The main variables were found from the principleres of the normalized eigenvalue of
the two principal components. The results showedl tte first and second factor PC on
the total variance 37.2% and 23.6%, respectivehenl the new MLR was performed
using these eight descriptor®st Qp, Qo, Ple-0, Plsn-o ELumo, @ and Mv) which

resulted following equation:

log(1/MIC) = - 38509Q,, — 14844Q, + 0767Q, — 0051PL, , - 9323PL, ,

+725846E, 0 + 4062020+ 000IMv + 55304 @

n=12R* = 0762 Seg = 03291 = 0289 F; = 1845

tatistic

The low determination coefficientRf = 0.762 andF = 1.845) with high Variance
Inflation Factor (VIF) > 10 (Table 5) indicated thmulticollinearity problem. The
improvement in the eq. 4 was carried out by ongttine compound€,3 andCp4 from

tested compounds and replacing g, with Q, and Qo as well asw with E ymo.

Multiple regressions performed using these six patars yielded the following model
with increasing th& = 0.832 and decreasing thg, = 0.257.

log(1/MIC) = - 14093, + 0032PL,, , + 1410%PL,

— 33098w+ 000IMv — 11849 )

n=10R? = 0832S,, = 0257r = 0103 F,,,, = 3971

tatistic
The correlating parameters have VIF<10, thus tier® colinearity problem (Table 5).

In this equation, the inhibitory potency &. Cereusis influenced mainly by the
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electronic parameters with preferential order cas> Qsn > Plsn.o > Plp-o versus
structural descriptoMv). Comparison of the correlation coefficient @f (-33.098) with
random error (-11.849) demonstrates thatan play a crucial function in the interaction

of the complexes witB. CereusThe positive sing otc in log(l/ MIC) disclose that the

compound with higher electropilicity)is indicative of higher activity against bacterial
The correlation matrix was used to determine theerialationship between the
independent variables (Table 6). As shown in Tablethe majority of regression
coefficients were closely correlated. Thereforeth@gonalization of the molecular
descriptors was conducted. Orthogonalization ofembr descriptors is undertaken to
avoid collinearity among variables and model oveniy. The high interrelationships

were observed betweea and Qs (r = —0.514), andQs, and PLg,, (r = +0.660),

respectively. A result was obtained from the abdat; the electrophilicity parameter
controls the influence of the net charge and poddility of Sn atom of complexes in

inhibition of B. Cereus

4. Conclusions

In this work, SnPkCls., (n=1-3) and SnM£I1, adducts with a family of diphosphoryl
ligands, (PP(0O)-X-P(O)(Ph) have been introduced. The prepared compounds have
been characterized by IR and multinuclear NMR specbpy. X-Ray crystallography
confirms the bridging ligands produce binucleaudires with SnPJCI acceptors and
offer 1D polymeric arrangement toward Sni@g. The analysis of the crystal packing

reveals non-covalent interactions, including Sndbds (inC.s), NH...Cl and CH...Cl
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interactions, to be the main factor governing thgramolecular assembly of the
crystalline complexes. The synthesized compound® wereened for the antibacterial
activity againsB. cereusandE. coli. DFT-QSAR models revealed that the descriptor of
the electrophilicity §) is related with the inhibition d8. cereus The correlation matrix

of QSAR models and docking analysis confirmed tina&t electrophilicity parameter
controls the influence of the net char@®{ and polarizability of Sn atom of complexes

in inhibition of B. cereus
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Appendix A. Supplementary material

Crystallographic data for the structural analysas been deposited with the Cambridge
Crystallographic Data Center, CCDC No. 1027074,7642, 1027641 and 1027071 for
L4, Cas, Cas and Cgs, respectively. These data can be obtained freehafge via
http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cady®iCB2 1EZ, UK; fax: (+44)

1223-336-033; or e-mail: deposit@ccdc.cam.ac.uk.
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Figure Captions

Fig. 1. (a)General view of 4 in representation of atoms via thermal ellips@iti50% probability levelb)
llustration of B3 (37 graph set i,

Fig. 2. General view ofZ,; with numbering non-carbon atoms (at 50% probabiéitel). Hydrogen atoms
omitted for clarity. Only major parts of disorderedgments are shown.

Fig. 3. General view ofC,4 with numbering non-carbon atoms (at 50% probabiiétel). Hydrogen atoms
omitted for clarity.

Fig 4. (a) Independent part of unit cell f@.s. Atoms are represented by thermal displacemeipiselds,
p=50%. Hydrogen atoms omitted for clarifig) The polymeric structure in the crystal.

