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“C AND ‘19Sn NMR STUDY OF SOME FOUR- AND 
FIVE-COORDINATE TRIPHENYLTIN(IV) COMPOUNDS 

Summary 

The ‘-‘C and “‘Sn NMR spectra of four- and five-coordinate triphenyltin(lV) 
compounds have been examined. The chemical shifts 6( “‘Sn) and the coupling 
constants ‘.I( ““Sn-“C) depend markedly on the coordination number of the tin 
atom and on the geometry of the coordination sphere. The chemical shifts and the 
coupling constants !I( “ySn-‘3C) for four-coordinate compounds are in the range 

- 40 to - 120 ppm and 550 -660 Hz. respectively. The S( “‘Sn) values for five-coor- 
dinate compounds (trigonal hipyramid arrangement) are in the range - 180 to - 260 
ppm. The ‘J( “‘Sn-‘“C) values for the compounds with three phenyl groups in the 
equatorial plane and the other ligands in axial positions (rmrts) are in the range 
750-850 Hz. The chelate compounds with two phenyl groups in the equatorial plane 
and the third in the axial position and the two donor atoms of chelating @and in 
equatorial and axial positions, respectively, have the coupling constants in the range 
600-660 Hz. The NMR spectra are discussed in terms of a three-centre molecular 
orbital model. 

Introduction 

The use of NMR spectroscopy in the study of the structures of organotin 
compounds has increased in the last years. The data obtained from these studies 
have not yet been systematically compiled. but it is possible to compare the results 
obtained from the N‘MR spectra of the organotin(iV) compounds with those from 
other methods and to reach some conclusions about the structures of the com- 
pounds. In most cases only the chemical shifts 6( ““Sn) were derived from the NMR 
spectra. More significant results can be obtained when other NMR parameters are 
also determined including the chemical shifts of other atoms (‘H. “C) and especially 
the coupling constants ‘J( “‘Sn “C) and ‘J( ‘lYSn ‘H). respectively [I]. Such com- 
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Kuperimcntal 

assigned on the basis of proton-coupled qcctra. 

Results 

The chemical shifts and the coupling wnstants of most of the studitzd wmpc~unds 
showed no concentration dependence within cxperirwntai error. The on!y cxteption 

was for Ph ,SnX . L {wmpounds Nos. t 5 21 in Tabla 1 and 2). \vIwrc t2.g. 31 

concentrations of 0.1, 0.2. 0.45 and 1 .O r-ml I ’ cjf the wmpound NO. 15 in C’Df‘l, 

solution at 300 K the values of S( ““Sri) were - X 10.4. - 143.7. - 185.4 and 3E1.0. 
rcspectivcly. Such concentration dependence is due to diaociaticln. and the v~lws of 
tht: NMR parameters increwz asyrnptoti<afly trjward ;i finaf value tvith increasing 
concentration of wmpounds or thu ligwds. That: final (maximal) \~aluc:s of NMR 
parameters are given in Tahl~s t md 2. tcsgethcr with tk conditic~~~ under lvhich 
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ments of NMR parameters were carried out at higher temperatures or in more polar 
solvents. These changes in measurements conditions were chosen carefully to avoid 
changes in the compositions of the original solutions. 

The results of NMR measurements are summarized in Tables I and 2. In Table I 
are given the values of chemical shifts S( ““Sn). and coupling constants of tin atoms 
with carbon atoms of the phenyl groups “J( ‘“Sn--“C) for II = I 4. Table 2 shows 
the values of the chemical shifts 6( “C) of the carbon atoms of the phcnyl groups 
and other NMR parameters. Both the tables include some relevant data from other 
recent studies [2,3.12]. 

The chemical shifts 6( “‘Sn) of the compounds examined vary over a wide range. 
from -44.7 ppm for Ph,SnCI up to -257.2 ppm for the Ph,SnCI, anion. On the 
basis of the values of I?( “‘Sn) the compounds can be divided into two groups. The 
first includes compounds with chemical shifts in the range -40 to - 120 ppm and 
the second those with shifts from - 180 to - 260 ppm. The compounds having lower 
chemical shifts (Nos. I- 12) are known to form tetrahedral molecules with a 
four-coordinate tin atom in the solid state (or at least in a solution) [ 14.151. The 

