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THALLIUM ; ANNUAL SURVEY COVERING THE YEAR 1977

Hideo KUROSAWA

Department of Petroleum Chemistry, Osaka University, Suita, Osaka, Japan

This survey will deal with 1) synthesis, structure and spectroscopy of
organothallium(III) compounds, 2) thallium-metal bonded compounds, 3) reactions
and kinetics, 4) organic synthesis with thallium(III) and thallium(I) compounds

and 5) organothallium(I) compounds.

1. Synthesis, Structure and Spectroscopy of Organothallium({III) Compounds
A six-membered heterocycle containing a formal tetraalkylthallate moiety,
I was prepared from MesTl and a conjugated double ylide (1). 1H and 31? NMR

data of I are described. Some pentahalophenylthallate anions have been
Me P~ N p
2§ TN
=N- = —_— s HC - CH
Me3T1 + Me3P N PMez CH2 2 ~1 2 I
Me” “Me -
isolated as the ammonium salts (2). Treatment of [Tl(C6F5)4][nBu4N] with
2LiC [Bu,N]B
6757 © T S [Ti(C.Fo),] [MBu,N]
6 574 4
(CeF5) ,T1BT 2LiCCl,, ["Bu,N1Br

> [T1(C4Fg),(C4Clg), 1 Bu,N]

TIC1y gave [{Tl(c6F5)2c1}2c1][“Bu4N] and [Tl(C6F5)3C1][nBu4N]. Bis(penta-
chlorophenyl) thallium derivatives, (C6C15)2T1X (X= C1, OAc, C104, 1/2 504, Br,
I, CN) have been prepared from C,Cl.Li and T1Cl; and subSequent metathetical
procedures (3). The cis-1,2-dicyanoethylenedithiolate complex of the
dimethylthallium ion, [Me2T1{52C2(CN)2}][Ph4As], was prepared, and a preliminary
IR and 1H NMR study of this complex was reported (4). Dimethylthallium silyl-
amide, MeleN(SiMeS)2 was prepared from Me2T101 and NaN(SiMes)2 in toluene (5).

*Thallium: Annual Survey covering the year 1976 see J. Organometai. Chem.,

Vol. 147(1978)p.193-204.
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;The preparatlon and mass spectrum of- Tl[N(SlMe3)2]3 also were

idescrlbed Thls compound reacted wlth HN3 and’ cyclopentadlene to. g1ve

V_’:,H [Tl(l\ 6] and: c5 5'1‘1 respectlvely., D1a1ky1thalllum phosphldes and .
arsenldes, R. TlEPhR (R= Me, Et R = Ph H; E= P, As) were prepared from HEPhRf

.and R Tl or R TlNHe 6). - They were characterized by mass and “H and P NMR

S2°
3 specura. Reactlons of these compounds w1th heterocumulenes, oxygen or sulfhr

,gave 1nsert10n products

. V : ‘ X-TlMe,
'MelePth + PhN=C=X -———> PhN=C_ ,
R ) - PPh, (X= 0, S)

E= P, As)

we

'Me2T1EPh2 + QZ (9r'1/4 58)-—> Melex-EPh2~ {X= 0, S

Preparation of RTlX and R TiX (R= Ph, E;MeC6H4, 25C1C6H4, X= OAc, 0OOCPr,
caproate) u<1ng aryltm compounds and TiX, has been described (7).

’ Rearrangement and deprotonatlon of 2, 6 -bis(2-methyl-2-benzothiazolinyl)-
pyridine- occurred upon reaction with RTJ.(OAc)2 (R= Me, Et) to give II (8).
X-ray crystallegraphic study of II (R= Me)} showed that this complex has a
Highly distorted pentagonal pyramidal geometry with the methyl group occupying

. the axial positiomn.

Me Me - \/@\
%/@\(_$ © _  RT1 (OAC)Z )l]/
5 HN — @: \ 1 :@ 11
/, \ —

R

Me

2.587 207}-2 633 A Enj' @
S C
C~\\ 1/

S
11
2.673 2.673j:)

N 23794 N O- ’@

IL (R= Me) 111

Tl---.__C

'2,2!—Dipyridylamine feacted with (C6F5)3T1 to give a dimeric compound,

) [(CEFS)ZTI{N (C5H4N)é}]2 III, whose X-Tay study revealed the presence of a
.5~coordinate thallium atom with very distorted trigonal bipyramidal geometry (9).
X-ray structural determination of [Me TIX] (X; Oph,uOC6H4C1—2,,SPh) confirmed
their formulatlon as discrete dimers (10) No apparent correlation between
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) , . ) .
,the C-Ti=C angle (less than 17 .deviation from 18C )} and the lJTl c °T ZJTI-H
coupllng -onstants 1n these dimethylthallium derivatives was found.

