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Three new triphenyltin(IV) sulfanylcarboxylates ~INTRODUCTION

with the general formula [Q][SnPhs(L)] (Q = di-

isopropylammonium cation; L =tspa, pspa or The environmental and biological chemistry of
pyspa, where t = 3-(2-thienyl)-, p = 3-(2-phenyl)-, organotin(lV) compounds is being studied with
py = 3-(2-pyridinyl)- and spa = 2-sulfanylprope-  growing intensity due to their increasingly wide-
noato) have been prepared by reaction of spread usé.n particular, the role of the Sn—S bond
triphenyltin(IV) hydroxide with the correspond- in the biological and industrial applications of
ing acid in the presence of di-isopropylamine in  triphenyltin(IlV) compounds has prompted con-
ethanol. The compounds have been charac- siderable efforts to characterize it, especially in
terized by elemental analysis and mass spec- compounds in which an additional donor atom (D)
trometry and by IR, Mo'ssbauer and NMR  can form Sn—D bonds of variable intensity, leading
(*H, 1°C, 1%n) spectroscopy. X-ray studies of to structures ranging from tetrahedratis-trigonal
the crystal structures of [Q][SnPhs(pspa)] and  bipyramidal (see Refs 2 and 3; references therein).
[Q][SnPhs(pyspa)] show that in both compounds  Recently described examples of biologically active
the tin atom is coordinated to three phenyl C compounds belonging to these structural classes
atoms and to S and one O atom of the ligand L. include two mercapto compounds with distorted
All three complexes are active against strains of tetrahedral structures and high vitro antitumour
the Gram-positive bacterium Staphylococcus —activity,* and some tetrahedral ards-tbp com-
aureus but are inactive or only slightly active  pounds with fungicidal activity. Another interest-
against the Gram-negative bacteriaEscherichia  ing class of triphenyltin(IV) compounds comprises
coli and Pseudomonas aeruginosaCopyright  the carboxylates, for which both antitum8uand

© 2000 John Wiley & Sons, Ltd. fungicidal activitie$ have been reported. For

) . ) . . ] neither thiolates nor carboxylates has a clear
Keywords: —organotin(IV); triphenyltin(IV); structure—activity correlation been discovered, per-
sulfgnquarboxy!ato, synthesis; crystal struc- haps due in part to the instability of the Sf-8d
ture; antimicrobial activity Sn—& bonds in solution.

_ Previously we described the hydrolysis equi-
Received 18 August 1999; accepted 23 March 2000 librium of ~[SnPh(mimt)] (Hmimt = 1-methyl-
2(3H)-imidazolinethione} a thiolate in which an
N donor atom slightly distorts a basically tetra-
hedral Sn@S kernel. To explore further the effects
e e U e 4£! ddifional donar atoms on the staity of the
Con?posteyla, 15706 Santiago de C(;mpostela, Galicia, Spain.g Sn-S bond in SOIUtI.On and on bIOIOg!CaI activity,
E-mail: gijsordo@usc.es we have now studied the triphenyltin(lV) com-
Contract/grant sponsor: Xunta de Galicia, Spain. plexes of the diprotonic sulfanylpropenoato ligands
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H, tspa,H, pspaandH, pyspa(Schemel), which
can coordinatevia the sulfanyl S, the carboxylato
groupand,in principle, a donoratombelongingto
the R substituentThis paperdescribeshe prepara-
tion of these complexesin the presenceof di-
isopropylamineas proton capturer,their spectro-
scopiccharacterizatiortheir antibacteriahctivities
againstEscherichiacoli (ATCC 25992),Staphylo-
coccusaureus(ATCC 292135)and Pseudomonas
aeruginosa (ATCC 27853 and two clinical
isolates) andthe crystalstructuresof di-isopropyl-
ammonium [3-(2-phenyl)-2-sifanylpropenoato]-
triphenylstannate and di-isopropylammonium
[3-(2-pyridinyl)-2-sufanylpropenoato]triphenyl
stannate.

EXPERIMENTAL

Materials and methods

3-(2-Aryl)-2-sulfanypropenoic acids were pre-
paredby condensatiorf the appropriatealdehyde
with rhodanine subsequenhydrolysisin an alka-
line mediumand acidificationwith aqueousHCI.2
Triphenyltin hydroxide (Aldrich-Chemie) and di-
isopropylamingMerck) wereusedassupplied Di-
isopropylammoniumhydrochloride was prepared
by addition of HCI to an aqueoussolution of di-
isopropylamine. Elemental analyses were per-
formedwith a Carlo-Erbal1l08apparatusMelting
points were determinedusing a Biichi apparatus.
Mdssbauespectrawere determinedat 80.0K in a
constanicceleratiorapparatusvith a Ca-*°"snQ,
source andwerereferredto SnG,; to minimize the
effects of preferential crystallite orientations or
texture,the sampleswere groundto a fine powder
and disperseduniformly in vaseline.IR spectra
were recordedin KBr discs or Nujol mulls (the

Copyright© 2000JohnWiley & Sons,Ltd.

latter between NaCl windows or polyethylene
sheets)on a Bruker IFS 66v FT-IR spectro-
photometerand Ramanspectraof polycrystalline
samples were recorded on the same spectro-
photometeusingan FRA-106accessoryvs=very
strong; s=strong; m=medium; w =weak). H
(500.13MHz) and*3C (125.78MHz) NMR spectra
were recordedin deuterateddimethyl sulphoxide
(DMSO-0;) at room temperatureon a Bruker
AMX 500 spectrometerand were referred to
tetramethylsiland TMS), and **°Sn (186.50MHz)
NMR spectrawere recordedin DMSO-d; and
CDCl; in the same apparatusand referred to
external neat tetramethyltin. Mass spectrawere
recorded on a Kratos MS50TC spectrometer
connectedo a DS90 systemand operatingunder
electron impact (El) conditions (direct insertion
probe,70eV, 250°C). Conductivitieswere deter-
mined with a Crison MicroCM-2202 conductivity
meter.

