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   Abstract 

 A series of organotin(IV) derivatives of bis(pyrimidin-2-
ylthio)methane ( ptm ), 1,2-bis(pyrimidin-2-ylthio)ethane ( pte ) 
and 1,6-bis(pyrimidin-2-ylthio)hexane ( pth ) have been pre-
pared in dichloromethane at room temperature. The 2:1 (M/L) 
molar ratio compounds have a general formula of [Sn 2 Cl  x  
Ph 8- x  L] ( x   =  2, 4, 6, 8; L  =   ptm ,  pte  and  pth ). A 1:1 complex was 
also obtained by reacting SnClPh 3  with  pth . The organotin 
derivatives were characterised by multinuclear NMR ( 1 H,  13 C 
and  119 Sn) and infrared spectroscopy, gel permeation chro-
matography (GPC), microanalysis and melting point. In the 
triphenyltin derivatives,  1 ,  5 ,  9  and  10  the tin atoms show a 
distorted trigonal-bipyramidal confi guration where the ligand 
is monodentate towards the metal atom. In the compounds 
 2  –  4 ,  6  –  8  and  11  –  13 , the tin atoms each exhibit a distorted 
octahedral confi guration. Chelation is formed between the tin 
nucleus and the coordinating sulphur and nitrogen atoms. The 
correlation between the  1  J ( 13 C- 119 Sn) and C-Sn-C bond angle 
indicates formation of 5-coordinate compounds.  

   Keywords:    bis(pyrimidin-2-ylthio)alkane;   gel permeation 
chromatography (GPC);   infrared;   organotin;   polyfunctional 
ligands;    119 Sn NMR.    

   Introduction 

 In the past decades, biological properties of organotin 
compounds have been the focus of attention of inorganic 
chemists. Concern about these chemicals is related to their 
biomedical (Gielen , 1996, 2003 ; Gielen et al. , 1999, 2005 ). 
Our research is particularly concerned in developing new 
organotin compounds using ligands of ambidentate character. 
In this context, (S,N)-compounds are motivating because of 
being fl exible ligands and presenting a contrasting hardness 
and softness property between sulphur and nitrogen atoms. 
Complexes of the fi rst and second row of transition metals 

with tris- and bis(pyridin-2-ylthio)methane have been reported 
(Adhikary and Lucas , 1994 ; Barclay et al. , 1998 ; Matthews 
et al. , 1998 ; Chou et al. , 1999 ). These ligands are capable 
of coordinating to metal centres, leading to stable chelating 
rings. For instance, the reaction between copper(II) chloride 
and tris(pyridin-2-ylthio)methane led to the fi rst example of 
a stable compound containing a Cu-C(sp 3 ) bond (Kinoshita 
et al. , 2003 ; Miyamoto et al. , 2005 ). The metal is 5-coordinate, 
forming three chelating rings with three coordinating nitrogen 
atoms from the ligand. Recently, organotin(IV) adducts of 
bis(pyridin-2-ylthio)methane and tris(pyridin-2-ylthio)meth-
ane have also been reported (Pellei et al. , 2006 ). 

 Following our interest in coordination chemistry, 
three bis(pyrimidin-2ylthio)alkanes of general formula 
(pymS) 2 (CH 2 ) n  (n  =  1, 2, 6) (Figure  1  ) have been prepared 
for further complexation reactions with organotin precursors 
(SnCl x Ph 4-x ; x  =  1, 2, 3) and SnCl 4 . These ligands designated 
as bis(pyrimidin-2-ylthio)methane ( ptm ), 1,2-bis(pyrimidin-
2-ylthio)ethane ( pte ) and 1,6-bis(pyrimidin-2-ylthio)hexane 
( pth ) were separated in moderate yields.  

  Results and discussion 

 The bis(pyrimidin-2-ylthio)alkanes are soluble in organic 
solvents such as methanol, acetonitrile, acetone, dichlo-
romethane, dimethylformamide (DMF) and dimethylsulphox-
ide (DMSO), as are their organotin(IV) derivatives, except 
complex  7 . The latter was soluble in DMF and DMSO only. 
The solubility of these organotin compounds is reminiscent 
of bis(pyridin-2ylthio)alkanes analogues (Pellei et al. , 2006 ). 
All bis(pyrimidin-2-ylthio)alkane-organotin derivatives were 
synthesised in a 2:1 molar ratio, except complex  9 . These 
compounds are air stable materials, except complex  7 . Good 
yield of complex  1  was also achieved by heating a solid mix-
ture of triphenyltin(IV) chloride with bis(pyrimidin-2-ylthio)
methane under inert atmosphere. 

