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Summary

Bis(triorganometal) and diorganometal 1,3-dithiolates (R;M),(C,H,XS,)
(C,H; XS, 1,3-dithiobenzene (for X = H) or 1,3-dithio-4-chlorobenzene (for X = Cl);
M = Sn, X=Cl, R=CH,, C;H;; M=Pb, X=H, Cl, R = CH,;, C,H,, C;H;) and
R, M(C,H,XS,) (R=CH,, C,H;, CGH;: M=5n, X=Cl; M=Pb, X=H, Cl)
have been prepared as the first organometal IVB derivatives of 1,3-dithiols, and
investigated by vibrational, !H NMR, and (in the case of organotin compounds)
Maossbauer spectroscopy. The triorganometal derivatives are monomeric and the
diorganometal derivatives dimeric in solution (37°C). For the latter a twelve-mem-
bered ring structure is proposed for both solution and the solid state.

Introduction

There are many organotin and organolead derivatives of aliphatic dithiols [1-13]
but knowledge on appropriate aromatic derivatives is limited to some toluene-3,4-di-
thiolates [8,12,13]. As part of our investigations of organometal derivatives of
oligofunctional compounds we have now obtained the first organotin and organolead
1,3-dithiolates, and describe below their preparation and characterization.

Results and discussion

Various methods seemed feasible for the preparation of organotin and organolead
dithiolates. Of these, acidolysis proved not to be practicable. The alkali metal
chloride method and the neutralization were especially advantageous for preparing
organotin 1,3-dithiolates in high yields and high purity. The alkali metal chloride

) (Continued on p. 286)
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method failed for organolead 1,3-dithiolates due to their thermal sensitivity, but the
neutralization method was successful. Ligand exchange, used in the reaction of
organolead acetates with 1,3-dithiols was also satisfactory. In the preparations of
organolead 1,3-dithiolates light had to be excluded, and temperatures below 0°C
were advisable and the sensitivity of the dithiols to oxygen has always to be taken
into account. The newly prepared 1,3-dithiolates with the methods used for their
preparation are listed in Table 1, together with melting points, yields and analytical
data. Details of the preparations are given in the Experimental.

The organotin, and the bis(triorganolead) 1,3-dithiolates are colourless. On ex-
posure to light the lead compounds turn yellow within a few minutes. The di-
organolead 1,3-dithiolates are yellow. All the organolead derivatives have to be
stored at low temperature.

DTA /TG studies of the thermal decomposition of the compounds in no case
showed distinguishable steps. Comparison of observed weights of the residue and of
the weights, which were calculated by assuming radical decomposition or redistribu-
tion [14] indicated that in the case of bis(triorganometal) 1.3-dithiolates decomposi-
tion proceeds by a redistribution process. This was confirmed by the identification
of Ph,Pb, as the product of the first step of the redistribution of triphenyllead
compounds in the solid state [15].

The bis(triorganolead) 1.3-dithiolates are soluble in acetone, and chloroform. The
dialkyllead derivatives dissolve only in DMSO at about 90 ° C. but decomposition is
observed at this temperature. The tin compounds are very soluble in chloroform and
methylene chloride, and less soluble in other organic solvents. All the compounds
are insoluble in water and under normal conditions no hydrolysis occurs.

According to molecular weight measurements the bis(triorganometal) 1,3-dithio-
lates are monomeric in solution (see Table 1) and the diphenylmetal and the
dialkyltin 1,3-dithiolates are dimeric. However, in DMSO, Ph,M(C,H,CIS,) and
Me, Pb(C,H,CIS,) at 90 ° C showed molecular weights corresponding to those of the
monomers, but the possibility that decomposition products were responsibie for the
low value could not be ruled out. Such an explanation seems plausible, since the
molecular weight of Et,Pb(C,H,C1S,) in DMSO at 90 °C immediately after dissolu-
tion corresponded to that of a dimeric species but soon started to decrease, and
decomposition products separated from the solution.