Antibacterial activity was initially assayedby
Muller—Hinton agar diffusion methods.Discs of
papers mmin diametemwereloadedwith 20 ul of a
2mgml~* solution of the substanceo be tested
(ligand, complex or di-isopropylamine) in 9:1
ethanol-water;control discs were loaded with
solventalone.The discswere placedon dishesof
Muller—Hintonagarinoculatedwith E. coli (ATCC
25992),S. aureus(ATCC 292135)or Ps. aerugi-
nosa(ATCC 27853),andafter24 hours’incubation
at 37°C the diametersof the bacterial growth
inhibition zonesnveremeasuredi-or thoseproducts
which showedactivity, minimum inhibitory con-
centrations(MICs) were calculated using serial
dilutionsin Muller—Hinton broth.

Syntheses

[QI[SnPhs(tspa)] (1) _
SnPhOH (1.89g, 5 mmol) wasaddedto a solution

of Hotspa(0.93g, 5mmol) and di-isopropylamine
(0.7ml, 5mmol) in absoluteethanol. The beige
solid formedafter stirring at roomtemperaturend
refluxingfor 3 h wasfiltered outandvacuum-dried.
Yield: 75% M.p. >300°C. Analysis: Found: C,
58.9; H, 51; N, 2.3; S, 9.7; Calcd. for
C31H34N02828n: C, 585, H, 535, N, 23, S,
10.0%. IR and Raman (R) (cm™Y): v,{COO),
1577vs;vsyr{COO); 1364vs,1364sh(R);v(Sn-S),
342m; vadSn—C), veym(Sn—C), 236s, 237w(R).
Metallatedfragmentsignalsin the massspectrum,
m/z(%): 120[Sn] (100);197 [CeHsSN] (55.8);229
[C5H5SSn] (93), 351 [C18H158n] (115) Md@ss-
bauer:s, 1.30; AEg, 1.42; T, 0.84mms % Ay,
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1.04. Ay (CHSCN), 68.0S crm? mol™2: A, (DMF),
49.5Scm? mol~t.

[QI[SnPhs(pspa)] (2) ,
SnPROH (1.899g, 5 mmol) wasaddedo a solution

of H,opspa(0.90g, 5 mmol) and di-isopropylanine
(0.7ml, 5mmol) in absoluteethanol. The white
solid formedatfter stirring at roomtemperatureand

refluxingfor 3 h wasfiltered outandvacuum-dried.

Yield: 90%. Slow concentrationof the mother
liquor at room temperature afforded crystals
suitable for X-ray study. M.p. 180°C. Analysis:
Found:C, 62.7;H, 5.9; N, 2.1; S, 5.6; Calcd for
C33H37N0288n:c, 628,H, 59, N, 22, S5.1%.IR
and Raman (R) (cm%): v,{COO), 1546vs;
Vsym(COO), 1357vs, 1356m(R); v(Sn-S), 352m;
vadSN-C), 273s; veym(SN—-C), 237s, 238w(R).
Metallatedfragmentsignalsin the massspectrum,
m/z(%): 120[Sn] (100);197 [CeHsSN] (48.5);229
[C18H15SN] (8.5); 452[C21H16S0,SN] (8.6). MsS-

bauer:s, 1.31; AEg, 1.42;T, 0.79mms %, Ay,
1.19 Ay, (CH5CN), 56.2Scnf mol™; Ay, (DMF),
42.9Scrm? mol ™,

[QI[SnPhs(pyspa)] (3) ,
SnPROH (1.89g, 5 mmol) wasaddedto a solution

of Hopyspa(0.90g, 5 mmol) anddi-isopropylamine
(0.7ml, 5 mmol)in absoluteesthanol.Theyellowish
beige solid formed after stirring at room tempera-
ture and refluxing for 3h was filtered out and
vacuum-dried.Yield: 90%. Slow concentratiorof
the mother liquor at room temperatureafforded
crystals suitable for X-ray study. M.p. 189°C.
Analysis: Found:C, 60.6; H, 5.6; N, 4.1; S, 5.7;
Calcdfor C3,H36N>0,SSn:C, 60.8;H, 5.7; N, 4.4;
S, 5.1%. IR and Raman(R) (cm %): v,{COO0),
1552vs; vs,m(COO0), 1360vs, 1359wW(R); v(Sn-S),
356m; vodSn-C), 274m; vey(Sn-C), 237s,
239w(R). Metallated fragment signals in the
mass spectrum, m/z (%): 120 [Sn] (86.7); 197
[CeHsSN] (100); 229 [CeHsSSn] (18.1); 332

Table 1 Crystalandstructurerefinementdatafor [Q][SnPhy(pspa)](2) and[Q][SnPh(pyspa)](3)

[QI[SnPhy(pspa)] [QI[SnPhy(pyspa)]
Empirical formula Cs3H37/NO,SSn C3oH36N-0,SSn
Formulaweight 630.39 631.38
Temperature 293(2)K, 293(2)K,
Wavelength 0.71073A 0.71073A

Crystalsystem spacegroup
Unit cell dimensions

Volume

Z, Calculateddensity
Absorptioncoefficient
F(000)

Crystalsize

(9) rangefor datacollection
Indexranges

Reflectionscollected/unique
Completenesto 20 =26.29°
Absorptioncorrection

Max. andmin. transmission
Refinemenimethod
Data/restraints/parameters
Goodness-of-fibn F?

