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The complexes formed between the diorganoti-
n(lV) moieties, R,Sn(lV), and the ligand 2-
mercaptopyrimidine, (H)SPym, were investi-
gated. Complexes RSnHal(SPym) and
R,Sn(SPym) [R = Me, ;Pr, ,Bu, ;Bu, {Bu, cyclo-
hexyl(Cy), Ph] were synthesized, and character-
ized by elemental analysis. In the solid state,
chelation of SPym through S and N donors was
established by IR spectroscopy, and the nature
of the environment of tin centers was investi-
gated by '%Sn Mdssbauer spectroscopy. From
the dynamics of **°Sn nuclei determined by
variable-temperature measurements on repre-
sentative compounds [MgSnCI(SPym) and Cy.
SnBr(SPym)], as well as by point-charge model
treatment of nuclear quadrupole splitting para-
meters, it was inferred that Me,SnCl-
(SPym) may assume atrans-Me, octahedral
coordination geometry around tin in a mono-
dimensional polymer, or a monomeric trigonal-
bipyramidal structure (distorted). The latter
type of structure was assigned to the other
R,SnHal(SPym) species, while BSn(SPym)
complexes assume @rans-octahedral, or skew
trapezoidal, tin environment. In CHCI ;—CDCl;
solutions, monomeric species occur (according
to vapor-pressure osmometry), where’H and
Bc NMR spectroscopic parameters of SPym
indicate the persistence of Sn chelation by S and
N donor atoms. The Me&SnCI(SPym) species
assume trigonal-bipyramidal structures with a
chelating SPym ligand, in CDCk and C,HsOH
solutions, according to the coupling constants
13(**%sn13C), as well as IR and**°sn Mossbauer
spectroscopic data*°Sn NMR parameters fully
correspond with data for the homologous com-

plexes with 2-mercaptopyridine. © 1998 John
Wiley & Sons, Ltd.
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INTRODUCTION

Continuing our studies on tin(IV) coordination by
thiol sulfur, we have recently investigateohter
alia, bonding and structure in a series of mono-
organotin(lVV) complexes with 2-mercaptopyrimi-
dine, (H)SPym, i.e. RSn(SPyg)RSnCI(SPym,,
RSNnCL(SPym) (R =alkyl, aryl}, as well as in
SnChL(SPym) and Sn(SPym)~ evidence was
obtained for tin chelation by thiol sulfur and one
heterocyclic nitrogen atoh{Fig. 1), in line with the
crystal and molecular structure (by X-ray diffrac-
tometry) of nBuSn(SPymy’ as well as with the
dynamics of tin nuclei in MeSnCI(SPym)
SnChL(SPym) and Sn(SPym)as determined by
variable-temperature**®Sn Mossbauer spectro-
scopy® The second nitrogen atom of theSPym
ligand (Fig. 1) in the complexes mentioned above is
not involved in coordination to tif-3

The studies have been extended T&Pym
complexes of BSn(IV) moieties, BSnCI(SPym)
and RSn(SPym); the results obtained are reported
in the present paper, and discussed in relation to
earlier work on RSn(SPym)* and RSnCI(SPyj
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topyridine)].

Metal coordination by "SPym is of some
biochemical interest. In fact, the presence of 2-
mercaptopyrimidine nucleotides has been detected,
e.g. in E. coli sRNA and yeast tRNA, and
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Figure1 2-Mercaptopyimidine,thiol conformeriabelingfor
NMR assignments.

(5H

(6)H

participatein hydrogerbondsin thenucleicacid ®°
Due to the large stability constantf R,Sn—S0
complexes, e.g. for MezSn(IV),*° bonding of
organotinsto thesethiolated nucleotideswvould be
expectedn biological systemsMoreover,coordi-

nationof R,Sn(IV) moietiesby thiolatedligandsis
expectedto reduce the physiological action of
organotins, as detected for e.g. the antitumor
activity in vitro of R,Sn(SPy) complexes:!

EXPERIMENTAL

Diorganotin(lV) dihalides were synthesizedby
literature methods-?~*® (H)SPym was a product
from Fluka Chemie AG. Other reagents and
solvents were commercial products which were
purified and dried accordingto standardproce-
dures'® Synthesesvere effectedin a dry nitrogen
atmosphereynderstirring andusingdriedsolvents.
Methodsemployedin the synthesisof R,SnHal-
(SPym) and R,Sn(SPym) complexes,Table 1,
wereasfollows.

(A) R,SNChL in CHCI; solution [4 mmol for the
synthesi®f R,SnCI(SPym){2 mmolfor R,Sn-
(SPym}] wasaddedto 4 mmol of NaSPymin
CHCI;—CH;0OH; the proceduraeportedn Ref.

Table 1 Analytical datafor diorganotin(IV)-2-mercaptopymidine complexes

Method Mol. wt.© ; . o
Compound andyield M. Found Analytical data:Found(calcd)%

No. Formula (%) (ccy (calcd) C H N Hal
1  Me,SnCI(SPym) A 75 147(dec.) 306(295.36) 24.2(24.4) 3.0(3.1) 9.4(9.5) 11.9(12.0)
2 PLSnCI(SPym) B 99 120 365(351.47) 33.2(34.2) 4.9(4.9) 7.7(8.0)  10.2(10.1)
3 BuSnCI(SPym) A 62 62 383(379.52) 37.5(38.0) 5.5(5.6) 7.3(7.4) 9.2(9.3)
4 BuxSnCI(SPym) A 89 122 373(379.52) 37.7(38.0) 5.8(5.6) 7.4(7.4) 9.2(9.3)
5 {Bu,SnCI(SPym) A 46 197(dec.) 369(379.52) 38.2(38.0) 6.0(5.6) 7.5(7.4) 9.4(9.3)
6  Cy,SnCI(SPym) c77 209(dec.) 448(431.60) 44.3(445) 6.0(5.8) 6.5(6.5) 8.3(8.2)
7 Cy,SnBr(SPym) A 75 200 485(476.05)  40.2(40.4) 5.4(5.3) 5.8(5.9) 17.1(16.8)
8  PhSnCI(SPym) D74 115 4319(419.50) 45.8(45.8) 3.0(3.1) 6.7 (6.7) 8.6(8.5)
9  Me,Sn(SPymy A 59  239(dec§ 366(371.05) 31.8(32.4) 3.2(3.3) 14.8(15.1) —

