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F. BRAD"JF
ABSTRACT

Thallium-205 chemical shifts have been determined for

or.;—<vnothalliun(};i1;!:) derivatives RTIXj a:id R2TIX (H = alkyl
alicyclic, alkenyl,arylj X * anion), 5( sensitive

to hybridisation at thallium, the nature of R,X and t]e

solvent. Relationships between 5( "°@®T1l) and Taft"s

and Es paramelLers for R are shown for derivatives.

substitution of electronegative atoms In R causes iIncreased

thalliufm shielding.

"o JC1'1-0O),(n = 1I-H) and"+J(TI-H),(n = 2-4) were
mc"w."Ured for RTIX: and R:TIX and the relative signs of the
GOu:aings”™ determined ir. many cases. Coupling is sensitive
to hybridisation at thallium and carbon. A stereochemical
deoendence of V(TI-C) and ~J(TI-H) and the effect of
>e —c1'0a.tom sub U ;ion in R on coupling were examined.

Thailium-203 spin lattice relaxation times have been
measured as a function of temperature fTor a selection of
e 1X2 P.2TIX compounds. Correlation times and assoc-
1ated energies cf activation were calculated iIn a r.umber
of cases. Chemical shift anisotropy 1s proposed as being
an 1mpcrtant relaxation mechanism for these compounds.
Spin rotation i1s important for c;iioromethvlbis(acetato)-
thaliruin(lll).

The X-ray crystal structures of cycloprooylbis(isobuty-
ratc)th allium(lll), the Tirst available for an RTIX2
compound, and bis(trimethylsilylmethyl)chlorothallium(:I11)
have been determined.

C yclopropyibis(isobutyrato) thallium**111) contains
two types of carboxylate groups, bridging and chelating
and chelating only. Thallium i1s, unusually,seven coord-
—-inate i1n the polymeric structure which contains a near
linear (168 ) O-TI-G unit. The structui-e allowed
rationalisation of i1i1ifra-red spectroscopic data,T”resented

10; erganotha.ll iuii(.Lin car
ana 1n chloroform solu :ion.
Ri s(trimethylsilvlvc;:h IS
.eric with Irddgi: icr 0 Thallium i1s four
rdinate V/lli- a C-TI-C an )

VIOUS sugges . cion.s:
Tventy fo;ir new organothallium(lll)derivatives have
ooen s;VvTithesised and a number of existing s;>"ntheses
modified.
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The use of the pulse Fourier transform (PFT) nuclear magnetic
resonance(NMR) method has allowed direct observation of many
nucler with low sensitivity In the NMR experiment and/or low
natural abundance (e.g. nucleir with spin I = MC,MST,
ASe ,MNCA , MNASN , M-NTe ,MAPE,M%g and™Pb). NMR spectra
for the majority of i1sotopes In the periodic table with 1>0
have now been observed.”

Thalltum is particularly favourable for study by the NMR
method. It possesses two isotopes of spin I = 1,("Tl, natural
abundance 70.5" and ~®"T1, natural abundance 29.5") coupled
with relatively high sensitivity in the NMR experiment. The
relative receptivities of some nuclel with spin I = J are given
in TABLE 1.1. In addition to studying the chemical shift and
relaxation behaviour of the thallitum nucleus another way of
utilising 1ts favourable spin property iIs to examine nuclear
spin-spin coupling with carbon and protons in organothallium(lll)
compounds. Thus o=ganothalliumCIll1) derivatives are particularly
appropriate for study by the NMR method, having the advantage
that three nuclei having spin I = ¢é ( ,L~"°~T1) are contained
in relatively simple molecules.

To provide a background for the NMR results, structural
determinations and synthetic methods described herein, surveys
of relevant work in each of these areas are given in the
following sections.

Details of experimental methods, instrumentation and
theoretical background of the TIMR experiment are given iIn a
number of reviews and comprehensive texts,and no attempt

made to reiterate this information here. However, to
facilitate discussion of the NMR results, discussionsof the

origins of the chemical shift and spin-spin coupling constants

1C



TABLE 1 .1.

N e oXZ] e

Relative receptivity to the NMR experiment o

of spin

Isotope

13c

31p

77se
89y

1°3Rh
1°9Ag
“ 3cd

““ 9sn

183,,

199Hg
205ji_

203ti

I=1a

Natural
abundance (™)

99.985
1.108
0.37

100
4.70
100
7.58
100
100

48.18

12.26
8.58
6.99

14.4

33.8

16.84

70.5

29.5
22.6

a. Data from ref 1.