Final R indices[l > 2(a)(1)]
R indices(all data)
Largestdiff. peakandhole

Triclinic, P1 (ng. 2)
a=10.3043(8)A,
b=11.6837(10)A
c=13.1953(10A

o =82.051(8)

B =86.621(7f

y =82.808(7)

1559.6(2)A3

2,1.342Mg m—3
0.914mm~

648

0.30mm x 0.15mm x 0.15mm
2.20-26.29
—-12<h<0,-14<k< 14,
—-16<1<16
6703/6332R(int) = 0.0133]
99.9%

v-scan

0.975and0.882

Full-matrix least-squareen F?
6332/0/491

1.048

R; =0.0270,wR, =0.0678
R; =0.0419,wR, =0,0725
0.532and—0.53%-A"°

Triclinic, P1 (ng. 2)
a=10.1246(8)A,
b=11.7537(11)A
c=13.2948(11)A

o =81.178(10y

B =86.876(9)

y =84.304(7)

1554.4(2)A3

2, 1.349qu’3
0.918mm~

648

0.35mm x 0.30mm x 0.15mm
2.50-26.29
—-12<h<0,-14<k<14,
-16<1<16

6688/6319 R(int) = 0.0258]
99.9%

v-scan

0.974and0.905

Full-matrix least-squaresen F?
6315/0/487

1.013

R;=0.0324,wR, =0.0624
R;=0.0825,wR, =0,0721
0.572and —0.416e-A "3
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[C14H1188H+H+] (496), 351 [C18H15Sn] (215),
[C21H16SOSNHHT] (4.8). Mdssbauer:s, 1.31;
AEo, 153; T, 0.82mms % Ay, 1.15. Ay
(CHCN), 65.7ScnPmol™; Ay (DMF),
52.7Scm? mol .

Determination of the crystal
structures of [QI[SnPh;(pspa)l (2)
and [Q][SnPhs(pyspa)l (3)

X-ray data collection and reduction

Colourless prismatic crystals were mounted on
glassfibresfor datacollectionin an Enraf—-Nonius
MACH3 automaticdiffractometer? Cell constants
and an orientationmatrix for datacollection were
obtainedby least-squaregefinemenbf the diffrac-
tion datafor 25 reflectionsin the range 10.50<
0 < 18.02° for 2 and 8.84° < § < 18.01° for 3.
Datawerecollectedat 293K usingMoK, radiation
(A =0.71073A) andthew scantechniqueandwere
correctedfor Lorentzand polarizationeffects® A
semi-empiricalabsorptioncorrection(y scan)was
alsomade!*

Structure solution and refinement

The structurewas solvedby direct methods? and
subsequenFourier maps,and refinedon F? by a
full-matrix least-squareprocedureusing anisotro-
pic displacementparameters® All the hydrogen
atomswere locatedfrom differenceFourier maps
and were refined isotropically. Atomic scattering
factorsweretakenfrom Ref14.Moleculargraphics
weregeneratedvith PLATON.'® The crystaldata,
experimental details and refinement results are
summarizedn Table 1.

RESULTS AND DISCUSSION

X-ray studies

Structure of [Q][SnPhx(pspa)]

The crystal of [Q][SnPh(pspa)] contains
SnPh(pspa) anions and di-isopropylammonium
cations linked by N—H- --O hydrogenbondsin

centrosymmetriclimericstructuresFigurel shows
a PLATON view of the [SnPh(pspa)]anion (for

the sakeof clarity the di-isopropylammoniunion

has been excluded). Table 2 lists positional
parametersand Table 3 selecteddistancesand

angles.

Copyright© 2000JohnWiley & Sons,Ltd.

Figure 1 The crystal structure of the SnPh(pspa) anion,
showingthe numberingscheme.

Thecoordinationsphere

Each tin atom is coordinatedto three phenyl C
atomsandto the SandO(1) atomsof a pspaligand,
creating a distorted trigonal bipyramidal cis-
CsSnOS kernel in which the C(41) and O(11)
atomsoccupytheapicalpositions.TheapicalSn—C
bondis longerthanthe equatorialSn—Chonds,but
all threearewithin therange2.12—2.18A reported
for othertriphenyltincompounds? The Sn—Sbond
lengthis closeto the sumof thecovalentradii of tin
and sulphur (2.42A),*" but within the range
reported for triphenyltin thiolates (2.405—
2.481A).1%1820 The Sn—0O bond is longer than
the sym of the covalentradii of tin and oxygen
(2.13A).Y" The apical C-Sn-Oangle [169.96(7}]
shows significant distortion with respectto the
regulartbp polyhedron.In the equatorialplane,in
which the anglessum 352.5°, the greatestdistor-
tion is shownby the C-Sn-Sangles Thedistortions
of both C-Sn-O and the C-Sn-Sanglesfrom the
valuesobtainingin aregulartrigonalbipyramidare
causedby the rigidity of the sulfanylpropenoato
ligand, which imposesan O(11)-Sn(1)-S(1)angle
of 75.84(4}. The generalfeaturesof thetin kernel
are similar to those observedin di-isopropyl-
ammonium (sulfanylethanoat&O)triphenyl-
stannate(IVA® ([Q][SnPhy(sea)]), although the
Sn—Odistanceis shorterin [Q][SnPh(pspa)].