10  PRSn(SPym) A 65 223 449(427.16)  39.2(39.4) 4.9(4.7) 13.0(13.1) —

11 Bu,Sn(SPym) A 57 158 443(455.21) 42.8(42.2) 54(5.3) 12.6(12.3) —

12 Bu,Sn(SPymy AT72 196 458(455.21)  41.7(42.2) 5.4(5.3) 11.8(12.3) —

13 Bu,Sn(SPym) A 74 211 465(455.21)  41.6(42.2) 5.3(53) 12.2(12.3) —

14  Cy,Sn(SPym) A 65 263(dec.) 480(507.29) 48.0(47.4) 59(5.6) 11.1(11.0) —

15  PhSn(SPym) A8l 216° 485'(495.19) 48.0(48.5) 3.2(3.3) 11.2(11.3) —

& HSPym = 2-mercaptopyrimidineC,HsN,SH; thiol conformerin Fig. 1. Me = methyl; Pr= propyl; Bu = butyl; Cy = cyclohexyl;
Ph=phenyl;n=normal;i = iso; t = tertiary. Methodsof synthesisare describedn the Experimentalsection.Datafor 1 referto a
representativeyntheticbatch(seeTable3 andtext). % Sfound(calcd):(1a) 11.2(10.9);(1c) 11.35(10.9);(2) 9.2(9.1);(3) 8.7(8.5);
(4) 9.5(8.5);(5) 8.8(8.5);(7) 6.9(6.7);(8) 7.98(7.6); (9) 17.1(17.3);(10) 15.2(15.0);(12) 14.6(14.1);(13) 14.3(14.1) (14) 12.4
(12.6);(15) 13.5(13.0).

b Dec.= melting with decompositionUncorrecteddata.

¢ Determinedby vaporpressure@smometryin CHCI; solutions.

4 Mol.wt = 466in dimethyl sulfoxide (DMSO) solutions.

¢ Ref.5: m.pt=247°C.

" Ref. 5: m.pt=161°C.

9 Ref.5: m.pt=196°C.

" Mol.wt. =501in DMSO.

© 1998JohnWiley & Sons,Ltd. Appl. OrganometalChem.12, 861-871(1998)
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Table 2 Infraredspectraldatafor diorganotin(IV) complexesof 2-mercaptopyrimidiné-collective ranges of value$ (cm™?)

v(C-N/C-C)

S(C-HY

Ring®

Compd Formuld A B C D E F G
1-8 R,SnHal(SPynf)  1566-1576 1546-1549 1366-1386 800-821 769-773 748-749  645-649
(vs,s, m) (vs,s) (vs, s) (s,m,w) (vs,s,m) (vs,s,m,w) (vs,s,m)
9-15 RZSn(SPym)f 1560-1565 1541-1545 1361-1378 794-807 770-775 746-748 638-641
(vs,s,m) (vs,s) (vs, s, sh) (s, m, w) (s, m, w) (vs,s,m) (vs,s,m)

2 Solid-statesamples Structureof 2-mercaptopyrimidinén Fig. 1. R, Hal in classef complexesseeTablel.

Determinedin Nujol mulls, betweenKBr discs;s= strong,v =

vibrationalbands.
¢ Out-of-planedeformation.
9 Ring deformation.

very, m=medium, w = weak, sh=shoulder.A-G: classesof

€ Compoundl CDCl; solutionin KBr cuvettesA, 1572vs; B, 1550vs; C, 1381vs.
f Vibrational datafor Nos 9, 11, 15 (seeTable 1), reportedin Ref. 4, essentiallyinsertinto the rangesreportedhere.

5, Method A (preparationof SPy complexes)
was followed. After stirring at room tempera-
ture,the solventwasremovedat 20 °C, andthe
residueextractedvith CHCI;. Uponadditionof
petroleumether, the productwas obtainedby
crystallizationat —30°C > _

(B) 'Pr,Sn(SPym) was reacted with 'Pr,SnCh
(1:1) in CHCI; solution, accordingto Ref. 5,
methodD.

(C) Analogous to method A above, with the
differencethatthe extractwastakento dryness
(Ref. 5, methodB).

(D) PhbSn (SPym) 1mmol was reacted with
1 mmol of Ph,SnChL in 50ml of CCl,; under
reflux for 24 h. The solventwasthenremoved
in a rotary evaporator,the solid product ob-
tainedwastreatedwith 10 ml of Et,0O, filtered
off anddried undervacuum.

Elementalanalysedor C, H, N wereeffectedby
a 1106 analyzer(Carlo Erba, Milano, Italy). Data
for S (Table 1, footnotea) were determinedat the
Department of Inorganic, Organometallic and
Analytical Chemistry,University of Padovataly.
The analysis of halogenswas carried out by
potentiometryfollowing reactionof the complexes
with sodiumperoxideandethyleneglycol in a Parr
bomb?!’ Melting points were measuredwith a
Bichi SMP 20 instrument, and decomposition
temperaturesby DTA/TG employing a Mettler
vacuum thermoanalyzerT1l (reference: Al,Og,
25°C; Ny, 6°C min *; Pt/PtRhthermoelement).
Molecular weights were measuredby a Knauer
vapor-pressur@msmometer.The IR spectrawere
takenby a Bruker FTIR IFS 113V spectrometefor
solid samplegKBr pellets),andby a Perkin-Elmer
PE580Bgratinginstrumentor solutions(cell with

© 1998JohnWiley & Sons,Ltd.

KBr windows, 25um). **°Sn Méssbauerspectra
were measured,at liquid-nitrogen temperature
(solid or frozen solution absorbersyas well asin
variable-temperaturexperimentsby the agparatus
and procedurespreviously reported:®'® NMR
spectrawere determinedby Bruker AM 300 or
Bruker AC 200 spectrometerat 37 °C.