In the IR and Raman spectra of all 1,3-dithiolates the »(SH) band was absent,
and bands between 280 and 380 cm™ ! were observed in the range in which »(MS)
are to be expected [11,16-18] (see Table 2). The Raman spectra of some organolead
compounds could not be recorded, because of the deep colour or decomposition.
The characteristic absorptions of the organo groups R (R = Me, Et, Ph) and of the
dithiolate ligands (except v(CS)) were practically unchanged when compared with
those in the corresponding reactant. The »(CS) band which appears in the 1.3-di-
thiolates at 680 cm ', was shifted to lower wavelengths; the shift was about 20-30
cm ™' for the phenylmetal and about 10 ecm™! for the alkylmetal derivatives (see
Table 2). The »(MC) and », (MC) [19] bands in the IR and Raman spectra of the
methylmetal compounds (see Table 2) were of about equal intensity. Since the
exclusion principle is not obeyed, planarity of the MC, skeleton in the bis(tri-
organometal) derivatives and linearity of the MC, skeleton in the dimethylmetal
derivatives is excluded.

The Mossbauer spectra of the organotin dithiolates consisted of well resolved
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TABLE 2

VIBRATIONAL DATA FOR ORGANOTIN AND ORGANOLEAD 1,3-DITHIOLATES (em™ 1)
(Raman data in brackets)

Compound »(C-S) v (M-Y)“ v (M-Y)“ v(M-S)
1,3-C,H;CIS, * 680 - - -
Me, Sn(C,H,CIS,) 670, 550s 523m 361 330
(675) (552)s (525)vs (360)  (330)
{Me,Sn),(CsH,CIS, ) 673 560m,540vs 512s 355 323
(675) (560w,540s)  (515)vs (355)  (325)
Et,Sn(C¢H,CIS,) 675 569 515 363 333
(670) (565) (515) (365)  (340)
Ph,Sn(C¢H,CIS,) 670 265 360 340 320
(653) (265) (240) (349) (320)
(Ph,Sn),(C¢H,CIS,) 660 270 228 357 344 338
(655) (267) (217) (355)  (345)
Me, Pb(C4H,CIS, ) 675 490m 445m 34 297
(673) (490)m (445)vvs (340) (302)
{Me;Pb),(C4H,CIS,) 670 485vvs 459vs 340 326 285
(675) (480)vs (465)vvs (343)  (333) (290)
Et,Pb(C,H,CIS,) 670 470 433 338 293
(670) (470) (430) (333) (295)
(Et3Pb),(CoH,CIS,) 680 461 439 325 271
(675) (463) (438) (335) (275)
Ph, Pb(C,H;CIS,) 646 367 310
(638) (235) (203) (345)  (320) (310)
(Ph;Pb),(CeH,CIS,) 665 343 307
(645) (225) (200) (340) (305)
1,3-C¢H,S,* 680 - - -
Me, Pb(C4H,S,) 673 498m 460s 295
(675) (510)m (465)vs (310)
(Me,Pb),(C4H,S,) 663 488s 460m 363 288
(672) (495)s (46T)vvs (304) (282)
Et,Pb(C,H,S,) 660 460 440 290
(670) (479) (445) (305)
(Et,Pb),(CsH,S,) 675 465 438 350
(670) (474) (445) (280)
Ph,Pb(C,H,S,) 367 310
(645) (234) (202) (316) (297)
(Ph,Pb),(C,H,S,) ‘ 379 31s 282
(648) (228) (200) (320)

“ Y = CH,, C,H;, CgH,. ? 1,3-C4H;CIS, =1,3-dithio-4-chlorobenzene; 1,3-C¢HS, =1,3-dithiobenzene.

doublets with fairly narrow linewidths. The relevant parameters are reported in
Table 3; the values of § and AE are fully consistent with those of the analogous
compounds listed in Table 4 (for environments of tin atoms Alk,SnS,, Alk;SnS,
Ph,SnS, and Ph,SnS, respectively), to which tetrahedral structures have been
assigned from spectroscopic studies (see references in Table 4) and determined by
X-ray diffractometry [25,26].

Tetrahedral environments for the tin atoms in our dithiolates are inferred also
from quantitative, semiempirical rationalizations of the Mossbauer parameters AE
and 3, as well as from the “fingerprint” criteria considered above. The calculated
point-charge model values of AE, mm s~ !, for regular tetrahedral structures [10] are
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TABLE 3
MOSSBAUER DATA FOR ORGANOTIN 1,3-DITHIOLATES ¢