Thepspaligand

The pspaligand is quasi-planarthe phenyl ring

making an angle of just 11.89° with the least-
squareplanedefinedby Sn(1),0(11),C(11),C(12)

and S(1), (rms=0.018). The C-S bond length,

1.757(2)A, is closeto the meanfor a C-Ssingle

bondin aC=C—S—Cfragment®* Theparameters

Appl. OrganometalChem.14, 421-431(2000)
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Table 2 Atomic coordinates(x10% and equivalent
isotropic  displacement parameters (A% x 10°) for

[QI[SnPhy(pspa)f

X y z U(eq)
Sn(l)  6803(1) 8736(1) 7054(1)  40(1)
S(1) 8242(1) 8522(1) 8486(1) 57(1)
O(11)  6302(2) 6990(2) 8080(1)  48(1)
O(12)  6534(2) 5691(2) 9444(1) 55(1)
C(11)  6848(2) 6582(2) 8900(2) 42(1)
C(12)  7924(2) 7211(2) 9229(2) 42(1)
C(13)  8574(3) 6740(2) 10068(2) 50(1)
C(14)  9588(3) 7121(2) 10623(2) 52(1)
C(15) 10033(3) 8196(3) 10439(2) 61(1)
C(16) 10966(3) 8501(3) 11036(3) 69(1)
C(17) 11460(3) 7741(3) 11837(3) 73(1)
C(18) 11081(5) 6651(4) 12008(3) 107(2)
C(19) 10152(4) 6347(4) 11415(3) 93(1)
C(21)  4780(2) 9322(2) 7349(2) 48(1)
C(22)  3827(3) 9096(3) 6727(3) 60(1)
C(23)  2524(3) 9497(3) 6898(4) 83(1)
C(24)  2166(4) 10128(4) 7679(4)  96(1)
C(25)  3070(4) 10365(4) 8306(4) 92(1)
C(26)  4392(3) 9964(3) 8140(3) 69(1)
C(31)  7331(2) 7587(2) 5932(2) 44(1)
C(32)  7039(3) 7935(3) 4920(2) 61(1)
C(33)  7419(4) 7212(4) 4177(3) 84(1)
C(34)  8091(4) 6545(3) 4431(3) 82(1)
C(35)  8407(4) 5792(3) 5419(3) 79(1)
C(36)  8029(3) 6495(3) 6166(2) 65(1)
C(41)  7507(2) 10344(2) 6319(2)  44(1)
C(42)  6633(3) 11333(2) 6037(2) 54(1)
C(43)  7079(4) 12347(3) 5521(2) 72(1)
C(44)  8392(4) 12379(3) 5295(3) 77(1)
C(45)  9263(4) 11429(3) 5582(3) 78(1)
C(46)  8823(3) 10423(3) 6085(2) 61(1)
N(1) 4039(2) 5376(2) 8585(2)  47(1)
c(1) 4886(5) 3459(4) 8163(4)  96(1)
c(2) 4128(3) 4600(3) 7768(2)  62(1)
C(3) 4690(7) 5194(6) 6770(3) 104(2)
C(4) 1840(4) 6425(4) 8135(4) 87(1)
C(5) 3230(3) 6551(2) 8388(2) 58(1)
C(6) 3265(4) 7150(3) 9316(3)  71(1)

2U(eq)is definedasone-thirdof thetraceof the orthogonalized
Ujj tensor.

of thecarboxylategrouparenotunusualthe O(11)-
C(11)-O(12)angle, 122.3(2Y, is closeto 120°, and
coordinationto the tin atomdoesnot makeC(11)—
0O(11)[1.256(3)A] significantlylongerthanC(11)—
0(12)[1.246(3)A)].

Hydrogenbonds

Each di-isopropylammoniumNH, group forms
N—H- --O hydrogenbondswith the non-coordi-
nated carboxylateO atomsof two [SnPh(pspa)]

Copyright© 2000JohnWiley & Sons,Ltd.

anions [N-H(1)-O(12), d(N-O)=2.953(3)A,

N—H—Q =163(3f; N-H(2)-0(12),” d(N-O)=

2.788(3)A, N—H—0O=165(3f (b=-x+1,

-y+1, —z+42)]. These bonds create
[Q]o[SnPh(pspa)} dimers,asshownin Fig. 2.

Structure of [Q][SnPhs(pyspa)]

The structureof [Q][SnPhs(pyspa)]is isotypic to
that of [Q][SnPh(pspa)]. The crystal contains
[SnPh(psypa)] anions and di-isopropylanmo-
nium cationsboundby N—H...O hydrogenbonds.
Figure3 showsa PLATON view of the [SnPh(py-
spa)] anion (as in Fig. 1, the di-isopropylammo-
nium ion hasbeenexcludedfor clarity). Table 4
lists positional parametersand Table 5 selected
distancesaandangles.

The type of coordinationandthe lengthsof the
bondsinvolving the tin atom are similar to those
discussedbovefor the [SnPh(pspa] anion.The
pyspa ligand is quasi-planar[the SnOGS ring
(rms=0.018) makesan angle of 5.95° with the
pyridinering] andthe maindistancesndanglesare
similar to thosefound previouslyin [SnEb(pyspa)]
exceptthatthe pyridinering is anti with respecto
the metallatedring insteadof syn®? The structural
parametersf the thiol andcarboxylatogroupsand
hydrogenbondsare similar to thosefound in the
pspaderivative.

