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13C chemical shifts and ‘3C305 Tl spin--spin coupling constants over two 
to six bonds (including most of the signs) are reported for alkyl-substituted 
arylthallium trifluoroacetates. After a detailed description of the method of 
signal assignment, substituent effects on chemical shifts and coupling constants 

are derived. The dependence of “J( 13C, “‘Tl) on the conformation of alkyl side- 
chains para to the Tl(OCOCF,), group is shown. 

Introduction 

There are few reports in the literature on 13C NMR spectra of organo- 
thallium compounds; the first, by Hildenbrand and Dreeskamp on trimethyl- 
thallium and dimethylthallium bromide, appeared in 1970 [ 11. Abraham’s 
group reported ‘%--‘“‘Tl spin-spin coupling constants in porphyrin derivatives 
with Tl”’ as the central metal atom [ 21. Kitching, Praeger, Moore, Doddrell and 
Adcock [3 j recently published 13C NMR data for phenylthallium trifjuoroacetate 
and four of its methyl-substituted derivatives, which are markedly in conflict 
with our results [4]. 

Our investigations are now extended to arylthallium compounds with 
higher alkyl sidechains in order to get some insight into the nature of long-range 
carbon-thallium coupling. Substituent effects on “J( 13C, ‘OsTI), where n = 2-5, 
and on 13C chemical shifts are also discussed. Moreover, detailed arguments for. 
the assignment of resonances to specific carbons are given to show that the 
results of ref. 4 are correct. ‘H NMR results are included as far as they are 
relevant to the present study. 

Results and discussion 

‘% NMR spectra were obtained for dimethyl sulfoxide-d, solutions of 
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compounds I to XI. The chemical shifts are given in Table 1 together wi:h the 
substituent-induced shift, i.e. the difference in chemical shifts between the 
thallium derivative and the parent hydrocarbon. Hydrocarbon shifts were 
measured for 40% (v/v) solutions in Dl’vlSO-&, i.e. under approsimately 
the same experimental conditions, and are not. given here. 

(!I 

(!!) 4-Pale, (Ill). 4-E!, (IV). 4-I-Pr, (V).~-K-BIJ; 
iv1 1. 4-n-Pr, (VII) 2.4-ble,. (VIII) 2.5-!Je,, 

(!:<I. 3,4-Mez, (XI 1.4,6-ble3; (XI) 2.4.6-Et3 

Table 2 shows the “C-“‘TI coupling constants over two to sis bonds. 
The one-bond couplings range from 9 to 10 kHz [3]; they were not determined 
because it proved difficult to obtain a good enough signal-to-noise ratio to 
identify unequivocally the signals, which are presumably rather broad 131 and 
weak. The signs of J(C, Tl) are given explicitly in those cases where they were 
determined. Signs deduced from analogous compounds are given in brackets. 

Before a discussion of these results is undertaken, it is essential to demon- 
strate that the assignment of the signals to the specific carbons is unambiguous, 
for the discrepancies between refs. 3 and 4 apparently result from wrong assign- 
ments in the former. 

In the aromatic region, compound II shows sis signals, two of which are 
only half as mtense as the remainder and therefore are readily assigned to C-4. 
Thus the remaining signals at 2732,3089,3651 and 3816 Hz downfield from 
TMS (at 25.16 MHz) belong to C-2 and C-3. Those at 2732 and 3816 Hz are 
broader and slightly less intense than the others. On the inside these two signals 
show almost, resolved splittings at half height which are due to the “‘Tl isotope. 
Therefore they correspond to the same carbon and give for it 6 130.2 ppm and 

J(C, ‘OST1) 1084 Hz. J(C, “‘Tl) is 1074 Hz from which the ratio of the ‘OjTl/ 
‘03TL magnetic moments is calculated to be 1.0093 (theoretical value 1.0097). 
The signals at 3089 and 3651 Hz give 5 133.9 ppm and J(C, TI) 562 Hz. The 
fact that the shift of a signal from a carbon meta to a substituent is always 
least affected leads to the assignment C-2 S 133.9 ppm, J 562 Hz and C-3 
6 130.2 ppm, J 1084 Hz. Pairing the doublets in the wrong order leads approsim- 
ately to the results of ref. 3. 