Relative
receptivitv

1.000
1.76x10"
3 .85x10"
0.8328

3 .69x10"
0.0663
5.26x10"
1.18x10"
3.12x10"
4 86x10"
1.34x103

A44x10N

N b

21x103

.04x10n
.36x 193
S54x10N

-1355
-51x1o0n

N O O © W

-07x10"

b. An approximate guide to the ease of observing a signal
for a given concentration of the relevant nucleus In solution

at a constant magnetic field,

the proton.

11

Bo.~ Values are relative to



are given i1n Chapters 3 and respectively. The mechanisms of
nuclear relaxation are discussed in some detail (Chapter 5).
A brief outline of the theory underlying the determination of
solid state structures by X-ray diffraction will be given 1in

Chapter 6.

Thallium-205 chemical shift studies
A detailed survey of reports of thallium-205 chemical
shifts i1n organothallium(lll) compounds will be given followed

by a brief selective survey for TI(l) compounds.

Organothalltum(ll11l) compounds

There have been relatively few studies of 5 ("“"“"“T1) for
organothallium(ll1l) derivatives and the detailed factors iInfl-
uencing the chemical shift are largely unknown. Schneider and
Buckingham™™ showed the paramagnetic contribution to be the
dominant factor influencing thallium, mercury and lead chemical
shifts. They predicted decreased thallium shielding for covalen-
tly bonded organothallium(11l) compounds and found that the
thallium nucleus INn(CHM)ATI, 1n diethyl ether N . 25°C, was
much less shielded than In a number of TI(l) compounds. The
thalltum-205 chemical shifts reported by Hildenbrand and
Dreeskamp™ for (CH™)ATI 1In acetone at (CH™M2TIBr 1in
liquid ammonia at -30 C and for (CMHM)2T1C1 In the same solvent
at -20®C, were also shown to be at higher frequency than those
found In T1(l) compounds. Variation of 5(®"T1) In the series
RATI, RgTIXIRTEXg (R = CHM; X = anion) in various solvents was
examined by Hoad, Matthewset al.12 Increased methyl substitution
was found to cause decreased thallium shielding with a Lotal
shift range of 1427 ppm, but the factors influencing 5("®"T1)
could not be elucidated due to the limited amount of data

12



available. Koppell et al™ reported 6 (*™~T1) for several
RATI derivatives; (CHM)ATI i1n diethyl ether and in pentanef
(CHACH2)AT1 1n pentane and (CM"HM)H)ATI 1n diethyl ether all
at 24°C. Shift values were also reported for RpTIX (R= CH ,
n-C"H~; X = Br,NO®) i1In DMSO and for Ph2TIBr in DMSO,
-PhTICI2 and PhTICIZ2L (L = bipyridyl, triphenylphosphine) in
pyridine and methanol solutions.A review of the chemical
shift ranges of the various classes of thallium compounds was
presented.13 For orgfcnothallium(11l) compounds the relative
order of thallium shielding
R3TI < {r'tlX}2 < r"t1X < AE1X2 (H = CH3.C2H3.CgH3,R" = CH3,
N 70113,02113, n-CjHy,CAH”; R = C3H3) was established based
on the limited data available. To a first approximation!
5(2055i) gopaiy’'g state of hybridisation and effective
nuclear charge at thallium. It was proposed that inductive
effects of the organo group are important in influencing the
thallium shielding. ~ The effect of electronic factors iIn the
organo group on O(™~TI1) was examined by Hinton and Briggs™"
for a series of mono-,di- and trisubstituted arylthalltum(m)
derivatives ArTI(OCOCF™M)™ > A correlation between 0 ("°~T1l) and
the Hammett (parameter was interpreted iIn terms of the substituent
altering the i1onic character of the thallium-anion iInteraction.
A trend of increased challium shielding with increasing electron
donating ability of the substituent for a series of
arylthallium(l111) derivatives XCH|~T1(0COCFM)2 (X = alkyl,
halogen, H,Ph, OCH.”A,C.i2CH2CO2H) was noted by Zink et al. /™™™
The majority of other studies of O(™"~Tl) have been concerned
with the 1nfluence of anion and solvent In (CHM)2T1X (X= anion)
derivatives. Burke, wlauuhews and Gillies™ have iInvestigated
the influence of solute concentration,Nanion and solvent