RESULTS AND DISCUSSION

The analyticaldatain Table 1 arefully consistent
with the stoichiometriesR,SnHal(SPym)(com-
plexes1-8 and R,Sn(SPym) (complexes9-15.
Results of elementalanalysesfor complexesl,
Me,SnCI(SPym),obtainedfrom a seriesof syn-
theticbatchegTable3, below),correspondetb the
datain Table 1. The occurrenceof monomeric,
undissociatedspeciesn CHCI; solutions(aswell
asin dimethyl sulfoxide (DMSO) for 8 and 15) is
generallyinferredfrom the osmometricdata.

Complexes1-15 are colorlessor light-yellow
solids,whichwhenstoredat 0 °C did not showany
decompositionover several months. The com-
pounds are soluble in CHCIl; and DMSO, and
moderatelysolublein CH;OH and C,HsOH.

Theinfraredspectreof the solid-statecomplexes
1-15(Table2) correspondtrictly’ to literaturedata
determined for RSn(SPymy, RSnCI(SPymy,
RSNCL(SPym), SnCL(SPym} and Sn(SPym),
which have been interpreted in terms of the
occurrenceof chelationof tin centersby N and S
donorsof the SPymligands® The samewould then
be inferred for the R,Sn(IV)-SPym complexes
investigatechere,accordingto earlierassumptions
for R,Sn(SPymy specieqR = Me, "Bu, Ph)#

Appl. OrganometalChem.12, 861-871(1998)
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Table 3 ''%nMésshaueparametersf diorganotin(IV)-2-mercaptopyrimide complexes

Compouné
No. Formula o° (mms™4) AE® (mms ™} Iyl (mms™h
Solid state
la Me,SnCI(SPym) 1.43 3.22 0.83
1.427+0.00F 3.202+ 0.007 0.900+ 0.038
1b Me,SnCI(SPym) 1.48 3.39 0.96
1c Me,SnCI(SPym) 1.47 3.53 0.92
1.455+ 0.004 3.4714 0.009 0.895+ 0.017
2 iPr.SnCI(SPym) 1.65 3.19 0.92
3 nBU,SNCI(SPym) 1.49 3.08 0.92
4 iBu,SnCI(SPym) 1.50 3.01 0.83
5 Bu,SnCI(SPym) 1.73 3.08 0.93
7 Cy,SnBr(SPym) 1.65 3.10 0.90;0.87
1.694+ 0.004 3.155+ 0.01C 0.851+ 0.027;0.883+ 0.035f
8 Ph,SnCI(SPym) 1.31 2.53 0.83
9 Me,Sn(SPym) 1.32 2.47 1.02
1.30¢ 2.46 0.919
10 iPSn(SPym) 1.65 2.86 0.82
11 nBU,SN(SPym) 151 2.87 0.79
1.519 2.9¢ 1.0¢7
12 iBu,Sn(SPym) 151 2.77 0.79
13 BuSn(SPym) 1.71 2.73 1.12
14 Cy,Sn(SPym) 1.63 2.93 0.97
15 Ph,Sn(SPym) 1.36 2.53 0.80
1.27 2.53F 1.048
Frozenethanolsolutions.
1b Me,SnCI(SPym) 1.23 3.15 0.99
1c Me,SnCI(SPym) 1.39 3.29 0.85

& Abbreviationsseefootnoteato Table1. Nos1la—1c:sampledrom differentsyntheticbatchesanalytical
dataandmol.wts correspondo the representativeraluesin Table 1.

b-dDeterminedat 77.3K (unlessotherwisestated)on finely powderedsolid absorbesamplesor in frozen
solutions.Averagevaluesfor datadeterminecon samplesrom individual syntheticbatchesaregenerally

guoted.

P |somershift with respecto room-temperatur€at'°sna,.

¢ Nuclearquadrupolesplitting.

9 Full width at half heightof the resonanpeaksat higherand lower velocity thanthe spectrumcentroid
respectivelyspectrawith I'; =T", werefitted assymmetricaldoubletswith the NORMOSprogram.

¢ Valuesof hyperfineparametergrom variable-temperatur&dssbauespectroscopgxperimentgTable
4) Dataaveragedver the whole temperaturgangeswith standarcerror.

f Slightly asymmetricpeaksitting with two linewidth values.

9 Datafrom Ref. 4.

h. Approx.2 ml of solutionsin polyethylenesamplesolders frozenby immersionin liquid Ny; (h) 6.8 mm

and(i) 7.1mm solutions.

The structureof the bondingenvironmentof tin
atoms may be extractedfrom '°Sn Méssbauer
spectroscopyarameter$®~2?The datainherentto
the complexesinvestigatedhere are reportedin
Table3, andtheresultsof studieson the dynamics
of tin nuclei by variable-temperaturédssbauer
spectroscopyvtMs)>>~2°aregivenin Table4 and
Figs2, 3 and4. Thequality of themeasuredpectra
is shownin Fig. 2. By fingerprint,from thevaluesin
Table 3 it is inferred that: (i) the isomer shift
parameters,d, lie in the zone for R,Sn(IV)
species’®?? and (i) the quadrupole splitting

© 1998JohnWiley & Sons,Ltd.

parameters,AE, are within ranges typical for
trigonal-bipyramidal and transR, octahedral
R,Sn(IV) derivatives’®~2> Comparisonof the ¢
and AE valuesfor the SPymcomplexesn Table 3
with data inherent to complexes of R,Sn(IV)
moietieswith ligandsL characterizedy Sy and
Nhet donor atoms,belongingto the sameclassas
~SPym showsthegenerakorrespondendeetween
values, as well as between AE parametersof
R>Sn(SPym) and -(L),, and PhSnCI(SPym)and
-(L) [L =anionsof 2-mercaptopyridia (SPy); 2-
mercaptopyridine-5-caoxylic acid, methyl, ethyl

Appl. OrganometalChem.12, 861-871(1998)
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Figure 2 The quality of *'%Sn Méssbauerspectra:data for
Me,SnCI(SPym)la (seeTables3 and4).

and isopropyl esters(TNME, TNEE, TNIPE); 2-

thiocytosine (TCy); 8-thioquinoline  (TOXx):
RZSnHaIng aIkyI, phenyl: 6=1.22-1.71
mms

RZSn(L)Z R=alkyl, phenyl; 6=1.30-1.71
mms !