Evidence for the correct assignment can he obtained independently for 
the other compounds, e.g. IX. The aromatic region contains ten signals, labelled 
A to J, for C-2 to C-6 which are a.ll non-equivalent by lack of symmetry. The 
frequencies of these signals, their multiplicity and residual ‘J(C, H) couplings 
in the single-frequency off-resonance ‘H-decoupled (SFORD) spectrum are 
listed in Table 3. Signals A, D, F and I belong to quarternary carbons, viz. C-3 

(confinued on p. 323) 
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TA BLE 3 

ASSIGNMENT FOR CARBONS C-2 TO C-6 OF COhlPOUND IX 

Slgilal Frequencv o MulLipbcitv ’ Jr 
c 

AU 
d 

+,&-J;’ Assignment 

A 3999 
I3 3831 

C 3661 
D 3593 

E 3565 

F 3376 

G 3109 

H 3050 

I 2928 
J 2730 

0 c-3 
72 1325 0.50 c-5 

86 1640 0.61 c-2 

0 C-4 

85 1626 0.63 C-6 

0 c-4 

37 611 0.21 C-2 

39 618 0.25 C-6 

0 c-3 

53 913 0.35 c-5 

o lo Hz from TMS ai 25.16 MHz. b In SFORD ?pechum s = ~lnglet. cl =doublr t. c Residual ‘J(C. H) in Hz: 

decoupler frequency 100 Hz upileld from Ts1S.d Transllion Frequency of corresponding protons relative LO 

decoupler Frequency e Awming JO = 160 Hz. 

and C-4, as they remain singlets in the SFORD spectrum. Tl-coupling to C-4 
is expected to be of the order of 200 Hz, and coupling to C-3 should be ca. 
1000 Hz by analogy with compound II; thu s, lines D and F represent the C-4 
transitions, yielding 6, 138.5 ppm, J 217 Hz, and A and 1 the C-3 transitions: 
a3 137.7 ppm, J 1071 Hz. Again lines A and I are broader than D and F be- 
cause of the “‘T! satellites which are not resolved here. The remaining signals 
which are all doublets in the SFORD spectrum are due to C-2, C-5 and C-6. Here 
the residuai ’ J(C, H) couplings, J,, facilitate the assignment. For their interpreta- 
tion the ’ H spectrum has to be considered. At the same magnetic field strength, the 
transitions of ‘H-2 occur at 1240 and 214 Hz from TMS [due to S (I-I-2) 7.27 ppm 
and J(T!, H) 1026 Hzj, ‘H-5 at 925 and 513 Hz [6(H-5) 7.19 ppm, J(TI, H) 412 Hz! 
and ‘H-6 at 1226 and 218 Hz [6 (H-6) 7.22 ppm, J(T!, H) 1008 Hz]. As the decoup- 
ler frequency was chosen to be -400 Hz from TMS, the differences Au between 
proton transitions and decoupler frequency are those shown in Table 3. 

Pachler [5] has derived an equation that relates AU and J,, viz.: 

which holds if the decoupling power level -yH,/% is large compared to 0.5(5,-J,) 
where Jo is the true C,H-coupling constant. As this condition is fulfilled in the 
present experiments, correct, assignment should yield a straight Line if Au is plotted 
vs. J&m. With the assignment given below this is in fact the case. From there 
it follows that lines B and J represent transitions of C-5. C, E, G and H then belong to 
C-2 and C-6. Consideration of the shift differences between C-3 and C-5 in o-xylene 
(6 3-6 5 = 3.7 ppm), which correspond to C-2 and C-6 in IX, makes the assignment 
of lines C and G to C-2 and of E and H to C-6 very probable. This results in 6 2 134.6 
ppm, J 552 Hz and h6 131.5 ppm, J 515 Hz. The other possible assignment, viz. C 
and H to C-2 and E and G to C-6, would give 6? 133.4 ppm,J 611 Hz andd b 132.6 
ppm, J 456 Hz. Because of the small shift difference and the large difference in 
coupling constants, this aItemative is highly unlikely. 

The fact that the T!,H coupling constants are so !arge (“J 1000, “J 400 and pJ 
100 Hz) allows easy determination of the relative signs of “J(T1, C) and “+lJ(TI, H) 



