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135 Chemistry Building, Department of Chemistry, Wayne State University, 
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The pace of organothallium chemistry has slowed considerably from the 

past year and as a resultthere are no major new advances inthis area. 

There have beena number of scattered reports which areincludedhere. 

These range from papers on the crystal structure of halide complexes to 

compounds involving metal-metal bonded species. The orderinwhichthese 

studies will be taken up is: 1) structural and spectroscopic studies, 2) 

kinetic studies, 3) formation and reactions of alkyl-and arylthallium com- 

pounds, and 4) compounds containing thallium-metal bonds. 

Structure and Spectroscopic Studies 

The only crystal structures reported which are of interest here are 

,I 
those oftri-cI+loro(l,lO-phenanthroline)thallium(IH)l and of the 2,2',2 - 

terpyridyl complex. In the phenanthroline derivative it was shown that the 

thallium exists in a distorted octahedral environmentwithweak chlorine 

bridging which gives rise to dimeric units as indicated in Figure I. 

A similar result has been observed in the terpyridylderivatives. 
2 

In 

the latter study the ir spectra of the Al, Ga, In, and Tlderivateves were 
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also examined and the use ofir spectra for structural assignment in species 

oftbis type was discussed. 

The Raman spectra of both single crystals and solutions of MezT1C104 

have been obtained and carbon-thallium bond polarizabilities derived. 
3 

These studies have been compared withthose for the MeZSn 
-I-+ 

species. In 

another study the ringvibration modes in RZTIY (R = Ph, o-MePh, m-_MePh 

andp-MePh; Y = GN. Cl, CNO, NGS, N3, NO2, N03, OAc, 0Ph)andin 

(RZT1)ZS and (R2T1)ZOhave been reportedandassignments for them have 

beenmade. 
4 

The data havebeeninterpretedto meanthatthese absorptions 

are insensitive to the nature of the electro?egative group attached to the 

thallium atom. 

The only significant nmr study whichappearedwas that reported by 

Maher et.al. who investigated the 
1 
H- 

205 
Tl coupling constants for a series 

ofmonoarylthallium dichlorides and substituted monoarylthallium dichlorides 

in DMSO solution. 5 This was done inorderto compare these coupling 

constants with the corresponding 
1 
H-lH coupling constants in aryl compounds. 

It was concluded from these studies that there is a close resemblance in the 
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behavior of the 205 
Tl-IHand 'II -%I coupling constants. The possibility of 

developing an additive relationship was discussed. 

Kinetic Studies 

Several kinetic studies have appeared which are of interest. Hammond 
:i 

and Pollardhave examined the exchange of Ph2Hg with Ph2Tlf as a model 

for the electrophilic substitution at the carbon atom. 
6 

The exchange pro- 

ceeds in a second order fashion with activation parameters, Ea = 21.3 kcal/ 

mole, &F* = 27.6 kcal/mole, AH* = 20.6 kcal/mole, and AS* = -18.6 &al/ 

mole. Theyproposed atransitionstate as indicatedin Figure II. This model 

Ph 

II 

shows a four bridged transition state with solvent participation and is based 

on the apparent exchange of all groups simultaneously. 

Briodyand Moore have examined the kinetics andmechanismofthe 

thalliation of benzene andtoluene by thallium(UI) acetate and this reaction 

whenitis catalyzedby HC104 andH2S04. 
7 

The mechanism of catalysis 

was discussed and explained on the basis of the equilibria indicatedin 1 

which yields more reactive species as it proceeds to the right. The observed 

+x +X 4-X 
T~(OAC)~+T~(OA~)~X~T~(OA~)X~~T~X~ (1) 
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isomer ratio and the relative reactivity oftoluene to benzene indicate that 

the thalliation is a typical electrophilic aromatic substitution. 

In an extensive study Etching et al. 8 have also investigatedtheM(OAc) 
a 

catalyzed reactions of RCH = CHCH2HgOAc (R = Me, Ph). On the basis of 

their kinetic studies they have proposed several possible mechanisms for 

the reactions and suggestedthatobonded allylic groups may be involved. 

Clearly this reportindicatesthese reactions are complex and definitive 

mechanisms have not been developed. 