compounds with higher 6( ‘lYSn) values (No s 13-27) involve molecules with trigo- . 
nal-pyramid geometry around the five-coordinate tin atom [ 10.1 I.14 - ICC]. This 
observation seems to be fairly general. because with a few exceptions it is valid for 
all the organotin(lV) compounds described in the literature [ 1 3.16.19.20]. The 
exceptions relate to compounds which arc in the five-coordinate state as solids. but 
dissociate in solution to give four-coordinate species. Depending on the nature of the 
compounds and the experimental conditions we can thercfore expect the presence of 
the both structural types in solution (especially concentrated ones). The simulta- 
neous presence of both the forms should result in a concentration dependence of 
6( ““Sn) or in values of 6( “‘Sn) between both the boundary cases [ 191. The 
anomalous value of 6( “‘Sn) obtained for ethyltriphenyltin dithiocarboxylate ( - 192.4 
ppm [21]) is assumed to arise from the intermolecular interaction of a lone electron 
pair of the sulphur atom with the valence orbitals of the tin atom. 

Small differences between both the groups of triphenyltin(IV) compounds can be 
found also in the values of the chemical shifts 6( “C) of the carbon atoms in the 
ipso-positions of the phenyl groups. The values for the five-coordinate tin com- 
pounds are shifted downfield from those for four-coordinate compounds. It thus 
seems probable that the Sn-C(phenyl) bond becomes more polar with increasing 
coordination of tin atom, as observed in the study of infrared spectra Ph,SnX1- 

(X = Cl. Br) compounds [ 171. 

The coupling constants “J( “‘Sn- “C), especially the values of ‘J( ““Sn- “C), can 
again be used to assign compounds to two groups. Values of ‘J( “‘Sn-“C) of 
550-660 Hz were obtained for the four-coordinate compounds (Nos. I- 12) and two 
five-coordinate compounds (Nos. I3 and 14). The other five-coordinate compounds 
(Nos. 15-24) have ‘J( “9Sn-‘.‘C) values of 750-850 Hz. Similar trends can be seen 
for the other coupling constants ‘J( “‘Sn- “C) ( )I = 2-4). 

Discussion 

On the basis of the values of the chemical shifts 6( “‘Sn) and the coupling 
constants ‘J( ““Sn- “C) it is possible to divide the triphenyltin(IV) compounds into 
three groups having different structural arrangements of the triorganotin(IV) group: 
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b) Compounds with higher S( ““Sn) values ( .. 1X0 to .’ ?()(I pptn) ~ict Iowcr 

!/( “%I “c’) ~dxs ~~0(~-6~0 Hz). These arc chwwtcrizal h! having tripctnal 

hipyramidal gccrmrtr?; of Ph ,SnI.’ (L’ being the hidentatc iipand) around the 

five-coordinate tin atom \vith t\\o phenyl groups occupying the cquatori;ll position> 

ami the third one the axial position. Donor atom\ of the L‘ lipanti t~cupy the 

remaining equatorial and axial pc>sitions (cwtri~onal hipyramidal gwmrtrv. >truct- 

ur3l type II). 

c) Compounds with higher S( ““Sn) lalucs ( - 300 to - X1 ppm) :md highcr 

‘J( ’ ““Sn ‘“c‘) values (750 X50 tiz) with trigonal hipyramidal ~amc‘tr> of the 

suhstitucnts and Iigands Ph,SnX . I. (L is 3 nionodt’ntatt’~te li~and) 154th a five-ccwrili- 

nate tin atom. Three phenyl groups lie in equatorial positions. the suhstitucnt X and 

the ligand L arc in nxial positions (trcw.c-trigonal hip~ramid:ll geomctr\. structural 

t?‘pc III). 

x Ph L 

‘I 
P/Y% i 

Ph 

Ph 
‘\ 

Sn 

P/j 7 
L,L' 

pn\ I 
Sri ” .--Ph 

Ph 
/’ 

X 

Pn,SnX 

StrbCturOi tyDe 1 

four coordinate 

?etrohedrOn 

PhjSd Ph+lX. L 

structural type TJ StrGcturcl type m 

f Eve-too-binate five-coordinate 

c,s-tr1gona trons- t~!gonol 

blpyrorr8d 3ipyrcmlb 

Other possible structural arrangements. namely ;i trigonul hipyramid with the 

&dentate ligand L’ occupying two ryuatori;rl pttsitiona or arr;mgemcnts dertvcd 

from the octahedral confi&uration. have not >ct bwn unamhiguou~l~ dcnicw~tratrd 

and their cxistance is unwrtnin [22 251. 