205Tl, C and H NMR spectra were measured for MeTl(OAc)2 and MeT1(CN)OAc,

permlttlng comparison of NMR parameters in the series, MeTlXZ, Me2T1X and

Me3T1 (11). 13C NMR spectra of some oxythallated adducts of norbornene,
norbornadiene and norborn-2-ene-5-endo carboxylic acid have been obtained and
assigned (12). The substituent induced shifts (. 3, ¥ effects) at various

carbgﬁs;have been calculated and compared with those for the analogous
mercury(II) compounds. A dihedral angle dependence of JJTl_C coupling

constants was demonstrated.

2. Thallium-metal Bonded Compounds

Reaction of L (CO)IrX with Tl(OOCR)3 afforded Ir-T1 bonded complexes, .
LZ(CO)X(OOCR)Ir T1(00CR)2 (L= PPhg, PPhMe2 AsPh_; X= C1 GOCR; R= Me, Et, 'Pr,
CF3) (13). The proposed structure (on. the basis of P NMR and IR spectro-

scopy) is shown in IV. The Ir-T! bond in these complexes was stable to HZO’
Tl(OOCR)2
oc —I~— L

// Ir // v
L-———r——OOCR
OOCR
HC1, RCOOH, NH3 and NEtS. A catalytic reduction of Tl(OOCR)3 to T100CR and
CO2 occurred in the presence of L (CO)Rh (OOCR) . In connection with the
inhibitory effect of T1(I) ion on hydrogen uptake by [Co(CN) ] , the presence
of a Co-T1-Co bonded complex, [{(CN) Co}le] 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 !:(R= S-tBu, 6—tBu) with EtSM (M= Al, Ga, In, TI1)
proceeded by a one-electron transfer mechanism via a paramagnetic chelate
intermediate VI (15). Thus, treating V (R= 5-'Bu) with Et,M (M= T1, A1) gave,

t
Bu

after hydrolysis, 86 % of a mixture of 2,4,6~- ( tBu) ,(EtO)C H,OH and 2,3,5-Et0-

(tBu)2C6H20H Similarly, reaction of V (R= 6-'Bu) with Et,T1 gave 2,3,6-EtC-

(tBu)ZCGHZOH Tris(tetrachlorophenyl)thallium has been used to prepare a
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) The’ klnetlcs of the deccmp051t10n of MeTl(OAc)2 in pyr1d1ne or methanol
1contaln1ng equlmolar ‘amounts of pyrldlne have. been studied. (18). In methanol
more than 90 % of N-methylpyr1d1n1um acetate and less than 10 % of methyl
acetate were obtained. A bimolecular mechanlsm 1nv01v1ng ‘an S 2 attack of
pyridine and OAc™ at the methyl group of the MeTlOAc 1ntermed1ate was suggested.
Nadon and Zador studied the effect of coordination around the thallium atom on
the rate of decomp051t10n of PhCH(OMe)CH Tlx2 irn aqueous methanol (19) At
low C1™ concentration, the rate of oxidative decomp051t10n decreased because
Df the fbrmatlon of PhCH(OMe)CH TIC1* and PhCH(OMe)CH T1C1(OH) At high C1™
concentration, PhCH(OMe)CH T1C1 or PhCH(OMe)CH TlCl - are formed, and deoxy-
thallation was-observed. The determlnatlon of polar, steric and resonance
effects in the oxidation of 32 dlfrerent olefins by T12(SO4) in water was
carrled out using the 11near free energy relationship for the chosen set of
RCH—CHZ, RR' C-CH2 and 1nterna1 olefins 20). Pol;r effect; were the mos;
important for the RCH= CH and RR'C= CHZ series, while both steric and resonance
effects were important for the internal olefins. An aqueous medium was
aanntageous for the preparation‘of the carbonyl compounds from olefins with

electron-releasing substituents.

4. Organic Synthesis with Thallium(III) and Thallium(I) Compodnds
‘Oxidation of several mono- and diolefins with Tl(OOCCFs)3 was investigated

(21). Transformations examined include:

Me Me Me
) meso or racemic -
\:::/ or \===\ —_— M

><—1—:x:
i
&
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R R R
. %—{ _— />——<—_‘X (R= H, Me)

a

%( B
o—9 - Q
X
X X
O —Q 7 O o
X 2
N X X X

When cyclohexa-1,3-diene is ccordinated to iron, oxidation with T1 (OOCCF3)3,

TI(NOZ,)_.5 or Tl(OAc)_.5 in methanol proceeds as shown below to give VII and
VIII (22).

TI(OOCCF3)2

(CO) F @ T1(00CCF3) 5
5Fe —_ 35 _
(CO) 5Fe MeOH
Me‘OH/ \ T1 (0OCCE

3)2
T1(00CCF,),
(CO) ;Fe \1;;:]
< (CO) Fe
OMe
-TlOOCCF —TIOOCCF3
-HOOCCF -HOOCCFS

wOMe MeO

(Co) ;Fe '@ vit (co) 3Fe©

Cyclooctadiene reacted with T1 (OOCCFS),. in CH2C12 to give transannular
cyclization products, IX and X (23).