Comparison with [Q][SnPhy(sea)}®

The similarity of the planar SnSGO rings of
[QI[SnPhy(pspa)] and [QI[SnPhy(pyspa)] shows
thatreplacemenof the phenylring by the pyridine
ring doesnot changethe coordinationpropertiesof
theligand.Comparisorwith the SnSGO ring of di-
isopropylammonium (sulfanylethanoat&,Otri-
phenylstannate(IVf ([Q][SnPhy(sea)])showsthat
the presencef a tetrahedrakarboninsteadof the
trigonal C(12) reducesthe planarity of the ring
[>-angles=525°, vs practically 540° in the pspa
and pyspa compounds]and lengthensthe Sn—-O
bond (2.608(3)A,*® ys 2.366(2)A in [SnPhy(py-
spa)] and 2.383(2)A in [SnPh(pspa)]). These
differencesare in keepingwith the finding® that
metalcomplexesof 3-aryl-2-sulphaplpropanoates
are lessstablein solution than thoseof 3-aryl-2-
sulphanylpropenoates.

Vibrational spectra

Vibrational spectraof the complexessuggestthat
thetspacomplexsharestructuralsimilaritiesof the
pspaandpyspaderivatives.The carboxylatobands
lie at similar wavenumberén all threecompounds,

Appl. OrganometalChem.14, 421-431(2000)
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Table 3 Selecteobondlengths(,&) andangles( °) in [Q][SnPhs(pspa)]

Tin environment

Sn(1)-C(31) 2.136(2) Sn(1)-0(11) 2.383(2)
Sn(1)-C(21) 2.141(2) Sn(1)-S(1) 2.4371(7)
Sn(1)-C(41) 2.179(2)

C(31)-Sn(1)-C(21) 119.49(9) C(41)-Sn(1)-O(11) 169.96(7)
C(31)-Sn(1)-C(41) 102.20(9) C(31)-Sn(1)-S(1)  116.07(7)
C(21)-Sn(1)-C(41) 100.97(9) C(21)-Sn(1)-S(1) 116.97(7)
C(31)-Sn(1)-0(11) 82.57(7) C(41)-Sn(1)-S(1) 94.12(6)
C(21)-Sn(1)-O(11) 83.97(8) 0O(11)-Sn(1)-S(1) 75.84(4)
pspaligand

S(1)-C(12) 1.757(2) C(14)-C(19) 1.388(4)
0(11)-C(11) 1.256(3) C(15)-C(16) 1.388(4)
0(12)-C(11) 1.246(3) C(16)-C(17) 1.362(5)
C(11)-C(12) 1.519(3)  C(17)-C(18) 1.364(6)
C(12)-C(13) 1.343(3) C(18)-C(19) 1.380(5)
C(13)-C(14) 1.457(3)

C(14)-C(15) 1.375(4)

0(12)-C(11)-0(11) 122.3(2) C(19)-C(14)-C(13) 117.9(3)
0(12)-C(11)-C(12) 119.7(2) C(14)-C(15)-C(16) 121.6(3)
0O(11)-C(11)-C(12) 117.97(19)  C(17)-C(16)-C(15) 120.5(3)
C(13)-C(12)-C(11) 118.5(2) C(16)-C(17)-C(18) 119.1(3)
C(13)-C(12)-S(1) 123.75(19)  C(17)-C(18)-C(19) 120.3(4)
C(11)-C(12)-S(1) 117.78(16)  C(12)-C(13)-C(14) 133.2(2)
C(15)-C(14)-C(19) 116.5(3) C(18)-C(19)-C(14) 121.8(4)
C(15)-C(14)-C(13) 125.6(2)

Hydrogenbonds

D—H---A d(D-H) d(H---A) diD---A) <(DHA)
N(1)—H(10} - -0(12) 0.82(3) 2.16(3) 2.953(3) 163(3)
N(1)—H(20}) - -O(12]  0.91(3) 1.90(3) 22.788(3) 165(3)

& Symmetryoperation:—x + 1, —y + 1, —z+ 2.

p A LS 7
Y
¥ S 9

o

Q08
O

Figure 2 Thecrystalstructureof [Q],[SnPh(pspa)} dimers,
showingthe hydrogenbondscreatingthe dimers.

Figure 3 The crystal strudure of the SnPh(pyspa)anion,
showingthe numberingscheme.
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Table 4 Atomic coordinates(x10%) @nd equivalent
isotropic  displacement parameters (A% x 10°) for

