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Summary

Novel mixed chelate complexes of diorganotin(IV) of formula [SnR,L'L"]
involving the chelate ligands N,N-dialkyldithiocarbamato (S,CNR}), 8-quino-
linolate (oxin), 2-methyl-8-quinolinolate (quin) and the anion of bis(p-fluoro-
benzoyl)methane (fbm) have been synthesised together with the symmetrical
bischelates [SnR,(quin),1 (R = Me, Ph), and the cationic complex,
[SnMe,(PPh;0),(AsPh;0),][BPh,],, containing mixed monodentate ligands.
Configurational assignments of the Sn—C bonds in the octahedral structures of
these complexes have been made using Mossbauer spectroscopy.

Introduction

The stereochemical preference for trans-[SnC,] configuration in octahedral
dimethyltin bischelates, [SnMe,L;1, and for cis configuration in the corre-
sponding diphenyltin compounds, although well established, is not fully under-
stood. While theoretical studies based on the ligand-repulsion model indicate
that the cis structure is more stable than {rars in this class of compounds [1,2],
it is probable that for many [SnMe,L;] complexes the cis—trans repulsive
energy differences may be slight and the electronic effect of the two methyl
groups forces the trans stereochemistry. The methyl group is a very good
o-donor and in trans array tends to acquire most of the tin 5s character (Bent’s
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rule [3]), thereby favouring a linear C—Sn—C structure. If one or both the
methyl groups are replaced by poorer g-donors (for example, Ph), the cis struc-
ture is favoured for both steric and electronic reasons [4]. Recent studies [4,5]
on mixed alkylphenyltin compounds have largely substantiated this, and it has
been suggested [4] that the cis preference increases in the order,

[SnMe,L,] < [SnRPhL;] < [SnPh,L}]

To prove these trends further, we considered it worthwhile to study mixed che-
late complexes of formula [SnR,L'L"]. In the literature, however, there is
sparse documentation of such compounds, being limited to [SnMe,(oxin)(trop)]
[6] (trop = tropolonate), [SnPh,(oxin)(PhCOCHCOPhA)] [7] and the mixed
chelates of dimethyltin containing combinations of N,N-dimethylmonothio-,
-monoseleno-, -dithio-, -thioseleno- and -diselenocarbamates [8]. The difficul-
ties in the synthesis of mixed chelate compounds have been discussed recently
by Tanaka and coworkers [8], who have pointed out that large differences in
coordinating ability between the ligands tend to favour the formation of the
symmetrical bischelates:

2 [SnR,L'L"] = [SnR,L.] + [SnR,L’]

Accordingly, we have chosen ligands which, as shown in Table 1, have
allowed the successful isolation of the mixed chelate complexes listed therein.
Table 1 also includes two symmetrical bischelates and a novel dimethyltin
cationic complex containing mixed monodentate ligands not previously
reported. The stereochemistry of the Sn—C bonds in these compounds has been
investigated using MOssbauer spectroscopy.

Experimental

The mixed chelate complexes were prepared according to the reaction
scheme,

TIL' + [SnR,CIL"] - [SnR,L'L"] + TICi

where R, = Me,, Bu,, Ph, and BuPh, and L',L." are chelating ligands such as
S,CNR,, 8-quinolinolate (oxin), 2-methyl-8-quinolinolate (quin) and the anion
of bis(p-fluorobenzoyl)methane (fbm). Tl(fbm) was synthesised by the general
method described for thallous salts of 3-diketonates [9], while Tl(quin) was
prepared duplicating the literature method for Tl(oxin) [10]. The thallous salts
of the N,N-dialkyldithiocarbamates were obtained according to established pro-
cedures [11,12], as also the diorganotinchloro-oxinates and -dithiocarbamates
[5].

