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Bis(triorganometal) 1,Zdithiolates (R,M),!$R’ [(HS),R’ = C,H,S, for toluene- 
dithiol-3,4 (H,TDT); M = Sn, Pb; R = Ph; or (HS),R’ = C,,H,,S, for 1,2-d& 
methyl-4,5bis(mercaptomethyl)benzene (H,DBB); M = Sn, R = CH,, C,H,; M = 
Pb, R = C,H,], diorganometal 1,Zdithiolates R,M$R’ [(HS),R’ = C,H,S, for 
1,2dimercaptobenzene (H,DMB); M = Pb, R = CH,, C,H,, C,H,; or (HS),R’ = 
H,TDT; M = Sn, R- CH,, C,H,; M= Pb, R= C,H,; or (HS)2R’= H,DBB; 
M = Sn, R = CH,, C,H,; M = Pb, R = CH,, C,H,, CsH,; or (HS),R’ = C,H,N,S, 
for 2,3-dimercaptoquinoxaline (H,QDT); M = Pb, R = C,H,] and some lead(IV) 
and lead(I1) dithiolates Pb(S,R’), [(HS),R’ = H,DMB, n = 2; (HS),R’ = H,TDT, 
n = 2; (HS),R’ = H,DBB, n = 1 or 21 have been prepared. Vibrational, ‘H NMR, 
and Mijssbauer spectroscopic data are consistent with pentacoordination of tin in 
R,SnTDT and with tetracoordination of tin in R,SnS,R’ and (R,Sn),S,R’ in the 
solid state. The soluble compounds are monomeric in solution. Coupling constants 
for the methyltin compounds indicate tetracoordination in solution. 

Introduction 

Knowledge of organotin and organolead derivatives of aromatic dithiols is limited 
to some derivatives of 3,4-toluenedithiol (H,TDT): R,MTDT (M = Sn, Pb; R = Me, 
Ph) [l-5], and various N-donor [2] adducts and halide complexes of R,SnTDT [a]. 
We were only recently able to prepare and characterize the first 1,fdithiolates 
(R,M),(C,H,X$) and R2M(GH3Xq) (M= Sn, Pb; X= H, Cl) [7,8]. As a 
continuation of this work, and as part of our investigations of organometal deriva- 
tives of oligofunctional compounds, we synthesized triorganotin and triorganolead 
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l,Zdithiolates, which had not previously been mentioned in the literature. These 
along with the first examples of some other unknown types of compounds, namely 
organolead and organotin derivatives of 1,2-dimethyl-4,5bis(mercaptomethyl)ben- 
zene (H,DBB) and diphenyllead quinoxaline-2,3-dithiolate (Ph,PbQDT) [2,3-di- 
mercaptoquinoxaline: H,QDT] are described below, as well as some other new 
diorganolead 1,Zdithiolates. We have also made some lead(IV) and lead(I1) dithio- 
lates. The 3,4-toluenedithiolates M(TDT), and related compounds (M = Sn, Pb) 
[2,3,6,9,10] and PbTDT [ll] have been studied before. 

Results and discussion 

The compounds studied are listed in Table 1 along with the methods of prepara- 
tion, yields, analytical data, molecular weights, and melting points. The lead com- 
pounds are conveniently obtained by ligand exchange starting from the appropriate 
organolead acetate, lead(IV) acetate, or lead(I1) acetate and the dithiols. The acetate 
R,PbOAc (R = Me, Et) reacted with H,DBB at - 10 to 30°C in acetone, but only 
decomposition products could be isolated. Reaction of R,PbOAc and H,DMB 
(H,DMB = 1,2-dimercapiobenzene) under the same conditions occurred only to a 
minor extent. The yellow reaction product decomposed upon attempted isolation. 
Ph,SnDBB was obtained when freshly prepared diphenyltin oxide was treated 
immediately with H,DBB. The alkali chloride method was used to prepare R,SnTDT 
(R = Me, Ph) [2] and Me,SnDBB. During all the procedures in the preparation of 
organolead dithiolates light had to be excluded and reactions had to be performed at 
or below 0°C. The sensitivity of dithiols to oxidants must always be borne in mind. 
All organotin dithiolates prepared in this work are colorless. The lead(IV) and 
lead(I1) dithiolates are yellow to orange, and the organolead dithiolates are yellow, 
except for (Ph,Pb),DBB which separates after its preparation as white crystals, 
which turn yellow on exposure to light. The organolead derivatives must be stored at 
low temperature. Most of them decompose on or before melting. No conclusions 
regarding definite steps of thermal decomposition could be drawn from DTA/TG 
measurements. 