Alk,Sn(L),: AE=2.55— 295mms

PhSn(L),: AE =2.30-2.40mms *

PhSnCI(L): AE = 2.35-2.58nms *

In contrast, the magnitude of AE values for
Alk,SnCI(SPym), particularly for Alk =CHs
(Table 3), are consistently larger than data for
Alk,SnHal(L), AE = 2.78-3.03nms 13526

It shouldthenbe concludedhatPhZSnCI(SPym)
assumes the trigonal-bipyramidal (distorted)
structure which has been determinedby X-ray

© 1998JohnWiley & Sons,Ltd.
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Figure 3 Temperaturedependenceof the normalizedtotal
LorentzianareasA, underthe 11°snMéssbauepeaksfor: (O)
Me,SnCI(SPym)(1a), (A) Me,SnCI(SPym)(1c), ([O0) Cya,.
SnBr(SPymY7). SeeTable4. Linesaretheleast-squarefts to
the experimentabatapoints,therelatedexpressiongor In (At/
A;;9 being as follows: 1.148—1.430x 102 T (O);
1.073— 1.370x 1072 T (A); 2.086— 2.605x 102 T (0J).

crystallography _for PhSnCI(SPyj?’ and

Ph,SnCI(TNEE)?” aswell asfor Bz,SnCI(TOx)2°

moreover, the structures of the R,Sn(SPym)

complexeslisted in Table 3 would correspondo

the transoctahedral(or skewtrapezoidal,some-
times definedalso as dlstortedtetrahedral)x ray

structureseportedfor Me,Sn(SPy),*° Me,Sn-and

nBuSn-(TNEE),** nBUSN(SPy-5- NG),,>3

Cyzsn(SPyill and Pf Sn(SPy).>* According to

the magnitudeof the **°Sn Méssbaueparameters
AE (Table 3), the complexesAlk,SnHal(SPym)
(1-7 would instead assumestructuresdiffering

from those reported for Me,SnCI(TNEE) and

Et,SnBr(TNIPE), which show distorted tbp tin

envwonmentsaccordmgto X-ray crystallographic
data®® the largest structural difference would

concernthe complexMe,SnCI(SPym).

The '%Sn Méssbauemparametersof the latter
speciesla—1cin Table3, showseveralinteresting
features.Samplesla, 1b, 1c refer to independent
synthetic batches, effected in order to check
stoichiometriesand propertiesof the product. In
all casesthe same compoundwas obtained, as
shown by the analytical data (Table 1); the
practicallyconstantsomershifts,d, andlinewidths,
I'1 o, which arenarrowenougtto allow fitting of the
experimentapeakswith only onedoublet,indicat-
ing a single type of tin coordinationenvironment.
On the other hand, the quadrupole splitti 1g
parameters(AE) vary within about 0.3mms"

Appl. OrganometalChem.12, 861-871(1998)
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Figure 4 Therecoil-freefraction of absorber'°Snnuclei, f,, andthe meansquaredisplacemenof *°Sn,< x* >, asfunctionsof
temperatureLines aref, "(T) and< x 2> functionsextractedfrom slopesd(In A)/dT (Table4 andtext); datapointsaref,2°*and

corresponding< x %> values—— O, Me,SnCI(SPymY1a);
4.

which would suggestvariations,althoughlimited,
in the structures.

The only structural feature possibly yielding
increasesin |AE| is the enlargementof C-Sn-C
angles?!3® other parametersbeing constant(e.g.
angles S-Sn-N and S-Sn-Cl, taken from
Me,SnCI(TNEE) and  Et,SnBr(TNIPE)f®.
Possibly the increase of C-Sn-C reflects the
coordinationto tin by N(3) of 2-mercaptopyrimi-
dine (Fig. 1) thus obtaining monodimensional
polymeric specieswith octahedral-typdin envir-
onments.In order to checkthe latter hypothesis,
vtMs measurements2>havebeenperformedand
theresultsarereportedn Table4 andFigs3 and4;
samplesof Me,SnCI(SPym)with the lesserand
largerAE at 77.3K, laandlc (Table3) havebeen

.. A\, Me,SnCI(SPym)1c); - - - - Cy.SnBr(SPym)7); seeTable

selected,and the complex Cy,SnBr(SPym)(7),
with a lower AE, has been investigated for
comparisonpurposeskFrom vtMs parametersand
functionsit is inferredthat>°:3¢

(i) o andAE parameterarepracticallyinvariantin
the temperatureaangesinvestigated(Tables3
and4) whichrulesout the occurrenceof phase
transitionsas well asof second-ordeDoppler
shifts;
areasundertheresonanpeaksaresymmetricat
eachtemperaturefor la, 1c, which indicates
isotropic lattice dynamics of the recoil-free
fraction (seefor exampleFig. 2); the reverse
would occurfor 7, asinferredfrom asymmetric
areag(seefor examplel'y, I'; in Table 3);

(ii)

Table 4 *'°Sndynamicsdatafunctionsfrom variable-temperaturdéssbauespectroscopyvtMs)

Compound

Samplethickness  10%d(In A)/dT® I Vb Temp.range
No?2 Formuld (mg **%sncm?) (K™ (K) (cm™ 10-%M 93° (K)
la Me,SnCI(SPym) 0.97(6) —1.430(0.998) 71.0(72.2) 49.3(50.1) 1.49(1.54) 77.3-181.7
1c Me,SnCI(SPym) 0.67 —1.370(0.993) 72.6(68.6) 50.4(47.7) 1.56(1.39) 77.3-165.0
7 Cy,SnBr(SPym) 0.46 —2.605(0.991) 41.4(50.5) 28.8(35.1) 0.82(1.22) 77.3-140.8
aSeeTable 3.

b Abbreviations:seefootnoteato Table1.

¢A=(n/2) ¢ T mms 1 isthetotal (Lorentzian)areaundertheresonanpeaks ;% beingtheresonaneffect; correlationcoefficientsn

parentheses.

4 Debyetemperatureyp, andcut-off frequency ip, calculatedfrom d(In A)/dT, assuminghe molecularmassof the complexto be

the vibrating mass.

¢ Parametenf intermolecularforce constant;M = molecularmass(amu).

de«Absolute’ dataarein parentheseseetext).

