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Thallium-205, carbon-13 and proton NMR spectra have been determined for 
some monomethylthaKum(III) derivatives CH,TiX2 (X = anion) permitting com- 
parison of NMR parameters in the series CHsTlX2, (CH3)2TlX, (CH3)3Tl. 

As part of an investigation of the factors influencing the NMR parameters of 
organothallium(II1) compounds [I], we have determmed the 205Tl, 13C and I H 
NMR spectra of some monomethylthallium(III) derivatives CHsTlX2 (X = anion). 
The “C and 205T1 NMR data appear to be the first available for monoalkyl- 
thallium compounds, and consequently permit comparison of NMR parameters 
in the series CHJTIXl, (CH3)2TlX, (CH3)3T1. The results are summarized in 
Table 1 together with data for (CHS)ST1 [2] and representative (CH3)2TlX 
species. 

Both 1J(20’Tl-13C) and *J( 205Tl-1H) decrease with increasing methyl sub- 
stitution. The decrease in 2J(ZoSTl--‘H) has previously been noted [3,4] and a 
similar situation is found for analogous tin [5,6], lead [7] and mercury [S] 
systems. However, the 1J(205Tl-*3C) and *c?(*~~TI-‘H) coupling constants are 
large when compared with corresponding constants for tin, lead and mercury 
compounds. This is apparent for the tin and lead compounds both when the 
coupling constants are expressed in He_* and as reduced coupling constants (in 
N mm3 A-*)_ Conversion of the values for mercury Compounds, however, yields 
couplings comparable to those for thallium. The large changes observed for the 
$haIlium system on successive methyl substitution (see Table 2) show clearly that 
2J(20sTIJH) and, in particular, the one-bond coupling 1J(20sTlL13C) are very 
sensitive probes for the environment of thallium in organothallium compounds. 



T
A

B
L

E
 1

 

‘O
’T

I, 
“0

 
A

N
D

 
‘If

 
N

M
R

 P
A

R
A

M
E

T
E

R
S

 F
O

R
 M

E
T

H
Y

L
T

H
A

L
L

IU
M

(I
II

) 
D

E
R

IV
A

T
IV

E
S

 
--

--
--

--
--

.I
_ 

-_
--

--
- 

C
o

m
m

u
n

d
 

S
ol

ve
n

t0
 

C
on

ce
b 

X
(T

lj
C

--
 

6 (
T

D
d 

6(
“C

(C
H

,)
)e

 
&

‘W
C

H
,)

)e
 

I ‘
J(

‘a
’T

I-
‘S

C
)l

~
 

__
__

__
__

__
__

__
__

__
._

 
__

-.
 -

--
 

--
 

--
-.

-.
-.

--
--

--
- 

C
H

,T
1(

00
0C

H
,)

~
 

(1
) 

1.
0 

C
H

,O
H

 
C

H
C

I,
 

C
H

,C
N

 
C

H
,C

I,
 

n
ce

to
n

s 
py

rl
dh

M
 

D
U

S
O

 
D

M
B

O
 

II
,0

 
C

H
C

I,
 

D
M

S
O

 
L

W
dJ

n
e 

C
H

,O
H

 
D

Y
dd

ln
e 

0.
8 

h 

67
W

46
91

 
67

86
11

86
 

-2
72

 
-3

as
 

17
.7

 
l&

7 

I a
J(

lo
’T

1-
‘H

)l
~

 

h h 

C
H

,'l
l(C

N
)O

C
!O

C
H

, (
III

) 
(O

li
,)

,T
IO

C
O

C
H

, 
/I

V
) 

0.
1 

0.
2 

0.
4 

0.
4 

h 

lb
6 

87
88

68
24

 
11

0 
26

.7
k

 

(O
H

,)
dI

N
O

,’ 
00

 
-_

 
- 

((
lH

,)
,T

m
0,

H
,’ 
K

i)
 

(V
IH

) 

D
M

B
O

 
P

Y
T

ld
ln

e 
C

if
,C

I,
 

0.
1 

0
.
8
 

0.
8 

0,
2 

0.
2 

0.
0 

0.
2 

67
68

04
66

 
0 

22
2 

67
80

17
07

 
23

 
26

,O
 

67
89

13
86

 
18

8 
22

84
 

67
89

97
66

 
33

4 
23

.1
 

1.
72

 
1,

86
 

1.
71

’ 
1.

00
’ 

1.
77

’ 
1.

83
 

1.
32

 
1,

22
 

X
,6

3 
1,

ll
’ 

0.
77

 
1,

21
 

1,
os

 
1.