The organotin dithiolates, the dialkyllead derivatives of H,DBB and H,DMB, 
and the phenyllead dithiolates with the exception of Ph,PbQDT are soluble in 
CHCl, and/or acetone. In such solutions they are monomeric (see Table 1). 
R,PbDMB (R = Me, Et) undergoes aging, and after some days it dissolves com- 
pletely in DMSO only at about 9O’C. Ph,PbQDT also is soluble in DMSO, and is 
monomeric in this solvent. The dialkyllead derivatives of H,TDT requires a temper- 
ature of 90°C for dissolution in DMSO, and decomposition occurs at this tempera- 
ture. The lead(I1) and the lead(IV) dithiolates are insoluble in common organic 
solvents, but the lead(IV) dithiolates show some solubility in pyridine. All the 
compounds are insoluble in water and under normal conditions no hydrolysis 
occurs. 

The IR and Raman data are listed in Table 2. The Raman spectra of some lead 
and organolead dithiolates could not be measured because of the deep color or 
decomposition. The v(SH) band was missing in all the spectra. Frequencies in the 
range 280-380 cm-’ can be assigned to v(MS) [12-151. Except for v(CS) the 
characteristic absorptions of the organic groups at M and of the dithiolate ligands 
were practically unchanged in the products compared with those of the appropriate 
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TABLE 2 

VIBRATION SPECTRAL DATA FOR ORGANOMETAL, LEAD(W), AND LEAD(I1) DITHIO- 
LATES (cm-‘) 

[Raman data in parentheses; formula abbreviations see Table l] 

Compound P(C-S) ~,v(M-y) a r.v(M-Y) 0 v(M-S) 

WV, tH,DMB) 
Me, PbDMB ’ 
Et s PbDMB b 
Ph, PbDMB 

Pb(DMB), 

C,H,S, (H,TDT) 

Me,SnTDT 

Ph,SnTDT 

(Ph,Sn),TDT 

Ph r PbTDT 

(Ph,Pb),TDT 

Pb(TDT), 

C,cHt,S (H,DBB) 
Me,SnDBB 

(Me,Sn),DBB 

Ph,SnDBB 

(Ph,Sn),DBB 

Me,PbDBB b 
Et s PbDBB 

Ph,PbDBB 

(Ph,Pb),DBB 

Pb(DBB), 

PbDBB * 

660 
656 

_d 

650 

(642) 
658 

(657) 
687 

(690) 
637 

(635) 
678 

(661) 

(Z) 
631 

(640) 
617 

(640) 
635 

678 
688 

(688) 
653 

(675) 
630 

(660) 
662 

(658) 
628 
665 

_d 

677 

(645) 
675 

(645) 
678 

(680) 
682 

C,H,N,S, (HsQDT) ’ 658 
Ph,PbQDT s 

_= 
473 

(23;; 

555s 
(548)m 
287 

(270) 
265 

(267) 
_= 

(235) 

(225; 

548s 

(544)m 
538~s 

(538)~s 
265 

(263) 
268 

(265) 
499s 
478 

(48’3) 

(22; 
225 

(224) 

(23;; 

- 
463w 
460,430 

(205; 

524~s 
(523)~s 

(222; 
_= 

(222) 

(205; 

(200; 

527s 
(525)~s 
513s 

(513)m 

(225; 

(21;; 
462s 

(‘z) 

(20;; 
210 

(210) 
- 

- 

(208; 

355 
355 

376 

(369) 
358 

(370) 
375 

(375) 
352 

(350) 
350 

(350) 

363 

(363) 
365 

(360) 

365 

355 

345 
340 
350 

(351) 
356 

- 

335 

(330) 
338 

(342) 
363 

(363) 

369 

345 

(333) 
344sh 

(345) 
345 

(345) 

(::) 
333 
339 

322 

(315) 
310 

(309) 
355 

390 
- 
- d 

(324-300) br 

a Y = CH,, C,H,. 
vibrations. d 

b Decomposed in laser beam during Raman measurements. ’ Superimposed by hgand 
No assignment made due to low intensity in the appropriate range. e Not observable. 