As the contribution of 5ti orhitals to the bonding in organotin tompcwnds ix vcr? 

low [26.37]. it is possible to explain the above ~ug~estcd structural ;krr;m~wients b\ 

assuming the participation of S.s and 5p orhital~ on the chemical bonding. The 

bonding in tetrahedral Ph ,SnX compou~~ds can be ctrnfidentl! interpreted in terms 

of four hybrid .y a orbitafh. f’or the description of the hondinp in the five-coordinate 

compounds WC can use the -’ three-centrc orbital” model 1271. Accw-ding to this 
~nodel the .sp3 hvbrid orbitals of’ the central tin atom iire in~olveci in httndinp in 

structures of type II in such ;I UQ~ that three of them form the hmdz \vith carbrw 

atom.\ of phen>l groups. The fourth .YP’ c>rhital participate in the bonding \vith two 

donor centrcs of the &dentate ligand using the three-ccntre molecular orbital i)t’ the 

bent type. In the structural type III three Sn-~C’(phcn);I) bond arc fcvnwd b! v{):I“ 

hybrid orbitals. w,hercas the remaining S/j orbital participates in bonding \+ith the 

auhstituent X and ligand I. using the three-cc’ntrc molecular orbital of the linear 

type. 
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The precise interpretation of the chemical shifts 6( “‘Sn) of the compounds 
studied is very difficult due to their complex nature and their dependence on various 
factors. Nevertheless, for a group of compounds of similar c~~rnpositi(~n. such as 
those we have studied. the shifts seem to depend mainly on the total electron density 
on the central tin atom. The tetrahedral molecules of the Ph,SnX compounds (Nos. 
2. 12) have the values fi( ““Sn) shifted downfield ( - 44.7 to - 122.6 ppm) compared 

with that for the tetraphenyltin (compound No. 1. 6( “%I) = - 12X.1 ppm). Such a 
shift can be explained qualitatively in terms of a decrease in the electron density on 
the central tin atom caused by the polar substitutnt. The interaction of the donor 
atom with valence orbitals of the tin atom during the formation of the five-toordi- 
nate tin compounds results in an increase in the electron density on the tin atom and 
thus in an appreciable upfield shift in 6( ““Sn) values (- 189.8 to - 257.2 ppm). 
Although it is not possible to regard the 6( ““Sn) values as unambiguous indicators 

of the coordination number at tin, we can probably consider 6( ““Sn) values of 
triphen~ltin(IV} compounds lower than - 120 ppm as typical of the four-c~~ordinate 
compounds and those above - IX0 ppm as typical of the five-coordinate com- 
pounds. 

The value of the coupling constant, reflecting spin-spin coupling of n~ighbouring 
atoms joined by a simple bond, depends mainly on the magnitude of the Fermi-con- 
tact term. In the case when none of the participating bonding atoms have a lone 
electron pair. the ‘J values are directly proportional to the s-character of their hybrid 
orbitals [2X]. Therefore the triphenyltin( IV) compounds ( .spp? hybrid carbon orbital) 
have higher ‘J values than analogous trialkyltin ($ hybrid orbital) compounds [3]. 
For the same reason and in accordance with Bent’s rule, in all the compounds with a 
Ph ,Sn halogen bond the ‘4 ““Sn-‘“C) values decrease in the order Cl > Br > I. The 

proportion of s-character in the tin hybrid orbitaIs provides a satisfactory explana- 
tion of the obtained ‘J( “‘Sn- “C) values of the triphenvltin(IV) compounds of the II 
suggested structural types. The Ph,SnX . L compounds (structural type III) have the 
highest ‘J values (750-850 Hz), in a good agreoment with the high s-character of the 
tin bonding orbitals (sp’). In Ph,SnX (structural type I) and Ph,SnL’ (structural 
type II) the s$ orbitals are involved in the bonding and thus the ‘J values are 
substantially lower (550-660 Hz). We can assume that the s-character of the .s# 
hybrid orbitals in Sn.-C (phcnyl) bonds will. because of the prcscnce of two polar 
groups. be rather higher in compounds of the structural type II than in the 
compounds of the structural type I. Thus we can expect to find higher mean values 
of ‘J in type II compounds than in type I compounds. 

The results show that the values of the chemical shift S( ““Sn) and the coupling 

constant ‘J( ““Sn-‘“C) can be used as sensitive probes for characterization of the 
structures of triphenyltin( IV) compounds in solution. 
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