The symmetrical bischelates, [SnR,(quin),] (R = Me, Ph), were prepared by
the method described by Westlake and Martin [7] for the corresponding bis-
oxinates. The complex, [SnMe,(PPh;0),(AsPh;0),][BPh,],, was obtained im-
mediately upon adding an ethanolic solution containing the two oxygen-donor
ligands to an ethanolic solution containing dimethyltin dichloride and sodium
tetraphenylborate. The reactants were kept in the stoichiometric ratio indi-
cated below in parenthesis:

[SnMe,CL ] (1), [AsPh;0] (1), [PPh,0] (3), Na[BPh,] (2)
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In the IR (Nujol mull), the complex showed bands (principal bands in ita]icé)
due to y(P—0) at 1132, 1120vs, doublet, 1082s, 1064m cm ™' and due to

v{As—0) at 890w, 874, 866s, doublet, 842w cmn™'.
The mixed chelate complexes were prepared using benzene as the solvent

medium except in the case of the mixed dithiocarbamates where chloroform

was used. After filtering off the thallous chloride using a Kieselguhr filter-cake,
the solutions were concentrated to low volumes with minimal application of
heat. Cooling, folowed by addition of a small amount of petroleum ether,
yielded crystalline solids in all cases except [SnBu,(S,CNEL,)(S,CNBu,)],
which was obtained as a pale yellow oil.

An attempted preparation of [SnBuPh(oxin)(fbm)] yielded a mixture of
[SnBuPh(oxin),] and [SnBuPh(fbm),]. Likewise, the reaction of
[SnR,ClI(S,CNMe,)] (R = Me, Ph) with Tl(oxin), in both benzene and ethanol,
vielded only the symmetrical bischelates. However, in a variation of the meth-
od using TI(S,CNMe,) and [SnPh,Cl(oxin)], it was possible to isolate the com-
plex [SnPh,(oxin)(S,CNMe,)] as the first crop upon concentrating the benzene
medium. A completely satisfactory carbon analysis was not obtained for this
complex, but in support of its formulation is the identification of the following
fragment ion peaks among the tin containing clusters in its mass spectrum. The
m/e values given are based on !2°Sn and 32S and refer to the most intense peak
in the clusters containing tin. Clusters occurring in trace amounts relative to the
base peak [SnSCNMe,] (m/e 208) are indicated by an asterisk against the m/e
value. .

[M — 3] (mfe 535 *; M = molecular ion); SnPh,(oxin)(S,CN), (m/e 508),
SnPh(oxin)(S,CNMe,), (m/e 461) *: SnPh(oxin)(S,CNMe), (m/e 446) *,
SnPh(oxin)(SCNMe,}, (m/e 429); SnPh(oxin)(SCNMe), (m/e 414); Sn(oxin)-
(S,CNMe), (m/e 369); Sn(oxin)(SCSNH)(?), (m/e 355).

The complex showed bands in the IR {Nujcl mull; 1466vs, »(C=:N); 984m,
972w, y(C=:8)} and UV (Table 1) which indicate the presence of chelated
ligands {13] and, therefore, of six-coordinate tin in the compound.

Mossbauer spectra of the complexes were obtained at 80 K using a constant
acceleration microprocessor M&ssbauer spectrometer as described previously
[5]. Mass spectral data on the mixed dithiocarbamato-oxin complex were ob-
tained on a AEI-MS 3074 double beam mass spectrometer. The following con-
ditions were used: electron energy, 70 ev, pressure, 1—3 X 10”7 Torr; current

300 ptA; source temperature, 150°C.

Results and discussion

The Mdssbauer parameters for the complexes are given in Table 2 together
with literature data on some symmetrical bischelate complexes. The observed
quadrupole splittings are also compared in the Table with calculated values
based on the additivity model [14,15] for idealized cis- or trans-[SnR,] geome-
tries. .

