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Desulphination reactions between sodium mesitylenesulphinate and the 
thallic salts TlX3 (X = MeCO,, CF,C!O, or Cl) in aqueous acetic acid or water 
gave mesitylthallium(II1) diacetate or the complexes RTl(O,SR)X (R = 2,4,6- 
Me&H,; X = MeC02 or Cl) at room temperature and dimesitylthallium(II1) 
mesitylenesulphinate at 100°C. The diacetate was independently sy’nthesized 
by metathesis from mesitylthallium(II1) dichloride, and was converted into 
RTl(O$R)O&Me by sodium mesitylenesulphinate. The derivatives RTl(O,SR)X 
gave mesitylthallium(III) dichloride on treatment with HCl and rearranged into 
dimesitylthallium mesitylenesulphinate in boiling aqueous acetic acid or water. 
Thermal decomposition of RT1(02SR)02CMe under vacuum yielded dimesityl- 
thallium(III) acetate. The structures of the mesitylthallium sulphinate and 
acetate complexes are discussed. Reaction of thallic acetate or trifluoroacetate 
with sodium 2,4,6-triisopropylbenzenesulphinate in aqueous acetic acid gave 
Tll[Tlm(O,SR1),] [R’ = 2,4,6-(MezCH)&HZ] at room temperature and the thio- 
sulphonate R’S02SR’ at 100°C, whikt reactions with sodium benzenesulphinate 
and p-toluenesulphinate gave the diary1 disulphones. 

Introduction 

The first syntheses of Group III organometallics by sulphur dioxide elimina- 

tion (desulphination) reactions have recently been described [l]. Acetatotk- 
(polyfluorophenyl)thallium(III) compounds R2T102CMe (R = ChF5, p-H& F4, 
or m-HC6F4) were obtained from reaction of thallic trifltioroacetate or acetate 

* Part X. Ref. Lll. 
** TO whom correspondence should be addressed. 
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with the corresponding lithium polyfluoroben%enesulphinates. We now report 
reactions of. thallic salts with some hydrocarbon are+ulphinatc ions. Previous 
workers have shown that treatment of th.allic chloride with sodium benienesul- 
phinate and p-toluenesulphinate yields S-arenesulphinatothallium(III) complexes 
c21. 

Results and discussion 

(a) Reactions of thallic salts with sodium mesitylenesulphinatee 
Sulphur dioxide eliminatiolI occurred on reaction of thallic trifluoroacetate 

with sodium mesitylenesulphinate (mol. ratio 3 : 2) * in aqueous acetic acid at 
room temperature, and mesitylthallium(ll1) diacetate was precipitated (eq. 1) 
(R = 2,4,6-Me&, ;12 throughout section (a)). The compound was independently 

T1(02CCF& + NaO#R + 2MeCOzH + RT1(02CMe)& + SO:! + NaO,CCF, + 

+ BCF,CO,H (1) 

synthesized from the known [3] mesitylthallium(III) dichloride by metathesis 
(2)_ By contrast with (l), reaction of thallic acetate or trifluoroacetate ** with 

RTlCl= + BAgO,CMe + RTl(O,CMe), + 2AgCU (2) 

sodium mesitylenesulphinate (mol. ratio 1 : 3) in aqueous acetic acid at room 
temperature gave mesitylthahium(III) mesitylenesulphinate acetate (e.g., reac- 
tion 3; X = MeCO,). Probably the diacetate is formed first, by (l), and is then 

TlX3 + 2NaO$R + RT1(02SR)X$ + SO, + 2NaX (3) 

converted into the less soluble sulphinate acetate. In confirmation, mesityl- 

RT1(0&Me)2 + NaO$R + RT1(02SR)0&MeJ + NaOzCMe (4) 

thallium(III) diacetate, which is appreciably soluble in acetic acid, was precipitat- 
ed on reducing the amount of acetic acid in the solvent (from MeCO*H : Hz0 = 
1 : 5, v/v, for reaction 3 to 1 : 10) while maintaining the mol. ratio TlX3 : NaO$R = 
1 : 3. In addition, reaction 4 has been independently carried out (Experimental 
section). Mesitylthallium(III) mesitylenesulphinate acetate was converted by 
hydrochloric acid into mesitylthallium(II1) dichloride (reaction 5; X = MeCO,), 
which has thallium-proton coupling constants (Experimental section) similar 