© 1998JohnWiley & Sons,Ltd.

Appl. OrganometalChem.12, 861-871(1998)



DIORGANOTIN(IV)-2-MERCAPTOPYRIMIDINE COMPLEXES

867

(iii) the narrownes®f the I" valuesthroughoutthe
temperaturerange (Table 3), and the lack of
discontinuities for functions A(T) (Fig. 3),
indicate the occurrenceof single solid-state
phasesn eachcomplex,as well as harmonic
motionsof Snnuclei, at leastin 1a, 1c.

Consequentlythe following fingerprint criteria
may be accountedor:

(a) Slopesd(In A)/dT (K™Y for R,Sn(IV) deriva-
tives>® borderzone—1.63x 10 2 to —1.69x
102K~ polynuclear speciesin the range
—0.49%x 102 to —1.63x 10 2K~* (where
five mononuclearspecies are also located,
possiblycharacterizedy weakintermolecular
bonding, within a total of 26 compound?®);
mononuclear species, —1.69 x 1072 to
—2.87x1072 K~ (one polynuclear species
among nine compound%%; the border zone
could be then extended to the range
—~1.20x 10 %to —1.95x 10 2 K 1223¢

(b) Debye temperature, 9p:3’ 21.6-68.%K for
mononuclear;58.6-105.K for polynuclear
species.

(c) Parameteof theintermolecularforce constant,
MdIpZ37 0.74x 10°-1.77x 10° for mononu-
clear; 1.07 x 10°-3.24x 10° for polynuclear;
1.07 x 10°-1.60x 1P for polynuclear,mono-
dimensionakpecies.

(d) Functions <x*>/T, where <x*> is the mean
squaredisplacemenbf Snatoms?® bgrderline
is located at <x*>, ~0.8x 102A? (T=
77.3K); ~2.0x 102 A% (T=200K); ~2.8x
102 A% (T = 280K).

On these grounds, the following conclusions
could be drawn for compoundsMe,SnCI(SPym),
la, 1c and Cy,SnBr(SPym)(7) from the datain
Table 4 and Fig. 4: Me,SnCI(SPym)polynuclear
from d(In A)/dT andJp; polynuclear(monodimen-
sional) or mononucleafrom Mdp? and <x*>(T);
Cy,SnBr(SPym)essentiallymononuclearfrom all
parametersndfunctions

The vtMs parametersand functionsinherentto
the homologouscomplexes Me,SnCI(TOx) and
Me,Sn(TUr) (TUr = 2-thiouracil)lie in thezonefor
mononuclear, or borderline, species. although
"Bu,Sn(TUr) has been assigned a polymeric
structure from IR studies’® Moreover, vtMs
parametersor Me,Sn(TCy), which is expected
to assumea monomerictransMe, octahedral-type
structure® correspond to values reported for
Me,SnCI(TOx) and Me,Sn(TUr)3 On the other
hand, nBu,Sn(SPym) show$§ d(In A)/dT=

© 1998JohnWiley & Sons,Ltd.

—1.4x 10 2 K1, which surprisinglycorresponds
to datafor Me,SnCI(SPym)n Table4. Complexes
Me,SnCIl(SPymbehaveasDebyesolids,asshown
by the correspondencef parametersindfunctions
(Table4 andFig. 4) extractedfrom the slopesd(In
AT (‘relative’), aswell asfrom the recoil-free
fraction of the source (‘absolute’)®3¢ The latter
doesnot hold for Cy,SnBr(SPym),as shown for
exampleby the large difference betweenrelative
andabsolutevalues 3 of ¥ and¥p in Table4.

From the dynamicsof **°Sn nuclei, a trans R,
octahedral-typestructure in a monodimensional
polymer would then be inferred, at least for
Me,SnCI(SPym),since the limited incrementsof
AE from la-1c (Table 3) are paralleled by
analogouschangesin vtMs parametersand func-
tions towardsdatafor polynuclearspecies(Table
4).

Assignmentof the structureof tin environments
by calculationsof AE accordingo the point-charge
model formalisnf®~?? is attemptedhere for both
trans R, octahedraland trigonal-bipyramidalcon-
figurationsaccordingto the rule by Clark et al.,*°
(|AEexd — |AEcaied) < 0.4mms . Partial nuclear
quadrupolesplitting parametersreported in the
literaturé® are employed in the estimates of
AEcaicd AEey, datafor “SPymcomplexesarefrom
Table 3, while datafor R,SnHal(L) and R,Sn(L),
havebeenlisted above.The occurrenceof regular
(idealized)tin environmentsis assumedirst; the
following would be inferred:

(i) Trigonal-bipyramidalstructures®> equatorial
R, R, Sn: R=alkyl, AEcacq=—2.94mms
R = phenyl, AE;qcq= —2.57mms ;3 attribu-
table to Me,SnCI(SPym)(1a), R,SnCI(SPym)
(2-8), RoSnHal(L).

(i) Octahedral structures®® transR,, Ccis-Sp,
Sk CiS-NheyNnet R=alkyl, AE.gcq= +2.80
mms % R=phenyl, AEcacq= +2.48mm
s 1:3° attributable to R,Sn(SPymy) (9-15,
RoSn(L).

Accordingto Clark’srule, theenvironmenbf tin
in Me,SnCI(SPymY)1b andlc, Table3), cannotbe
assigned trigonal-bipyranidal structurefrom the
dataextractedrom idealizedregularconfigurations
(vide suprg. Calculationswith bond anglesfrom
X-ray crystallographydeterminationsare reported
in Fig. 5 | (a—c) and show, for representative
species, AE.qcq data in agreement with the
correspondingAE,,, (vide suprg (a word of
cautionis necessann this context:pgsparameters
employedin the calculationsare reliable only for
nearlyregularstructure§20-22,40]) .Structurel(a)
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1,
C
S\
N/

_N(Cl)

n
CI(N)
C

(1)

AEcalc AEcalc
Compound (mms™) Ref. Compound (mms™)
I(a) Alk ,SnHal (L) —-3.05 26 trans-N,N R=Alk; R=Ph 3.42;3.10
I(b) PhSnCI(SPy) —2.59 5,27 cis-N,N R=Alk; R=Ph 3.50;3.19
Ic) PhSNCI(TNEE) —2.42 27

Figure 5 Point-chargemodel simulatiorf®=2? of tin environments.: AE.qq for structuresfrom X-ray diffractometry?