  Infrared spectroscopy 

 The formation of bis(pyrimidin-2-ylthio)alkanes has been 
confi rmed by the absence of the SH stretching frequency 
in the region of 2550 cm -1 . The infrared spectra of the three 
novel ligands exhibited strong absorptions in the region of 
1570 cm -1 , owing to  ν (C  =  N + C  =  C) ring deformation (Pellei 
et al. , 2006 ). An infrared shift from 39 to 49 cm -1  towards 
high frequency has been observed for complexes  3 ,  4 ,  6 ,  7 , 
 8 ,  11 ,  12  and  13  (group A). This remarkable shift is evidence 
of a strong interaction between the tin(IV) nucleus and the 
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pyrimidyl moiety from the ligand. However, a negligible shift, 
within the equipment resolution (1 – 4 cm -1 ), was observed for 
complexes  1 ,  2 ,  5 ,  9  and  10  (group B). Similar remarks have 
been reported for monodentate diphenyltin(IV) derivative of 
salicylaldehyde-thiosemicarbazonato (Casas et al. , 1994 ). 
Chelation and monodentate coordination modes are likely 
to occur, based on these infrared shifts. In this context, the 
compounds from group A and group B may have the ligand 
acting in a bidentate and monodentate coordination mode, 
respectively. 

 An absorption in the region of 456 cm -1  is associated with 
the stretching frequency of a Sn-N bond in all compounds 
synthesised. An infrared band in the region of 405 cm -1  was 
revealed in the spectra of group A, except  13 . This infrared fre-
quency correlates with formation of a Sn-S bond as observed 
for thiolate- and 2-mercaptopyrimidine-organotin(IV) deriva-
tives (Domazetis et al. , 1981 ; Nakamoto , 1997 ; Ma et al. , 
2006 ; Tarassoli et al. , 2006 ). The combination of these data 
reinforces the view that the pyrimidinthioalkanes are biden-
tate towards the metal centre in the compounds of group A. 

 The Sn-Cl stretching mode has been exhibited in the 
region of 335 cm -1  as a single band for the triphenyltin(IV) 
derivatives, complexes  1 ,  5 ,  9  and  10 . A sharp absorption has 
also been found in the spectrum of  6  and  11 , diphenyltin(IV) 
derivatives. This is indicative of  trans  isomerisation of chlo-
rine atoms in the latter two compounds. Two Sn-Cl bands 
were also revealed in the spectrum of  2 , a diphenyltin(IV) 
derivative as well. In this case, the chlorine atoms are con-
ceived as being in  cis  confi guration. As the infrared spec-
trum of complex  2  did not exhibit a Sn-S band but a Sn-N 
one, the metal is presumably at the centre of a trigonal-
bipyramidal arrangement. Owing to the presence of a Sn-S 
band in the spectrum of complexes  6  and  11 , the metal for 
these complexes is assumed to be at the centre of an octa-
hedron. Two Sn-Cl bands were also exhibited in the spectra 
of phenyltin(IV) ( 3 ,  7 ,  12 ) and tetrachloridetin(IV) deriva-
tives ( 4 ,  8 ). These infrared bands are most likely related to 
formation of  fac/mer  isomers in the phenyltin(IV) deriva-
tives (Von Poelhsitz et al. , 2002 ). The phenyl group in these 
complexes ( 3 ,  7  and  12 ) may occupy an axial or equatorial 
position of an octahedron. Based on these two Sn-Cl infra-
red bands, the tetrachloride derivatives ( 4 ,  8 ) presumably 
have two chlorine atoms in  cis  and two in  trans  position 
of an octahedron. An exception, however, has occurred for 
complex  13 , a tetrachloride derivative. The infrared spec-
trum of this compound revealed one sharp Sn-Cl absorption 
instead of two. This is symptomatic of four chlorine atoms 
in  trans  position, most likely in the equatorial position of 
an octahedron. Proposed octahedral and trigonal-bypyrami-
dal arrangements for the tin(IV) compounds are shown in 
Figure  2  .  
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 Figure 1    Molecular structure of bis(pyrimidin-2-ylthio)alkanes.    

  NMR spectroscopy 

 The  1 H NMR revealed resonance signals for pyrimidyl, phe-
nyl and alkane moieties within the expected chemical shift 
range of aromatic and aliphatic fragments. A signifi cant 
upfi eld chemical shift, related to the pyrimidyl moiety, was 
observed for compounds of group A, in comparison with free 
ligands. Similar chemical shifts did not occur for complexes 
of group B. This pattern is evidence of strong as well as weak 
interactions between the pyrimidyl fragment and the metal 
centre in groups A and B, respectively. 

 Signifi cant chemical shifts have been revealed in the  13 C 
NMR spectra of group A in comparison with those of group 
B. Analogous NMR data are described in the literature for 
a Cd(II)-complex derivative of bis(pyridin-2-ylthio)meth-
ane (Amoedo -Portela et al., 2003 ). Complex  6  decomposes 
in solution. The  1 H chemical shift observed for this com-
pound is reminiscent of  pte  ligand along with that of free 
triphenyltin(IV) precursor. In addition, the  13 C NMR showed 
poor NMR data even after long acquisition time. 