‘v(C-N) 1259 cm-‘. s v(C-N) 1270 (1267) cm-t. 

298 

(276) 

310 

(310) 
311 

(322) 
335 

(338) 
312 

(315) 

(305) 

(320) 

(332) 

(310) 
298 
298 

(297) 

$2) 

(298) 

(390) 
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dithiolate educt. Modes v(CS) were more or less shifted to lower wave numbers (see 
Table 2). From these observations complete reaction of the SH groups of the dithiol 
substrates and formation of M-S bonds (M = Sn, Pb) could be inferred. 

The IR and Raman bands of solid H,QDT at 3110 and 3090 cm-‘, and at 1630 
and 1610 cm-‘, respectively, can be assigned, following ref. 16, to v(NH) and 
6(NH). These absorptions are missing in the spectra of solid Ph,PbQDT, but there 
is a broad Raman band at 300-325 cm-‘, which can be assigned to v(Pb-S) [14,15]. 
From these observations it can be concluded that QDT2- is bonded in its enol-form 
[16] to the diphenyllead moiety through the S atoms. Further evidence for this comes 
from the shift of v(CN) to higher and of v(CS) to lower wave numbers. This type of 
bonding is consistent with the high affinity of sulfur to lead. 

The values of the nuclear quadrupole splitting parameters AE_,, shown in Table 
3, strongly suggest that our organotin(IV) dithiolates fall into two structurally 
distinct classes: (i) R,SnTDT; (ii) R,SnDBB, (R,Sn),DBB and (Ph,Sn),TDT. 

A solid state trigonal bipyramidal polymeric structure with bridging sulfur atoms, 
such as I in Fig. 1, has, in fact, been previously assigned [17] to R,SnTDT (R = Me, 
Ph) on the basis of the X-ray crystal and molecular structure of the homologous 
compound Me,Sn-ethane-1,Zdithiolate [21,22] as well as of the calculated point- 
charge model values of AE for a series of R2SniV dithiolates [17]. In the latter 
context, tetrahedral type structures II, Fig. 1, can be excluded in view of the values 
Of AEcalcd shown in Table 3. 

TABLE 3 

EXPERIMENTAL AND CALCULATED MGSSBAUER PARAMETERS FOR ORGANOTIN(IV) 
DITHIOLATES 0 

Compound b 8 ’ A&p d Ref. A&ted e Structure Ref. 
(mm s-l) (mm s-i) (mm s-t) (see Fig. 1) 

Me,% TDT 1.39 2.62 2 - 2.33 I 17 

(f)l.88 II 4 
Ph s Sn TDT 1.36 1.93 2 -1.95 I 17 

1.36 1.99 4 > (*)1.63 II 4 
Me,Sn DBB 1.37 1.68 this work - 2.33 I 17 

(*)2.04 II 4 
(MesSn), DBB 1.32 1.69 this work 1.75; 1.80 ’ III 4 

- 2.67 IV this work 
Ph,Sn DBB 1.30 1.27 this work - 1.95 I 17 

( f )1.75 II 4 
(PhsSn), TDT 1.31 1.49 this work - 1.42 III 7 

- 2.22 IV this work 
(PhsSn), DBB 1.33 1.34 this work - 1.54 III this work 

- 2.22 IV this work 

D The experimental parameters were determined at 77 K. The absorber sample thickness was in the range 
0.4-0.9 mg lt9Sn cm- ‘. FuIl widths at half-height of the resonance peaks are about 0.9 mm s-l. 
b C,H,S, = TDT*-; Ct,,H,,S, = DBB2-. ’ Isomer shift with respect to room temperature Sn02 or 
CaSnOs. d Experimental nuclear quadrupole splitting. e Calculated point-charge model values [19]. The 
following partial quadrupole splitting parameters, pqs, mm s -‘, have been employed [4,17-201: Struc- 
tures I and IV (Fig. 1): (AIk)‘& = - 1.13; {Ph)t& = -0.98; {S}&ti”s = -0.18; (S)‘& = -0.60 (tba = 
trigonal bipyramidal apical; tbe = trigonal bipyramidal equatorial). Structures II and III: ([AIk]-[hall)“’ 

= - 1.37; ([Ph]-[haI])re’ = - 1.26; ([S-Alk]-[haI])‘e’ = - 0.49; ([S-Ph]-[haI])“’ = -0.55. ’ Experimental data 
used in the estimation of pqs values ([S-AIk]-[hall)“’ [4]. 
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R 

* I 
s /R S-R* 

I 
R7sn’R 

R 

III IV 

Fig. 1. Regular structures of tin sites in organotin(IV) complexes of dithiolates assumed in point-charge 

model calculations of the nuclear quadrupole splittings AECalcd (Tab. 3). 