(H20,DMSO, CH2CI12, pyridine, toluene) on 5("®"T1) for (CH..)pTIX
13



(X =NO3;[,0™H2Y compounds. The shifts spanned ca. 300ppm and
depended mainly on the nature of anion and solvent. A smaller
concentration dependence was found in all cases except for
(CHM)2TINON 1n H20. It was proposed that the thallium chemical
shift depends primarily upon the degree of contact i1on pair
formation between (CHM)2T1 and X and/or the average number
of anions and solvent molecules surrounding the cation or
ion-pair. No correlations between 5("®"T1) and either 5 (H)
or 5 ) were observed. As an extension of this study the
infinite dilution thallium chemical shifts of (Ch™)pTINOo 1In a
number of donor solvents has been reported by Hinton and Briggs.
Although the authors find no correlation between SC“"-"Tl) and
solvent Grutmann donor number, a plot of the reported values
yields a value of r = 0.92.™ Contrary to the previous study™
they also report a very small concentration dependence of
5C “T) for (CHM)2TINON iIn H20. The results are in otherwise
good agreement. The concentration dependence of 5 (" T1) for
(CHM)2TINON 1n aqueous solution has been studied by Chan and
Reeves who found a small concentration dependent solvent i1sotope
shift for 6("“""~T1) beDv/een H20 and D20 which they interpreted
in terms of differential penetration of the D20/H20 solvation
spheres of the solvated (CHYM)Z2TI*""i1on by the anion. The
thalltum-205 resonance position was independent of dissolved
oxygen.
Koppell et al13 examined the influence of solvent» anion
and concentration of solute on for (CH-) TIX derivatives.
Anion dependence i1s discussed In terms of the degree of covalency
in the metal-anion bonding interaction and solvent effects are
interpreted in terms of solvent basi city and dielectric
constants. Concentration effects were rationalised iIn terms

diiferentia.l disturbance of the first solvation sphere



through 1on-pair formation. The solute and anion concentration
dependence of for (CHM2TIX,(X =NO”~, 1 0COCHM)

has been studied by Burke.Variations in 5(®"T1) were
interpreted In terms of equilibria between fully dissociated
species and contact i1on pairs. A curve fitting procedure was
used to estimate equilibrium constants for i1on-pair formation.
Briggs et al20 reported a similar study in several solvents for
(CHM2T1X (X = NON,C10D- In general i1ncreased i1on-pairing
caused a low-frequency shift of the "°~T1l resonance, except for
(CH™M2TINON 1n n-butylamine. 1lon pair formation constants were
calculated. Burke™ also determined "("V'w'Tl) for several
dimethylthallium(l111) compounds in binary solvent mixtures of
varying solvent composition. In all cases 6 ("“"T1) was found

to vary non-linearly with solvent composition. The results

were discussed In terms of a model for preferential solvation of
the dimethylthallium(l1l) 1on and In some cases equilibrium
constants for the solvent replacement process Vere determined.
The solvent dependence of 5(™®"T1) For(CHM)2TIX, (X=NON,

C10]”™» has been examined by Schramm and Zink”™, who found a

range of ca. 200ppm In a series of donor solvents. A correlation
of 5(C ~TI) with solvent pKa has been suggested. Binary solvent
mixtures were i1nvestigated to obtain data on relative solvating
abilities.

The chemical shifts were dependent upon whether the solvents
were 0 or N donors. lon-pairing was also found to have a large
effect on the shift. Results were discussed in terms of a
molecular-orbital model of thallium-solvent interaction. Zink,
Srivanavit and Dechter™” found a relationship between solvent
dielectric constant anu the differences in SI™”Tl) for solutions
of Me2TIX; X = NO™ or C10}, i1n various donor solvents. The

result was indicative of the importaince of 1on-pairing on the
15



chemical shift.

A variable temperature study of oligomeric dimethylthallium(ll
compounds by Sheldrick and Yesinowski™ revealed J("®@TI-"®\I)
coupling for (CH™M)2T10C2HN 2 benzene and toluene at low
temperatures. (CHM)2TIN(CHM)2 was also studied. The temperature
dependence of the thallium-205 chemical shift was examined by
Burke et (R = CH™j X = NO™. OCOCH-,

R - CHMN(CH2)M™- 1 to 5» X = NON). The temperature coefficien”
(de( ~T1H)/dT) was less than O .7ppm per degree in all cases.

The variations in 5("™T1) with temperature were ascribed to
changes i1n vibrational effects both within the (CHY)2TI" moiety
aiid for iInteractions of this spedes with coordinated solvent.

The 1nfinite dilution chemical shifts for the methyl derivatives

were also reported.