In another investigation the rate and mechanism of the organometallic 

ion catalyzed hydrolysis ofisopropenylacetate has been reported. 
9 

The 

mechanism proposed from these studies is indicatedin 2. They also reported 

OH 

R2Tl+ + CH2=C 

,OAc I 

'CH3 

+HZ,=R2T1CH2-C-CH3 

I 
OAc 

R2Tl+ +CH3CCH3 fHOAc 

(2) 

R = CH3COCH2, CH3. Ph etc. 

on kinetic measurements for the reaction shown in 3 and 4. 

(3) 
+3 

Tl 

,OAc 

+CH=C 
2 

'CH3 

fH20+ TlCH 2:GH3+2+HOAc 

H O+TlCH EC, 
2 2 3 

+2+CH 
2 
=COOAC -+Tl(CH,CCH,),+ + HOAc (4) 

'CH3 

. 
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Uemura et-al. 
10 

have reported that Pd-Tlexchange occurs as indicated 

in5 (73 - 93%)when carried out in methanol with sodium acetate present. 

use 

into 

NaOAc 
PhCH(OR')CH2Tl(OCOR")2 + PdCl2 --j 

MeOH 

PhCOMe +Pd+Tl'3 

R' = Me, Et, i-Pr, i-Bu 

RI'= Me, i-Pr 

of deuteromethanol, MeOD. did notleadto incorporation of deuterium 

the product. 

A mass spectral study of the decarboxylation of Tl(OOCR)3 derivatives 

has been reported. 
11 

Itwas suggestedthatdecarboxylationoccurredbya 

rearrangement of the type indicated in 6. Examination of T1(00GCF3)3 

T1~21 l’_Tl--CH vc=O 1 3 
++ co 

H3G 

2 (6) 

under the same conditions did notleadto formation of Tl(CF ) species but 
33 

to other rearrangement and decomposition products. 

Razuvaevet al. 
12 

have investigatedthe synthesis and decomposition of 

mixed organometallic peroxides as indicatedin 7. 

Et3Tl + Ph3MOOH-+Et2T100MPh3 

M = Si, Ge 

They observedthe for- 

+ C2H6 (7) 

mation of the germanium derivative, but the silicon derivative could not be 
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isolated. The germaniumderivative underwent rearrangement-bya second 

order reactionwithan Arrhenius activation energy of 20.4 kcal/mole. The 

mechanism proposed for this rearrangement is indicated in 8. 

Pb 

I 
Et2Tl-0-o-$LPh2 

* 
i i 
I I : +2Et2T1-0-M--h2 

Ph2h-0-0-i)-T1Et2 1 

I 
OPh 

Ph 

(8) 

The kinetics of the decomposition of Et2T10Hin aqueous medium with 

andwithoutadded Et2TlOAc. K02Ac or AcOHinvolvedthe formation of 

Et2T102Ac which dissociated into Et2T1* andAc02-. A mechanism for the 

formation ofEt2T10Ac was discussed. 
13 

Formation and Reactions of Alkyl-and Arylthallium Compounds 

Abe andokawara have preparedavariety ofMe(C5H5)T1Xderivatives 

(X = OAc, OCOC,H,, OCOi-Pr)andhave characterized these compounds by 

ir andnmr spectroscopy?4 They concluded from these studies that the 

structure involved au bonded system as indicated inIlI. They also noted 

that the cyclopentadienylring undergoes rapid interchange resulting in all 

protons on the ring being equally coupled to the thallium atom. 
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The direct synthysis oftrialkyl- and mixed alkyl arylthallium deriva- 

tives by reaction of R2TlXwith aGrignard 
15 

reagenthasbeenreported. The 

reactions were carried out in diethylether at low (-60°)temperatures. 

(CgF5)2T10Hwas prepared from reactions of (C6F5)2TlBr withKOH 

or AgOHin EtOHas well as by hydrolytic decomposition of[(C6F5)2Ti]2~0~ 

aqueous EtOH. 
16 

The hydroxide has a hydroxy-bridged dimeric structure 

innondonor solvents but these bridge bonds are easilybrokenindonor 

solvents although the rate is extremely slow at room temperature. Their 

spectrum of(C6FS),T10Hin Nujolwas given. 