The centre shift (c.s.) and, in particular, the quadrupole splitting (q.s.) values
for both [SnPh,(quin),] and [SnMe,(quin),] are seen to be higher than those
for the corresponding oxin complexes. In the literature [14], a trans label has
been given to octahedral {SnR,X,;] compounds which show q.s. values in the
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TABLE 2
MOSSBAUER DATA (mms1) AT 80K
Complex cs. @b Obs. q.s. @ Cale. q.s. & ¢
(SnMes(quin);1 1.08 3.27 (+)3.92°
{SnPh,(quin);] 1.04 3.50 +)3.70¢
[SnMej(oxin),] 0.88 ¢ 2.02%8 — 1967
{SnBuPh(oxin)z] 0.86 R 1.93 — 1887
[SnPha(oxin)z] 0.68¢ 1.69 8 —1.80f
[SnPhjy(quin)(oxin)} 0.75 1.65 (—) 1.80
[SnBuPh(quin)(oxin)] 0.84 2.08 (—) 1.88
[SnPha(oxin)(fbm)1 0.65 1.75 —yi.8afl
[SnPhy(oxin)(S2CNMej3)] 0.95 1.65 (—160f
{SnMe3(S3CNMe;)(S2CNEt2)] 1.39 _ 2.84 (+)3.00°¢
(SnMe;(S2,CNMeq)a] 157! 3.14° (+)3.00°¢
[SnMes(S,CNEt,),] 1.51 - 3.04/ (+)3.00¢
[SnPhy(S2CNEt))al 1.177 1.76 4 1407
1.27 4.56 (+) 4.40 ¢

[SnMea2(PPh30)2(AsPh30)21[BPhsl2

2 +0.05 mm st b Relative to BaSnOj. € Using the electric field gradient expiessions and partial quadrupole
splitting (p.q.s.) values in refs. 14 and 13, and assuming p.q.s. values for quin and fbm to be identical to
the p.q.s. values of their respective unsubstituted parent chelates. 4 predicted signs are given in parentheses.

€ frans-{SnRa1. | cis-[SnR-]. £ Ref. 30. P Ret. 5. T Ref. 27.7 Ret. 25.

range 3.837—4.32 mm s~! and a cis label to those with q.s. values lying in the
range 1.63—2.34 mm s~ '. However, in a recent correlation, Bancroft and Sham
[16] have shown for the [SnMe,X,] system that the C—Sn—C angle decreases
smoothly away from 180° as the q.s. value decreases from about 4.00 mm s,
so that in the case of highly distorted structures a cis or trans label might be

of questionable validity. Nevertheless, for the bisoxinates [SnR,(oxin),], where
R, =Me, {17}, MeOCOCH,CH,), [13], Ph, [17], MePh {4] and BuPh [5], the
Méssbauer data have been reasonably interpreted in favour of distorted cis
octahedral structures. This is in consonance with the small bite size [2,18] of
the oxin ligand. In contrast, the larger q.s. values for the symmetrical
[SnR,(quin),] complexes observed in this study appear to be more in accord
with trans or distorted trans structures. Thus, the g.s. value for [SnPh,(quin),]
is almost identical to that of [SnPh,Cl,(bipy)] {19], which has a C—Sn—C
angle of 173.5°, as deduced crystallographically [20]. The observed q.s. value is
also seen to be in excellent agreement with the calculated value based on trans-
[SnPh,] geometry. This stereochemical result consistutes the first example of
its kind among diphenyltin bischelates where the theoretically predicted cis
structure [1,2] is not experimentally observed. We do not envisage that the
introduction of a methyl substituent ortho to N in oxin would profoundly alter
the bite size of the ligand. On the other hand, the substituent may impose a
steric congestion in the cis structure which could be relieved in a distorted trans
arrangement in which one end of the bidentate hgand (in this case, N) is pushed
further away from the Sn atom than is the case {21] with unsubstituted oxin.
This assumption finds support in recent theoretical calculations [2] which
reveal the distorted trans structure to be energetically more stable than the un-

distorted cis.
The replacement of one of the quin ligands in [SnPh,(quin),] with oxin,
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however, yields a mixed chelate complex with significantly lower c.s. and q.s.
values. For this latter complex, as well as for the analogous novel complex with
totally mixed ligands, [SnBuPh(quin)(oxin}], the q.s. values are seen to be in
good agreement with the calculated values assuming cis-[SnR,] stereochemi-
try. It would thus appear that the preference for distorted trans structure in the
case of [SnPh,(quin),] is occasioned by the more acute steric interaction
involving two quin ligands in the alternative cis structure.