Thallium(l) compounds

The majority of studies on TI(l) compounds have been
concerned with the effect of anion and solvent on the thallium-205
chemical shift. Gutowsky and McGarvey™" studied the thallium-205
chemical shift, 5("""T1), for aqueous solutions of T1({I)NON
and T1(1)0OCOCHM. The linear concentration dependence of
6( Tl) on concentration of solute was interpreted In terms of
inter-ionic interactions occurring as the anion penetrated the
solvation sphere of the: T1(l) 1on. Freeman et al™ carried out
a more detailed study of the anion and concentration dependcjice
of in TL(DX, (X = OH. F, OAc, NO-,CIOHCO0O0),
derivatives. The effect of added anion was also examined. The
non-linear concentration dependence of 5("™®*T1) at low concentr-
ations of anion was ccrrelated with i1on pair foimation. The
linear behaviour at higher anion concentrations was attributed

to iInteraction between i1on—pairs and added anions.
16



Gasser and Richards™ found further evidence for the importance
of 1on pairs on 5 (™®'T1) by studying T1(l) 1ons iIn the presence
of ferricyanide and citrate i1ons. The concentration dependence
of 5C TD for TI(DCIOj|™ in water and iIn a range of non-aqueous
solvents has been studied by Dechter and Zink™ who reported
5(205%I) at infinite dilution. The shift range was 2600ppm
and changes were discussed i1n terms of site symmetry of the
T1(1) 1on as anions penetrated i1ts solvation sphere. Hinton
and Briggs found a correlation between solvent Gutmann

donor number and 6 (2°5]n) T1(1) 1ons. A linear correlation
between relative solvating ability of solvent and 5 ("“"“\T1)

for TICIH)C10 in binary solvent mixtures has been reported.
Numerous other studies of the solvent dependence of 6 ("A~T1)
for the thallous 1on have been reported for aqueous solutions,
13.30-39" non-aqueous solutions™M>™AMAA"NJand 1n binary solvent
mixtures.*27-29'ee9 “he thallbus i1on has similarities to

Na and K and this has led to 1ts use as a probe of complex

formation iIn crown ethers, cryptands and biological systems®

using thalltum-205 nmR.
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1*2 . Thallrturn-carbon and thallitum-proton coupling constants

General survey

There have been a limited number of reports of TI-C
coupling constants in organothallium(lll) compounds. The
majority of these have been for methyl-derivatives with
N"J(TI-C) reported for (CHo)oTI (CH ) tIxX™W

12 _ AN NN
and CHMTIXg (X=anion). The only other reports for
alkylthallium(l1l) derivatives have been for (CHo)pTICHpP(CHo)OM
and[ (CHM) 2T ANNANNZNQAND 1 2* Several authors/nTAn«“m
have reported values of J(TI-C) (n=1-7) for aryl derivatives
* substituted aryli Y*OCOCF™)» These aryl compounds

are notable for the extremely large values of ~J(TI-C),
(8841 to 10718 Hz) observed.

In some cases reported thallitum-carbon coupling appears
to be sensitive to the geometry of the system. Ernst™
studied J(T1-C)i (n=2-6) for a series of alkyl-substituted
arylthallium(ll)bistrifluoracetates. For the aryl ring
IJ(TI-C)] was found to iIncrease in the order Cpara”™Cmeta”Cortho
«C”N. The effect of alkyl group substitution iIn the aromatic
ring on the couplings was examined. Couplings over five
and six bonds were observed and these were shown to exhibit
a geometrical dependence, the exact nature of which was not
established. This sensitivity of thallium-carbon coupling
to molecular georaetry has been suggested i1n studies of thallium
adducts of D-galactal acetate,norbornane and norbcrnene
derivatives™ and 1n a TI(I)salt of am 1onophoric anti-
biotic. However i1n none of these cases was the detailed
naLuro of clie dependence established and this area clearly

requires further iInvestigation.
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Thalltum-carbon coupling has also been noted In a
number of compounds without thallium-carbon bonds. Abraham
et al794{Land Henrick et al reported coupling in thallium(lll)
porphyrin derivatives. Bystrov et al®" and Hinton and Briggs™™
noted thallium-carbon coupling in TI(l)/valinomycin complexes.
Krommes and Lorberth®” found 3j(TI-C)=83 Hz in|[TcH2),S1] gNIIIl.
Thallium-carbon couplingsi up to and including four bonds,
to the carboxylate groups iIn the complexes PdTI(OCOR)™ ,
(R=CH”,CH”CH2 , (CH™)2CH) been noted.These will be
further discussed i1n Chapter4 ;-