The thallium(I)compou T1(C5C15)and T1(C5C15)*2C6H5CH3 have 

been prepared and studied along with other derivatives ofthe pentachloro- 

cyclopentadiene moiety. 
17 

The compounds were obtained by direct reaction 

of C5G1 
6 
withthallium amalgam or by reaction of TlOEtwith‘C Cl 

5 5 
Hin 

pentane at -78O. If the reactions were carried outintoluene then two moles 

oftoluene form a complex with the thallium derivative. The compounds are 

unstable at room temperature, but are stable at-8Q0. They ignite sponta- 

neously in the air. The compounds were studied in detail by uv, ir, and 

nqr spectroscopy. 

Several complexes of the form PhTlLhave beenpreparedfrom PhTlCl2 

with the tri-or tetradentate ligands. 
18 

The ligands usedwere Z-pentanone- 

4-(2-benzothiazolinyl) and 2-(o-hydroxyphenyl)benzothiazoline which contain 

SON donor atoms, 2,2'-methylidynenitrilodiphenol contianingthe ON0 donor 

atoms and N,N'-ethylenebissallcylaldimine which contains ONNO donor 

atoms. The compounds were characterizedbytheirir spectraand some 

speculation on the structures were presented. 

Referencesp.281 



270 J.P. OLIVER 

Triorganothallium compounds have been shown to react in benzene--with 

N-bromodicarbonylimides and the dicarbonylimides as seen in 9 yielding 

R3Tl f *R2TR&.Y 

i 
0 

f RX (9) 

R = Me, Et, Ph; X = Br, H; Y = -(CH2),-, O-C6H4 

the corresponding diorganothalliumdicarbonylimides. 
19 The products were 

characterized by a number of physical and chemical studies including ir, 

-r, mass spectral analysis. Tl- 1H coupling constants were reported of 

approximately 430 Hz for the methyl derivatives. 

It was shown in some instances that carbonylimide could be regenerated 

by treatment with acid as indicated in 10. 

AC\ i-PrCOOH f (CH2)2,C, N-TlPh2, Ph2Tl-OOC(i-Pr) + C4H502N (10) 

II 
0 

Hooz and Smith investigated the possible use of thallium enolates of 

B- keto sulfoxides and B-diketones for C alkylation and found that although 

the desired products may be obtained, the reactions are often complex 

yielding a mixture of products. 
20 

Therefore, the approach does not offer 

an advantage over other .methods. 

Et3Tl was treated with i-PrOH in benzene under an inert atmosphere to 

give C2H6 and Et2TlOGHMe2 which with Bz202 in benzene gave 0 
2 

and 

. . 
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EtT10GH2Ph as well as i-PrOBz in solution. 
21 

Et3Tl and Ph3SiOH in benzene 

gave Et 
2 

TlOSiPh 
3 

which with Bz 0 gave, after 1.8 days at 40 - 50 
0 

2 2 
, 

Et2T10Ac and i-PrOAc. Et2T100CMe3 and Ac20 gave Et2T10Ac and 

Me3COOAc. EtOOTlEt2 and AcO gave Et2T10Ac, AcH and AcOH. 

Abe and Okawara have formed alkyl- and aryl-(chloromethyl)thaBium 

chlorides and have reported on some of their physical and chemical proper- 

ties. 22 The preparation was carried out as indicated in 11. The resulting 

ArTlCl, + CH,N2+Ar(C1CH2)T1C1 (11) 

Ar = Ph, p-MePh 

product was converted to the carboxylate by treatment with thallium(I) 

carboxylate and could be converted to the dicarboxylate as indicated in 12. 

Ar(C1CH2)T10COR’ + Hg(OCOR’)2+ (C1CH2)T1(OCOR’)2 + ArHgOCOR’ 

(12) 

R’ = Me, i-Pr 

The dicarboxylate was alkylated with Rd.%. This product underwent dispro- 

portion&ion as indicated in 13 with the unsymmetrical compound favored. 

2R(C1CH2)T10COR’ --, R2T10COR’ -I- (C1CH2)2T10COR’ (13) 

R = Me, Ph, p-MePh; R’ = Me, i-Pr 
* 

The compounds were characterized by ir, nmr, and their physical properties. 