For [SnMe,(quin),], the observed q.s. is at variance with the calculated val-
ues for either cis (—1.96 mm s™?) or trans (+3.92 mm s™!) stereochemistries.
The C—Sn—C bond angle estimated [16] from the observed q.s. value is about
138°, which is intermediate between the values for regular cis and trans geome-
tries. In solution, however, a distorted trans configuration seems indicated for
the complex from its 60 MHz ‘H NMR spectrum. Thus in CDCl;, the spectrum
reveals a single Sn—Me resonance and %J(}!°Sn—Me) value of 88.7 Hz, compara-
ble to that observed for several trans-[SnMe,] octahedral structures [16,22],
and appreciably larger than 71.2 Hz reported [23] for [SnMe,(oxin),] which,
from X-ray structural evidence [21], has a distorted cis geometry (C—Sn—C
angle = 110.7°).

The complex [SnPh,(oxin)(fbm)], which contains two dissimilar chelating
ligands coordinated to tin, shows a g.s. value compatible with cis-[SnPh,]
stereochemistry and on the basis of comparison UV spectra in chloroform,
shows little tendency to disproportionate to [SnPh,(oxin),] and [SnPh,-
(fbm), 1. In the IR (hexachlorobutadiene mull), the complex showed a broad
carbonyl stretching frequency centred at 1532 cm™!.

The complex [SnPh,(quin)(oxin}] also showed stability towards dispropor-
tionation in chloroforra, but the related derivative, [ SnBuPh(quin)(oxin)},
which is only sparingly soluble, appears to be quite labile in this medium.

A stereochemical preference for cis configuration of the phenyl groups at tin
is also strongly indicated from the Mo6ssbauer result for [ SnPh,(oxin)-
(S;CNMe,)]. This complex together with [SnMe,(oxin)(trop)] (trop = tropolo-
nate) [6] and [SnPh {oxin)(Ch)] (Ch = acac or fbm) formally constitute exam-
ples of mixed chelate organotin compounds containing the 5-membered oxin
ring in combination respectively with other four-, five- and six-membered che-
late rings.

The mixed dithiocarbamato complex, [SnMe,(S,CNMe,)(S,CNEt,)], shows
somewhat lower c.s. and qg.s. values than the corresponding symmetrical bisdi-
thiocarbamato complexes (Table 2). The tin atom in [SnMe,(S,CNMe,),] has
been shown from a erystal structure study [24] to be in a distorted octahedral
trans-[SnR,X,] environment, with the methyl groups lying above and below
the plane formed by the four S atoms of the two anisobidentate [25] N,N-
dimethyldithiocarbamate ligands. The C—Sn—C bond angle in this latter com-
plex is cbserved to be 136°, while for [SnPh,(S,CNEt,),], which has a
distorted octahedral cis-[SnR,X,] geometry [26], the observed value is 101.4°.
The calculated q.s. for a eis octahedral structure for [SnMe,(S,CNMe,)-
(S,CNEt,)] is —1.56 mm s~ !. This is clearly not in agreement with the observed
g.s. value for the complex which is more in accord with the calculated value
based on trans stereochemistry. This prompts us to suggest a highly distorted
trans octahedral structure for the mixed dithiocarbamato complex. It is instruc-
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tive that the c.s. for this complex lies intermediate between the values [27] for
[SnPh,(S,CNEt,),] and [SnMe,(S,CNMe,),], suggesting [28] that the C—Sn—C
bond angle is probably also intermediate between the “cis’ and ‘“‘trans’’ values
of the symmetrical bischelates. The 'H NMR spectrum of [SnMe,(S,CNMe,)-
(S,CNEt,)] in CDCI; shows a single Sn—Me resonance at 6 1.50 ppm and 2J
value of 85 Hz. These data compare favourably with those reported for
[SnMe,(S5,CNMe,),] [29]. In the IR (Nujol mull), the following bands (cm™!)
may be readily assigned for [SnMe,(S,CNMe,)(S,CNEt,)]: 1488s v(C-=N), 984,
976s, doublet v(C==S), 555m v,.(Sn—C), 384w, 368w v(Sn—S). The complex
also appears to be stable in chloroform and this contrasts witna the lability of
mixed chelates of dimethyltin containing combinations of N,N-dimethylmono-
thio-, -monoseleno-, -dithio-, -thioseleno- and -diselenocarbamates reported pre-

viously by Tanaka and coworkers {8].
A trans-[SnMe,] configuration may be unambiguously assigned for the

mixed ligand cationic complex, [SnMe,(PPh;0),(AsPh;0),][BPh,l., for which
the observed q.s. value is close to the average of the values 4.75 and 4.03 mm

s ! reported [15] for [SnMe,(PPh;0),][BPh,], and [SnMe,(AsPh;0),][BPh,],,
respectively, and also in excellent agreement with the calculated value (Ta-

ble 2).
Further synthetic studies on an extended range of mixed chelate complexes

of diorganotins are currently in progress and these will be reported at a later date

Acknowledgement

The authors are grateful to the University of Malaya and the International
Tin Research Council, London, for permission to publish this paper.

