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This survey will deal with 1) synthesis, structure and spectroscopy of 

organothallium(II1) compounds, 2) thallium-metal bonded compounds, 3) reactions 

and kinetics, 4) organic synthesis with thallium(II1) and thallium(I) compounds 

and 5) organothallium(1) compounds. 

1. Synthesis,mStructure and Spectroscopy of Organothallium(III) Compounds 

A six-membered heterocycle containing a formal tetraalkylthallate moiety, 

I was prepared from Me5Tl and a conjugated double ylide (1). 'H and 31P NMR 

data of L are described. Some pentahalophenylthallate anions have been 

Me Pd$>yMe 
*i 2 

MeSTl + MeSP=N-PMe2=CH2 - H C 
2 M;&r2 L 

L 

isolated as the armnonium salts (2). Treatment of [Tl(C6FS)4][nB~4N] with 

2LiC6F5, ["Bu4N]Br 
> IT1 K6F53,1 [“Bu4Nl 

2LiC6C15, ["Bu4N]Br 
2 CT1(C6FB)2(C6C1S12] InBu4Nl 

TlClS gave [(Tl(C,F,),Cl~2C1]["Bu4N] and [Tl(C6F5)3C1][nBu4N]. Bis(penta- 

chlorophenyl)thallium derivatives, (C6ClS)2TlX (X= Cl, OAc, C104, l/2 S04, Br, 

I, CN) have been prepared from C6C15Li and TlCl, and subsequent metathetical 

procedures (3). The cis-1,2-dicyanoethylenedithiolate complex of the 

dimethylthallium ion, [Me2T1{S2C2(CNJ21][Ph4As], was prepared, and a preliminary 

IR and 'H NMR study of this complex was reported (4). Dimethylthallium silyl- 

amide, Me2TlN(SiMe3)2 was prepared from Me2TlCl and NaN(SiMe3)2 in toluene (5). 

*Thallium: Annual Survey covering the year 1976 see J. Organonetal. Ghem., 

Vol. 347<197S)p.193-204. 
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..: desc&.b& 

The pkep&ati&lan$ &si specti_um of-Tl[N(SiMe3)2].3:also were 

: This c&qio_Una reacted.vi;h-HNJ-and-cyclopentadiene to. giire 

{_H3_@l(@3.6]mand C5H5Tl, respeitively. Dialkylthallim phosphi& and 

arsenides, RiTlEPhR' ~(R= Me, 'Et; R'= Ph, H; E= P, As) were prepared from HEPhR' 

-tid _R.;Tl_-or.--RaTINMe~ (6) . They were characterized k$ mass and'% and. +P NMR 
. . . 

spectra. Reactions of these compotids with heterocumulenes, oxygen or sulfur 

g&e insertion products- 

Me2TAPPh2 + PhN=C=X ___3 

. . 
Me2TlEPh2 + O2 (or l/4 SS)+ 

PhN=C' 
X-TlMe2 

'PPh2 (X= 0, S) 

Me*TlX-fjPhZ (X= 0, S; E= P, As) 

X 

Preparation of RTlX2 and R2TlX (R= Ph, E-MeC6H4, p-ClC6H4; X= OAc, OOCPr, 

caproate) using aryltin compounds and TlX3 has been described (7). 

Rearrangement and deprotonation of 2,6-bis(2-methyl-2-benzothiazolinyI)- 

pyridine occurred upon reaction with RT~(OAC)~ (R= Me, Et) to give JI_ (8): 

X-ray kystallographic study of II-(R= Me) showed that this complex has a - 
kghly distorted pentagonal pyramidal geometry with the methyl group occupying 

the axial position. 

Me 

II (R= Me) - 

2,2'-Dipyridylamine reacted with (C6F5)3Tl to give a dimeric compound, 

I(C6F5J2Tl@ tC5H4N>2)]2 x, whose X-ray study revealed the presence of a 

S-coordinate thallium atom with very distorted trigonal bipyramidal geometry (9). 

X-ray structural determination of [Me2TlX12 (X= 0%.0C6H4Cl-o, SPh) confirmed 

their formulation as discrete dimers (IO). No apparent correlatikn between 
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the C-Tl;C angle (less than 17' deviation from 180°) and the 'JTl_C or 2JTLu 
coupling constants in these dimethylthallium derivatives was found. 

=O=Tl, 13C and 'H NMR spectra were measured for MeTl(OAcJ2 and MeTl(CN)OAc, 

permitting comparison of NMR parameters in the series, MeTlX2, Me2TlX and 

Me3Tl (11). l3 C NMR spectra of some oxythallated adducts of norbornene, 

norbomadiene and norborn-Z-ene-5-endo carboxylic acid have been obtained and 

assigned (12). The substituent induced shifts (ci.;~. f effects) at various 

carbons-have been calculated and compared with those for the analogous 

mercury(I1) compounds. A dihedral angle dependence of 3JTl_C coupling 

constants was demonstrated. 

