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Summary 

I3 C NMR data for a series of arylthallium trifluoroacetates (ArTlX* , X = 
0COCF3 ) are reported and assigned. The range of carbon-thallium couplings 
to be expected, the dependence on the disposition of coupled nuclei, and 
chemical shift effects are discussed. The Tl(OCOCF, )2 group is shown to be a 
powerful electron withdrawing group, from both the I3 C data and I9 F substi- 
tuent chemical shifts of the p-fluorophenyl derivative. 

Organothallium chemistry is currently an area of great interest [ 1, 21, but 
this renaissance has not included any I3 C NMR studies, which are of increasing 
importance in bonding and general constitutional aspects of organometallic 
chemistry. We report I3 C NMR studies of a series of arylthallium trifluoro- 
acetates [l, 31, which indicate the range of carbon-thallium coupling constants 
to be expected, the dependence on disposition of the coupled nuclei, and 
chemical shift effects. I9 F substituent chemical shifts of p-fluorophenyl deri- 
vatives and these l3 C data, explain an important characteristic of aromatic 
thallation by T1(OCOCF3 )3 in CF, COOH viz. the absence of di- or poly-thal- 
lated products [4] _ 

* Address correspondence to this author. (1974: Department of Chemistry. Ohio State University. 
Columbus. Ohio. 43210 U.S.A.) 

l * Queen Elizabeth (II) Research Fellow, 1973-1974. 
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The I3 C data are assembled in Table 1. C1 (bearing thallium) was assigned 
on the basis of its large one-bond coupling (9-10 kHz) and large o-effect (dowu- 
field by = 20 ppm) of the thallium group. With a pulse interval of 1 s, the 
p-tolyl derivative showed (besides signals for C, , CH3 and OCOCJF, ) two doublets 
of essentially equal intensity, with another doublet of ca. l/5 the above intensity. 
This is consistent with the expectation of very similar T1 values for protonated 
ortho (C, , C6 ) and meta(C3 , Cs ) carbons (both T, much less than pulse spacing) 
and a longer TX (and much longer than pulse spacing) for C, (bearing the CH3 
group) resulting in some saturation and loss of intensity. The mesityl derivative 
[ArT1(OCOCF3 )* ; Ar = 2,4,6_trimethylphenyl] under the same conditions, 
showed one strong doublet (in the aryl region) which must be assigned to the 
protonated C3,5, and two other doublets (with intensity ratio of ca. 2/l) assigned 

to C2.6 and C, respectively, consistent with these methylated carbons having 
longer T1 values (and comparable to pulse spacing) than C3,5 _ On these bases, 
consistent patterns of chemical shifts and coupling constants emerged. In line 
with the above, examination of Ar, TIOCOCF, (Ar = 2-deutero-4-methyl) con- 
firmed J(Tl-C,,,, ) > J(Tl--C,,,,, ). 

Regarding coupling constants, the one-bond coupling of 9-10 kHz is note- 
worthy and probably associated with the high effective nuclear charge on thal- 
lium as well as the large gyromagnetic ratio. The sequence J(Tl-C,,,, ) > 
J(Tl-C,,,, ) > J(Tl-C,,) concurs with data for phenyl derivatives of other 
heavy metals (e.g. Hg, Sn, Pb) [5, 63 * with the meta-carbon and metal defining 
a strictly trans planar array**. Methyl substitution, particularly ortho or para 
to thallium, decreases the one-bond coupling significantly. Comparisons of 
coupling in alkyl and aryl derivatives of other metals (e.g. Sn, Hg) [6, 81 * lead 
to the suggestion that the J values reported herein will be a guide to couplings 
in alkylthallium compounds, and where a strong angular dependence of vicinal 
coupling is anticipated [9, lo] ***_ 

Compared with the parent hydrocarbon [12], C, and ortho carbons ex- 
perience substantial downfield shifts ((Y and fl effects) of 18-23 ppm and 5-9 
ppm respectively, while meta-carbons in the main, experience upfield (y) effects 
of 0-Z ppm’ . A significant trend is discerned in the substituent chemical shift 
(SCS) values’ + of C, @am to Tl) in entries l-3 of Table 1 where values of 
+2.3, +3.2 and +3.7 ppm are observed, and imply substantial electron-with- 
drawal by TQOCOCF, )Z _ 

Examination of the I9 F spectra of p-F& H, T1(OCOCF3 )2 in a number of 
solvents confirms the above effect (Table 2). The SCS value** of -9.3 ppm for 
CF3 COOH solvent can be compared with SCS values of ca. -5 and -10 ppm 
for p-CT3 and p-NO2 respectively. [ 121. This powerful electron-withdrawal 

* For I-Q. Sn and Pb tbis sequence is proven by deuteration <unpublished results). 
** For proton+hallium coupling [4H-~03 the sequence Jo,fho > &cfo.> JpmJ exists c31 as it 

does in phenylmercury compounds. See ref. 7. 
*** A pronounced “Karplus type” dependence of vicinal ’ ggHg-‘3C coupling has been demonstrated 

+ ~~~~knds are manifested in phenyl type derivatives of other heavy metal.. e.g.. . m phenyltri- 
. methyllad;cr, 8. f effects [ of the Pb<CH3)3 ~‘OUP] of +20. +8.0 and -0.1 PP~. resPecti=lY. 

*+ 13C abstituent chemical shift of the substituted compound and that of the appropriate czthon in 

the parent hydrocarbon. 
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TABLE 2 

i9F SUBSTITUENT CHEMICAL SHIFTS OF pnra-FLUOROPHENYLTHALLHJM SYSTEMS = 

Compound 

F -0 -Ti(OCOCF,), 

Solvent SCS<pPrn) * 

CF5COOH -9.3 
Pylidine -2.4 
DMSO -2.1 
THF 4.1 
Dioxen 4.5 
CHC13 = -6.0 

J(TI-F) 

240 
230 
240 
233 
226 

F-@aTIOCOCFe 
Pyridine -1.0 113 
THF -1.8 112 

o spectra were recorded for ea. lo-12 weight/volume percent solutions at 56.44 MHz <no ’ H decoupling) 
using tetranuorotetrachlorocyclobutane as a lock. ChemicaI shifts were initially measured from added 
pfIuorotoluene and then converted to SCS values (i.e. from fiuorobeneene) by subtracting 5.5 ppm. 
5 Minus sign indicates to lower field. C While the doublet signals varied in sharpness for other solvents, one 
broad resonance wes observed for CHCla. On addition of a small amount of THF. the broad “hump” 
separated into a doublet. This behaviour could indicate transfer of p-fluorophenyl groups in this solvent 
(erased TI-F coupling) but more studies are required. 

probably accounts for the absence of dithallation*. There is the anticipated re- 
duction in the SCS as the donor action of solvent improves, while the reduced 
SCS and J(Tl-F) values for (p-F& H4 )2 TlOCOCF, are associated with less 
electron deficiency at the metal. 

This, and other chemical and spectroscopic information on thallation and 
oxythallation, will be discussed in detail at a later date. 
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* For other discussions of the substituent effects of metei~onteining groups @Y 19 F resonance) 
see ref. 13. 


