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SUMMARY 

The PMR and 
19 

F NMR spectra of the complexes R2TlBr (R = C6F5, 

o-HC 6F4, _ m-HC F 6 4, E-HC F 6 4, 3,5-H2C6F3, or 3,6-H2C6F3) and 

R3Tl(diox) (R = C6F5, m-HC6F4, Q-HC~F~, or 3,5-H2C6F3; diox = 

1,4 -dioxan) have been recorded. Proton and fluorine chemical shifts, 

thallium-proton, thallium-fluorine, fluorine-fluorine, and fluorine-proton 

coupling constants, and thallium substituent chemical shifts are given 

and discussed. 

INTRODUCTION 

Although PMR spectra of arylthallium compounds have been extensively 

studied [ 2-51 , little is known of the 
19 F NMR spectra of polyfluorophenyl- 

thallium (III) compounds [ 6, 71 . Magnitudes and in some cases signs of 

both thallium-proton [ 2-51 and thallium-carbon [ 8-l 0] couplings have 

been reported for arylthallium (III) species, but there have been only two 
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reports of thallium-fluorine couplings [ 8, 1 l] and the signs were not 

determined. Recent syntheses of tetrafluorophenyl- and trifluorophenyl- 

thallium (III) compounds [ 121 have greatly extended the available range of 

polyfluorophenylthallium (III) compounds, previously restricted [ 6, 131 to 

pentafluorophenyl derivatives, and provide the basis for a comprehensive 

NMR survey. Accordingly, we now report a study of the 
19 

F NMR and 

PMR spectra of polyfluorophenylthallium (III) compounds. 

EXPERIMENTAL 

The PMR (90 MHz) and 
19 

F NMR (84.66 MHz) spectra were recorded 

in PFT mode with a Bruker WH 90 spectrometer operating at E. 306’K. 

For the PMR spectra, spectral widths of 1 .2 KHz and accumulation of 8 K 

data points resulted in resolution of 0.3 Hz per channel. Chemical shifts 

are given in p.p.m. downfield from internal tetramethylsilane. 
19 

The F 

NMR spectra were obtained using a spectral width of 25 KHz and 

accumulation of 16 K data points, resulting in resolution of 3 Hz/channel. 

These spectra were then re-recorded with much smaller spectral widths, 

typically 2.5 KHz to 7.5 KHz (resolution 0.3-O. 9 Hz/channel) to allow 

accurate determination of the coupling constants. Chemical shifts are 

given in p.p.m. upfield from internal CFC13. In general, deutero solvent: 

were used (see Tables below) and the deuterium resonance served for field 

frequency stabilization. Where 1 ,4-dioxan was used as solvent, a D20 

capillary was added to provide field frequency stabilization. For both 

proton and fluorine spectra, 50-I 000 pulses were accumulated at 

acquisition times of 1-4 set/pulse. Complete proton decoupling of the 
19 

F NMR spectra was achieved using a broad band signal modulated at 90 

MHz. Selective decoupling was achieved by applying a single frequency 

at or near that measured in the proton spectrum. 

Preparations of tris (polyfluorophenyl)thallium (III) and bromobis- 

(polyfluorophenyl)thallium 011) compounds have been given [ 12, 141 . The 

nitrato derivative (3,5-H2C6F3)2TlNO3 was prepared by the method 

reported for (C F ) 
6 52 

TlNO 
3 

[ 141 and was used without purification. 
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RESULTS AND DISCUSSION 

1. PMR Spectra 

Chemical shifts and thallium-proton coupling constants of R2TlBr 

(R = o-HC6F4, m-HC6F4, E-HC~F~, 3,5-H2C6F3, or 3,6-H2C6F3) and 

R3Tl(diox) (diox = 1,4-dioxan; R = m-HC6F4, p-HC6F4, or 3,5-H2C6F3) 

complexes are given in Table 1. Proton-fluorine coupling is considered 

later [Section 2 (b) and Table 31 . The trends in the coupling constants 

3JTlH > 4JT1H ’ 5JTlH and nJTIH (R TlBr) ’ nJTIH (R Tl diox) 
(n = 3-5) are 

2 3 * 
as previously observed for hydrocarbon arylthallium(II1) compounds [ 3, 41 . 