(]
(]

A general method for regioselective

00CCF 00CCF .,
’ H H
T1(00CCF,)
> +
IX

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

Tl(N03)3 was described (24).
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2'Metﬁy1enénorbbrnane ‘and T1(NO;), in methanol gave a ketone which further

'*eacted w1th Tl(NOZ) to result in a stercospecific ring contraction (25).
-~ T1(N p NO
T1( 03) 3 T1( 3) - )

Dimethylketals. of chalcones reacted with T1(NO. )3 in trimethyl orthoformate
(TMOF} to afford XI provided that the migratory aptitude of Ar' is moderate
to gcod {26).

s . . T1 (N03)3
© ArCH=CHCOAr' —> ATCH=CH-C(OMe) AT >
» : TMOF
e ‘
AI?H—T'CHj—i?(OME)Z —> ATCH—CHCOOMe

OMe Ar' ' OMe Ar'

. : - XL

. Ar= Ph, Ar'= Ph, 4-MeC(H,, 4-MeOC.H,;

- Ar= 4- C1C6H4,»Ar = 4- MeC6H4,

T
-N02C6H4, Ar'= Ph, 4-MeOCH, -

Ar
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“32f"bxidativé*rea;rangement of ent-17-norkauran-1i6-one XII with T1(N03)3 in
a¢epi¢ja§id-gave'x111 as the major product, together with XIV~XVI (27).

12

XII XIII (R= H) XV (R= H)
XIV (R= OAc) XVI (R= Ac)

Formation of these compounds formally corresponds to a new type of rearrange-

ment shown below.

Hu: Nu 0
R' 0 \/'\‘/H\R
\/K/"\ R'

V\FL“

The same authors also reported oxidation of ent-kaurenes or 13pf-kaurenes with
Tl(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 ONO2 (28).
In a comparative study of the oxidation of XVII with Hg(II), T1(III) and Pb(IV)
acetates, the methyl ethers of the allylic alcohols were the major products
from the thallium oxidation (29). Among several steroidal S5-enes which were

allowed to react with T1(OAc) XVIII gave, as the major product, XIX which may

3)
have been formed through a Westphalen-type rearrangement of the organothallium
intermediate, XX, involving migration of the 10-methyl group, followed by

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

N s 3

OAc Ho\

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. Soc., 98 (1976) 3037], Waiker

and Pillai examined the reaction of X-methoxystyrene derivatives with T1(III)
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L ars vE-'J‘fBuC"H X= NO_" €10, oAc, 1/2 SO

i St iy’ °4
oOxidation of the enamine XXI with TI(IOAC)SVin‘ methanol gave a diastereomeric

mixture of ,p-dimethoxy derivatives (32). In another reaction of enamines,

C Me. - _NHCOR : Me_ NHCOR.
>=< T1(0Ac) R H_>r—l(.. COOMe
- 'H COO}ie MeOH - OMe OMe 7
XXI ' (R= Me, PhCHj, Ph)

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

0
Me Jl . Tl(NO o MeOH MeO
RTo , xS0 o, - ’L\

XX11 T1(NO,)
+ 0
—_—
i Me - g /40 MeOH /&

‘Addition of aromatic amines to phenylacetylene was catalyzed by T1(OAc) z in
which intermediate formation of organothallium compound was postulated (34).

PhC=CH + HN —Q\ T1 (OAc) Pho_ _T1(0Ac) 2
c=C

N~ ~

H
/S
o
, 2
AcOH Ph
> N>c:CH2 R'= H, Me, Et, PhCH,
17 -2
R R%= H, 4-Me, 2-Me, 4-MeD, 2-MeO, 4-Cl
2

“Treatment of triaxane with T1 (OAC)% in acetic-acid gave XXIII, providing a
‘simple, stereospecific route to a C-4, C-8 difunctionalized brendane (35).
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 T1(0AG) 5
T1(0OAc) 2
—_— —_
XXIII

OAc
Simple synthesis of aromatic fluorides by means of Tl(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 (OOCCFS) 3 KF
ArH ATrT1(0OCCF,),, —————3 ATF
372 BFS
Ar— 4- MeC6H4, 4- EtC6H4, 2,4- M92C6H3, 2,5- MeZCGHS’ 2,4,6- Me3C6H2, 4-PhC6H4
Thallation of 2,3,5,6-tetrafluorcanisole, XXIV, was examined (37). Thus, while

XXIV was not thallated by T1(OOCCF3) in CF COOH the same reaction mixture
containing CF,SO.H gave, after treatment w1th Nal, 39 % p-IC.F,OMe.
T1(038CF3)3, however, did not give as good results as the above system due to

solubility problems.
The reaction of p-alkylphenols with T1 (C104)3 in aqueous perchloric acid
afforded 65-70 % of alkyl-substituted p-benzoquinones via acid catalyzed

dienone-phenol rearrangement (38).