RTl(O,SR)X + 2HCl --f RTIClz + RSO,H + HX (5) 

to these reported [S] for the corresponding bistrifluoroacetate_ Thermal 
decomposition of the sulphinate acetate at 185°C under vacuum resulted in 
sulphur dioxide elimination and formation of dimesitylthallium(Ill) acetate 
(eq. 6). Treatment of thallic chloride with sodium mesitylenesulphinate (mol. 

* In reactions of thallic salts with lithium polyfluorobenzenesulF~tea [l]. use of a mol. ratio of 
3 I 2 gave maximum yields of acetatobis<poly~uorophenyl)~~~I~I) complexes. 

** An acetatothaIIIum(II1) species Is formed on dissolution of thallic triffuoroacetate in aqueous acid. 
but complete conversion into tbaUic acetate does not OCEU Cl]. 



RT1(02SR)02CMe + R2T102CMe + SO* 

ratio 1 : 3) in aqueous solution at room 
mesitylenesulphinate chloride (reaction 
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(6) 

temperature gave mesitylthallium(III) 
3; X = Cl), which could not be obtained 

analytically pure. However, the identification was certain, since the infrared 
spectrum (Experimental section) and reaction with HCl (equation 5; X = Cl) 
were similar to those of the sulphinate acetate. 

Reaction of the thallic salts TlX, (X = CFBC02, MeCO, or Cl) with sodium 
mesitylenesulphinate (mol. ratio 1 : 3) in hot (100°C) aqueous acetic acid (X = 
CFsC02 or MeC02) or water (X = Cl) gave dimesityIthaIIium(III) mesitylene- 
sulphinate (eq. 7). Monomesitylthallium(II1) compounds, RTl(O,SR)X (X = 

TlXs + 3NaO$R -* R2T102SR$ + 3NaX + 2S02 (7) 

MeC02 or Cl) were probably intermediates in the reaction, since they were 
obtained from the same reagents under milder conditions (reaction 3; X = 
MeC02 or Cl), and underwent rearrangement into dimesitylthallium(II1) mesityl- 
enesulphinate in boiling aqueous acetic acid (X = MeCO,) or water (X = Cl) 
(eq. 8). Arylthallium(II1) bistrifluoroacetates undergo similar symmetrization 

BRTl(O,SR)X --f R,TlO,SR + Tl(O,SR)X, * (8) 

reactions in boiling acetone giving diarylthallium(III) trifluoroacetates 141. Di- 
mesitylthallium(III) mesitylenesulphmate was converted by potassium iodide 
into dimesitylthallium(III) iodide, which has thallium-proton coupling constants 
(Experimental section) similar to those [3] of dimesitylthallium(III) trifluoro- 
acetate. 

RITIOISR + KI + RITII + KO,SR 

The desulphination reactions 1 and 6 are closely related to the preparation 
of organomercuric acetates by the Peters reaction [ 51 and the formation of 
diarylmercurials by thermal decomposition of arylmercuric arenesulphinates 
[S] respectively. There is also a similarity between reaction 7 and the preparations 
of diarylmercurials from mercuric acetate and arenesulphinate ions in boiling 
water [?I. 