 The correlation between C-Sn-C angle and  1  J ( 13 C- 119 Sn) is 
a useful method for determining the geometric pattern around 
the tin(IV) nucleus (Lockhart et al. , 1985 ; Lockhart and 
Manders , 1986 ; Caruso et al. , 1994 ). These parameters are 
linearly linked which allow an insight into the stereochemis-
try of organotin(IV) compounds. The  1  J ( 13 C- 119 Sn) depends on 
the donor ability of the solvent and the electronegative effect 
of the substituent. This method has been successfully applied 
to organotin(IV) compounds characterisation in the presence 
of coordinating and non-coordinating solvents (Mathiasch , 
1981 ; Alallaf , 1986 ; Handlir et al. , 1988 ). Considering that 
compounds of group B did not reveal a considerable  13 C 
NMR chemical shift, the structural arrangement around the 
metal has been evaluated based on the correlation between 
 1  J ( 13 C- 119 Sn) and C-Sn-C bond angle. DEPT 35 NMR was the 
technique to assign the carbon atom directly attached to the 
metal centre. A solvent effect has been disregarded taking into 
account the non-coordinating properties of CDCl 3 . 

 The  1  J ( 13 C- 119 Sn), the calculated C-Sn-C and C-Sn-C bond 
angles from crystallographic data of several compounds are 
displayed in Table  1   for comparison. The  1  J ( 13 C- 119 Sn) for the 
triphenyltin derivatives  1 ,  5 ,  9  and  10  is between the experi-
mental values of  16 ,  15  and  14 , 4- and 5-coordinate com-
pounds. The calculated C-Sn-C bond angles follow the same 
tendency. In this context, these triphenyltin(IV) compounds 
most likely have the metal at the centre of a trigonal-bipy-
ramidal arrangement. The C-Sn-C bond angles, obtained by 
X-ray diffraction, have low values in comparison with that of 
corresponding calculated ones (Bordinhao et al. , 2006 ). This 
is not surprising as distorted geometries may give odd calcu-
lated values, as observed for an oxinate derivative (Lockhart 
et al. , 1985 ). Complex  2 , by contrast, has a  1  J ( 13 C- 119 Sn) 
value above that of  13 ,  2h  and  4h  but below  1c  and  2d , all 
5-coordinate compounds. Again, the calculated C-Sn-C bond 
angle follows the same tendency. The low C-Sn-C value 
of  2  in comparison with  1c  and  2d  could be due to the ste-
reochemistry of phenyl groups, which may occupy an axial 
position of a distorted trigonal-bipyramidal arrangement. 
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This is corroborated by the two Sn-Cl infrared bands of  2  at 
low frequency. 

 The  1  J ( 13 C- 119 Sn) data described in the literature for 6-
coordinate complexes are above 1005 Hz, as shown in Table 1. 
This excludes, therefore, compounds  1 ,  2 ,  5 ,  9  and  10  from 
having a 6-fold coordination. By contrast, the  1  J ( 13 C- 119 Sn) of 
5-coordinate triphenyltin(IV) compounds ranges from 600 to 
660 and 750 to 850 Hz, depending on the axial or equatorial 
position of phenyl groups (Holecek et al. , 1983 ; Baul et al. , 
2001 ). In view of this, this range of  1  J ( 13 C- 119 Sn) reinforces 
the view of the metal in  1 ,  2 ,  5 ,  9  and  10  as 5-coordinate 
at the centre of a trigonal-bipyramidal arrangement ( G ó mez 
et al., 2003 ). 

 The  119 Sn NMR spectroscopy revealed peaks in the general 
range observed for 5-, 6- and 7-coordinated organotin com-
pounds. The  119 Sn signals from  1 ,  5 ,  9  and  10  mismatches 
that of the metal precursor SnClPh 3  ( δ   =  -44.7, CH 2 Cl 2 ) as 
in  2 , a SnCl 2 Ph 2  ( δ   =  -32.0, CH 2 Cl 2 ) derivative. The chemi-
cal shift of  1 ,  2 ,  5 ,  9  and  10  is consistent with formation of 
5-coordinate species in solution (Otera , 1981 ; Holecek et al. , 
1983 ; Singh et al. , 1990 ). The chemical shift of  3  (in CH 3 OH) 
is correlated to 6-coordinate organotin compounds but in  4 , 
 7 ,  8  and  12  (in DMSO) the chemical shift can be related to 

both 6- and 7-coordinate compounds (Otera , 1981 ; Otera 
et al. , 1982 ). The spectra of  4  and  8 , however, have exhibited 
an interesting spectral pattern. Signals at the same chemi-
cal shift appeared in the spectra of both complexes, in the 
range of -600 to -700. This suggests they have the tin(IV) 
core at the same magnetic environment, although they have 
been synthesised from  ptm  and  pte  ligands. In view of the 
fact that this range of chemical shift is generally linked to 
octahedral and pentagonal-bipyramidal arrangements, the 
molecular units have presumably 6- and 7-coordinate metal 
centres. In this case, a chemical equilibrium between 6- and 
7-coordinate species is likely by an intramolecular metal-
ligand bond (see Figure  3  ). 