[QI[SnPhy(pyspa)f

X y z U(eq)
Sn(l)  6749(1) 8759(1) 7018(1)  40(1)
S(1) 8238(1) 8586(1) 8429(1) 56(1)
O(11)  6258(2) 7017(2) 8053(2)  48(1)
O(12)  6457(2) 5759(2) 9446(2) 58(1)
N(11)  9617(4) 6698(3) 11591(3) 96(1)
C(11)  6780(3) 6651(3) 8890(2) 42(1)
C(12)  7850(3) 7324(3) 9228(2) 41(1)
C(13)  8411(4) 6919(3) 10109(3) 51(1)
C(14)  9424(3) 7329(3) 10671(2) 51(1)
C(15) 10129(4) 8262(3) 10345(3) 53(1)
C(16) 11072(4) 8536(4) 10947(3) 61(1)
C(17) 11283(4) 7891(4) 11860(3) 73(1)
C(18) 10532(6) 7004(5) 12150(4) 111(2)
C(21)  4713(3) 9291(3) 7357(2)  45(1)
C(22)  3707(4) 9068(3) 6776(3) 59(1)
C(23)  2392(5) 9434(5) 6991(5) 87(2)
C(24)  2085(6) 10037(5) 7782(6) 99(2)
C(25)  3041(7) 10283(4) 8350(5) 94(2)
C(26)  4375(5) 9911(4) 8148(3) 69(1)
C(31)  7292(3) 7629(3) 5914(2) 42(1)
C(32)  7028(4) 7989(4) 4905(3) 56(1)
C(33)  7420(5) 7298(4) 4165(3)  74(1)
C(34)  8078(5) 6242(4) 4431(4) 77(1)
C(35)  8353(5) 5870(4) 5419(4)  75(1)
C(36)  7971(4) 6552(3) 6154(3) 61(1)
C(41)  7441(3) 10390(3) 6269(2) 41(1)
C(42)  6558(4) 11371(3) 6038(3) 50(1)
C(43)  6995(5) 12395(3) 5533(3) 68(1)
C(44)  8298(5) 12465(4) 5250(3)  75(1)
C(45)  9186(5) 11518(4) 5479(3) 73(1)
C(46)  8760(4) 10495(4) 5979(3) 59(1)
N(1) 3995(3) 5303(3) 8563(2) 47(1)
c(1) 4997(7) 3452(6) 8171(5) 97(2)
C(2) 4140(4) 4517(3) 7765(3)  61(1)
C(3) 4607(8) 5156(7) 6760(4) 104(2)
C(4) 1716(6) 6187(5) 8128(7) 101(2)
C(5) 3096(4) 6410(3) 8357(3) 58(1)
C(6) 3130(6) 7026(4) 9264(4)  74(1)

2U(eq)is definedasone-thirdof thetraceof the orthogonalized
Ujj tensor.

with Ay (=vaCO0— v5,,COO) values of
213c¢m * for 1, 189cm 2 for 2 and 192¢m * for
3. Thesevaluesaresmallin comparisorwith those
found in other complexesin which a ligand
coordinatesvia jUSt one of the oxygenatomsof a
carboxylato group?* this is attributed to the
N-H-Ohydrogerbond,which significantlylength-
ensthe C—O bond of the non-coordinatedxygen.
As regardgheremainingbandsy(Sn-S)is closeto
the positionsfound for diorganotinderivativesof

Copyright© 2000JohnWiley & Sons,Ltd.

theseligands®? and v(Sn—C) (a ligand vibration
probablycontributegto the vsym band)is Iocatedat
positionstypical of anon-planarSnG; framework!

Mossbauer spectra

As expectedfrom their chemical formulae, the
Mdssbauespectraf thereportedcompoundshow
only asingle,slightly asymmetricquadrupolesplit
doublet.Sincethe linewidthsarenarrowenoughto
rule out overlappingthisimpliesthatthereis justa
single tin site in eachcomplex. The isomer shift
datafor the complexeswhich are very similar to
each other, are typical of Sn derivatives (ex-
pectedrange0.86—1.72nms %),%° but throw little
light onthe geometryaroundthetin atomexceptto
suggestthat all three compoundshave the same
coordinatiormode.Thequadrupolesplitting values
of the threecompoundsarealsovery closeto each
otherandaresurprisinglylow, falling in the lowest
part of the rangefor tetrahedratomplexesandfar
below the usual rangefor fac-SnRs tbp structures
(1.82-2.55mms" 1. However, it shouldbe borne
in mind thatin the tbp compoundwith the lowest
previously reported value (p-tolyl) 3SN[ON(Ph)-
CO(Ph)](1.82mms1),?° thetin atomis boundto
two oxygenatomsinsteadof one oxygenandone
sulphur,so the valuesfound in this study may be
attributedto the knownvery negativepgsvaluesof
sulphur. B){ contrast, [SnPh(2-SPyO)] (AEg =
1.86mms %)?’ hasthe samebondingatomsbut a
different structure,being one of the few square
pyramidal organotincompoundsThe positionsof
its oxygen atoms (one in the squarebaseof the
pyramidandthe otherin the apicalposition)imply
thatthe differencebetweernits quadrupolesplitting
value andthoseof the complexescharacterizedn
this studymay be attributedto the totally different
distributionof chargeamongthetin hybrid orbitals.

In the frameworkof the point chargeformalism,
the crystallographicdatafor 2 and3, together\Nlth
publishedpgsvaluesof thephenyls(—0.89mms*
for the apical group, —0.98mms™ - for the equa-
torial ones)andthecoordinatectarboxylateoxygen
(—0.10mms™*; this group is not consideredas
bridging, eventhoughthe secondoxygenatomis
hydrogen-bondedo the counterion),allow opti-
mization of the value for the sulphur atom at
—0.30mms %, nottoo far from thevaluesreported
in the literature2® For both [Q][SnPhy(pspa)]and
[Q][SnPkg(pyspa)] this affords an AEq value of
1.50mms %, very close to the experimental
measurement.
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Table 5 Selecteobondlengths(,&) andangles( °) in [Q][SnPhs(pyspa)]

Tin environment

Sn(1)-C(21) 2.139(3) Sn(1)-0(11) 2.366(2)
Sn(1)-S(1) 2.4422(9) Sn(1)-C(41) 2.183(3)
Sn(1)-C(31) 2.141(3)