161. Consider the proton transitions of H-2 (at, 1640 and 614 Hz downfield from th 
decoupler frequency) and the transitions of C-2 (lines C and G) in IS. In the SFOR: 
‘-‘C spectrum, line C has Jr of 86 Hz, whereas line G is split by 37 Hz. Hence the IOR 
field ‘%2 transition (C) is related to the low-field ‘H transition and the high-field 13C 
line (G) to the high-field ‘H Irne. Therefore JJ(TI, H-ortho) and ‘J(TI. C-orllzo) have 
the same sign. Likewise the SFORD spectra of VII, VIII. IX gave ‘J(TI,H-~etal)l- 
3J(T1 C-m&a)> 0, ‘J(TI,H-para)/~J(Tl,C-para) < 0, ~J(Tl,CH_?-orlho)13,~(TI,CH3-ortt; 
< 0, ‘J(TI,CH~-melo),‘d(TI,~H~-mrto) > 0 and b~(TI,C_H3-para)/SJ(Tl,(=HJ-paro) < 0. 
As the coupling constants between Tl and the o-, m- and p-protons in diphenyl-thal- 
hum chloride have been shown to be positive [ 11. It follows that the couplings to th 
o-. m- and p-carbons are positive, positive and negatwe, respectively. Since the signs 
of the couplings from the thallium to the o-, M- and p-CH,-protons are not defimtel: 
known, the signs of ‘J(Tl,c-C,Hx), ‘J(Tl,m-CH,) and ‘J(Tl,p-CH,) cannot be derived 
with absolute certainty. Hovlever, Hoffman’s -‘methyl group replacement technique 
[‘ij suggests that,, if ‘J(TI, p-l-l) is positive. then, gwen the coupling is mainly trans- 
mitted through the aromatic c-system: ‘J(Tlp-C_HJ) should be negative. Thus 
‘J(Tl.p-CH,) is probably positive. The fmdlngs of Maher et al. 18, 91 that TI,H ; 
couptings m aromatlc systems are larger than analogous H,H-couplings by a con- : 
stant factor suggests that J(Tl,CIj,)/J( H,CIA,) ;* 0 also for o-, )n- and p-methyl pro- i 
tons. If this EZ so, then the 3-, 3- and 5-bond couphngs between Tl and the o-. m- 1 
and p-carbons of the methyl groups are ail positive. 1 

After establishing the correct assignment we can now discuss the parameters ol! 
talned. The chemical shifts induced by introduction of the TI(OCOCF:): group into: 
the hydrocarbons are 5.0 1 1.3 ppm for the ortho-carbons. As IS evident from Tab. 1 
these mduced shifts can be divided into two groups: sign& from unsubstituted o- 
carbons are shifted by 5.92 11.3 ppm to low fwld and those from o-carbons with an ; 
allkyl-substituent are affected by only 4.010.3 ppm and thus are less susceptible to ’ 
influences from the T! subst2tuent. Signals from meta-carbons are ako shifted down- 1 
field, although much less so. The range of these shifts is 0.8-1.9 ppm. Signals from ; 
nz-carbons with one o-methyl or o-ethyl group lie at the lower and those having two: 
o-aikyl groups at the upper t!nd of this range. The substituent-induced shifts for the; 
para-position are again positive, yet more so than for the nzeCa-positions. They range 
From 1.6 to 3.0 ppm. Here, quarternary carbons are affected more than tertiary one{ 
Strong downfield shifts are also observed for o-methyl carbons (2.8-3.8 ppm), , 
whereas m-substituents suffer little influence, and the signals from both a- and : 
&carbons of p-alkyl groups are generally shifted upfield by up to 0.6 ppm. 

The Tl,C-coupling constants fall into characterijtic ranges, depending on the 
number of intervening bonds. For the aromatic carbons one finds ‘Je 460- +570 H’ 
‘J +990 - +1100 Hz and “J - 170 - 220 Hz. There are substantial substituent effects: 
e.g. m the unsymmetrical compounds ‘J IS larger for quarternary than for tertiary 
carbons, and larger for tertiary carbons with an o-substituent than for those without’ 
‘J. on the contrary, is smaller where a quarternary carbon is involved. For a general-: 
ization of these effects, a larger number of compounds would have to be examined. 
Couplings between TI and cu-alkyl carbons range from 437 to 454 Hz for ortho-, fror 

76 to 92 HZ for nwtn- and from ‘i9 to 115 Hz for pare-substituents. It is noteworth> 
that in the o-sylene derivative IX ‘J(Ti,m-CH3) and jJ(Tllp-CHJ) are distinctly smaIl# 
than in similar compounds where no interference of o-substituents is possible. As fol 
the size of jJ(Tl.p-C,), this coupling is about constant (11322Hz) in the toluene, m- 
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small amounts of residual starting material, but t.his did not interfere in the 13C 
IWlR spectra. 

NMR spectra were run in the PFT mode on a Varian XL-loo-12 spectrometer 
at 25.16 MHz and 36°C. Except for the SFORD spectra, protons were noise-de- 
coupled. The deuterium resonance of the solvent served for field-frequency stabi.Iizz 
tion. Spectral widths of 5 kHz and accumulation of 12K data points resulted in a 
resolution of 0.8 Hz/channel. Typically 10000 to 40000 pulses were accumulated a 
acquisition times of 1.2 seclpulse. ‘H NMR spectra were run on a Varian EM-360 
spectrometer at 60 MHz and on the XL-loo-12 spectrometer at 100 MHz. 
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