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Thallim-proton coupliugs are often large and exteud over array beadu' but 

2.3 though Tl-Ii oouplingu through a nitrogen ato have been observed 9 110 coupling 

through the eeter linkage [~.a. au in T~(OAC)~ aud Tl(OCOCP3),] has been reported. 

Par emmple, in the case of the l3 CMR spectra of arylthalliu(II1) bis(trifluoro- 

acetates), the abseuce of any 13 C-T1 eoupliug6 atmociat~wfth the trifluorfmcetate 

ligaadu was pressed to be due to the high ioaie character of the T1-0 boudf. 

We report herein the obsevvation of thallim coupliugs5 through the ester liulcage, 

aud come& upon 8018 of the cousequemce6 of thi6 observation. 

During au NMR study of thalliu(III1 M-tetrapheuylporphyrin acetate', 

although the methyl protoxm of the apical acetate ligand were observed as a shark 

singlet at 8 -0.03, with no hint of coupliug through to the thallium afar, we did 

not observe either the carbonyl or r&thy1 signal6 of the acetate li.gaud in the 13CMR 

spectrmeI all other carbons in the porphyrin'were clearly visible. ueslumised 

that thiu non-observation right be due to broadeuilrg of the 13C siguale through au 

excbmge process involviug the apical ligaud. This view was streugtheued by the 

13C speetru of thalliu(II1) acetate (in DWO-do,), in which the carboql aud nethyl 

line6 were broad (A93 ~a. 16 and 22 He respectively) but had the expected che6lcal 

shifts (4 174.8 aud 19.9). 

In order to confim this inference we perfozmed a variable teraperature 

k and "P study using Tl(OAcj3, Tl(OAc), aud T1(OCOCP3)3. Ou cooling a O&65 W 

solution of T~(OAC)~ ia 6ethan0l-d~ (Figure A), the single aethyl signal observed 

at roa teqmrature (8 2.018) broadened (To s. -6SOC) aad finally split into two 

pees with 6eParation 26.3 gso The process was conpletely reversible and experirents 
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FIGURE; 0 A : Temperature dependence of 'HMR spectrum of 0.065 M Tl(OAc), in methanol-d4. 

0 B : Temperature dependence of "FM? spectrum of Tl(OCOCF,), in tetrahydrofuran. 



at 60 and 100 MtIz confirmed the separation as a coupling JTl_R rather than a chemical 

shift difference. 

The line-shape analysis for this rate process may be obtained by treating 

this spectrum as a simple two-site rate process, i.e. __ using the coupling as an effective 

7 
chemical shift difference. Use of the Allerhand-Gutowsky equation aud the usual 

coalescence equation for two site analysis gave consistent results with k208 ~a. 50 

sec. -', which would correspond in a unimolecular rate process to a AGz08 of 10.4 

kcal/mole. 

The Tl(OCOCF5)5 investigation (in tetrahydrofuran) gave (Figure 8) similar 

results, the single CF5 line broadening (Tc ~a. -6O'C) to give eventually two peaks 

with separation 85.2 Hz; we ascribe this to Tl-F coupling. The same analysis as 

for the acetate gave k2*5 _ ca. 189 sect 
-1 corresponding to a unimolecular enthalpy of 

activation of 10.1 kcal/mole. 

Interestingly, the low temperature doublet spectra (Figure) of both the 

acetate and trifluoroacetate are not exactly synvaetrical, the two components having 

slightly different line-widths. This is possibly due to the influence of the two 

different thallium isotopes ( 203T1, 205T1)o A small difference in the Tl-X coupling 

constant for the two isotopes could be observed as asymnetry in a line-broadened 

spectrmn. 

Low temperature studies using thallium(I) acetate in a variety of solvents 

failed to produce a similar definite coalescence. Some line-broadening of the methyl 

resonance at s. -100°C in a methanol/2-methoxyethanol solution was apparent, but we 

cannot discount the possibility that this was merely a viscosity effect; further 

cooling caused precipitation of the salt. It therefore appears that the activation 

energy to exchange is considerably lower in thallium(I) salts. 

The nature of the exchange process is not obvious at this stage. Three- 

fold dilution of the Tl(OAc)5 with methanol-d4 produced a slight increase in the 

coalescence temperature, Tc. 

For the Tl(II1) compounds, the rate detenoining step could either be the 

monomolecular dissociation of the complex: 

Tl(OR)5 * +T1(ORj2 + -OR 
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or a bimolecular exchange: 

-ORa + T1(0Rb13 - (Ra0)~1(0~12 + -0% 

The thalliu(I) acetate vould certainly possess a less energetic pathway 

for bimolecular exchange, and thus (as observed) a much lower activation energy, but 

the results do not pemit a, differentiation at this stage. 

Anion exchange in heavy metal salts is not a novel observation81 for example, 

lead tetra-acetate in trifluoroacetic acid is as potent as lead tetralcis(trifluoro- 

acetate) in oxidations. However, the observation of the siseable Tl-B and Tl-F 

couplings of -.~.3 and 85.2 Hz in the tri-acetate and tris-trifluoroacetate implies 

unequivocally that thallium will couple vith any magnetic nucleus through an ester 

linkage, and that the lack of such a coupling is e evidence of an exchwe 

process under those conditionsg. Particular care must therefore be taken in 13CMR 

studies because the T1-13 C coupling could be large, and any residual broadening, such 

as in the thallium(II1) porphyrin mentioned above, vi11 result in complete dis- 

appearance of the 13C signals. 
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