Structures of mesitylthallium(III) sulphinates and acetates: The sulphur- 
oxygen stretching frequencies of RTl(O,SR)X (X = MeCO, or Cl) complexes 
(Table 1) are in the range (1100-800 cm-‘) for O-sulphinate complexes [S, 
S-101, and the relatively large separation between v,,(SOz) and v,(SOt) is in- 
dicative of unidentate 0-sulphinate coordination [ 6,9]. Since the separation 
between the v(CO*) frequencies (Table 1) of RTl(02SR)O&Me is similar to 
that [ll] of sodium acetate (164 cm-‘), unidentate acetate groups can be ruled 
out, but; the remaining possibilities, ionic, hidentate, or bridging bidentate cannot 
be distinguished on this basis [12,13,14]. The structure probably contains 
essentially ionic I_RTlO,SR]’ groups with linear CT10 stereochemistry and 

* This may react further. by sulphur dioxide elimination. giving RTlX2 (see also section (d)). then 
metathesis refomiing RTl(02SR)X (e.g. reaction 4), or by a redox reaction (see also section (b)j_ 

Tl(02SR)X2 i- Hz0 - RSO3H -I- TlX + HX 
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TABLE I 

SULPHUFL-OXYGEN AND CARBON-OXYGEN STRETCHING FREQUENCIES (cm-l) OF SOME 
SULPHINATE AND CARBOXYLATE COMPLEXES 

boinpound = . V,wk!~ V&iO2) Separation ~,WO2) gco2) S.?ParatiO~ 

RT1(02SR)02CMe 386 860 126 1557 1400 157 
RTI(02SR)Cl 1004.987 840 156 
RTI(02CMe)2 1552 1387 165 
R2T1<02SR) 979 941 38 
RzTIO~CM~ 1529 1428 101 

~~~ 
= R = 2,4.6-Me++H2. 

either ionic (structure I) or weakly bridging (structure II) acetate groups *- An 
analogous structure with bridging or ionic chloride is likely for RTl(O,SR)CL 
Use of molecuiar weight or conductance measurements to distinguish between 
ionic and associated structures for RTl(O,SR)X complexes was prevented by 
decomposition on attempted dissoIution. 

(I) (II) 

DimesitylthaUium(III) mesitylenesulphinate has v(S02) frequencies (Table 1) 
similar to those of some known diorganothallium(II1) arenesulphinates [ 18 J, 
hence an associated structure (III) similar to that proposed for these complexes 
is likely, and is consistent with the low solubility. 

R 

tm, 

Molecular weight data (monomer =+ dimer equilibrium in chloroform) and 
conductance measurements (non-electrolyte in acetone) suggest that mesityl- 

* X-ray crystaUogxaphy has shown phenyltballIum(II1) dichloride to be essentially ionic [PhTlCl+l 
Cl-. but with weak interactions between chloride ions and the digonally coordinated complex 
cations [Is]. This result has been overlooked in a recent infrared study [16]. which concluded 
that the compound is monomeric with trigonal stereochemistry. Earlier infrared data have been 
correlated with the crystal structure f171. 
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p-chlorobenzenesulphmate 1251 undergo disproportionation reactions similar 
to (1l)onbeingheated. 

Formdation of Tl[Tl(O$R’)4] as a mixed oxidation state complex is support- 
ed by observation of an intense baud, attributable 1261 to intervalance electron 
transfer, at ca. 330 nm in the reflectance spectrum. A similar absorption is 
observed at 359 nm for Tl’~Tl”‘CL] 126-J. The single v(SOz) frequency (918 cm-‘) 
for T1[T1(02SR’)4] is consistent [9] with bidentate or bridging bidentate O-sul- 
phinate coordination. An eight coordinate complex anion, in which four bi- 
dentate O-sulphinate ligands surround thallium in a pseudo-tetrahedral arrange- 
ment, seems likely. Similar eight coordinate anions are known in KJIHg(NO&]- 