Previous workers have shown that heavy atom-proton coupling is dominated 

by the Fermi contact interaction [ 3, 15-l 81 . On this basis, the increase 

in JTIH from R3T1 to R2TlBr can be explained by an increase in the s 

character of the outer thallium electrons and an increase in the effective 

nuclear charge of thallium. Good agreement has been observed between 

the calculated J,l,(, T1) : J,l,(, Tl+) ratio (1 : 1.8) and the observed ratios 

(1 : 1 .7) [ 31 for hydrzcarbon aryl&allium (III) compounds. The 

J TIH (R3T1. diox) ’ ‘TlH(R TlBr) 
ratio for the present compounds is 1 : 1.6 - 

1.75. The values for 
2 n 

J,TIH (n = 3-5) generally fall somewhat outside 

the ranges previously noted for these coupling constants [ 2-41 . Thus, 

for the diorganothallium compounds, 3JTlH and 4JTlH 
are somewhat larger 

than previous values (433-512 Hz and 104-208 Hz respectively [ 2-41 ) , 

whilst JTIH of @-HC6F4)2T1Br is smaller than reported values (21-52 Hz 

[ 2-41 ). For 3JTlH and 4JTlH, the coupling is mainly transmitted via 

the c-electrons, whereas for 5JTlH 
transmission via the 1~ electrons is 

also considered to be important c31. Fluorine is strongly inductively 

electron withdrawing (through u-bonds) [ 191 , hence multiple fluorine 

substitution could well markedly shift 3JTlH and 4J TIH from the usual 

value for hydrocarbon arylthallium (III) derivatives. By contrast, fluorine 

is electron donating by resonance effects (through r-bonds), hence 

multiple fluorine substitution could shift ‘JTIH in the opposite direction 

from 3JTlH and 4J 
TlH’ 
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TABLE 1. PMR Data for the Compounds R2TlX and R3Tl(diox) a 

Compound Solvent 

(o-HC 6F4) 2TlBr 

(c-HC 6F4) 2TlBr 

(m_-HC 6F4) 2TlBr 

(E-HC 6F4) 2TlBr 

(p-HC 6F4) 2TlBr 

(3,5-HZC6F3)2TlBr 

(3,5-H2C6F3)2TlBr 

(3,5-H2C6F3)2T1N03 

(3,6-H2C6F3)2T1Br 

(CD3) 2CO 

(CD3) 2SO 

(CD3) 2CO 

(CD3) 2SO 

(CD3) 2CO 

(CD3) 2’= 

(CD3) 2SO 

(CD3) 2SO 

(CD3) 2CO 

(3, S-H2C6F3) 2TlBr 

(z-HC 6F4) 3T1 (diox) 

(p-HC 6F4) 3T1 (diox) 

(3, 5-H2C6F3) 3T1 (diox) 

(CD3) 2SO 

(CD3) 2SO 

(CD3) 2SO 

(CD3)2S0 

s 

7.70 590 

7.70 601 

7.25 229 

7.42 237 

7.54 10 

7.00 176 

7.12 178 

7.32 197 

7.43 (H3) 269 

7.89 (~6) 557 

7.62 (H3) 270 

7.90 (~6) 564 

7.37 143 

7.70 ~6&2 

7.02 112 
- 

a - 6 values +_ 0.05 p. p.m. J values +_ 1 Hz, except where indicated 

otherwise. 
i.2 Separate 

203 
TlH and 

205 
TlH couplings not resolved. 

2. l9 F NMR Spectra 

(a) Thallium-fluorine coupling constants: Values of *JTIF (n = 3-5) are 

given in Table 2. Signs of the constants have been determined for R2TlBr 

(R = o-HC6F4, I~-HC~F~, 3,5-H2C6F3, and 3,6-H C F 
2 63 

) and are discussc 

below. The only previously reported values for JTIF in organometallic 

species are 3J = 799, 
4 

J = 343, and 5J = 99 Hz for (C6F5)2T1Br in an 

unspecified solvent [ 1 l] , and ‘J = 112 and ~a. 230 Hz for 

(P-FC~H~)~T~O~CCF~ and ~-FC6H4T1(02CCF3)2 respectively in various 

solvents [ 81 . Some unpublished data for (C6F5)2T1Br in solvents 
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(pyridine and methanol) not used in the present study are available [ 201 and 

are included in Table 2. The increase in 
3 

JTlF of (C6F5)2TlBr in the solvent 

sequence, pyridine , perdeuteroacetone , methanol, and perdeuterodimethyl 

sulphoxide can be attributed to increased solvent polarity in the same 

sequence. A similar trend, except for inversion of the values in pyridine 

and acetone, is observed for 2J TIH of Et2T1C104 in the same solvents [ 211 . 