C(21)-Sn(1)-C(31) 121.24(12) C(41)-Sn(1)-O(11) 169.96(9)
C(21)-Sn(1)-C(41) 100.81(11)  C(21)-Sn(1)-S(1)  115.65(9)
C(31)-Sn(1)-C(41) 102.38(11) C(31)-Sn(1)-S(1) 115.68(9)
C(21)-Sn(1)-O(11) 83.47(9) C(41)-Sn(1)-S(1) 93.82(8)
C(31)-Sn(1)-O(11) 82.74(10)  0O(11)-Sn(1)-S(1) 76.15(6)
pspaligand

S(1)-C(12) 1.753(3) C(13)-C(14) 1.461(5)
0(11)-C(11) 1.254(3)  C(14)-C(15) 1.370(5)
0(12)-C(11) 1.248(3) C(15)-C(16) 1.371(5)
N(11)-C(18) 1.327(6)  C(16)-C(17) 1.345(6)
N(11)-C(14) 1.343(4)  C(17)-C(18) 1.347(6)
C(11)-C(12) 1.527(4)

C(12)-C(13) 1.329(4)

C(18)-N(11)-C(14) 117.2(4) N(11)-C(14)-C(15) 120.6(3)
0(12)-C(11)-0(11) 122.2(3) N(11)-C(14)-C(13) 113.2(3)
0(12)-C(11)-C(12) 119.4(3) C(15)-C(14)-C(13) 126.1(3)
0(11)-C(11)-C(12) 118.4(3) C(14)-C(15)-C(16) 119.9(4)
C(13)-C(12)-C(11) 118.0(3) C(17)-C(16)-C(15)  119.4(4)
C(13)-C(12)-S(1) 124.7(3) C(16)-C(17)-C(18) 117.8(4)
C(11)-C(12)-S(1) 117.4(2) N(11)-C(18)-C(17) 125.0(4)
C(12)-C(13)-C(14) 133.1(3)

(c) Hydrogenbonds

D—H---A d(D-H) d(H---A) dD---A) /(DHA)
N(1)—H(10} - -0(12) 0.85(3) 2.16(4) 2.942(4) 153(3)
N(1)—H(20) - -O(12]*  0.99(4) 1.81(4) 2.782(4) 166(3)

& Symmetryoperation:—x + 1, —y + 1, —z+ 2.

Solution studies

The molar conductivitiesof the threecomplexesn
CHsCN and DMF are low for 1:1 electrolytesin
thesesolvents Thisis attributablé® to thelow ionic
mobility of theions.

NMR datafor the complexesarelistedin Tables
6 and 7, togetherwith datafor the ligandstaken
from our earlier study?? Note that Hopyspais a

thionein which the pyridine nitrogenis protonated.

In the *H NMR spectraof the complexegTable6)
the septupletat ca 3.3ppm, the doublet at ca
1.2ppm and the very broadsingletintegratingto
two protonsat 8.0—8.1ppmareattributedto the di-
isopropylammoniumcation. The signals for the
SnPh moietyaremultipletsappearingatunremark-
able positions: H® at 7.53§3pm [flanked by two
satellites56 Hz apartdueto “J(*H-Sn)]andH™ and
HP at7.27ppm.The absencef signalsfor C(1)OH
and SH [and of the N(9)H signal in the caseof

Copyright© 2000JohnWiley & Sons,Ltd.

[Q][SnPhs(pyspa)] indicates di-deprotonation of
the ligand. The shifts of the C(3)H and pyridine
ring signalsin the spectraof [Q][SnPhy(pyspa)]
relativeto their positionsin the spectrunof thefree
ligand may be attributed, as in the case of
[SnPh(pyspa)]?? to the deprotonation of the
pyridine N and the alteration of the charge
distribution upon coordination.In the caseof the
pspacomplexthe C(3)H signalundergoesio shifté
and in [Q][SnPhy(tspa)], as in [SnPh(tspa)]?
C(3)H is more shieldedthan in Hotspa. The ring
proton signals of the pspa and tspa complexes
exhibit qualitatively the samebehaviourasin the
correspondingliphenylstannate

The 13C NMR data(Table 7) reflectthe change
from the thione Hopyspato the thiol-type CCS
fragment of [Q][SnPh(pyspa)] in the marked
shielding of C(2) and the deshieldingof C(3), as
in thecaseof [SnPhy(pyspa)]?? This thione-to-thiol
evolution, togetherwith the deprotonationof the

Appl. OrganometalChem.14, 421-431(2000)



TRIPHENYLTIN(IV) SULFANYLPROPENDATES 429
Table 6 H NMR datafor Hopyspa,H,pspa,H,tspaandtheir compoundd®
Hopyspa  [Q][SnPh(pyspa)]  Hxpspa [Q][SnPh(pspa)]  Htspa  [Q][SnPhytspa)]

N(9)H 17.85,brs(1) — — — — —

C(1)OH 12,85,vbrs(1) — 13.00,vbrs — 12.82,brs(1) —

C(2)sSH — — 5.22,vbrs — — —

C(3)H 7.32,5(1) 7.79,5(1) 7.73,s(1)  7.70,s(1) 8.13,s(1)  7.93,s(1)

C(5)H 7.70,d(1) 8.38,d(1) 7.68,d(2), 7.94,d(2),K 7.57,d(1) 7.32

C(6)H 8.15,td(1)  7.79,td(1) 747 LH"  7.36,1(2),H" 7.08,pt(1)  7.08,dd(1)

C(7)H 7.51,t(1) 7.16,dd(1) 7.39,mHP  7.22,t1(1)H 7.77,d1) 7.52

C(8)H 8.53,1(1) 8.56,d(1) — — — —

PhsSn — 7.53,m(6)H° 7.53,m(6),H — 7.53,m,H°
[56.4] [55.9] [55.9]
7.28,m(9)H" HP 7.27,m(9),H" HP 7.28,m,H" HP

CHI[Q] 3.32,sf9 3.28,sp(2) 3.29,sf5

CH3[Q] 1.17,d(12) 1.16,d(12) 1.15,d(12)

NH,[Q] 8.09,brs(2) 8.09,vbrs 8.00,vbrs

25 in ppm.Couplingconstantgin squarebrackets)n Hz;s,singlet;b

rs,broadsinglet;vbrs,very broadsinglet;d, doublet;dd, doublet

of doublets;td, triplet of doublets, triplet; pt, pseudo-tripletsp, septupletym, multiplet.