The AE,,, data for Me,SnDBB, (R,Sn),DBB (R = Me, Ph) and (Ph,Sn),TDT 
agree well with the corresponding values [7] of a series of tetrahedral Alk,Sn(SAlk),, 
R,SnSAlk and Ph,SnSPh compounds. In comparison with these values, AE,,, for 
Ph,SnDBB would appear to be particularly low, but it is clearly consistent with a 
tetrahedral type C,SnS, configuration. 

The point-charge model treatment of BE parameters confirms the presence of 
tetrahedral tin environments of type III, Fig. 1, for (R,Sn),DBB and (Ph,Sn),TDT 
in view of the excellent agreement between the values of AE,,, and AEcalcd in Table 
3, while excluding [18] the (in principle) possible trigonal bipyramidal structure IV. 
As far as the R,SnDBB complexes are concerned the tetrahedral structure II can be 
definitely assigned to the dimethyltin complex for the same reasons [18], and must 
be preferred for the diphenyltin complex in view of the better agreement of its AE,,, 
value with the corresponding AEcalcd value; the tbp structure I is excluded in both 
cases (see Table 3). 

The isomer shift data, S, for the compounds listed in Table 3 seem to be 
practically independent of whether the assigned structures are trigonal bipyramidal 
or tetrahedral (vide supra), and essentially correspond to the respective 6 data for 
tetrahedral R,Sn(SR’), and R,SnSR’ compounds [7]. This suggests that two bridg- 
ing sulfur atoms (in R,SnTDT, structure I) and one terminal sulfur (in R,Sn(SR’),, 
structure II) have comparable effects in determining the s-electron density at the tin 
nucleus. 

The ‘H NMR spectra of all the organometal compounds prepared in this 
investigation show no SH signals. Chemical shifts and coupling constants 2J(“9SniH) 
and 2J(207Pb1H) of methylmetal derivatives are listed in Table 4. In all cases the 
integration ratio was as expected: the R,M/dithiolate ratio is 2/l for the bis(tri- 
organometal) derivatives, and the R,M/dithiolate ratio is l/l for the diorganometal 
derivatives. 
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In the organolead derivatives of H,DBB there is a significant low field shift of the 
signals of the CH, protons in DBB’-, the deshielding being largest in Ph,PbDBB 
[&CH,)(in CDCl,) 4.31 ppm; 6(CH,) of H,DBB 3.79 ppm], with respect to 
Alk,PbDBB [Alk = Me, Et; 6(CH,) ( in acetone-d,) 4.14, 4.24 ppm]. The relevant 
chemical shift value of (Ph,Pb),DBB was found to be S 4.00 ppm (in CDCl,). The 
diorganotin compounds R,SnDBB [R = Me, Ph; 6(CH,) (in CDCl,) 3.96, 3.98 
ppm] also show a low field shift, though markedly less than that for R,PbDBB, and 
in contrast to the lead compounds there is practically no difference between 
Me,SnDBB and Ph,SnDBB. The complexity of the various factors determining the 
chemical shift S(CH,) is also demonstrated by the triorganotin species (R,Sn),DBB 
[R = Me, Ph; S(CH,) (in CDCl,) 3.87, 3.78 ppm]: the methyl compound, like 
Me,SnDBB, shows a distinct, though small low field shift with respect to H,DBB, 
while 6(CH,) for the diphenyltin derivative is practically the same as in H,DBB. 