On the other hand, 
2JTlH 

of Me2T1C104 shows little change in the first 

three solvents, but is markedly larger in the last [ 211 , Bromobis (penta- 

fluorophenyl)thallium (III) is monomeric in acetone and has very low 

conductances (essentially a non-electrolyte) in pyridine, acetone, and 

methanol [ 141 . Probably, the complex is monomeric in pyridine, methanol, 

and dimethyl sulphoxide, as well as in acetone. The very low conductances 

increase in the solvent series, pyridine < acetone < methanol, consistent 

with increased solvent polarity in the same sequence. However, the large 

3JT1F 
value for (C6F5)2TlBr (Table 2) in C6D6 cannot be correlated with 

solvent polarity. The compound is dimeric Ce, in benzene [ 141 (and 

probably also in the solid state [ 221 ) , hence the result in this solvent is 

not strictly comparable with the values in solvents where monomeric species 

are established or likely. There is no clear relationship between nJTIH of 

dimers and 
n 

JTIH of comparable simpler species. Thus 2JT1H of the dimeric 

complex (Et2T1NMe2)2 in benzene (382 Hz) [ 231 is at the high end of 

values for diethylthallium (III) compounds [ 21 , 241 , whereas ’ JTIH of 

(Me2T1NMe2)2 in benzene (342 Hz) [ 23, 251 is a low value for dimethyl- 

thallium(II1) species [ 211 . Although (C6F5)2T1Br in C6D6 is expected to 

give a complex spectrum based on a [A(MM’RXX’)2] 2 spin system (A = Tl; 

M ,M’ = 0-F; R = p-F; X,X’ = 5-F) with three possible combinations of 

thallium isotopes, 205T12, 203T12, and 205T1203 Tl (see e.g. a discussion 

of the PMR spectrum of (Me2T1NMe2)2 [ 251 ) , the observed spectrum has 

the same appearance (except for the size of the coupling constants) as the 
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spectra in solvents in which the compound is probably monomeric. Such a 

simplification requires either small values for 2JTlT1 and 5J TlF (the long 

range ortho coupling), g fast exchange between the dimer and a low 

concentration of monomer effectively reducing 2JT1Tl and 5JTlF to zero. 
2 

Since JTlTl is unlikely to be small (2JT1Tl of (Me2T1NMe2)2 is 536.2 Hz 

r251 ), rapid exchange is the more likely explanation. Solubility 

limitations and the high freezing point of the solvent prevented investi- 

gation of the spectrum at low temperatures. Monomer + dimer exchange 

has been studied for (Me2T1NMe2j2 [ 251 . 

Where investigated, the spectra of the other R2TlBr derivatives showed 

a solvent dependence similar to that of (C6F5)2T1Br (‘Table 2). The couplinc 

constants nJTIF of R2T1Br and R3T1 (dioxj (R = m-HC6F4, p-HC6F4, or 

3, 5-H2C6F3) are of similar magnitude to the corresponding constants of 

(C6F5)2T1Br and (C6F5j3T1(diox) respectively. However, the presence of 

an m hydrogen leads to greatly enhanced values of 3JTlF in 

(g-HC6F4)2T1Br and (3,6-H2C6F3)2TlBr and of 4JTlF3 (F3 ortho to two 

fluorines) in the former, and greatly reduced values of 4JTlF5 (F5 ortho to 

fluorine and hydrogen) in both compounds. Increased coupling constants 

for (3,5-H2C6F3)2TlX on changing from X = Br to X = NO3 can be attributed 

to increased ionic character in the Tl-X bonds. Conductances of 

(C6F5j2T1N03 are higher than those of (C6F5)2T1Br [ 141 . The general 

pattern of thallium-fluorine coupling constants 3JT1F > 4JTlF > 5JTlF and 

nJTIF(R TlBr) ’ nJTIF(R Tl diox) (R = ‘gF5’ m-HC6F4’ E-HC6F4’ Or 
2 3 * 

3, 5-H2C6F3) parallels the behaviour of the nJTIH constants. 