 The spectra of  7  and  12  showed several resonance peaks 
of variable intensity in DMSO, a coordinating solvent. The 
chemical shift revealed by NMR is also consistent with 6- and 
7-coordinate tin(IV) nuclei for these compounds. However, 
autoassociation due to solvent coordination is probably the 
reason for having several peaks in their spectra (Hani and 
Geanangel , 1982 ; de Mello et al. , 2004 ). Every attempt to collect 
suitable crystals for X-ray diffraction of those organotin deriva-
tives have failed. The crystals obtained and characterised by this 
technique have proved to be the starting metal precursors. This 
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 Figure 2    Possible structural arrangements of tin(IV)-bis(pyrimidin-2-ylthio)alkanes.    
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  Gel permeation chromatography (GPC) 

 GPC was used herein to gain information on the molar 
mass of organotin(IV) compounds. The GPC analysis in 
DMF displayed approximately a mean molecular mass of 
1.8  ×  10 3  g/mol. In view of this, these organotin derivatives 
of bis(pyrimidin-2-ylthio)alkanes are certainly not polymeric 
materials. Two peaks in  9  indicate a mixture of compounds 
in DMF. In  6  and  11 , the mean molecular mass was approxi-
mately three or four times the calculated molecular mass. In 
view of this, decomposition, autoassociation or formation of 
dimers and trimers are likely in DMF.  

  Conclusions 

 The bis(pyrimidin-2-ylthio)alkanes are acting as bridging-
mono- and bridging-bidentate ligands towards the tin(IV) 
nucleus, leading to two geometric patterns, a trigonal-bipyra-
midal and an octahedral one.   

  Experimental 

 Experiments of  1 H,  13 C and  119 Sn NMR were performed using a 
Varian-Mercury-300 and a Bruker DPX-400 spectrometer equipped 
with an 89 mm wide-bore magnet. Tetramethylsilane (SiMe 4 ) and te-
tramethyltin (SnMe 4 ) were used as internal standard ( δ   =  0). Infrared 
spectra were recorded on a Perkin-Elmer FT-IR 1000 spectrometer, 
using Nujol suspension between CsI windows, scanning from 4000 
to 200 cm -1 . The molecular mass was obtained by GPC in dim-
ethylformamide (DMF). The data were obtained using a Shimadzu 

 Table 1       1  J ( 13 C- 119 Sn) (Hz) and C-Sn-C bond angles of organotin(IV) compounds.  

Compound   1   J ( 13 C- 119 Sn) C-Sn-C a C-Sn-C b CN References

 1e  ( trans -dibutil) 1130 169.2(1) 175.8 hexacoord. (a)
 2h  ( cis -dibutil)    559.6 124.4(2) 125.8 pentacoord. (a)
 4h  ( cis -dibutil)  dist     566.4 116.9(2) 126.4 pentacoord. (a)
 2  [Sn 2 Cl 4 Ph 4 ( ptm )]    797.9  – 146.7 pentacoord. This work
 1c  ( cis -diphenyl)  dist  1005 125.8(3) 164.9 pentacoord. (b)
 2d  ( cis -diphenyl)  dist     984 128.8(2) 163.0 pentacoord. (b)
 13(1)  c  (cis-dimethyl)    624.5 121.2(2) 131.5 pentacoord. (c)
 1  [Sn 2 Cl 2 Ph 6 ( ptm )]    615.8  – 130.7 pentacoord. This work
 5  [Sn 2 Cl 2 Ph 6 ( pte )]    615.7  – 130.7 pentacoord. This work
 9  [SnClPh 3 ( pth )]    668.1  – 135.3 pentacoord. This work
 10  [Sn 2 Cl 2 Ph 6 ( pth )]    615.7  – 130.7 pentacoord. This work
 14(6)  c  (triphenyl)    786.4 118.5(1) 145.7 pentacoord. (d)

118.8(1)
121.1(1)

 15(2)  c  (triphenyl)  dist     564.6 113.18(8) 126.3 tetracoord. (e)
107.50(8)
106.17(5)

 16(1)  c  (triphenyl)  dist     562.9 113.2(2) 126.0 tetracoord. (e)
116.6(2)
113.5(2)

     aX-ray bond angles data;  dist : distorted structure; NC: coordination number. 
   b Estimated C-Sn-C angle (deg) according to the Lockhart equation (Lockhart et al. , 1985 ; Lockhart and Manders , 1986 ). 
cThe compound has been labelled in the original reference as in parentheses.
The chemical formula of the compounds was not written in Table 1, except for those synthesised in this work.
 References: (a) Ramirez -Jimenez et al., 2009 ; (b) Kobakhidze et al. , 2010 ; (c) Camacho -Camacho et al., 2009 ; (d) Esparza -Ruiz et al., 2009 ; 
(e) Bordinhao et al. , 2006 .   
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 Figure 3    Chemical equilibrium involving [Sn 2 Cl 8 ( ptm )] · H 2 O ( 4 ) 
and [Sn 2 Cl 8 ( pte )] ( 8 ).    

suggests the bis(pyrimidin-2-ylthio)alkanes as labile ligands 
upon coordination. Dissociation of bis(pyridin-2-ylthio)alkanes 
in solvents such as methanol, acetonitrile and water has been 
reported before on green copper(II) clusters. Suitable crystals 
for X-ray diffraction studies from these copper(II) derivatives 
have been obtained, although it is not clear how the technique 
works for achieving crystallisation (Samanamu et al. , 2008 ). 
No  119 Sn NMR has been carried out for complexes  11  and  13  
due to technical reasons, but it is assumed that they have the 
same geometrical pattern as for the organotin(IV) derivatives 
of the corresponding metal precursor.  
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device by means of a GPC803D-GPC802D 2  ×  300  ×  8 mm column. 
Microanalysis and melting points determinations were carried out by 
a Perkin-Elmer 2400 CHN analyser and a digital apparatus MQAPF-
301, respectively. Vacuum techniques, dry nitrogen atmosphere and 
Schlenk glassware were used throughout the experimental work. 