Compound 8° AES 4 r,¢
(mms") (mmsfl) (mms’l) (mms'l)
Me,Sn(C,H,ClS, ) 144 2.00 0.89 094
(Me,Sn),(CoH,CIS, ) 1.34 2.10 091 091
Et,Sn(C,H,CIS,) 1.55 234 0.97 0.96
Ph,Sn(C,H,CIS, ) 138 1.54 0.96 0.96
(Ph3Sn),(C, H,CIS, ) 1.32 1.58 0.90 0.91
“ Determined at 77K Sample thicknesses were generally around 1 mg ''”Sn em™ 2. * Isomer shift with

respect to CaSnQO; at room temperature; standard error +0.01 mm s~ ! see ref. 20 ¢ Expenmental

nuclear quadrupole sphitting: standard error +001 mms . 4 Full widths at half-height of the resonance

peaks

as follows: Alk,Sn(SPh),, 1.88 [10]; Alk,SnSPh, —1.64: Ph,Sn(SPh),, 1.63 [10];
Ph,SnSPh, —1.42. The experimental AE data for the dithiolates in Table 3 agree
with those calculated for analogous environments of the tin atoms, although those of

TABLE 4

MOSSBAUER PARAMETERS FOR A SELECTION OF COMPOUNDS WITH C,SnS, AND (,SnS
TETRAHEDRAL ENVIRONMENTS

Compound ? 8" AE: Ref
(mms™") (mms”")

Me,Sn(SPh), 1.43 2.20 10
Me,Sn(SC,, H,), 1.44 1.59 21
Me,Sn(SCH,C H,), 1.44 1.65 21
Et,Sn(SPh), 1.50 198 10
PriSn(SPh), 1.50 2.01 10
BujSn(SMe), 1.48 2.11 10
Bu?Sn(SEy), 1.45 1.66 10
Bu’Sn(SC;, Has)a 144 1.58 1021
Bu2Sn(SPh), 1.50 1.96 10
Oct}Sn(SPh), 1.48 1.92 10
Ph,Sn(SPh), 1.40 1.7 10
Et,SnSBu" 160 1.80 22
Et,SnSPh 1.62 2.07 22
Bu"SnS(CH,),SSnBu? 1.39 1.75 23
Bu3}SnSC,,H s 1.50 1.44 21
BuiSnSCH,COONa 1.45 1.59 21
Bu'iSnSPh 1.42 2.03 23
Bu’SnS(CH,),CH(NH,)COOH 135 1.54 24
Cy;SnSCH,CH(NH,)COOH 1.44 1.68 24
Cy;S$nS(CH, ),CH(NH,)COOH 1.45 163 24
Np,SnSCH,CH(NH,)COOH 1.36 1.79 24
Np,SnS(CH,),CH(NH,)COOH 1.35 170 24
Ph,SnSPh 1.40 1.16 22
Ph,SnSPh 1.32 1.41 23
Ph,SnS(CH,),SSnPh, 1.32 1.22 23
Ph,SnSCH,CH(NH, )COOH 1.24 1.34 24
Ph,SnS(CH,),CH(NH,)COOH 1.28 1.48 24

“ Abbreviations: Cy = cyclohexyl, Np = neophyl. ” Isomer shift with respect to S$nQ,. BaSnO,; or
CaSnO,, at hquid N, temperature. © Nuclear quadrupole splitting at liqumid N, temperature.
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TABLE 5

DATA POINTS §/Qg, FOR SOME SERIES OF DI- AND TRI-ORGANOTIN THIOLATES WITH
TETRAHEDRAL TIN ENVIRONMENTS

(Calculations have been effected by the program CHELEQ, assuming tetrahedral valence bond structures
of tin environments, with bond orders 1.00 and partial charges 0.00; further input parameters in the
molecules have been attributed as usual [28,29]).

Homologous series “ 8 Osn
Alk,Sn(SR), 1.47+0.01 0.118 +0.001
Ph,Sn(SR), 1.39 0.166
Alk ;SnSR 1.44+0.03 0.055 £ 0.001
Ph,SnSR 1.30+0.02 0.124

“ Include the compounds listed in the Tables 3 and 4. »¢ Mean values; standard errors are reported
whenever applicablz. ® Mossbauer isomer shifts. ¢ Partial atomic charges on tin, see text.

the Me,Sn!Y and Et,Sn!Y derivatives slightly exceed the usual maximum difference
(£0.4 mm s~ 1) [27].