5,26,27

Alk =Me, Hal=ClI, L =TNEE; Alk = Et, Hal=Br, L = TNIPE; SPy = 2-mercaptopyridineTNEE~ and TNIPE™ = 2-mercapto-
pyridine-5-carboxylicacid, ethyl ester(TNEE) andisopropylester(TNIPE). Seetext. Il: Me,SnCI(SPym),1la-1c, Table3, onthe
assumptiorof polymeric speciesby intermolecularinteractionsthroughthe nitrogenatomsof the ligand (seeFig. 1); idealized

octahedralregular)seestructuresare assumedSeetext.

(Fig. 5) could be attributedto Me,SnCI(SPym)la
and1b (Table 3), from Clark’s rule, but not to 1c;
additionaldistortionsonI(a), openingtheanglesC-
Sn-Cto about134°, 141° and145°, areneededn
order to reproducethe AE.,, data for AE;gcq
Me,SnCI(SPym)la—1¢ respectively).On similar

grounds,the C-Sn-Canglesin Alk.SnHal(SPym)
(2-7 would lie betweenca 128° and 132°.
Distortions of the regular trigonal— bipyramidal
structuregeportedin Refs3 and5 yield analogous
results.Lastly, the trans R, octahedral-typestruc-
turesll (Fig. 5), asextractedfrom the dynamicsof

Table 5 'H and **C NMR spectraldata for diorganotin(IV) complexesof 2-mercaptopyr-
imidine? collective rangesof 5 (ppm) value$ in CDCl, solutions

CompoundNo. Formuld o (ppm)

H NMR H(4,6} H(5)*
1-8 R,SnHal(SPym)  8.38-8.42(d)° 7.08-7.14(t)"
9-15 R,Sn(SPym) 8.24-8.46(d)° 6.83-7.01(t)"
B NMR c(2y C(4,67 Cc(5¢
1-8 R,SnHal(SPym)  174.5-176.6 156.9-157.4  115.9-116.9
9-15 R,Sn(SPymy 174.5-176.% 156.5-156.8  115.4-115.8

@SeeFig. 1, labelingof H andC atomsfor NMR assignmentsR, Hal in classe®f complexessee

Table 1. d = doublet;t = triplet.
b Tetramethylsilanesinternal standard.

&d 5 (ppm)in DMSO-d solutionsfor compoundss, 8, 9, 11, 13, 15: (c) 8.48-8.70d; (d) 7.12—
7.39t. This work, andRef. 4 for complexes9, 11, 15.

&9 5 (ppm) in DMSO-ds solutionsfor compoundss, 8, 9, 13, 15: (e) 172.4-174.0(f) 157.2—
158.5;(g) 116.3—-117.0Ref. 4, complexesll and 15: C(2), 157.4;C(4,6),120.4,128.2;C(5),

116.3,116.7.
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tin nuclei (vide suprg, are attributable to
Me,SnCIl(SPym)accordingto Clark’s rule; struc-
tures Il cannot be assignedto PhSnCI(SPym),
while ll(a) could be assumedto occur for
Alk,SnHal(SPym)(2—7, Table 3), being on the
otherhandinconsistentvith the dynamicsof tin in
Cy,SnBr(SPym)vide suprg Table4).

It is concludedthat the solid-statestructuresof
the R,Sn(IV)-SPymcomplexesinvestigatednhere,
wheretheligandwould chelateSnthroughS andN
donor atoms accordingto infrared spectroscopic
data, are transMe, octahedralor trigonal-bipyr-
amidal in Me,SnCI(SPym)species,and trigonal-
bipyramidalin R,SnHal(SPym)YR ='Pr, "Bu, 'Bu,
tBu, Cy, Ph). The complexesR,Sn(SPym) would
generally assumetrans-R, octahedral-typestruc-
tures. Further work is obviously needed for
definitive assignments.

Information on structuresin solution for com-
plexes1-15 are extractedfrom *H and **C NMR
(Table5), aswell as*J(**°sn*C) and***SnNMR
(Table 6); moreover, from IR data in CDCl;
solution, and **%Sn Méssbauer AE values in
C,HsOH, frozen solutions, for Me,SnCI(SPym)
(Tables2 and3).

The 6 (ppm) values for ligand hydrogenand
carbonatomsin complexesR,SnHal(SPym)and
R.Sn(SPym) (Table5 andFig. 1) correspondully
to data determined for RSn(SPymy and
RSnCI(SPymy (R=Me, "Bu, Ph), as well as
RSNnChL(SPym) (R = Me, "Bu), reportedin Ref. 1
[H(4,6), 0=8.35-8.49pm; H(5), 0=6.91-
7.25ppm; C(2), 6=172.3-176.9pm; C(4,6),
=156.4-157.%pm; C(5), 6 =115.7-117.%pm].
Structuralassumptiongxtractedor RSn(IV) com-
plexes,onthebasisof comparisorwith datafor the
disulfide PymSSPym,then hold also for the
R.Sn(1V) speciesnvestigatedn the presenpaper:
in particular, SPym  would chelate tin centers
throughS— SnandN - Sn coordinationin CDCl,
solutions,aswell asin DMSO*

Furtherstructuralinformationis extractedfrom
data inherentto Me,SnCI(SPym).A monomeric
undissociatedspeciesoccursin CHCI; solution,
accordingto the experimentallydeterminedmole-
cular weight (Table 1; the same holds for
complexe-8); chelationof tin by SPym™ persists
in the solution phase (CDCls), where the IR
spectrum shows v(C—N/C-C) vibrational bands
correspondingto solid-state data (footnote e to
Table?2). As aconsequence trigonal-bipyramidal
structureof typel (Fig. 5) would occurin CHCls—
CDCl; solutions. The magnitudeof the C-Sn-C
angle () may be estimatedas 123.9° throughthe

© 1998JohnWiley & Sons,Ltd.