  Preparation of bis(pyrimidin-2-ylthio)alkanes and 

organotin adducts 

 The bis(pyrimidin-2-ylthio)alkanes were synthesised following 
the experimental method outlined in the literature (de Castro et al. , 
2002 ). These ligands were purifi ed from a dichloromethane solution. 
Solid product was separated after evaporating the solvent until one-
third was left, which was fi ltered off in air and kept in a desiccant 
container. The organotin(IV) compounds were prepared according to 
the experimental procedure reported for pyridinethiolalkanes, with 
slight modifi cations (Pellei et al. , 2006 ).  

  Bis(pyrimidin-2-ylthio)alkanes 

  Bis(pyrimidin-2-ylthio)methane ( ptm )     Yield: 1.51 g (34 % ). 
Yellow-green solid; Mp ( ° C) 150 – 151; microanalysis required for 
C 9 H 8 N 4 S 2 : C, 45.74; H, 3.41; N, 23.71. Found: C, 45.64; H, 3.41; 
N, 23.12. IR (Nujol/CsI): 1563, 1547 (C  =  N + C  =  C),  1 H NMR 
(CDCl 3 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  4.92 
(s, S-CH 2 , 2H), 7.00 (t, pym, 2H), 8.55 (d, pym, 4H).  13 C NMR 
(CDCl 3 , 75.4 MHz):  δ  33.0 (S-CH 2 ),  δ  117.1, 157.6, 171.5 (pym).  

  1,2-Bis(pyrimidin-2-ylthio)ethane ( pte )     Yield: 1.96 g (40 % ). 
Pale-orange solid; Mp ( ° C) 144 – 145; microanalysis required 
for C 10 H 10 N 4 S 2 : C, 47.98; H, 4.03; N, 22.38. Found: C, 47.26; H, 
4.09; N, 21.67. IR (Nujol/CsI): 1564, 1546 (C  =  N + C  =  C),  1 H NMR 
(CDCl 3 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  3.51 
(s, S-CH 2 , 4H), 6.73 (t, pym, 2H), 8.51 (d, pym, 4H).  13 C NMR 
(CDCl 3 , 75.4 MHz):  δ  30.7 (S-CH 2 ), 116.9, 157.6, 172.2 (pym).  

  1,6-Bis(pyrimidin-2-ylthio)hexane ( pth )     Yield: 2.33 g (51 % ). 
Yellow solid; Mp ( ° C) 57 – 58; microanalysis required for C 14 H 18 N 4 S 2 : 
C, 54.87; H, 5.92; N, 18.28. Found: C, 54.69; H, 6.05; N, 18.60. IR 
(Nujol/CsI): 1561, 1548 (C  =  N + C  =  C),  1 H NMR (CDCl 3 , 300 MHz; 
 δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  1.49 (m, CH 2 , 4H), 1.75 
(m, CH 2 , 4H), 3.13 (t, S-CH 2 , 4H), 6.95 (t, pym, 2H), 8.49 (d, pym, 
4H).  13 C NMR (CDCl 3 , 75.4 MHz):  δ  28.6 (CH 2 ), 29.2 (CH 2 ), 31.0 
(S-CH 2 ), 116.5, 157.4, 172.8 (pym).   

  Organotin complexes 

  [Sn 
2
 Cl 

2
 Ph 

6
 ( ptm )] (1)     Yield: 0.79 g (74 % ). Pale-yellow solid; 

Mp ( ° C): 94 – 95; microanalysis required for C 45 H 38 N 4 S 2 Cl 2 Sn 2 : C, 
53.66; H, 3.80; N, 5.56. Found: C, 53.53; H, 3.90; N, 5.59; mol. wt. 
(g/mol): 1.3  ×  10 3 . IR (Nujol/CsI): 3050 (Ph), 1564, 1547 (C  =  N + C  =  C), 
441 (Sn-N), 334 (Sn-Cl), 271 (Sn-C).  1 H NMR (CDCl 3 , 300 MHz;  δ , 
ppm; d, doublet; t, triplet; m, multiplet):  δ  4.94 (s, S-CH 2 , 2H), 7.00 
(t, pym, 2H), 7.44 – 7.69 (m, Ph, 30H), 8.56 (d, pym, 4H).  13 C NMR 
(CDCl 3 , 100.6 MHz):  δ  32.7 (S-CH 2 ),  δ  117.0 (pym), 129.1, 130.4, 
136.0, 137.2 (Ph), 157.3, 171.3 (pym).  119 Sn NMR {CH 2 Cl 2 , 149.2 
MHz}:  δ  -46.8.  