Abe et. al. 
23 

have observed the intermediate production of aryl(N, N- 

dimethyldithiocarbamoylmethyl)thallium acetate in 14. The reaction could 
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Ar(ClCH2)TlOAc + NaS2CNMe2-+Ar(Me2NCS2CH2)T10Ac 

NaS2CNMe2 Ar(Me2NCS2CH.2)T1S2CNR2 (14) 
5 

Ar = Ph, p-MePh, R =Me, Ph 

he driventothe dithiocarbamate by addition of more NaS2CNR2. 

Theyinvestigatedthe nmr spectra of the compounds obtained and sugges- 

ted on the basis of the solvent dependence of the chemical shifts that rotation 

was restricted about the C-N bond. They also notedlargelong range coupling 

constants ( 
6 
JTl_H = 5- 10 Hz)and suggestedthatthe coupling occurred 

throughthe n system in these derivatives. 

Alkaline NaBH4 reduction of alkoxythalliated compounds of olefins gives 

a mixture of the parent olefin, alkylethers anddialkylthallinm compounds; 

hydrogen for replacement of thallium arises from the solvent and not from 

BH4-- 
24 

i NaBH4 
Ph-C-CH2Tl(C)Ac)2 .p> 

I 
OR’ 

MeOH+H20 

TlOH + Ph-C=CH2 f Ph-C--CH3 

I 
2 OR’ 

(15) 

R =H. Me; R’ = Me, Et, Pr, i-Pr 

Uemura et al. have studied the reaction of arylthallium(IlI) salts with 

CUE and CuCN and have shown that this reaction yields the corresponding 



THALLIUM 273 

nitrile as indicated in 16. 25 
This reaction goes in fair yield (lo-90%) in 

5 - 10 hours in the refluxing solvent. Best results were obtained in pyridine. 

R’ R” 
Cu(CN)2 

R’ R*’ 

Cu( CN) 
TlXY ____I_) R (16) 

MeCN or Py 

X = CAc; Y = C104’ H20; R = H, Me, MeO; R’R”= H, Me 

The mechanism was discussed. 

Aryl thiocyanate derivatives can be prepared in reasonable 

yield by the reaction given in 17 in which the thallium derivative is photo- 

lized. 26 Yields range from 30-500/o. 

McKillop et al. have shown that a mixture of T~(OAC)~ and Br2 is a 

mild and efficient reagent for electrophilic aromatic bromination. 
27 

The 

reaction is applicable to the preparation of a wide range of isomerically 

TUOCOCF3)2 
KSCN/H20 

- SCN 
bv 

(17) 

R = 4-Me, 4-Et, 4-OMe. 4-Cl. 2,4-di-Me, 2, 5_di_Me, 3,4_di_Me 

pure monobromo aromatic compounds but is successful only when the sub- 

strate is activated toward electrophilic substitution. Several possible 

mechanisms of reaction were considered and that shown in scheme 18 appears 

to best account for the observed reaction. 
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f T~(OAC)~+ 
Br2 

__) 

H[TlBr(OAc)3]- (18) Br-Br. 

+ HOAc f T1Br(OA)2 

In contrast to aromatic bromination with TlBr 
3 
-4II20 the reaction of 

lower aromatic hydrocarbons (C6-Cg)with T1C13'4H20 inboiling carbon 

tetrachloride proceeds as indicated in 19 yielding the corresponding benzoic 

RC6H5+RC6H4C1+ RC6H4C02H (19) 

acid and the o and p chlorinated hydrocarbons. 
a3 

The carboxylation was 

favored atlowertemperatures. Several possible mechanisms were discussed_ 

Uemura et-al. have also investigated the halogenation of aromatic 

thalliumderivatives, ArTlYZ, with CuC12-2H20. CuC12 and Cu Cl 
29 

2 2' 

They studied these reactions under a variety of conditions andin several 

organic solvents. They concluded reactionwas very solvent dependent 

with the best choice for production of the aromatic halide dioxane. A con- 

certed ionic mechanism as indicatedin 20 was proposed. 