Scheme 1Preparation pathway of organotin(IV) diphosphoraated
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Table 1 Crystallographic data of compounidg C,3 andC,,

Forms L, Caz Cas Ces

Empirical formula C28H34N204P2 C64H60CI2N202P2Sn264I@60CI2N202P2Sn2  4H3,ClLN,O,P,Sn

Formula weight 524.51 1259.36 1259.5 706.12

Temperature (K) 100(2) 100(2) 120.00 100

Wavelength (A) 0.71073 0.71073 1.5418 monoclinic

Crystal system, space group Monoclirff@y/n Monoclinic,P2,/n Monoclinic,P2;/n P2/n

Unit cell dimensions

a(A) 9.0657(3) 11.3006(4) 18.2825(8) 9.844(3)

b (A) 15.2603(5) 19.9203(7) 9.2659(3) 19.667(7)

c(A) 10.1751(3) 12.6655(4) 19.0782(8) 16.031(5)

a (°) 90 90 90 90.00

£(°) 110.086(10) 95.7370(10) 117.151(4) 100.247(13)

7 (°) 90 90 90 90.00

V (A3 1322.06(7) 2836.87(17) 2875.8(2) 3054.0(18)

Z, Calculated density (Mg.r) 2,1.318 2,1.474 2,1.454 4,1.536

Absorption coefficient (mm) 0.202 1.077 8.637 1.147

F(000) 556 1276 1276 1432.0

Crystal size (mr) 0.21x0.17x0.13 0.260%0.050%0.050 0.311x0.295x0.050 0.24 x 0.22 x 0.21

6 range for data collection (°) 2.51-29.00 1.91-30.0 4.54-67.11 3.31t0 64.06

Limiting indices -12<h<12 -15<h<15 -21<h<20 -14<h<14
-20<k<20, -27<k<28 -7<k<10 -29<k<29
-13<1<13 -17<1<17 -18<1<22 -23<1<23

Reflections collected / unique 15564/3515 (0.0187) 37314/8277 (0.0405) 10787/4128 (0.0343) 45138

Completeness to theta 100.0% 100.0% 98% 100.0%

Absorption correction Semi-empirical from  Semi-empirical from Semi-empirical from Semi-empirical from
equivalents equivalents equivalents equivalents

Refinement method Full-matrix Full-matrix Full-matrix Full-matrix
least-squares off least-squares off least-squares off least-squares off

Data/restraints/parameters 3515/0/166 8277/0/335 08/B(B44 10635/0/354

Goodness-of-fit offF* 1.054 1.009 1.27 1.045

Final Rindices R; =0.0311, R, = 0.0265wWR, = R, = 0.0319wWR, = R, =0.0195wWR, =
wR,= 0.0838 0.0562 0.0858 0.0486

Rindices (all data) R, = 0.0353, R; = 0.0391wWR; = R, =0.0413wWR; = R, = 0.0225WR, =
wR, = 0.0878 0.0600 0.0930 0.0503

Largest diff. peak and hole (€A 0.471 and -0.285 0.662 and -0.555 0.50 and -0.56 0.62 and -0.47
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Table 2 Selected bond lengths (A) and angles (°) for chiystacompounds. 4, Cas andCaa.

d(P-C) d(P-N) dP=0)  d(Sn-O0) d(Sn-Cl) d(Sn-C)  OP-O-Sn DO-Sn-CI OC-Sn-C
L, iggigggg 1.6571(13) 1.4974(11) - - - - -
1.801(4) 2.076(12) 117.3(6)
Cu 1goa(ay 1625(4)  1496(2)  2363(2)  25075(9R.134(5)  170.6(2) 179.07(9) 118.15(16)
' 2.119(4) 122.0(7)
1.7875(18) 2.1363(18) 118.06(7)
Cas ]'790g(18) 16419(15) 15091(12) 2.3258(12) 2.5000(8.1377(18) 140.06(7) 177.51(3) 120.14(7)
' 2.1383(17) 120.74(7)
1.8012(13)
c. 18019(12) 1.6682(11) 2.5006(9) 2.3486(10) 2.4851(7) 2.1213(12) 163.35(5) 169.53(2) o a7y
5 1.7922(13) 1.6445(10) 2.5030(9) 2.2718(10) 2.5258(7) 2.1246(12) 149.66(5) 175.94(2) '
1.8021(13)
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Table 3. Minimum Inhibitory Concentration (MIE ug/mL) as a criterion of antibacterial activities of the

synthesized compounds.