Rationalization of the § values for the organotin dithiolates, (Table 3) has been
effected by their correlation with partial atomic charges on tin, Qg,, obtained by
valence state orbital electronegativity equalization upon bond formation [28,29]. The
values in Table S clearly show that four distinct data points are obtained for any
particular tetrahedral environment of tin atoms (where the individual values 8 /Qg,
of our compounds excellently insert), which could perhaps belong to two 8/Qg,
correlations, i.e., Alk,Sn(SR),-Alk,SnSR and Ph,Sn(SR),-Ph;SnSR, concerning
tetrahedral tin sites in R,Sn'"Y and R;Sn'"Y complexes.

An X-ray determination of 1,3-dithiolato-4-chlorobenzenediphenyltin(IV) showed
that this compound is dimeric in the solide state [30]. A twelve-membered ring is
formed by two molecules of Ph,Sn(C,H,CIS,) according to (I):

Cl R R
S—\M/
S
S
~M—S§
7/ \
R Cl
()

Neither intra- nor inter-molecular contacts increase the coordination of the
central atom, which is tetrahedrally bonded by two C(phenyl) and two S atoms. This
result confirms the tetrahedral coordination of Sn in Ph,Sn(C,H,CIS,) inferred
from Mossbauer measurements.

From the similarity of properties, the Mossbauer data for organotin 1,3-dithio-
lates, and the results of the X-ray structural study of 1,3-dithiolato-4-chloroben-
zenediphenyltin(IV) [30], it is inferred that analogous MC, skeletons are present also
in the other diorganometal 1,3-dithiolates. In this connection it should be recalled
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that non-linearity of the SnC, skeleton was indicated by the vibrational spectra of
solid Me,Sn(C,H,CIS,). It also seems reasonable to assume that non-planar MC,
skeletons are present not only in the bis(trimethylmetal) derivatives but also in the
other bis(triorganometal) 1,3-dithiolates.

Mass spectral data indicate a dimeric nature for the diorganotin derivatives. The

mass spectra of the dialkyltin 1,3-dithiolates show peaks corresponding to the
molecule ion M* of the dimeric unit:
M*: [Me,Sn(C,H,CIS,)], m/e = 648; [Et,Sn(C,H;CIS,)], m/e =704. The mass
spectrum of the diphenyltin derivative did not show the M* ion but gave peaks
corresponding to the monomer and also to ions with m/e values higher than
calculated for the monomeric unit.

The observations that diorganotin 1,3-dithiolates are dimeric in the solid state and
that diorganotin and diorganolead 1,3-dithiolates are dimeric in solution suggest that
all the compounds in the solid state and in solution, have structures of the type
shown in L.

The '"H NMR spectra of all organometal 1,3-dithiolates showed no SH signals
(8(SH) of C;HCIS, 3.40, 3.84 ppm; of C;H(S, 3.41 ppm). The chemical shifts and
coupling constants for the methylmetal derivatives are listed in Table 6. In all cases
the integration ratio corresponded to the calculated value: the ratio R ;M /dithiolate
1s 2/1 for the bis(triorganometal) derivatives, and R, M /dithiolate=1,/1 for the
diorganometal derivatives.

The proton H_ (see Table 6) shows a weak paramagnetic shift, which can be
explained by inductive and anisotropic effects [31]. The values of the coupling
constants (in CDCl,;) 2J(''°Sn'H) and 2J(*’Pb'H), respectively, correspond to
values found in tetracoordinated organotin and organolead compounds: 2/(1°Sn'H)
of Me,Sn in CCl, 54 Hz [32]; 27(*"Pb'H) of Me,Pb in CCl, 60 Hz [8}, in CDCl, 63
Hz [33,34]. In coordinating solvents the methylmetal 1,3-dithiolates show higher
coupling constants as the coordination is increased [32,35,36].

The percentages s-character [32] of the Sn—C bond in Me,Sn(C,H,CIS,) and
(Me,Sn), (C,H,CIS,) in CDCI, solution are calculated to be 27 and 26%, respec-
tively, indicating tetracoordination, i.e. no additional coordination at Sn. Analogous
calculation for Me,Sn(C4H,CIS,) in DMSO-d, solution indicates 32% s-character,
which corresponds quite well to pentacoordination and to trigonal bipyramidal
geometry around Sn.

The value of 29% s-character calculated for (Me,Sn),(C,H,;CIS,) in DMSO-d
indicates that the hybridization at Sn is changed towards sp? by coordination of
DMSO molecules. This observation is in accordance with the generally observed
lower coordination tendency of triorganotin compounds compared with diorganotin
compounds.