66
 

0,
70

 
I,

26
 

10
16

 

68
76

 
93

0 
66

81
 

91
1 

g$
 

e1
4’

J 
89

0 
92

6 
69

14
 

62
7 

26
13

 
40

7 
37

7’
J 

43
7 

41
7 

42
1 

30
80

 
43

6 
20

03
 

44
8 

26
07

 
40

9 
24

76
 

37
2 

W
,)

,T
lm

 
(I

X
) 

(C
H

,)
,O

 
57

04
86

40
 

10
91

 
0,

40
 

19
30

 
28

9 
--

_-
.-

_-
 

_-
 

aD
~

to
rW

d 
ro

Iv
on

tr
 w

er
e 

w
d

 
Io

r 
“C

 
m

d 
‘H

 m
sr

au
em

en
b.

 
*I

n
 m

ol
 d

m
”‘

, 
‘%

au
en

cy
 

In
 H

z 
(*

S
O

) 
of

 “
‘T

l 
S

ig
n

al
 fo

r 
a 

fi
el

d 
In

 w
h

ic
h

 T
M

S
 d

ve
s 

8 
pr

ot
on

 
~

W
II

U
K

W
 at

 1
00

 b
W

, 
di

n
 p

pm
 (

fl
);

 
b(

T
I)

 n
 
0 

pp
m

 h
u

b
ae

n
 e

r&
n

ad
 l

 bl
tr

u
ll

y.
 

“I
n

 p
pm

 !
ro

m
 i

n
te

rn
al

 T
M

9 
(d

ow
n

il
el

d 
po

sl
tlv

e)
, 

E
rr

or
a 

fo
r 

b(
C

) 
en

d
 6

(H
) 

ar
c 

tO
,l

ti
 

k
O

.0
2 

pp
m

 m
cp

do
tI

ve
Iy

. I
In

 H
E

 (Q
).

 
II

n
 H

z 
(f

l)
; 

de
tc

rm
ln

ed
 f

ro
m

 ‘
H

 N
M

R
 s

pe
ct

ra
. 

h
S

at
u

re
t.

ed
 so

lu
U

oa
, 

‘E
rr

on
; 

to
.0

7 
pp

m
, 

*4
 H

z.
 ~

S
lg

n
al

s 
bm

ad
an

ed
 u

oh
 t

ha
t 0

8p
m

te
 co

up
llq

 t
o 

“9
1 

an
d “

‘T
l 

w
ee

 u
n

re
so

lv
ed

. 
k

R
el

at
tv

e 
to

 I
n

te
rn

al
 T

S
P

, 
‘D

oh
 

fr
om

 r
ef

. 
1.

 m
D

n
ta

 f
ro

m
 m

l, 
2.

 



c33 

TABLE 2 

SUMMARY OF CHANGES IN ‘J(M--‘k) AND ‘J(M-‘H) WITH SUCCESSIVE METHYL SUBSTITUTION 
IN SOME METHYL-METAL SYSTEMS 

svstem= n A i’J(M-‘“C) 15 A i’J(M-‘H) lb 

Hz lo’0 N m--3 A-z Hz lo’0 y m-3 A-z 

WH,),TlX,_, 

c 

198.8 532 7.7 

33.4 138 2.0 
3’ 

(CH,),SnX._, d 

(CH,),PbX,_, z - 
68 Cl41 

<CH,),HgX~-, 1249 j81 

6.0 57 t61 1.3 
- 15 171 0.6 
231.6 159 181 7.4 

OX = anionic species. bChan&e in coupling constanr with successive methyl substitution. M = ““Tl. “9Sn. 
==Pb and ‘99Hg. =Data for samples I. IV and IX. Table 1. dLuest changes observed due to successive 
methyl substitution. 

A plot of 1J(ZoST1--13 C) against 2J(‘osT1-1 H) (Fig. 1) shows a linear wlation- 
ship and the close approach of the line to the origin suggests that common 
factors dominate the coupling to both carbon and hydrogen 191. However, 
while the linear relationship holds for the gross changes dependent upon the 

2001 

i 
1 

OX\ 2000 
‘J(*oSTI-‘~)/,Hz~ 

I 6000 
1 I I I _.. 