R 
___3 R (20) 

Another use ofthalliation has been reported by Chip and Grossert 
30 

in 

which they formed 1,4-bensoquinones via the reaction indicated in 21. The 

reaction appears to 3e generalanciprovides 40-700/0yields for avarietyof 
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R’ 

Tl(OCOCF3)3 
* 

R R3 

T1(OCOCF3)2 

TlOCOCF 

HZ02 

275 

(21) 

simple aromatic species. The mechanism of reaction was discussed and 

is complex with either elimination or migration occurring on the ring 

depending upon the substituents on the starting aromatic compound. 

Kienzle has reported the oxidation of isonitriles with T1(N03)3 to yield 

carbamates in a simple normally high yield process as indicated in 22. 
31 

MeOH 
R-NC f T1(N03)3 ~-b RNHCOOMe t T1N03 + 2HN03 

H20 
(22) 

R = EtOCOCH2 - (84%). c>-(90), t-Bu (35), Ph (93), 

Me@)-(85)s m (97) 

The thallic oxidation of the tetrasubstituted and gem-disubstituted olefins, 

RMeC = CH2 on the other hand is not selective with respect to the olefinic 
32 

carbon atom which is attacked by T1(N03)3. RMeC = CMe2 (R = Me, Et) 

gave mixtures of the branched ketones, RMe2CCOMe and RCOCMe3 while 

mixtures of the branched aldehydes, RMeCHCHO and the ketones, RCOEt, 

are obtained from RMeC = CH2 (R = Et, t-Bu). Probably, a delocalized- 

charge n thallic complex is formed. 

McKillop and Raphael 
33 

have investigated the oxidative cleavage of 

glycols by thallium salts and have shown the reaction proceeds smoothly 

when at least two aryl groups are present on the glycol yielding the ketone 

as seen in 23. The reaction was not effective for saturated derivatives. 
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H H 
0 0 

R\ 

R 
,,c=o (23) 

R = Me, Ph; R’ = Ph, 2-MePh, 4-MePh, 4-ClPh 

Tl salt = T1(N03)3’ 3Hz0 or TlOEt 

McKillop et al. 
34 

have reinvestigated the reaction of T1(N03)3 on 

cyclohexanone and have shown that it yields initially the epoxy enol which 

may yield either the adipoins or the carbovylic acid depending upon reaction 

conditions. 

(24) 

A one step synthesis of 2-alkynoic esters from readily available 5- 

pyrazolones by reaction with two equivalents of T1(N03)3 has been reported. 
35 

‘The reaction appears to proceed as reported in 25 in 70-900/o yield. 

=o, R / 
-0 

--D 

N-N - HN-N 

H 

RC- 

-TlN03 

CC02Me 4 

-N2 

Rearrangement of 2’-hydroxychalcones with methanolic T1(N03)3 

followed by treatment with acid gives iso-flavones. 
36 

(25) 
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R = Me 

R’ 

R” 

= 0CH2Ph 

= OMe 
,I! 

R =H 

R = CHZPh 

R’= H 

RI’, R 
II, 

=OCH20 

OH 

OMe 

(261 

Treatment of allenes with thallium(III) acetate in methanol gave stable 

methoxy-thalliation products. 
37 

(27) 

R = R’ = R” = R”’ = Me R = R”’ = H, R’ = R” = Me 

R = R” = Me, R’ = R”‘= H R = R’ = RI” = H, R” = Et 

C-H-pyran-4-thiones react with T1(00CCF3)3 to yield pyrylium deri- 

vatives which rearranges to give a 1, Ldiaxa-6a-thiapentalene derivative 

on treatment with water as indicated in 28. 
38 
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Uemura et al. 
39 

have examined the chlorination of olefins with 

TlCl3-4H20 in CC14 and have shown that 20-400/o of vie-dichlorinated pro- 

ducts are formed along with some monochlorinatedmaterial. It was 

suggestedthatthe reaction may go through formation of a transition state 

involving the TIC13 as indicatedin 29. 

Thallium(I) derivatives of carbazole, phenothiazine and(to alesser 

estent) dibenz(b,f)azepine may be alkylated by reactions with n-alkyliodides 

and bromides under extremely mild conditions. 
40 

The lack of reactivity 

)C=C;+ 2TlCl3- 

kc’ t 
6 Cl 6- 

II 
--->Cl-Tl-Cl--->TlC13 

I% 

TlCl4- 
> 

I 

(29) 

of other more stericly crowded derivatives lead to a postulated mechanism 

involvinga four center transition state as indicatedin 30. Secondary 

halides were unreactive under these conditions. 