  [Sn 
2
 Cl 

4
 Ph 

4
 ( ptm )] (2)     Yield: 0.87 g (89 % ). Pale-yellow solid; 

Mp ( ° C): 103 – 104; microanalysis required for C 33 H 28 N 4 S 2 Cl 4 Sn 2 : 
C, 42.90; H, 3.05; N, 6.06. Found: C, 42.30; H, 3.16; N, 6.43; 
mol. wt. (g/mol): 1.5  ×  10 3 . IR (Nujol/CsI): 3058 (Ph), 1567, 1554 
(C  =  N + C  =  C), 445 (Sn-N), 354, 326 (Sn-Cl), 276 (Sn-C).  1 H NMR 

(CDCl 3 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  
4.93 (s, S-CH 2 , 4H), 7.01 (t, pym, 2H), 7.53 – 7.72 (m, Ph, 20H), 8.56 
(d, pym, 4H).  13 C NMR (CDCl 3 , 100.6 MHz):  δ  32.6 (S-CH 2 ), 
 δ  116.7 (pym), 129.6, 131.7, 135.0, 137.2 (Ph), 157.3, 171.1 (pym). 
 119 Sn NMR {CH 2 Cl 2 , 149.2 MHz}:  δ  -38.3.  

  [Sn 
2
 Cl 

6
 Ph 

2
 ( ptm )]  ·  CH 

2
 Cl 

2
  (3)     Yield: 0.68 g (76 % ). Yellow solid; 

Mp ( ° C): 98 – 99; microanalysis required for C 22 H 20 N 4 S 2 Cl 8 Sn 2 : C, 
28.55; H, 2.18; N, 6.05. Found: C, 27.40; H, 2.35; N, 6.35; mol. 
wt. (g/mol): 1.3  ×  10 3 . IR (Nujol/CsI): 3055 (Ph), 1602, 1568, 1556 
(C  =  N + C  =  C), 443 (Sn-N), 360 (Sn-S), 322, 314 (Sn-Cl), 279 (Sn-C). 
 1 H NMR (DMSO-d 6 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, 
multiplet):  δ  4.88 (s, S-CH 2 , 2H), 7.25 – 7.36 (m, Ph, 10H), 7.88 
(d, pym, 2H), 8.69 (d, pym, 4H).  13 C NMR (DMSO-d 6 , 75.4 MHz):  δ  
32.5 (S-CH 2 ),  δ  118.4 (pym), 128.0, 128.5, 129.0, 135.4 (Ph), 158.7, 
170.4 (pym).  119 Sn NMR {CH 3 OH, 149.2 MHz}:  δ  -168.7.  

  [Sn 
2
 Cl 

8
 ( ptm )] · H 

2
 O (4)     Yield: 0.80 g (99 % ). Pale-yellow solid; 

Mp ( ° C): 181 – 182; microanalysis required for C 9 H 10 N 4 OS 2 Cl 8 Sn 2 : 
C, 13.94; H, 1.30; N, 7.23. Found: C, 14.07; H, 1.16; N, 7.23; 
mol. wt. (g/mol): 1.4  ×  10 3 . IR (Nujol/CsI): 3070 (Ph), 1601, 1578 
(C  =  N + C  =  C), 466 (Sn-N), 384 (Sn-S), 304, 294 (Sn-Cl).  1 H NMR 
(DMSO-d 6 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  
4.87 (s, S-CH 2 , 2H), 7.27 (t, pym, 2H), 8.68 (d, pym, 4H).  13 C NMR 
(DMSO-d 6 , 75.4 MHz):  δ  32.5 (S-CH 2 ),  δ  118.4, 158.8, 170.4 (pym). 
 119 Sn NMR {CH 3 CN, 149.2 MHz}:  δ  -638.3, -674.6.  

  [Sn 
2
 Cl 

2
 Ph 

6
 ( pte )] (5)     Yield: 0.92 g (90 % ). Brownish solid; Mp 

( ° C): 97 – 98; microanalysis required for C 46 H 40 N 4 S 2 Cl 2 Sn 2 : C, 
54.10; H, 3.95; N, 5.48. Found: C, 53.98; H, 4.03; N, 5.00; mol. wt. 
(g/mol): 1.5  ×  10 3 . IR (Nujol/CsI): 3065 (Ph), 1563, 1546 (C  =  N + C  =  C), 
447 (Sn-N), 335 (Sn-Cl), 271 (Sn-C).  1 H NMR (CDCl 3 , 300 MHz;  δ , 
ppm; d, doublet; t, triplet; m, multiplet):  δ  3.53 (s, S-CH 2 , 4H), 6.98 
(t, pym, 2H), 7.45 – 7.70 (m, Ph, 30H), 8.53 (d, pym, 4H).  13 C NMR 
(CDCl 3 , 100.6 MHz):  δ  31.2 (S-CH 2 ),  δ  116.6 (pym), 129.1, 130.4, 
136.0, 137.2 (Ph), 157.2, 171.8 (pym).  119 Sn NMR {CH 3 CN, 149.2 
MHz}:  δ  -48.0.  