Coupling constants 2J(“9Sn’H) for Me,SnTDT, Me,SnDBB and (Me,Sn),DBB 
in CDCl, solution are in the range 56 to 61 Hz (Table 4), and correspond to those 
for other tetracoordinated organotin dithiolates [7]. ‘H NMR spectra of the methyl- 
lead derivatives could not be measured in non-coordinating solvents because of 
insolubility. From a comparison of the coupling constants ‘J( 207Pb’H) for dimethyl- 
lead 1,3-dithiolates [7] and Me,PbTDT [5] with those for Me,PbDMB in DMSO-d, 
and M%PbDBB in (CD,),CO, it is inferred that coordination in all these com- 
pounds is greater than four. 

Experimental 

Because of their thermal instability the lead derivatives were prepared in anhydrous 
solvents under argon with exclusion of light at - 10 to - 70°C. 

The dithiols were treated with the appropriate diorganometal compounds or 
lead(I1) acetate in l/l molar ratio, with the triorganometal compounds in l/2 molar 
ratio, and with lead(IV) acetate in 2/l molar ratio. Lead was determined complexo- 
metrically, IR spectra (CsBr, Nujol) were recorded on Perkin-Elmer grating spec- 
trometers PE 457 and PE 580B, Raman spectra on a Coderg laser Raman spec- 
trometer PHO (X 488 nm; 647.1 nm), and ‘H NMR spectra on a Perkin-Elmer 90 
MHz spectrometer R 32 at 37°C. The Mossbauer spectra were obtained as previ- 
ously described [23]. 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 prepared by one or 
more of the following procedures. 

Procedure I 
A mixture of 0.3 g KOH in 10 ml methanol and 2.5 mm01 dithiol in 10 ml 

methanol was homogenized by shaking at room temperature, and the pH value was 
adjusted to 7 if necessary by addition of 2 N hydrochloric acid. Solutions of 
suspensions of 2.5 mm01 R,SnCl, (R = Me, Ph) in 10 ml water were added during 
0.5 h with vigorous stirring. A white crystalline precipitate separated immediately. 
After 1 h the precipitate was filtered off, washed with water, dried in vacua and 
dissolved in CH,Cl 2. The solution was dried over Na,SO,, and the product was 
precipitated by addition of n-hexane then recrystallized from CHCl,. 
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Procedure 2 
A solution of 2 mmol Ph,SnCl, in 5 ml methanol was added to a mixture of 0.25 

g KOH and 5 ml methanol. Ph,SnO separated immediately. It was washed twice 
with methanol and added to a solution of 2 mmol dithiole in methanol or CHCl, 
within 5 min. After 1 h small amounts of unchanged Ph,SnO were filtered off, and 
the clear colorless filtrate was concentrated in vacua. During this operation a white 
product separated, and was recrystallized from acetone. 

Procedure 3 
A solution of 2 mmol dithiol in 15 ml acetone (or methanol or CHCI,) was added 

during 0.5 h at room temperature with vigorous stirring to a suspension of 4 mmol 
R,SnOH (R = Me, Ph) in 15 ml acetone (or methanol or CHCl,). After 1 h the 
white precipitate was filtered off, dried in vacua and dissolved in CHCl,. The 
solution was dried over Na,SO,, concentrated in vacua, and cooled, and the product 
was precipitated by addition of n-hexane. 

Procedure 4 
A solution of 2.5 mmol dithiol in 20 ml absolute methanol (or acetone)‘was added 

to solutions or suspensions of 2.5 mm01 R,Pb(OAc), (R = Me, Et, Ph) or 5 mmol 
Ph,PbOAc in 20 ml absolute methanol (or acetone) at temperatures between 0 and 
- 30°C. In nearly all cases clear or slightly turbid mixtures were obtained. After 10 
to 30 min stirring small amounts of yellow products were filtered off. The clear 
yellow filtrates were concentrated in vacua at 0 to - lO”C, and during this operation 
slightly yellowish white to bright yellow products separated. These were recrystal- 
lized from CHCI,. Most of the products, especially the alkyl derivatives, quickly 
turned yellow or orange on exposure to light and lost their solubility. 

A yellow precipitate was immediately formed from Ph,PbOAc and toluene- 
dithiol-3,4. It was recrystallized from CHCI,. Lead(IV) and lead(I1) acetates were 
similarly treated with the dithiols. The reactions with H,DBB had to be performed 
at about O’C but other products could also be obtained at room temperature. In all 
cases yellow to orange finely divided products separated immediately, and were 
separated on the centrifuge. Because of their insolubility the lead(IV) and lead(H) 
dithiolates could not be recrystallized. 
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