2. Thallium-metal Bonded Compounds 

Reaction of L2(CO)IrX with T1(00CR]3 afforded Ir-Tl bonded complexes, 

L2(CO)X(OOCR)Ir-Tl(OOCRJ2 

CF3J 03). The proposed 

scopy) is shown in IV. - 

L-OOCR 

dOCR 

HCl, RCOOH, NH3 and NEt3. A catalytic reduction of T1(OCCRJ3 to TlOOCR and 

(L= PPh3, PPhMe,, AsPh3; X= Cl, GOCR; R= Me, Et, 'Pr, 

structure [on the basis of 
31 

P NMR and IR spectro- 

The Ir-Tl bond in these complexes was stable to H20, 

IV - 

CO2 occurred in the presence of L2(CO)Rh(OOCR). In connection with the 

inhibitory effect of Tl(I) ion on hydrogen uptake by [CO(CN)~]~-, the presence 

of a Co-Tl-Co bonded complex, [{(CN)3Co32Tl]'- was detected by a rapid-scan 

spectroscopic method (14). Attempts also were made to prepare this complex 

as an isolable solid. 

3. Reactions and Kinetics 

Reaction of the quinone v.(R= 5-tBu, 6-tBu) with Et3M (M= Al, Ga, In, Tl) 

proceeded by a one-electron transfer mechanism via a paramagnetic chelate 

intermediate VI (15). - Thus, treating v (R= StBu) with Et3M (M= Tl, Al) gave, 

t 
Bu tBu 

R 2vI 

after hydrolysis, 86 % 

(tB~)2C6H20H_ 

of a mixture of 2,4,6-(tBu)2(Eto)C6H20H and 2,3.5-EtO- 

Similarly, reaction of V (R= 6- tBu) - 
(%uJ C H OH. 

with Et3T1 gave 2,3,6-EtO- 

262 Tris(tetrachlorophenyl)thallium has been used to prepare a 
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The hi&tics of the~‘deccm&sition & MeTl(OAc)i-in pyridine or methanol 

~con&ining equimolar amounts of pyriditie have -been studied (18). In methanol 

more than 90-s of N-methylp~idinium acetate and less than 10 % of methyl 
. . 

acetate were obtained. A bimolecular mechanism involving an SN2 attack of 

pyridine and OAc- at the methyl group of the MeTlOAc+ intermediate was suggested. 

Nadon and Zador studied the effect of coordination.aroiind.the thallium atom on 

the'rate -of decomposition of PhCH(OMe]CH2TIX2 ir. aqueous methanol (19). -At 

,lou Cl- concentration, the rate of oxidative'decomposition decreased because 

of the formation of PhCH(OMe)CH2TlCl+ and PhCH(OMe]CH2TlCl(OHj. At high Cl- 

concentration, PhCH(OMe]CH2T1C12 or PhCH(OMe)CH2TlC13- are formed. =d deexy- 

thallation was-observed_ The determination of polar, steric and resonance 

effects in the oxidation of 32 different olefins by T12(S04)3 in water was 

carried out using the linear free energy relationship for the chosen set of 

RC%&i2, RR'C=&I2 and internal olefins (20). Polar effects were the most 

important for the RCH=CH2 and RR'C=CH 
2 

series, while both steric apd resonance 

effects were important for the internal olefins. Au aqueous medium was 

advantageous for the preparation of the carbonyl compounds from olefins with 

electron-releasing substituents. 

4. Organic Synthesis with Thallilrm(II1) and Thallium(I) Compounds 

Oxidation of several mono- and diolefins with Tl(OOCCF3)3 was investigated 

(211. Transformations examined include: 

Me Me Me 

w or b- 
meso or racemic B ‘: 

Me MY-c-Me 
x : 

CHO 

OH 

-. b 
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+ 

0 -0 + 
X X 

(R= H, Me) 

X 
(X= OOCCF$ 

X 

When cyclohexa-1,Sdiene is coordinated to iron, oxidation with T1(00CCF3)3, 

T1(N0,)3 or T~(OAC)~ in methanol proceeds as shown below to give VII and 

VIII (22). 