  [Sn 
2
 Cl 

4
 Ph 

4
 ( pte )] (6)     Yield: 0.25 g (27 % ). Fairly brown solid; Mp 

( ° C): 171 d; microanalysis required for C 34 H 30 N 4 S 2 Cl 4 Sn 2 : C, 43.54; 
H, 3.22; N, 5.97. Found: C, 43.53; H, 3.20; N, 5.94; mol. wt. (g/mol): 
3.6  ×  10 3 . IR (CsI): 1604, 1564, 1547 (C  =  N + C  =  C), 471 (Sn-N), 451 
(Sn-S), 358 (Sn-Cl), 280 (Sn-C).  

  [Sn 
2
 Cl 

6
 Ph 

2
 ( pte )] (7)     Yield: 0.78 g (92 % ). Pale yellow solid; Mp 

( ° C): 263 d; microanalysis required for C 22 H 20 N 4 S 2 Cl 6 Sn 2 : C, 30.92; 
H, 2.36; N, 6.56. Found: C, 30.58; H, 2.32; N, 6.50; mol. wt. (g/mol): 
1.5  ×  10 3 . IR (Nujol/CsI): 3071 (Ph), 1599, 1579 (C  =  N + C  =  C), 465 
(Sn-N), 381 (Sn-S), 309, 325 (Sn-Cl), 288 (Sn-C).  1 H NMR (DMSO-d 6 , 
300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  3.47 
(s, S-CH 2 , 4H), 7.20 – 7.34 (m, Ph, 10H), 7.89 (q, pym, 2H), 8.63 
(d, pym, 4H).  13 C NMR (DMSO-d 6 , 75.4 MHz):  δ  30.4 (S-CH 2 ), 
118.1 (pym), 127.8, 128.3, 135.4, (Ph), 158.6, 171.0 (pym).  119 Sn 
NMR {DMSO, 149.2 MHz}:  δ  -510.1, -625.2, -632.5, -668.7.  

  [Sn 
2
 Cl 

8
 ( pte )] (8)     Yield: 0.57 g (95 % ). Pale-yellow solid; Mp ( ° C): 

182 d; microanalysis required for C 10 H 10 N 4 S 2 Cl 8 Sn 2 : C, 15.57; H, 
1.31; N, 7.26. Found: C, 15.39; H, 1.46; N, 7.03; mol. wt. (g/mol): 
1.3  ×  10 3 . IR (Nujol/CsI): 3073 (Ph), 1599, 1580 (C  =  N + C  =  C), 465 
(Sn-N), 381 (Sn-S), 311, 284 (Sn-Cl).  1 H NMR (DMSO-d 6 , 300 
MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  3.44 (s, S-CH 2 , 
4H), 7.22 (t, pym, 2H), 8.62 (t, pym, 4H).  13 C NMR (DMSO-d 6 , 
75.4 MHz):  δ  30.5 (S-CH 2 ), 118.1, 158.6, 171.0 (pym).  119 Sn NMR 
{CH 3 CN, 149.2 MHz}:  δ  -617.9, -638.7, -675.1.  
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  [SnClPh 
3
 ( pth )] (9)     Yield: 0.62 g (90 % ). Yellow solid; Mp ( ° C): 

47 – 48. Microanalysis required for C 32 H 33 N 4 S 2 ClSn: C, 55.55; H, 
4.81; N, 8.10. Found: C, 55.29; H, 5.06; N, 7.99; mol. wt. (g/mol): 
1.3  ×  10 3  and 3.7  ×  10 3 . IR (CsI): 3060 (Ph), 2933, 2859 (CH 2 ), 1565, 
1548 (C  =  N + C  =  C), 465 (Sn-N), 335 (Sn-Cl), 275 (Sn-C).  1 H NMR 
(CDCl 3 , 300 MHz;  δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  1.52 
(m, CH 2 , 4H), 1.75 (m, CH 2 , 4H), 3.14 (t, S-CH 2 , 4H), 6.94 (t, pym, 
2H), 7.44 – 7.68 (m, Ph, 15H), 8.49 (d, pym, 4H).  13 C NMR (CDCl 3 , 
100.6 MHz):  δ  28.8 (CH 2 ), 29.4 (CH 2 ), 30.9 (S-CH 2 ), 116.7 (pym), 
129.5, 130.9, 136.5, 137.7 (Ph), 157.5, 173.1 (pym).  119 Sn NMR 
{CH 2 Cl 2 , 149.2 MHz}:  δ  -51.3.  