NO3 [273 and NO[Tl(NO&] 1281. 

(c) Reaction of thallic trifluoroacetate with sodium benzene- orp-toluene-sul- 
phinate 

The diary1 disulphones R2SOzS02R2 (R* = Ph or p-Me&H,) were formed on 
reaction of thallic trifluoroacetate with the sodium arenesulphinates (mol_ ratio 
1 : 3) in aqueous acetic acid at room temperature (eq. 12) (cf. precipitation of 

S-arenesulphinatothallium(III) complexes with TlC4 [a]). Since the yields were 

Tl(&CCF& + 2NaO&R* + R2S02S02R2J + T10&CF3 + 2Na02CCF3 (12) 

modest, simtiltaneous oxidation of sulphinate ions to sulphonate may also 
occur (eq. 13) (see also reaction 9). In the oxidation of sulphinate ions by 

T1(0&CF3)3 + NaOtSR2 f Hz0 + Na03SR2 + TIO&CFa f 2CF3COzH (13) 

cerium(IY), sulphonate formation predominates over disulphone formation 
129% 

(d) General remarks and conclusions 
Desulphination reactions of arenesulphinate ions with thallic salts are a simple 

route to mesitylthallium (section (a)) and polyfluorophenylthallium Cl] com- 
pounds, but appear restricted to sulphinates with moderately bulky ortho 
substituents or electron withdrawing substituents. With other sulphinate ions, 
including those with very large ortho substituents (section (b)), redox reactions 
occur. It is likely that the sulphur dioxide elimination reaction 1 giving mesityl- 
thallium(III) diacetate proceeds via formation and desulphination of an S-arene- 
sulphinatothallium(II1) complex. S-ArenesuIphinatodichlorothallium(III) com- 

l-It4CCF3)3 + RS02- + 2 MeC02H - R0+3 
-3 

-Tl(02CMe&, + CF3CO; 

0 

0 
i 2CF3CqH 

\- 
R -S --TL (O,CMe), 

// 
- RTL(O,CMe), + SO, 

0 

(R = 2.4,6-Me3&H2 1 

plexes have been isolated fi-om reactions of thaliic chloride with sodium benzene- 
and p-toluene-sulphinates in water [2], and a similar path has been proposed 
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for desulphination syntheses of polyfluorophenylthallium compounds [l]. 
Steric destabilization of the S-mesitylenesulphio intermediate accounts for 
the ready elimination of sulphur dioxide in reaction 1. Consistent with this 
explanation, the less hindered 0-sulphinato complex RT1(02SR)02CMe (R = 
2,4,6-Me&H2 j has much greater thermal stability. The absence of elimination 
with the bulkier Me*CH groups ortho to the -SO, group suggests that steric 
repulsion prevents formation of an S-sulphinate complex in this case. According- 
ly, the less hindered O-sulphinate is obtained and undergoes oxidation (reaction 
9) rather than elimination. By contrast with thallic salts, mercuric acetate induces 
desulphination more readily from sodium 2,4,6-triisopropylbenzenesulphinate 
than sodium mesitylenesulphinate [7]. Probably the reacting mercury(H) species 
has smaller steric requirements than the thallium(III) species, hence an S-sul- 
phinate intermediate can be formed_ The steric requirement of thallium is 
known to be large in thallation reactions [ZO]. 

Experimental 

Microanalyses were by the Australian Microanalytical Service, Melbourne. 
Infrared spectra of compounds as Nujol and hexachlorobutadiene mulls were _ 
recorded with Perkin-Elmer 521 (4000-400 cm-‘) and 257 (4000-650 cm.-‘) 
spectrophotometers. No exchange of sulphinate or carboxylate groups with 
KBr plates was observed. Very weak bands are not usted_ Conductances were 
measured at ca. 15°C with a Wayne-Kerr B221A bridge using a cell of standard 
design fitted with shiny platinum electrodes. Molecular weights were determined 