T’ (ooccF3) 2 

6Me 

-T100CCF3 

I 

-TlOOCCF, 

-HOOCCF3 -HOOCCFs3 

0 
&Me 

.*’ 
(C013Fe , VII 

Cyclooctadiene reacted with T1(OOCCF3)3 in CH2C12 to give transannular 

cyclization products, IX and & (25). A general method for regioselective - 

IX X - - 

ring expansion of cyclic aralkyl ketones by means of the Wittig reagents and 

Tl(NO,j, was described (24). 
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-kz ‘H,.&&~R’= _fi, &,-Et; n= 2,.-3_.:4 --;.:-- 
: ._ I -- : 

.Particularly notable -examples.include; 
.- 

. . 

OMe 

OMe 

2-Methylenenorbornane and Tl(N03)S in methanol gave & ketone-which further 

r&acted with Tl(N03)3 to result in a stereospecific ring contraction (25). 

COOMe 

Dimethylketals bf chalcones reacted with Tl(NOS)S in trimethyl orthoformate 

(TMDF) to afford XI, provided that the migratory aptitude of 

to gcod (26). 

Ar' is moderate 

ArCH=CHCOAr’ j ArCH=CH-C(OMe)2Ar' 
T1 (NO31 3 

> 
TMQF 

~<Tl(NDS12 
I 

ArCH-CH-C(OMe)2 - 

&Me- k-a-9 
ArYH-~cooMe 

OMe Ar' 

XI - 

Ar= Ph, Ar'= Ph, 4-MeC6H4, 4-MeOCeH4; 

Al= 4-ClC& As'= 4-MeC6H4; 

Ar= 4-N02C6H4, Ar'= Ph, 4-MeOC6H4 



Formation of these 

ment shown below. 

XIII (R= H) XV (R= H) - 
XIV (R= OAc) XVI (R= AC) 

compounds formally corresponds to a new type of rearrange- 

The same authors also reported oxidation of ent-kaurenes or 13/I-kaurenes with 

T1(N03)3 in 1,2_dimethoxyethane where the primary products were derived by 

replacement of the allylic hydrogens in the parent olefins by OH or ON02 (28). 

In a comparative study of the oxidation of XVII with Hg(II), Tl(II1) and Pb(IV) 

acetates, the methyl ethers of the allylic alcohols were the major products 

from the thallium oxidation (29). Among several steroidal S-enes which were 

allowed to react with Tl(OAc)S, XVIII gave, as the major product, XIX which may 

have been formed through a Westphalen-type rearrangement of the organothallium 

intermediate, Xx, involving migration of the lO-methyl group, followed by 

internal nucleophilic attack of the 3a-hydroxyl group (30). 

& H$>& @@ &E!Y 
OAc 

OAc OH Tl(OAc)2 

XVII XVIII XIX xx - 

In connection with the intermediacy of enol ethers in the oxidation of 

propiophenone with Tl(N03)3 in TMOF [J. Am. Chem. Sot., 98 (1976) 30373, Walker 

and Pillai examined the reaction of c+methoxystyrene derivatives with Tl(II1) 
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Mex NHCOR 
Tl(OAc)3 

H COOMe MeOH 
> 

OMe OMe 
XXI (R= Me, PhCHz, Ph) 

Back et. al obtained a ring-expanded product from XXII as shown below (33). 

XXII 

Addition of aromatic amines to phenylacetylene was catalyzed by T~(OAC)~ in 

which intermediate formation of organothalIium compound was postulated (34). 

- 
PhCZCH + HN 

-ch A1 R2 
Tl[OAcj 

1 Ph\ 
C =c 

,Tl(CAcj2 

N' 

Ri/ / 

\H 

Q 
R2 

AcOH 
b '">=CH2 

N 

Q 

R1= H, Me, Et, PhCH8 

R1' / R*= H, 4-Me, 2-Me, 4-M@, 2-MeO, 4-Cl 

R2 

-Treatment of triaxane with Tl(OAc)3 in acetic-acid gave XXIII, providing a 

simple, stereospecific route to a C-4, C-8 difunctionalized brendane (35). 



OAc OAc 
AcO 

+ 

@ 
>a 

XXIII 

OAc 

Simple synthesis of aromatic fluorides by means oOfA;l(OOCCF3)3 was 

described (36). The method is limited to aromatic substrates which contain 

neither powerful electron-withdrawing groups nor oxygen or amino substituents. 

T1(00CCF3)3 KF 
ArH z ArTl(OOCCF3)2 

BF3 
7- ArF 

Ar= 4-MeC6H4, 4-EtC6H4, 2,4-Me2C6H3, 2,5-Me2C6H3, 2,4,6-Me3C6H2, 4-PhC6H4 

Thallation of 2,3,5,6-tetrafluoroanisole. XXIV, was examined (37). Thus, while 

XXIV was not thallated by Tl(OOCCF3)3 in CF$OOH, the same reaction mixture 

containing CF3S03H gave, after treatment with NaI. 39 % p-IC6F40Me. 