Compound B.Cereus E. Coli
Ca 25.0
Ch1 ---P 10.0
Cu 10.0
Ca 1.50
Ch2 6.00 5.00
Ce 5.00
Cas 0.78
Coh3 12.0 10.0
Ce: 10.0
Cu 12.0
Chs 3.00 5.00
Cas 0.78
Cos 6.00 2.50
Ces 10.0
Cas 1.50
Cos 12.0 5.00
Cee 10.0
Car 1.50
Co7 6.00 5.00
Ca7 10.0
SnPhCl 0.78
SnPhCl, 3.00 25.0
SnPhChk 6.00 10.0
SnMe,Cl, 25.0 10.0
Gentamicin 0.12 0.50

2 minimal inhibitory concentration (MIC) observedef24 h of incubation at 37 °€not tested.
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Table 4. Quanturarchemical and geometrical descriptors for title coompls computed at B3LYP/6—

311G* level

Electronic descriptors

Structural descriptors

No. Charge Polarizability Frontier molecular orbital  Lipophilicity Steric

Qsn Qr Qo Qn y Mv

(au) (au) (au) (a.u) Pleo Plnn Plsno  Bwomo  Euumo @ (Debye) (cm*/mol)
Cl1 2.165 2.088 -1.152 -0.992 -3.240 1.404  3.317 -0.2490.071  0.143 0.0010
C2 2119 2.089 -1.163 -0.994 -3.252 1.404  3.282 -0.2600.077  0.155 0.0006 612.370
C3 2.091 2.118 -1.176 -1.053 -3.294 1.488 3.267 -0.2570.079  0.158 1.6791 831.821
C4 2165 2.078 -1.142 -0.994 -3.229 1.400 3.307 -0.2380.059  0.123 0.9622 765.620
C5 2137 2.094 -1.181 -0.994 -3.275 1.399 3.318 -0.2480.073  0.147 1.4838 619.466
C6 2.096 2.116 -1.182 -1.040 -3.298 1.472 3.278 -0.2480.071 0.144 1.0469 1077.262
C7 2165 2.085 -1.150 -0.996 -3.236 1.397 3.315 -0.2390.055 0.117 1.1510 831.430
c8 2.132 2.097 -1.182 -0.993 -3.279 1.339 3.314  -0.2520.067 0.137 0.0007 639.636
CcC9 2097 2119 -1.182 -1.039 -3.301 -1.470 3.279 ®.24-0.077 0.154 0.0007 1086.365
C10 2165 2119 -1.161 -0.864 -3.280 2. 3.326 -0.247  -0.074 0.149 - 812.431
Cl11 2122 2122 -1.177 -0.859 -3.299 3.299 -0.2580.078  0.157 0.0015 767.786
Cl12 2.089 2131 -1.168 -0.876 -3.301 -3.257  -0.2480.073  0.147 0.0006
C13 2174 2113 -1.148 -0.865 3.271 3.324 -0.2480.070  0.142 0.6245 875.247
Cl14 2132 2119 -1.175 -0.869 -3.294 3.307 -0.2560.071  0.144 0.0024 977.050
Cl15 2089 2099 -1.181 -0.870 -3.280 3.270 -0.2470.065 0.133 0.0002 861.683
Cl6 2112 2.188 -1.149 -3.337 3.261 -0.254 .06 0.134 0.0031 697.538
C18 2.147 2511 -1.105 -1.005 -3.616 -1.408 3.252 ©.24-0.033 0.091 0.0000 932.621

a

---- = Not tested due to insufficient quantities
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Table 5VIF® values for the QSAR equations

Independent variable B. cereus

Eq. (2) Eg.(4) Eq.(5)
Qsn 9.745 12.429
Qe 145.677 135.329
Qo 14.422 11.003
On 3.113
PLp-o 4.016 3.525 2.120
PLsno 3.671 3.400 7.195
Enomo 4.520
ELumo 6.668 5.944
) 5.152 4.514 6.856
u 2.621
Mv 2.145 1.748 1.386

2VIF = 1/(1-R?); where, Ris the multiple correlation coefficient of tita independent variable on all of
the other independent variables.
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Table 6 Correlation matrix for the antibacterial propestand the selected variables in Eq. (5).

. B. cereus
Selected variables 0o Ploc Ploo ” MV
Qsn 1.000
PLp-o 0.463 1.000
PLswo 0.660 0.480 1.000
w -0.514 0.149 0.204 1.000
Mv -0.409 -0.038 -0.442 0.088 1.000
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4a

Fig. 4b
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Highlights

Organotin complexes of bisphosphoramidates were synthesized and characterized. QSAR
models revealed that the descriptor of the electrophilicity (w) parameter is correlated with
the inhibition activity on B. cereus.

X-Ray crystallography confirms the bridging ligands produce binuclear structures with

SnPh3Cl acceptors and offer 1D polymeric arrangement toward SnMe,Cl».




ACCEPTED MANUSCRIPT

Fig. S1. Crysta packing of L 4aong the ac-plane
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Fig. S2. Representation of CH...Cl interactions, resultin@iarrangements i€



Fig. S3. Representation of NH...Cl and CH...Cl interactionsatirg 2D aggregations @3



ACCEPTED MANUSCRIPT

Fig. $4. Representation of CH...Cl interactionsQg (along thebc-plane), effective in the crystal packing