References

D.L. Kepert, J. Ozanometal. Chem., 107 (1976) 49.

J.S. Tse, T.K. Sham and G.M. Bancroft, Canad. J. Chem., 57 (1979) 2223.

H.A. Bent, J. Inorg. Nucl. Chem., 19 (1961) 43.

T.XK. Sham, J.S. Tse, V. Wellington and G_M. Bancroit, Canad. J. Chem., 55 (1977) 3487.

V.G. Kumar Das, Ng Seik Weng, P.J. Smith and Robin Hill, J. Chem. Soc., Dalton Trans, in press.
M. Komura, T. Tanaka, T. Mukai and R. Okawara, Inorg. Nucl. Chem. Lett., 3 (1967) 17.

A_.H. Westlake and D.F. Martin, J. Inorg. Nucl. Chem., 27 (1965) 1579.

K. Tanaka, S. Araki and T. Tanaka, Inorg. Chim. Acta., 16 (1976) 107.

W.H. Nelson and D.F. Martin, J. Inorg. Nucl. Chem., 27 (1964) 89.

10 T. Moeller and A.J. Cohen, Anal. Chem., 22 (1950) 686.

11 R.J. Magee and M.J. O’Connor, Inorg. Chim. Acta, 16 (1976) 107.

12 S. Akerstrom. Arkiv. Kemi, 24 (1965) 495; Chem. Abs., 63 (1965) 12160,

13 V.G. Kumar Das, Ng Seik Weng and P.J. Smith, Inorg. Chim. Acta, in press.

14 G.M. Bancroft and R.H. Platt, Adv. Inorg. Chem. Radiochem., 15 (1972) 59.

15 G.M. Bancroft, V.G. Kumar Das and K.D. Butler, J. Chem. Soc., Dalton Trans, (1974) 2355.
16 T.K. Sham and G.M. Bancroft, Inorg. Chem., 14 {1975) 2281.

17 B.W. Fitzsimmons, N.J. Seeley and A.W. Smith, J. Chem. Soc. A, 143 (1969).

18 D.L. Kepert, Progr. Inorg. Chem., 23 (1977) 1.

19 R.C. Poler, J.N.R. Ruddick, N. Thevarasa and W.R. McWhinnie, J. Chem. Soc. S. (1969) 2237.
20 P.G. Harrison, T.J. King and J.A. Richards, J. Chem. Soc., Dalton Trans., (1973) 1723.

21 E.O. Schlemper, Inorg. Chem., 6 (1967) 2012.

22 V.G. Kumar Das, J. Inorg. Nucl. Chem., 38 (1976) 1241 and references therein.

23 M.M. McGrady and R.S. Tobias, J. Amer. Chem. Soc., 87 (1965) 1909.

24 M. Honda, M. Komura, Y. Kawasaki, T. Tanakz and R. Okawara, J. Inorg. Nucl. Chem., 30 (1968)
3231.

CO~NOOMd W



190

25
26
27
28
29
30

J.L.K.F.de Vries and R.H, Herber, Inorg. Chem., 11 (1972) 2458.

P.F. Lindley and P. Carr, J. Cryst. Mol. Struct., 4 (1974) 173.

B.W. Fitzsimmons, A.A. Owusu, N.J. Seeley and AW, Smith, J. Chem. Soc. A, (1970) 935.
R.V. Parish and R.H. Platt, Inorg. Chim. Acta, 4 (1970) 589.

T. Kimura, N.Y. Yasueka, N, Kasai and M. Kakudo, Bull. Chem. Soc., Japan 45 (1972) 1649.
R.V. Parish and C.E. Johnson, J. Chem. Soc, A, (1971) 1906.