@ T1(C104) 5 Q @\ T1(C1l0 )3 U:'j\

R 'OH
R= Me, CHZCHZOAC, CHZCHZOCOCHZCI

A major product from oxidation of estrone with Tl(C104)3 was found to be XXV,
a possible route to which is shown below (39).

gt ot

Qy O,

T1(C10,), T1(C10,) 4 HO
43 —_—

HO 0

References p. 232



Intramolecular;coupllng of phenollc d1arylalkanes u51ng Tl[OOCCF )"has

'prévmusu beei reported [J. Am. Ciém. Soc:, 95-(1973) 612; 97 (1975) 1239--'

98- (1976) 2571] .7 Schwartz and coéworkers now compa:red such coupllng ‘of"
dlphenollc, monophenohc and non-phenol:.c substrates us:mg T1 (OOCCF3) 32 OCI3

T and Ag((’)OCCF.,)2 (40), a.nd found that T1 (OOCCF ) 15 su1"ed for monophenollc

coupllng, e.g.

<:©;

Tl (OOCCF:S)
———————9
<0 >
n .
VTN N

These éuthors suggested an O-thallated in’termediate, in contrast. to Ting-

thallatéd intermediates in the oxidation of phenols by T1(III) compounds [J.
Org. Chem., 41 (1976) 282]. Oxiddtive coupling of aromatic compounds using
T1 (odccr-'s)'3 in cpsco'oH, carbon tetrachloride or CH,CN was described (41}.

R2 1 .2 .3

Tl(OOCCF )- R R" R
MeO MeO H Br
RS 1
Me
Me Br
1
. R2 Me H Me
T1(00CCF,) 5 Me Me Me
1 2
Rl= Me, R%= H; R!= MeO, R%= H, Me, Cl, Br;
1 2 1 2
R'= Br, R°= H; R'=1I, R°= H
OMe OMe
MeO MeD

. T1 (DOCCFS)3

MeC MeO
OMe OMe
- XXVI

[2= CH, (ref. 41); Z= O (ref. 42)

‘Aromatics which contain powerful electron-withdrawing groups (COOR, CN, NOZ)

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

_ (2=-0) and XXVII (42) ‘Treatment of XXVII with Tl(OAc)z, however, led to

aromatic acetoxylat1on to glve XXVIITI (R'= OAc)
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«: . OMe - OMe
< <
NMe
o]} NMe
, T1(00CR) 0
—_—
Me MeO R' (R'= H when R= CF,;
1 ]
OMe OMe R = OAc when R= Me)
ol XXVITL

Several thallium compounds including CSHSTI, 2,4-dimethylphenylthallium
compounds and oxythallated adducts of v-allylphenol, styrene and norbornadiene
were found to be effective catalysts for the transesterification of alkyl
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).

T10Ac/T,
Ph _Q >~ Ph(IZH-CHZ—(IZHZ

X Y

X,Y= OAc, OH, I

The same authors extended their previous reaction of olefins with TlOAc/I2 to

T10Ac/IC1l, e.g. as shown below (45).

T10Ac/IC1

o — I OAc

5. Organothallium(I) Compounds
1.2 1

Pyrolysis at 200-300°C of T12R R C2B9H9 (R™, R2= H, Me) gave thallium

metal and TlRlRZCZBgH10 as the major product (46). The structure of the
thallacarboranes thus prepared was discussed on the basis of mass and 1H and
118 NMR spectra. Reaction of C5H5T1 with tetracyanoethylene proceeded almost

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

C HsTl + (CN)2C==C(CN)2 — T1[C5H4C(CN)==C(CN)2] + HCN

XXIX

5

confirmed the structure of XXIX to be similar to that of CSHSTl. XXIX was
found to be useful for making tricyanovinyl-substituted metallocenes, e.g.

m-X
XXIX —————> m'-C5H4C(CN)=C(CN)2

= = s m=m= s m= =
m= M:n(CO)s, m MH(CO)S, m= m CuPPhS, m Fe(CSHS) (CO)Z, m = Fe(csﬂs)
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In the presence of addltlonal C H. Ti};?é(c )[C H C(CN)—‘C(CN)Z] gave a'
Adlnuclear uomplex..,v SR R S .
< C(CN-)Z: _CSH T1 @"‘ \.
- Fe S :

C - ‘ Fc(CO) i : :

'Reactlon of C H T1 with 7-norbornadienyl chloride in diglyme at 150°C is

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

CSHSTI +
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