For numbering,seeSchemel.
¢ Overlappingwith waterpeak.

pyridine ring, is responsiblefor the ring carbon
atomsbeing only slightly shieldedor deshielded
with respecto thoseof the SnPh compoundIn the
complexes of the thiols Hopspa and Hatspa,
coordination through C(2)S is reflected by the
deshieldingof C(2) andthe shieldingof C(3). The

coordination behaviour of the carboxy group is
shownby thechemicalshiftsof C(1) 3’ whichin the
complexesstudiedin thiswork arevery closeto the
170.74ppmreportedfor a monodentatearboxyla-
to group3®3! This andthe resultsdiscussedibove
togetherimply that in DMSO-ds the complexes

Table 7 *3C and*!°SnNMR datafor H,pyspa,Hopspa,H,tspaandtheir compoundy®

Hopyspa  [Q][SnPhy(pyspa)]  Hopspa  [Q][SnPhy(pspa)]  Hqtspa  [Q][SnPhy(tspa)]
c() 167.6 167.4 167.1 167.8 166.2 167.6
C(2) 167.8 139.3 129.5 135.4 123.1 126.2
C(3) 113.1 129.1 145.6 128.1 140.4 126.5
C(4) 151.7 156.4 134.4 137.5 137.3 142.2
C(5) 126.2 123.2 131.3C° 129.1C° 137.7 133.2
C(6) 142.1 135.8 129.4C™ 128.0C™ 127.2 122.1
C(7) 121.0 121.1 130.8CP 126.6CP 134.2 128.5
C(8) 135.7 149.2 — — — —
c(Ph) 147.7iC 147.8iC 147.8iC
136.3C° 136.3C° 136.2C°
[42.7] [42.5] [42.8]
127.8CP 127.7CP 127.7CP
127.7C™ 127.6C™ 127.6C™
[56.7]
CHIQ] 46.3 46.2 46.1
CH3[Q] 18.8 18.7 18.9
1195n —216.8(2309 —218.0(250f —217.2(250f
—182.8(390) —178.5(380) —176.05(340)

21n brackets *C-1%n coupling constantsn Hz.
b For numbering seeSchemel.

°|n CDCls.

4 Wy
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retain the samecoordinationmodeasin the solid

state,with the ligand boundto the tin atomvia the
sulphuratom and one of the oxygenatomsof the
carboxylatogroup. In the organometallicmoiety,
the most significantdifferencewith respectto the
correspondingsnPh complexess the deshielding
of C(i) by ca7 ppm.Thepeakdocatedathighfield,

ca 46 and 18 ppm, arerespectivelyassignedo the
methine and methyl carbonsof the di-isopropyl-
ammoniumcation.

Table 7 also includes**°Sn chemical shifts in
CDCl; and DMSO-ds. In both solvents, the
narrownessof the peaksindicatesthat solvent—
ligand exchanggophenomenare absentor of very
low intensity.In CDCls, the chemicalshifts of all
threecompounddie closeto the upperlimit of the
range acceptedfor five-coordinatedcompounds
(—180to —260ppm)*? andfar belowthe ran%ef
tetrahedralgeometry (—40 to —120ppm)3
DMSO-d;, the chemicalshifts are very similar to
those reported prewously for five- coordlnated
PhsSn compounds? Thesedatareinforce?3*the

13C NMR datain implying the retention of the
solid-statecoordinationschemen CDCl; solutions,
andsuggesthat the sameis truein DMSO.

Antibacterial activity

No antibacterial activity was exhibited by the
ligands, di-isopropylammoniumhydrochloride or
solvent.All threecomplexesvereactiveagainstS.
aureusandE. coli but not againsta standardstrain
of Ps.aeruginosa Solutionsof the complexeshat
were kept at 4 °C for 30 daysexhibitedthe same
activity asfreshsolutions.The MICs of 1, 2 and3
against S. aureus were 10, 5 and 2. Sug mi~*
respectively,and their MICs agalnstE coli were
respectively40, >80 and40 g ml~*; thesevalues
are similar to those reportedfor other tin com-
pounds®®

The possessionf greateractivity againstGram-
positive than Gram-negativebacteria, which has
also been reported for other phenyltin com-
pounds®®3’ seemslikely to be due to these
compoundshaving difficulty in penetratingthe
outer membraneof Gram-negativebacteria.This
hypothesigs supportedy the finding thatwhen1,
2 and 3 weretestedagainsttwo clinical strainsof
Ps.aeruginosatheywereall weaklyactiveagainst
one,with MICs of about80 g ml~, but exhibited
noactivity againstheother,a strainthatis resistant
to meropenemdue to alteration of its membrane
transportsystence

Copyright© 2000JohnWiley & Sons,Ltd.
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