P 

Tl 

I 
-c- 

TlX + I 
-c- 

i 
R 

(30) 

.. .- . . . 
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Sakai et al. have shown that thallous alkoxides react with cs2 to yield 

orthocarbonates in good yield. 
41 

The reaction also yields spiroorthocarbo- 

nates when dithallous glycolates are used. 

1/2(TlOR)4 f CS2.+ (R0)2C = S + TlS 

(RO)4C f TlS 1/2(T10R)4 

c 

(31) 

R = Me, Et, i-Pr 

Diphenylphosphine oxide has been shown to react as indicated in 32 

with TlOH. 42 It reacts with Me2T1NMe2 as seen in 33. The products have 

Ph2P(0)H + TlOEt--B Ph2POTl (32) 

-HNMe_, 
Ph2P(0)H + Me2TlNMe2 

Ph2P-0-T1Me2 (33) 
Ph2P(0)H + Me3T1 

- CH4 

been characterized by ir, m-or, and mass spectral data and it has been 

proposed that they have the structures indicated in IV and V based on these 

data. 

PPH2 

I 

Ph2P 
PPH2 

V 
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Compounds Containing Thallium-Metal Bonds 

Walther and 
43 

Rockstroh have prepared Tl-MO and Tl-W bonded com- 

pounds by the reaction indicated 

Me3Tl + HMO-a-Cp(C0)3 

(or w) 

in 34. The compounds were characterized 

CH2Cl2 

-78O 
+ Me2TlMo-a- cp(co)3 (34) 

+ CH4 

by the physical and spectroscopic properties and were shown to be monomeric 

in benzene. The Tl-C1H3 coupling constants were shown to be 273 Hz for the 

MO derivatives and 265 for that of W. 

In other studies it has been shown that disproportionation of Tl(1) occurs 

on treatment with NaMn(CO)3 to yield the product containing Tl-Mn bonds 

nearly quantitatively. 
44 

3Tl+ + 3Mn(G0)5-* 3T1Mn(C0)5* 2Tl + Tl[ MNCOJ~I 3 (35) 

On the other hand a stable Tl(I)-metal compound, TACOS has been 

obtained. 45 It was prepared by the direct reaction indicated in 36. The 

toluene 
2Tl + COAX - 2Tl[ COG] (36) 

resulting Tl[ Co(C0) 4 
] has been shown to be an excellent source of the anion 

[ Co(CO),] - for use in reactions both in polar and nonpolar media undergoing 

the normal reactions associated with this anion. The compound is reason- 

able stable permitting brief exposure to air without extensive decomposition 

when in a crystaline form. 

In other studies Weibel and Oliver 
46 

have prepared and isolated LiT1Me4 

by reaction of Li metal with Me3Tl. They characterized this species by 
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analysis and by its nmr spectrum which showed 
3 
J Tl lH~224.1 Hz. The 

compound appeared to be light sensitive. 

Itwas also shownthatreaction of Me3T1with l_iSnMe31eadto several 

L3 
products containing Tl-&bonds. This was indicatedby across metal 

4 
coupling JTISnCH = 32,29 and 44 Hz. These compounds are presumably 

species of the type (T1Men(SnMe3)4_n]-which resultfromthe exchange of 

methylandSnMe groups. 
3 

These Tl-Snbonded species are relatively 

unstable showing approximately 25% d ecomposition when storedthree days 

in sealed ampules kept in the dark at room temperature. The variations 

in Tl-H coupling constants were discussed. 

The final paper to be discussed dealing withthallium chemistry 

reports that addition of TlOAc to an aqueous alkaline solution of(3)-i, 2- 

C2B9HlZ 
or its G-alkylderivatives yields the new complex T12R'R"C B 

2 9H12 

(R' = R" = H, pale yellow, R' = H, R" = Me, yellow. R' = R" = Me, bright 

yellow). 
47 

One of the thallium ions can readily be replaced by a cation 

while the other cannot which suggests that it is present in an icosahedral 

ion [T1R'R"C2B9Hg]-. 
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