2J(~TI-‘~-0-1S5’J(‘o’Tl-‘~) +1?.8 
r-0.989 
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extent of methyl substitution, there appears to be no detailed correlation 
between 1J(205T1-13C) and 2J(205T1-’ H) for a particular type of methylthallium 
derivative. The variations in ‘J(‘05 TP3C) and 2J(‘oSTl---*H) (< 25%) for 
(CH3)2TlX are attributable to variations in concentration, anion and, most im- 
portantly, solvent [l]. The results for monomethylthallium( III) derivatives indi- 
cate that anion and solvent are likewise important in determining 1J(205Tl-‘3C) 
and 2J(‘oST1-‘H). 

The increase in 2J(ZoSTl-‘H) between R3Tl and R2TlX (R = CH3, C,H,; X = 
anion) has been interpreted on the assumption that the Fermi contact mechan- 
ism is the dominant contribution to the coupling 131. The approximate expres- 
sion for the contact contribution to the coupling constant [ 10,111 is 

J(M-X) a I $ns(~)(0) I’ * I tins(x)(O) I2 -(AE)-’ -a’(M) - c’(X) 

where I Jlns(0) I ’ is the valence s-electron density at the nucleus, a’ represents 
the s-character of the hybrid orbital involved in M-X bonding and AE is an 
average excitation energy. The terms I @ Is(~)(O) I ‘, (AE)-’ and a2(H) are as- 
sumed constant for given R. Equating e2(T1) with the square of the coefficient of 
the thallium 6s orbital in the thallium hybrid orbitals and using the propor- 
tionality of I I$~~(T~)(O) I 2 and (Z,ff)3 (where &f is the effective nuclear charge 
on the thallium atom and is approximated by (Z,Z)‘h; 2, = Slater screened 
nuclear charge and 2 = nuclear charge), Maher and Evans [3] predicted values of 

2J( 205T1- AH) for RST1, R2Tl+, RTl’+ in the ratios 1: 1.8 :4.3. Weibel and Oliver 
[ 121, however, rationalised 2 J(‘O’ Tl--’ H) in methylthallium species solely in 
terms of changes in s-character. These and other relevant ratios are compared in 
Table 3 with the ’ J(205T1-13 C) and 2 J(20sT1-’ H) data reported in this work and 
the 2J(205T1-1H) data of reference 12. We have recalculated the ratios using the 
method of Maher and Evans [3] and find their reported values in error (see 
Table 3). The recalculated values clearly give better agreement with the experi- 
mental data. However, it should be pointed oxt that comparable agreement is 
obtained by taking ratios of s-characters, a result which is not unexpected on ac- 
count of the smaller changes in (Ze.)3. 

Maher and Evans [3] rightly advise caution in placing significance on the 
closeness of the calculated and experimental values in view of the approxima- 
tions involved, especially that the thallium 6s orbital participates only in 
thallium--carbon bonding and that the several different exchange integrals in- 
volved in coupling between non-directly bonded atoms have been neglected. The 
former objection is supported by the observed solvent and anion dependence of 
’ J(20ST1-‘H), (Table 1, 111 ), although it could reasonably be argued that use of 
thallium 6s orbit& in interactions with solvent or anionic species would reduce 
the predicted 2J(20s Tl-“H) ratios R2Tl+/R3Tl and RT12+/R3Tl to values nearer 
than those experimentally observed. The latter objection to this approach is re- 
moved when directly bonded thallium--carbon coupling is considered. The cor- 
relation between 1J(20sTl--‘3C) and 2J(2WTT1JH) in the series (CH,),Tl, 
(CH3),llX, CH3TlXz shown in Fig. 1 and the observed ratios of 1J(205Tl-13C) 
for (CH,),Tl, (CHJ)2T10Ac and CHSTl(OAc)2 (1: 1.3 : 3.1) give considerable sup 
port to the assumption of dominance of the Fermi contact mechanism and the 
importance of $(Tl) in determinin g the general magnitude of these couplings. 
The conch&on that rJ(20511~3C) is dominated by the contact term is in accord 
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with theoretical considerations which show that the orbital contribution is zero 
in the absence of multipIe bonding between thallium and carbon [lo] and the 
spin-dipolar contribution to ‘J(205T1-13 C) in an isolated thaIlium--carbon bond 
is 20 Hz 1131. 

The other NMR parameter clearly sensitive to the extent of methyl substitu- 
tion is the thallium-205 chemical shift. The total shift range is 1424 ppm with in- 
creasing methyl substitution deshielding the thallium nucleus. The ver-y limited 
data presently available for organothahium compounds does not yet allow elucida- 
tion of the factors influencing 6 (Tl). Investigations designed to extend the 
thallium-205 chemical shift results and to provide further data with which to 
evaluate the conclusions concerning coupling to thallium are being continued by 
study of longer-chain alkylthaIlium(III) derivatives. 
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