Since the signs of the thallium-proton coupling constants have been 

determined in diphenylthallium (III) compounds [ 2,3] , it was possible to 

obtain the signs of the thallium-fluorine coupling constants in the R2T1Br 

(R = g-HC6F4, m-HC6F4, 3,5-H2C6F3, or 3, 6-H2C6F3) derivatives by 

selective proton decoupling. Each proton signal consisted of two 

multiplets, separation JTIH, corresponding to the a and ~3 spins of the 

thallium atom. In all cases, recording the “F NMR spectrum whilst 
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irradiating at or near the high field proton multiplet caused the high field 

multiplets of the m and the meta fluorines and the low field multiplet 

of the para fluorines to collapse. Thus, 
3JT1F 

and 4J TlF have the same 

signs as 
3 

JTIH and 4JT1H respectively and 5JTlF has the opposite sign to 

5JTW Since all thallium-proton coupling constants of Ph2TlCl have 

positive signs [ 2,3] , 3JTlF and 4JTlF are positive and 
5 

JTIF is negative. 

Since the increase in thallium-fluorine coupling constants from R3T1 (diox) 

to R2TlBr (R = C6F5, p-HC6F4, m-HC6F4, or 3,5-H2C6F3) is approximately 

the same for 
3 

JTIF, 
4JTlFf and ‘JTIF InJ TlF (R2TlBr) ’ nJTIF(R Tl diox) = 

3 - 
1.4-l. 6 with (CD3)2C0 and dioxan as solvents for R2TlBr and R3Tl(diox) 

respectively, and 1.5-l. 7 with (CD3)2S0 and dioxan as solvents] , the 

coupling is probably dominated by a single mechanism, presumably the 

Fermi contact interaction, as has been argued on similar grounds for 4J 

and 5J 
HgP 

HgF of (C6F5)2Hg and C F 
n 65 

HgO2CCH3 [17] .* A similar increase 

(1.6-l. 75) is observed for JTIH (n = 3-5), where the Fermi contact inter- 

action is probably predominant (Section 1). However, the observation of 

a change in sign for 
5 

JTIF of R2TlBr raises the possibility of a modification 

of mechanism. Alternatively, if coupling to a para fluorine is transmitted 

a both u and ?r electrons (as is coupling to a para hydrogen [ 31 ) and if 

these effects are opposed, the net result could be the small negative 

coupling observed for 
5 

JTIF or the small positive coupling observed [ 171 for 

5JHgF of (C6F5)2Hg. 

(b) Fluorine-fluorine and proton-fluorine coupling constants 

The values for fluorine-fluorine and proton-fluorine coupling constants 

are given in Table 3. For all the compounds studied, the resonances of 

* 
nJ HgF(C6F5Hg02CCH3) : nJ;gF[ (C F ) 

r2.0forn=4or5, 
6 52 

Hg] 

whereas the ratio is &1 .3 for n = 3, suggesting two mechanisms 

contribute to the coupling [ 17] . 
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TABLE 3. Fluorine-Fluorine and Proton-Fluorine Coupling Constants of 

R2TlBr Compounds a 

R 
‘23 24 J ‘25 ‘26 J34 J35 ‘36 ‘45 ‘46 ‘56 

c6F5 b -0 12 b 19.1 Q b 19.1 QO b 

o-HC F 
64 

26.8 2.4 13.6 b 19.3-1.5 -2 19.7 8.2 8.6 

m-HC6F4 25 7 -2 b 19 7 11 11 4 7 

P-HC 6E4 b 7.1 Ir! Ir 9.8 b !? 9.8 7.1 Q 

3,5-H2C6F3 k7.0 8.2 cl.5 Oc 9.1 3.6’:1.5 9.1 8.2 ~7.0 

3, 6-H2C6F3 5.4 4.7 15.5 2.4 10.4 5.8 

a - Values +_ 0.5 Hz, except for (E-HC6F4)2T1Br (2 1 Hz) and cases where 

approximate values are indicated. The numbering of the substituents 

is as in the systematic names of the compounds. 

b In all cases the resonances due to 0-F and 2-H were broad and this 

precluded determination of some of the couplings involving 

these nuclei. 
c These assignments could possibly be reversed. 