  [Sn 
2
 Cl 

2
 Ph 

6
 ( pth )] (10)     Yield: 0.82 g (93 % ). Yellow solid; Mp 

( ° C): 50 – 51. Microanalysis required for C 50 H 48 N 4 S 2 Cl 2 Sn 2 : C, 
55.74; H, 4.49; N, 5.20. Found: C, 55.31; H, 4.80; N, 5.76; mol. 
wt. (g/mol): 1.2  ×  10 3 . IR (Nujol/CsI): 1562, 1548 (C  =  N + C  =  C), 442 
(Sn-N), 335 (Sn-Cl), 272 (Sn-C).  1 H NMR (CDCl 3 , 75.4 MHz;  δ , 
ppm; d, doublet; t, triplet; m, multiplet):  δ  1.51 (m, CH 2 , 4H), 1.75 
(m, CH 2 , 4H), 3.15 (t, S-CH 2 , 4H), 6.95 (t, pym, 2H), 7.45 – 7.69 
(m, Ph, 30H), 8.50 (d, pym, 4H).  13 C NMR (CDCl 3 , 100.6 MHz):  δ  
28.1 (CH 2 ), 28.8 (CH 2 ), 30.9 (S-CH 2 ), 116.4 (pym), 129.3, 130.6, 
136.2, 137.4 (Ph), 157.2, 172.9 (pym).  119 Sn NMR {CH 2 Cl 2 , 149.2 
MHz}:  δ  -47.1.  

  [Sn 
2
 Cl 

4
 Ph 

4
 ( pth )] (11)     Yield: 0.59 g (73 % ). Light-red solid; Mp 

( ° C): 242 d. Microanalysis required for C 38 H 38 N 4 S 2 Cl 4 Sn 2 : C, 45.91; 
H, 3.85; N, 5.64. Found: C, 46.00; H, 3.85; N, 5.61; mol. wt. (g/mol): 
2.9  ×  10 3 . IR (CsI): 3048 (Ph), 1610, 1592 (C  =  N + C  =  C), 454 (Sn-N), 
408 (Sn-S), 308 (Sn-Cl), 259 (Sn-C).  1 H NMR (DMSO-d 6 , 400 MHz; 
 δ , ppm; d, doublet; t, triplet; m, multiplet):  δ  1.43 (m, CH 2 , 4H), 1.66 
(m, CH 2 , 4H), 3.10 (t, S-CH 2 , 4H), 7.17 – 7.38 (m, Ph, 20H), 7.94 
(d, pym, 2H), 8.60 (d, pym, 4H).  13 C NMR (DMSO-d 6 , 100.6 MHz): 
 δ  27.7 (CH 2 ), 28.6 (CH 2 ), 29.8 (S-CH 2 ), 117.0 (pym), 127.6, 127.1, 
133.1 (Ph), 157.7, 171.1 (pym).  

  [Sn 
2
 Cl 

6
 Ph 

2
 ( pth )] (12)     Yield: 0.42 g (56 % ). Yellow solid; Mp 

( ° C): 116 – 117. Microanalysis required for C 26 H 28 N 4 S 2 Cl 6 Sn 2 : C, 
34.29; H, 3.10; N, 6.15. Found: C, 34.24; H, 3.13; N, 6.15. IR 
(Nujol/CsI): 1608, 1594 (C  =  N + C  =  C), 458 (Sn-N), 358 (Sn-S), 328, 
314 (Sn-Cl), 279 (Sn-C).  1 H NMR (DMSO-d 6 , 300 MHz;  δ , ppm; d, 
doublet; t, triplet; m, multiplet):  δ  1.40 (m, CH 2 , 4H), 1.64 (m, CH 2 , 
4H), 3.07 (t, S-CH 2 , 4H), 7.15 – 7.29 (m, Ph, 10H), 7.92 (d, pym, 
2H), 8.59 (d, pym, 4H).  13 C NMR (DMSO-d 6 , 75.4 MHz):  δ  28.4 
(CH 2 ), 29.3 (CH 2 ), 30.5 (S-CH 2 ), 117.7 (pym), 127.8, 128.1, 135.4, 
(Ph), 158.4, 171.5 (pym).  119 Sn NMR {DMSO-d 6 , 74.6 MHz}:  δ  
-669.2, -399.2.  

  [Sn 
2
 Cl 

8
 ( pth )] (13)     Yield: 0.35 g (56 % ). Yellow solid; Mp ( ° C): 

155 – 156. Microanalysis required for C 14 H 18 N 4 S 2 Cl 8 Sn 2 : C, 20.32; 
H, 2.19; N, 6.77. Found: C, 20.45; H, 2.10; N, 6.51. IR (CsI): 
1601, 1566, 1548 (C  =  N + C  =  C), 470 (Sn-N), 309 (Sn-Cl).  1 H 
NMR (DMSO-d 6 , 400 MHz;  δ , ppm; d, doublet; t, triplet; m, mul-
tiplet):  δ  1.43 (m, CH 2 , 4H), 1.65 (m, CH 2 , 4H), 3.10 (t, S-CH 2 , 
4H), 7.19 (t, pym, 2H), 8.62 (d, pym, 4H).  13 C NMR (DMSO-
d 6 , 100.6 MHz):  δ  27.7 (CH 2 ), 28.6 (CH 2 ), 29.8 (S-CH 2 ), 117.0, 
157.6, 171.1 (pym).     
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