at 25°C with a Mechrolab 301A osmometer. PMR spectra were obtained with a 
Varian A56/60 instrument. 

Thallic acetate, mesitylenesulphonyl chloride, and 2,4,6+riisopropylbenzene- 
sulphonyl chloride were from Aldrich, sodium benzenesulphinate dihydrate 
from B.D.H., sodium p-toluenesulphinate dihydrate from Eastman Organic 
Chemicals, and thallic trifluoroacetate from ROC/RIC. Mesitylthallium(III) 
dichloride [S], zinc mesitylenesulphinate [7] and 2,4,6-triisopropylbenzene- 
sulphinic acid [7] were prepared by the literature methods. Solutions of sodium 
mesitylenesulphinate and 2,4,6-triisopropylbenzenesulphinatewere prepared by 
neutralization of the corresponding arenesulphinic acids. MesitylenesuIphinic 
acid was precipitated (yield, 75%), m-p. 102-103”C, lit. 1303 98-99”C (Found: 
C, 58.8; H, 6.6. C9H1202$ calcd.: C, 58.7; H, 6.6%) on acidification of the 
solution obtained by treating the zinc sulphinate with an excess of sodium 
carbonate in boiling water. 

New compounds were obtained as white solids unless indicated otherwise. 

(a) Reaction of sodium mesitylenesulphinate with thallic acetate or trifluoro- 
acetate at room temperature 

MesitylthalZium(III) diacetate (nc). Thallic trifluoroacetate (2.0 mmol) in 
glacial CH,COOH (7 ml) was added to a stirred solution of sodium mesitylene- 
sulphinate (1.4 mmol) in H,O (25 ml) giving an immediate white precipitate of the 
diacetate (yield; 50%; infrared identification). The authentic compound was prepared 
by heating silver acetate (3.8 mmol) and mesitylthallium(II1) dichloride (1.3 
mmol) for 1 h in refluxing methanol (15 ml) containing a few drops of glacial 
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acetic acid, followed by filtration, evaporation to dryness, and recrystallization 
of the residue from chloroform/ether (yield, 80%), m-p. 208-209°C (Found: 
C, 35.5; H, 3.7; mol. wt. (in CH&), 600 (l.Ol%, w/v); 618 (1.92%); 629 
(2.3&B). C13H1 704T1 c&d.: C, 35.4; H, 3.9%; mol. wt., 437). The compound 
had negligible conductivities in chloroform or acetone. Infrared absorption: 
155Zs(vbr), 1419(sh, br), 1387m(br), 1334m, 1298w, lOlOm, 94lm, 852w, 
84lm, 689 and 683s, 618w, and 536~ cm-‘. 

MesityZthallium(III) mesitylenesuiphinate acetate (nc). (i) By desulphination: 
Thallic acetate or trifluoroacetate (0.90 mmol) in glacial acetic acid (10 ml) 
was added to a stirred solution of sodium mesitylenesulphinate (2.7 mmol) in 
water (50 ml) giving an immediate precipitate of the title compound (yield, 
42%, using thallic acetate), m-p. ca. 190°C (preliminary softening >15O”C) 
(Found: C, 42.5; H, 4.3; S, 5.5. Ct,,HZ504STi calcd.: C, 42.5; H, 4.5; S, 5.7%). 
Infrared absorption: 1597w, 1557s(br), 1400m(br), 1337w, 1296w, 1058w, 
1018(sh), 986vs, 942w, 86Ovs, 845s, 684s, 630m, 592w, 562w, 54Ow, 496w 
and 432m cm?. A similar reaction in which the sole change was a reduction 
of the volume of acetic acid to 5 ml gave a precipitate of mesitylthallium(III) 
diacetate (infrared identification). When more than 10 ml of acetic acid was 
used, a mixture of the sulphinate acetate and mesitylenesulphinic acid was 
obtained (infrared identification). (ii) By metathesis: Sodium mesitylenesul- 
phinate (0.40 mmol) in water (5 ml) was added to a stirred solution of mesityl- 
thallium(II1) diacetate (0.40 mmol) in glacial acetic acid (5 ml). After several 
minutes, water (10 ml) was added, precipitating mesitylthallium(II1) mesitylene- 