Table 6 Couplingconstantsd (**%sn,*°C), and**°SnNMR
chemical shifts, 6 of diorganotin(IV)-2-mercaptopyrimidie
complexesn CDCls solution

Compoun®® 13 (%n,BC)® § (*1%ny®
No. Formul&@ (Hz) (ppm)
1 Me,SnCI(SPym) 548 —48
2 iPrSnCI(SPym) 491 —66
3 nBUSNCI(SPym) (d) -53
4 iBuSnCI(SPym) 491 —62
5 BuSNCI(SPym) (d) -83
6 Cy,SnCI(SPym) 470 -93
7 Cy,SnBr(SPym) 453 -90
8 Ph,SnCI(SPym) 847 —193
9 Me,Sn(SPym) (d) -107
10 iPrSn(SPym) 539 —129
11 nBU>SN(SPym) (d) —-111
12 iBUu:SN(SPymy 514 -113
13 BuxSn(SPym) (d) -57
14 Cy,Sn(SPym) 496 —155
15 PhSn(SPym) (d) —227

2 Abbreviations:seefootnotea to Table 1.

® From *3C NMR spectra.

© With respectto tetramethyltinasinternal standard 5(*°Sn),
(ppm)in DMSO-d; solutions:1, —114,—-138,—224;5, —102;
8, —261.In CDCl;-DMSO-d;: 9, —150;13, —100; 15, —259.
9 Not observed.

coupling constantJ(**°sn3C) in CDCl; solution
(Table 6), accordingto the treatmentby Lockhart
andManders(Eqn[1]):**

13(M9SniC)| = 107 x 9~ 778 [1]

The samespecieswould occur alsoin (frozen)
C,HsOH solution, as extracted from the point-
charge model treatmentof the **°Sn Méssbauer
parameterAE,, = 3.22mms™* (Table 3). In fact,
by assuminga trigonal-bipyramidalstructurefor
Me,SnCI(SPym)from Parish’sequation(Eqn2):%*

AE:—Amnl—ggﬁﬁfﬂ 2]

the value 9=C-Sn-C=125.9° is calculated,
[R] =1.13mms ! being the partial nuclearquad-
rupolesplitting for equatorialalkyl groups®*

Analogousstructurescould be assumedo occur
in CDCl; solutionsfor compound£2—8, according
to thevaluesof thecouplingconstant$J1%sn3C)
(Table 6), which, inter alia, correspondstrictly to
datafor SPy” complexes.

Values of & (ppm) in *'°Sn NMR spectraof
R.SnHal(SPym)and R,Sn(SPym) complexesin
CDCls solutiong(Table6) arein therangesietected
for the correspondingPy  complexesasreported

Appl. OrganometalChem.12, 861-871(1998)



870

R. SCHMIEDGENET AL.

in Ref.5 (R,SNCI(SPy) R =alkyl andCy, 6 = —61
to —102ppm; R =Ph, 0 = —201ppm; R.Sn(SPy3,
R=alkyl and Cy, 6 = —-83 to —163ppm; R=Ph,
0 =—300ppm). Shift of § to higher fields for
R.SnHal(SPymwith respecto R,Sn(SPymj) then
reflectsthedecreasingoordinatiomumberattin in

the first speciesas inferred for the corresponding

SPy  complexes, althoughthe § rangesdo not it
thevaluesreportedn theliteraturefor five- andsix-
coordinatedtin derivatives,possibly owing to the
Iargeelectron donoability of sulphuratomsbound
to tin.> Shiftsto lower fields detectedn DMSO-cf,

as well as DMSO-P—CDCL, solutions(Table 6,
footnotec) could be interpretedn termsof DMSO
coordinationto tin, accordingto trendsreportedfor
G 9Sn)parametersx;n relatlonto theincreaseof the
coordination number>**> The occurrenceof the
specieh,SnCI(SPymDMSO s suggestetby the
experimentally determinedmolecular weight for
complex 8, PbSnCI(SPym),in DMSO solution
(Table1 andfootnoted).

CONCLUSIONS

The solid-statestructure of complexesR,SnHal-
(SPym), (R=Pr, ,Bu, ;Bu, {Bu, Cy, Ph) are of
trigonal-bipyramidatype, distorted with anglesC-
Sn-C larger than 120° for Alk,Sn(lV) and
CyoSn(lV) derivatives. ComplexesR,Sn(SPym)
havetrans-R, octahedralor betterskew-trapezoi-
dal, structureswith cis-S,Sand cis-N,N atomsin
theequatoriaplane.ThecomplexMe,SnCI(SPym)
could be assumedoth as a monomeric,trigonal-
bipyramidal,specieswvith the C-Sn-Canglearound
134-145, or asa monodimensiongbolymerwith
atransR, octahedral-typein environment.These
assumptionsare extractedfrom IR, *°Sn Méss-
bauer, and vtMs studies of tin dynamics. In
solution, essentiallywith CDCl; assolvent,mono-
meric speciesoccur, accordingto vapor pressure
osmometry; ligand chelation would persist in
solution,andsolid-statestructuresvould be main-
tained, with the exception of Me,SnCI(SPym),
which would assumea distortedtrigonal-bipyrani
dal tin environmentfor monomencspeuesSqu-
tion structuresareinferredfrom *H,*C **°SnNMR
sPectroscopldata aswell asfrom IR in CDCl; and

%SnMéssbauein frozenC,HsOH for Me,SnCI(-
SPym).

Acknowledgment The financial supportof the Ministero per
'Universita e la Ricerca Scientifica (Roma), Fonds der

© 1998JohnWiley & Sons,Ltd.

Chemischerindustrieand EuropeanCommunity, is gratefully
acknowledged.

REFERENCES

1. F. Huber,R. Schmiedga, M. Schirmann,R. Barbieri, G.
Ruisi and A. Silvestri, Appl. Organomet.Chem.11, 869
(1997).

2. R. Schmiedgen,F. Huber and M. Schiumann, Acta
Crystallogr. Sect.C 50, 391 (1994).

3. A. Barbieri, A. M. Giuliani, G. Ruisi, A. SilvestriandR.
Barbieri, Z. Anorg. Allg. Chem. 621, 89 (1995) and
referencetherein.