NO 20,l 9.7 9.3 

the ortho fluorines and ortho protons were broad, and this prevented 

determination of meaningful values of some constants. This may be 

caused by incomplete resolution of peaks associated with 205 
Tl and 203T1 

nuclei. The difference between 205T1-X and 203 Tl-X (X = H or F) couplings 

should be ~a. 1% [ 181, i.e. ~a. 8 Hz when JTlx is ~a. 800 Hz (see e.g. 

Table 2). All the resonances of the R3Tl (diox) complexes are broad and only 

nJTIH and nJTIF could be obtained from these spectra. Decreased resolution 

with increased number of pentafluorophenyl substituents has previously been 

observed for organogermanes [ 61 , and is considered to arise either from 

restricted rotation which prevents averaging out of dipole-dipole 

interactions g from increased inter-ring F-F coupling. The values for JFF 

and JHF (Table 3) generally fall within the ranges reported for these 

couplings [6,7,17,26]. The largest values of 3JFp are obtained when one 

of the fluorines is e to thallium. This has previously been seen for 
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other heavy metal pentafluorophenyl derivatives [ 6,7,17] . Analysis of the 

PMR spectrum of (3, 5-H2CgF3)2T1Br showed that J23(3JFH) and J25 (‘J,,) 

have opposite signs, though the absolute signs were not determined. 

Usually, 
3JFH 

and 4J FH are positive and ‘JFH is negative [ 271 . 

(c) Chemical Shifts 

The 
I9 

F NMR chemical shifts for the compounds R2T1Br and R3Tl(diox) 

are given in Table 4, and are similar to those of corresponding mercurials 

where they are known [ 17,281 . As observed for other heavy metal 

substituents [ 6,7] , the ortho fluorines are markedly shifted to low field 

by thallium atoms. An explanation of this effect has been given [ 6,17,26] . 

Substituent chemical shifts relative to hexafluorobenzene (I 62.9 p. p. m. 

upfield from CFC13 [ 261 ) calculated from the data of Table 4 are 

(- 40) - (-46) p.p.m. foranmthallium, (-4.0) - (+4.0) p.p.m. for 

a meta thallium, and (- 7) - (- 11 .5) for a para thallium substituent. 

Observation of some variation between the compounds is hardly surprising 

TABLE 4. 
19 

F Chemical Shifts for R2TlBr and R3T1 (diox) Complexes a 

Compound 6 (F2) 6 (F3) 6 (F4) b (F5) 6 (F6) 

(C6F5)2T1Br 119.7 160.4 152.5 160.4 119.7 

(g-HC 6F4) 2T1Br 117.8 154.9 154.3 138.2 

(~-HC~F~) 2TlBr 114.2 165.5 131.2 94.4 

(p-HC 6F4) 2TlBr 120.7 137.8 137.8 120.7 

(3,5-H2C6F3)2T1Br 88.7 106.8 88.7 

(3,5-H2C6F3)2T1N03 89.4 104.8 89.4 

(3, 6-H2C6F3)2T1Br 94.7 131.9 142.6 

(C 6F 5) 3T1 (diox) 118.1 159.3 151.5 159.3 118.1 

(m-HC 6F4) 3T1 (diox) 112.1 165.2 131.8 93.4 

(p-H C6F4) 3T1 (diox) 119.3 137.6 137.6 119.3 

(3, 5-H2C6F3)3T1 (diox) 86.8 108.5 86.8 

a - In (CD3)2C0 (R2T1Br), 1 ,4-dioxan (R3Tl.diox), or (CD3)2S0 (R2T1N03). 