The coupling constants 2J(**’Pb'H) of (Me;Pb),(C4H,C1S,) and of
(Me,Pb),(C,H,S,) also increase on going from CDCl; to DMSO-d, as solvent (see
Table 6), indicating increase of the coordination number. The same trend was
observed in some dimethyllead complexes [37].

The coupling constants 2J(**’ Pb'H) of Me, Pb(C H,CIS,) and Me, Pb(C(H,S, ) in
DMSO-d, solution are comparable to those of the appropriate bis(trimethyllead)
derivatives (values of 2/(**’Pb'H) for the dimethyllead compounds in CDCl, could
not be determined, due to lacking solubility). We assume that the dimethyllead
derivatives also coordinate DMSO molecules, like the dimethyltin compounds.
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In the "H NMR spectra of solutions of the dimethyllead compounds signals at &
0.71 ppm, *J(**’Pb'H) couplings of 64 Hz were observed. These can be assigned to
Me, Pb, which was produced by decomposition during dissolution of the compounds
in DMSO-d, (solid decomposition products separated from the solution. see above).
Changes in the '"H NMR spectra of Et,Pb(C,H,ClS,) and Et,Pb(C,H,S,) in
DMSO-d, can be interpreted similarly in terms of formation of Et,Pb.

Experimental

The lead derivatives had to be prepared in anhydrous solvents under argon with
exclusion of light. The dithiols were treated with the appropriate diorganometal
compounds in the molar ratio 1/1 and with the triorganometal compounds in the
molar ratio 1/2. Lead was determined complexometrically, and C and H by the
usual method. IR spectra (CsBr, Nujol) were recorded with Perkin-Elmer grating
spectrometers PE 457 and PE 580B, Raman spectra with a Coderg laser Raman
spectrometer PHO (A 488 nm; 647.1 nm), and 'H NMR spectra with a Perkin—Elmer
90 MHz spectrometer R32 at 37°C.

The Maossbauer spectra were obtained as usual [38]. A Ca''°SnO, source from the
Radiochemical Centre, Amersham (G.B.) was used, moving at room temperature
with constant acceleration and triangular waveform. The compounds listed in Table
1 were each prepared by one or more of the following procedures.

Procedure 1

A mixture of 1.1 g KOH in 15 ml methanol and 1.35 g 1,3-dithio-4-chlorobenzene
in 10 ml methanol was homogenized by shaking, and the pH value was adjusted to 7
by addition of 2 N hydrochloric acid if necessary. Solutions or suspensions of 7.6
mmol R,SnCl, (R = Me, Et. Ph) in 10 ml water were added during 0.5 h with
vigorous stirring. After 2 h the white, crystalline precipitate was filtered off, washed
with water, dried in vacuo and dissolved in CH,Cl,. The solution was dried over
Na,SO,. and the product was precipitated by addition of n-hexane.

Procedure 2

A solution of 3 mmol dithiol in 20 ml methanol was added during 0.5 h to a
suspension of 6 mmol R,SnOH (R = Me, Ph) in 20 ml methanol. After 2 h the
precipitate which had separated was recrystallized from CHCI,. Ph,PbOH and
Me,Pb(OH), were treated analogously with the dithiols at —10 to —70°C. Because
of their insolubility the dimethyllead derivatives could not be recrystallized. 1.3-Di-
thiolato-4-chlorobenzenediphenyltin(IV) could also be prepared by the neutral-
zation method if the starting compound Ph,SnO was used immediately after its
preparation.

Procedure 3

A solution of 2.5 mmol dithiol in 20 ml absolute methanol (or acetone) was added
to a suspension of 2.5 mmol R,Pb(OAc), (R = Me, Et, Ph) or 5 mmol R,PbOAc
(R = Me, Et, Ph) in 20 ml absolute methanol (or acetone). In the case of the
reactions with R, Pb(OAc), a yellow product separated, and was filtered off after 1
h. It was washed with methanol or acetone and dried in vacuo. To avoid redistribu-
tion the suspensions of R,Pb(OAc), (R = Me, Et). were prepared with ice cooling.
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In the case of the reactions of R;PbOAc only small amounts of a yellow product

separated and this was filtered off and discarded. The slightly yellow filtrates were
concentrated in vacuo at —10°C, and during this operation a slightly yellowish
white product separated, which quickly turned yellow on exposure to light.
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