sulphinate acetate, which was collected after stirring for a further 15 min (yield, 
44%; infrared identification). 

(b) Reactions of mesitylthallium(III) mesitylenesulphinate acetate 
(i) With HCL The complex (0.20 g) was suspended in water (20 ml) containing 

1 ml of methanol, and 10 drops of concentrated hydrochloric acid were added. 
After stirring for 1 h, sodium hydroxide was added until the mixture was just 
alkaline, and the precipitate of mesitylthallium(III) dichloride was filtered off 
(yield, 75%), m-p_ >25O”C, lit. [S] m-p. >3OO”C (Found: C, 27.8; H, 2.7. 
C9H1 1 Cl,Tl calcd.: C, 27.4; H, 2.8%). The infrared spectrum was identical with 
that of an authentic sample (above). PMR spectrum ((CD&CO): 2.13 (d, 
J(Tl-H) 54 Hz, 3H, p-B,), 2.39 (d, J(Tl-H) 99 Hz, 6 H, o-CA,), and 6.86 
(d, J(Tl-H) 381 Hz, 2H, m-H) ppm downfield from external tetramethylsilane. 

(ii) Thermal decomposition. The complex (0.20 g) was heated (20-185”C, 
5 h) under vacuum (ca. lo-’ mmHg) in a sublimator with a water-cooled probe, 
giving a sublimate of dimesitylthallium(II1) acetate (nc) (yield, 83%), m.p. 
188-192°C (Found: C, 47-65 H, 5.0. C,,H,,O,TI &cd.: C, 47.9; H, 5.0%). 
Infrared absorption: 1590(sh), 1566(sh), 1529s(br), 1447(sh, br), 1428s(br), 
1377w, 1293s, 103Ow, 978m, 834w, 849vs, 70lm, 672vs, 616w, and 540m cm-‘. 

(c) Reaction of sodium mesitylenesulphinate with thallic chloride at room 
temperature 

Mesitylthallium(III) mesitylenesulphinate chloride (nc) was precipitated on 
mixing aqueous solutions of thallic chloride (0.90 mmol in 4 ml) and sodium 
mesitylenesulphinate (2.7 mmol in 50 ml). The compound was collected after 





Coiku& boiling gave a’ofiy &Jj& &hi& .&& :j&G& by &&&i&n & :’ L ._ :. 

drynks under reduced .pressure; li=ry~~ation.:fiom-methanoi ‘gave S-2,4,6-. ;:_.. 
kiisopropylpheny~ 2,4;6+riisopropylhenxeneth~o&i~phonate (s;ie!d, .gl%), &p. -- 
107:109”C, lit.’ [31] m.p. 108.5-llO”C~(Forind:-C; 72;2;H’9.2. C&jH4&SZ :.~ 
c&d.: C, 71.7: H, 9.2%). &&red absorption: 1598s; 1562w; l463g; 142&i. I. 
1385m, 1363m, 1323~s (v,,(SOZ)), 1254w, ~142vs(v~(S~,)); 1102w, i97Ow;. .. 
1058~,1030~,939w,884m,757w,650~,62~~;576~~,~34sand.510~cm~~, 

(iii) In acetonitrile. On adding a solution of 2,;4,6triisopropylbenzenesulphin- 
ic acid (1.9 mmol) in acetonitrile (40 ml) to one of TlX, (-X-= ,CF,CO, or CH$02) 

.(0.60 mmol) in acetonitrile (10 ml) containing 1 ml of acetic acid at room tem- 
perature, thaIlium(I)tetrakis(2,4,6-triisopropylbenzenesulphinato)thaflate(III) 
(54%; infrared identification) was precipitated immediately. If the solution was 
stirred for more than ca. 5 mm, the yellow precipitate dissolved to give a clear 
solution_ lkaporation to dryness and crystallization from methanol.gave S-2,4,6- 
triisopropylphenyl2,4,6-triisopropylbenzenethiosulphonate (61%; kifrared iden- 
tification). 

(f) Reaction of sodium benzene- and p-toluene-sulphinate with thallic trifluoro- 
acetate 

Addition of thalhc’trifluoroacetate (1.6 mmol) in glacial acetic acid (6 ml) 
to a stirred solution of the sodium arenesulphinate dihydrate (4.8 mmol) in 
water (50 ml) at room temperature resulted in slow precipitation of diphenyl 
disdpkone (yield, 22%, based on the thallic salt, after 30 min), m-p. 187-19O”C, 

lit. [32] m-p. 193-194°C cr di-p-tolyl disulphone (yield, 29%), m-p_ 210-212°C 
lit. [33] m.p. 212°C. The infrared spectra were identical with the reported 
spectra [34,35]. 
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