4. D. Kovala Demertzi,P. Tauridou,J. M. Tsangarisand A.
Moukarika,Main Group Met. Chem.16, 315 (1993).

5. R. Schmiedgen,F. Huber, H. Preut, G. Ruisi and R.
Barbieri, Appl. Orgaromet. Chem. 8, 397 (1994) and
referencegherein.

6. J.A. CarbonL. HungandD. S.JonesProc.Nat.Acad.Sci.
US53, 979 (1965).

7. M. N. Lipsett, Biochem.Biophys.Res.Commun.20, 224
(1965).

8. J. A. Carbon,H. David and M. H. Studier, Sciencel61],
1146(1968).

9. L. Baczynskyj,K. Biemannand R. H. Hall, Sciencel59,
1481(1968).

10. M. J.HynesandM. O’Dowd, J. Chem.Soc.,Dalton Trans.
563(1987).

11. M. Boualam,J. Meunier-Piret,M. BiesemansR. Willem
andM. Gielen,Inorg. Chim. Acta198-200249(1992).
12. E. KrauseandR. Pohland Ber. Dtsch.Chem.Ges.57, 532

(1924).

13. W. J.JonesW. C. Davies,S.T. Bowden,C. EdwardsyV. E.
DavisandL. H. ThomasJ. Chem.Soc.1446(1947).

14. H. GilmanandL. A. GistJr.,J. Org. Chem.22, 368(1957).

15. S.A. KandilandA. L. Allred, J. Chem.Soc.A 2987(1970).

16.D. D. Perrin and W. L. F. Armarego, Purification of
Laboratory Chemicals 3rd edn, PergamorPress,Oxford,
1988.

17. B. Wurzschmitt,Mikrochim. Acta 3637 769 (1951).

18. R. BarbieriandM. T. Musmeci,J. Inorg. Biochem.32, 89
(1988).

19. R. Barbieri, G. Ruisi, A. Silvestri, A. M. Giuliani, A.
Barbieri, G. Spina,F. Pieralli andF. Del Giallo, J. Chem.
Soc.,Dalton Trans.467 (1995)andreferencegherein.

20.G. M. Bancroft and R. H. Platt, Adv. Inorg. Chem.
Radiochem5, 59 (1972).

21.R. V. Parish,Structureandbondingin tin compoundsin:
MossbauerSpectroscopyApplied to Inorganic Chemistry
Long, G. J. (ed.), PlenumPressNew York, 1984,Vol. 1,
Ch.16,p. 527.

22. R.Barbieri,F. Huber,L. Pellerito,G. RuisiandA. Silvestri,
119ms5h M@ sshauestudieson tin compoundsln: Chemistry
of Tin, Smith, P. J. (ed.), Blackie Academicand Profes-
sional,London,1997,Ch. 14, p. 496.

23. B. Kolk, Studiesof dynamicalpropertiesof solidswith the

Appl. OrganometalChem.12, 861-871(1998)



DIORGANOTIN(IV)-2-MERCAPTOPYRIMIDINE COMPLEXES

871

24.

25.

26.

27.

28.

29.

30.

Mossbauereffect. In: Dynamical Properties of Solids
Horton, G. K. andMaradudin,A. A. (eds),North-Holland,
Amsterdam,1984,Vol. 5, Ch. 1, p. 3.

R. H. Herber,Structure ponding,andthe Mdssbauelattice
temperature. In:  Chemical Mossbauer Spectroscopy
Herber,R. H. (ed.), PlenumPress,New York, 1984, Ch.
8, p. 199.

E. R. Baumingerand I. Nowick, The dynamicsof nuclei
studiedby Mdssbauerspectroscopyln: MossbauerSpec-
troscopy Dickson, D. P. E. and Berry, F. J. (eds.),
Cambridge University Press, Cambridge, 1986, Ch. 6,
p. 219.

M. D. Couce,G. Faraglia,U. Russo,L. Sindellariand G.
Valle, J. OrganometChem.513 77 (1996).

M. D. Couce, V. Cherchi, G. Faraglia, U. Russo, L.
Sindellari, G. Valle and N. Zancan, Appl. Organomet.
Chem.10, 35 (1996).

F. P. Mullins, J. Inorg. Nucl. Chem.41, 463 (1979).
E.Kellg, V. Vrabel,A. LyckaandJ. Sivy, ActaCrystallogr.
Sect.C 49, 1943(1993).

M. V. Castdio, A. Macias, A. Castifeiras, A. Sanchez
GonZdes, E. GarciaMartinez, J. S. Casas,J. Sordo, W.
Hiller andE. E. CastellanoJ. Chem.Soc.,Dalton Trans.
1001(1990).

© 1998JohnWiley & Sons,Ltd.

31.

32.

33

34.

35.

36.

37.

38.
39.

40.

41.

42.

M. D. Couce, G. Faraglia, U. Russoand G. Valle, Z.
Kristallogr. 211, 509 (1996).
M. D. Couce,G. Faraglia,U. RusscandG. Valle, J. Chem.
Crystallogr. 26, 479 (1996).

. G.DomagzetisB. D. JamesM. F. Mc Kay andR. J. Magee,

J. Inorg. Nucl. Chem.41, 1555(1979).

R. SchmiedgenF. Huberand H. Preut,Acta Crystallogr.
Sect.C 49, 1735(1993).

T. K. Shamand G. M. Bancroft, Inorg. Chem.14, 2281
(1975).

R. Barbieri,A. Silvestri,A. Barbieri,G. Ruisi, F. Huberand
C.-D. Hager, Gazz. Chim. ltal. 124, 187 (1994), and
referencegherein.

S. Matsubara,M. Katada,K. Sato,l. Motoyamaand H.
Sano,J. Phys.40, C2-363(1979).

H. SanoandY. Mekata,Chem.Lett. 155(1975).

G. C. Stocco, L. Pellerito, M. A. Girasolo and A. G.
Osborne)norg. Chim.Acta 83, 79 (1984).

M. G. Clark,A. G. MaddockandR. H. Platt,J. Chem.Soc.,
Dalton Trans.281(1972).

T. P.LockhartandW. F. Manders,J. Am.Chem.Soc.109
7015(1987).

J. Otera,J. OrganometChem.221, 57 (1981).

Appl. OrganometalChem.12, 861-871(1998)