Tl (03SCF3)3, however, did not give as good results as the above system due to 

solubility problems. 

The reaction of p-alkylphenols with Tl(C104)3 in aqueous perchloric acid 

afforded 65-70 % of alkyl-substituted E-benzoquinones via acid catalyzed 

dienone-phenol rearrangement (38). 

R= Me, CHzCH20Ac, CH2CH20COCH2Cl 

A major product from oxidation of estrone with Tl(ClO4)3 was found to be xxv, 

a Possible route to which is shown below (39). 



.- 
.:."~Ir;tramoleculai~=coupling &~henoiic. ai~_~_~~lkanes'usinr-T1(WCCF3)3~has 

-previously-~~eli'I'eported -(J. Am; C$&;.Soc,, 95.-(@73) 612~97 (1975) 1239;. .- 
98. (19%) 25&j.. -- Schwartz .+d~&'~work&rS now compared such &ipling of 

.~d&h&Iic, monophenolie &I non-phenoli& substrates-using Tl(OOCCF3?3, VoC13 

&&&OC$~5jz (40); and found-that Tl(OOCCF3)3 is suited for monophenolic 

z coupling, e.g. 

These authoksuggested an 0-thallated intermediate, in contrast to ring- 

thalIated intermediates in the oxidation of phenols by Tl(III) compounds [J. 

Org: Chem.. 41 (1976) 2821. Oxidative coupling of aromatic compounds using 

-. Tl(OOCCF3)3 in CF3COOH, carbon tetrachloride or CH3CN was described (41). 

Rl R2 R3 

Me0 H Br 
2 

I 

Me 

Me Br 
1 

R2 

‘& 

1 

Tl(OOCCF,)3 
R2 

*(a 

Me H Me 

\ Me Me Me 

2 

Rl= Me, R2= H; R1= MeO, R*= H, Me, Cl, Br; 

Rl= Br, R2= H; R1= I, R2= H 

Z 
Tl(OOCCF3)5 

OMe OMe 
[Z= CH2 (ref. 41); Z= 0 (ref. 42): 

Aromatics which contain powerful electron-withdrawing groups (COOR. CN, NO23 

failed to couple. The same authors also described similar coupling of XXVI 

(Z= 0) and XXVII (42). Treatment of XXVII with Tl(OAc)5. however, led to 

aromatic acetoxylation to give XXVIII (R'= OAc). .- 
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Several thallium compounds including CgH5Tl, 2,4-dimethylphenylthallium 

compounds and oxythallated adducts of -allylphenol, styrene and norbomadiene 

were found to be effective catalysts for the transesterification of alkyd 

esters of di-, tri- and tetracarboxylic acids such as methyl terephthalate, 

phthalate or isophthalate with 2,3-epoxypropanol (43). Treatment of phenyl- 

cyclopropane with TlOAc/I2 gave, as the major products, 1,3_disubstituted 

phenylpropanes, Possibly via electrophilic attack of iodine at the ring (44). 

Ph-u 

T10Ac/12 
. PhCH-CH2-CH 

I I2 
X Y 

X,Y= OAc, OH, I 

The same authors extended their previous reaction of olefins with T10Ac/12 to 

TlOAc/ICl, 2-g. as shown below (45). 

TlOAc/ICl \ I 

>=+---+ 
I 

I OAc 

5. Organothallium(1) Compounds 

Pyrolysis at 200-300°C of T12R1R2C2B9Hg (R1, R*= H, Me) gave thallium 

metal and TlRlR2C2BgH10 as the major product (46). The structure of the 

thallacarboranes thus prepared was discussed on the basis of mass and 
1 
H and 

11 
B NMR spectra. Reaction of C5H5Tl with tetracyanoethylene proceeded almost 

quantitatively to give XXIX (47). A low temperature X-ray investigation 

C5H5Tl + (CN)2C=C(CN)2 - T~[C~H~C(CN)==C(CN)~I + KN 

XXIX 

confirmed the structure of XXIX to be similar to that of C5H5Tl. XXIX was 

found to be useful for making tricyanovinyl-substituted metallocenes, e.g. 

m-X 
XXIX - m'-C5H4C(CN)=C(CNJ2 

m= Mn(C0) 
5' 

m'= Mn(CO)3; m= m'= CuPPh 3;-m= Fe(C5H51(C012, m'= Fe(C5H5) 
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Reaction of CSHSTl with 7-norbornadienyl chloride in diglyme 'at 150°C is 

reported to c0nstitute.a convenient one-step synthesis of XXX _ (48). 
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