Values t 0.1 p.p.m. 
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since it is the effect of R2Tl- and RTlBr- substituents that is being 

assessed and not the effect of isolated thallium substituents. Thus 

changes in R must cause some modification of the substituent effects. In 

any case, reported substituent chemical shifts [ 261 have errors (5 3 p.p.m.) 

giving ranges of values comparable to those in the present study. The 

effects of the thallium substituents are comparable to those of iodine [ 261 

or mercury [ 281 . 

ACKNOWLEDGEMENT 

We are grateful to the Australian Research Grants Committee for 

support. 

REFERENCES 

G. B. Deacon and I. K. Johnson, J. Organometal. Chem., 112 

(1976) 123. 

K. Hildenbrand and H. Dreeskamp, 2. Phys. Chem. (Frankfurt), 

3 (1970) 171. 

J. P. Maher and D. F. Evans, J. Chem. Sot., (1965) 637. 

J. P. Maher, M. Evans, and M. Harrison, J. Chem. Sot. Dalton, 

(1972) 188. 

A. McKillop, J. D. Hunt, and E. C. Taylor, J. Organometal. Chem., 

24 (1970) 77. - 

S. C. Cohen and A. G. Massey, Adv. Fluorine Chem., 5 (1970) 83. 

J. W. Emsley and L. Phillips, Prog. NMR Spectroscopy, z (1971) 1; 

J. W. Emsley, L. Phillips, and V. Wray, Prog. NMR Spectroscopy, 

10 (1976) 83. - 

W. Kitching, D. Praeger, C. J. Moore, D. Doddrell, and W. Adcock, 

J. Organometal. Chem., 70 (1974) 339. 

L. Ernst, J. Organometal. Chem., 82 (1974) 319; Org. Mag. Res., 

5 (1974) 540. 



69 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

W. Kitching, C. J. Moore, D. Doddrell, and W. Adcock, 

J. Organometal. Chem., 94 (1975) 469. 

D. E. Fenton, D. G. Gillies, A. G. Massey, and E. W. Randall, 

Nature, 201 (1964) 818. 

G. B. Deacon and D. G. Vince, J. Fluorine Chem., 5 (1975) 87; 

Aust. J. Chem . , 28 (1975) 1931. 

For syntheses subsequent to the review [ 61 , see e.g. G. B. Deacon 

and V. N. Garg, Aust. J. Chem., 24 (1971) 2519; R. Uson, A. Laguni - 

J. Vicente, and J. A. Abad, J. Organomet. Chem., 131 (1977) C5. 

G. B. Deacon, J. H. S. Green, and R. S. Nyholm, J. Chem. Sot. 

(1965) 3411. 

H. F. Henneike, J. Amer. Chem. Sot., 94 (1972) 5945. 

D. de Vos, H. 0. van der Kooi, J. Wolters, and A. van der Gen, 

Rec. Trav. Chim., 94 (1975) 94. 

W. McFarlane, J. Chem. Sot. (A). (1968) 2280. 

J. V. Hatton, J. Chem. Phys . , 40 (1964) 933; J. V. Hatton, 

W. G. Schneider, and W. Siebrand, J. Chem. Phys., 39 (1963) 1330. 

C. D. Ritchie and W. F. Sager, Prog. Phys. Org. Chem., z (1964) 

323; R. D. Topsom, Prog. Phys. Org. Chem., 12 (1976) 1. 

I. Wharf, unpublished results, Imperial College (1964). 

Private communication to G . B . D . 

G. D. Shier and R. S. Drago, J. Organometal. Chem., 5 (1966) 330. 

G. B. Deacon, J. H. S. Green, and W. Kynaston, J. Chem. Sot. &), 

(1967) 158. 

B, Walther and K. Thiede, J. Organometal. Chem., 32 (1971) CT. 

G. B. Deacon and V. N. Garg, Aust. J. Chem., 2 (1973) 2355. 

G. M. Sheldrick and J. P. Yesinowski, J. Chem. Sot. Dalton,(l975) 

870. 

M. I. Bruce, J. Chem. Sot. (A), (1968) 1459. 

K. Jones and E. F. Mooney, Annual Rep. NMR SpectroscoPY, 

3 (1970) 300. 

H. B. Albrecht and G. B. Deacon, Aust. J. Chem., 25 0 972) 57: 

J. Organometal. Chem., 57 (197% 77. 