Although there have been a large number of studies of
proton NMR parameters of alkylthallium(l11l) compounds®™the
majority of these have been concerned with the effects of
anion and solvent on NJ(TI-H) (nh=2,3) in (CHM)2T1X and
(CHMCH2)2T1X (X=anion) derivatives.®-"~ Longer-chain and
branched-chain alkyl derivatives have received relatively
little attention. Thallium-proton coupling constants have
been noted for R2TIX compounds, R=n-propyl®®*™;i1so-propyl;®®
n-Butyl ;®® 1so-butyl®®; neo-pentyl®; trimethylsilylmethyl®®
and cyclopentyl. ™ A number of scattered reports of thallium
—-proton coupling in RTIX2 derivatives have appeared for
R=methyI™ *89-917ethyl®“*"neopentyl1®™,trimethylsilylmethyl®®
euld various acetoxy thallation products of olefins. M4\

Anet”™ proposed a stereochemical dependence of thallium-proton
coupling constants i1n thallium(l1l) adducts of norbornane
and norbornene. Thallium-proton couplings are known for "
several vinyl- and substituted alkenylthallium(l11)®®
compounds. Maher and Evans™ demonstrated a large geometrical

dependence of thailiuiVi-proton coupling in these systems auad

the couplings were generally much larger than in alkyl systems.
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Thallium-proton coupling 1n bis(aryl)- and mono(aryl)-
thallium(11l) derivatives has received wide attention.®-"

The ~J(TI-H) 1n alkyl-substituted monoarylthallium(lll)
compounds was found to have a similar stereochemical dependence
to <~ J(TI-C) 1In such systems. Maher and Evans™™ argued

that for alkyl-substituted arylthallium(lll) derivatives
R2TIX, (R=e.g. coupling to protons i1n ortho- and

meta substituents» J(TI-CH?), i1s transmitted mainly via

G—electrons but that transmission via the TG-electrons becomes
important in coupling to the protons in para-substituents.

This rationalisation accounts for the fact that N"J(TI-CHM)para

iIs larger than <"J(T1-CHMmeta 1n (CH-CHJM)Z2TI'™* systems.

1*2.2. Relative sign determinations

A limited number of relative sign determinations have
been reported for thallium-carbon and thallium-proton coupling
constants in organothallium(lll) compounds. Hildenbrand and
Dreeskamp™ determined the signs of coupling constants in
several organothallium(lll) derivatives relative to "J(CH)
and N"J(TI-C) 1s positive 1n (CHM)ATI and (CHM)2TIBr
while ~J(TI-H) 1n these compounds i1s negative. A similar
situation was found in (CHM)2Cd where ~J(Cd-C) 1s positive
and J(Cd-H) 1s negative. Thallium-proton couplings?
NJ(TI-H)» J(T1-H) and "™MICTI-H) 1n (CM"HM)2TIBr all have positive
signs. Ernst ° found that for a series of alkyl substituted
arylthalliumdil )bistrifluoroacetates NJ(TI-C)” and N(T1-Ojjn
are positive while NJ(T1-C)p 1s negative. Maher and Evans®™~9/
determined the relative signs of thallium-proton coupling
constants i1n some alkyl,alkenyl ,and arylthalliumdil) systems.
All thallium-proton coupling constants iIn phenylthallium(lll)
compounds, RAT1?R2T1 jJRTI™ ,(R=phenyl), were found to have

the same signs. Similarly all thallium-proton couplings in
20



vinylthallium(I1l) derivatives RZTI™?; RT1IM™(R=vinyl)
have the same sign, but for alkylthallium(l111) compounds
RgTl (R=ethyl,n-propyl, 1™-butyl) ~J(TI-H) and ~J3(TI-H)
are of opposite signs,
K wdiile ~J(TI-H) and
J(TI-H) have the same sign. The relative signs of thallium -
proton coupling constants have been reported by Anet™ for

the oxythallation adducts RT1(0COCH3)2 (R=norbomane;norbornene).
Shier and Drago™ explained the fact that in (CHMCH2)2T1N
1 J(T1-H)] > 13(T1-H)] on the following basis. ~NJ(TI-H) 1is

the difference between two large Fermi contact terms and

J(TI-H) 1s the sum. This i1s by analogy with proton-proton
coupling in which the Fermi term dominates and couplings
alternate iIn sign through an odd or even number of bonds.

The Fermi term transmitted through the TI-C bond to the

CHg protons in the (CH3CH2)2TI*' derivative will be of opposite
sign to that due to direct thallium-proton through space
interaction. For coupling to the CH™ protons both contrib-
utions will have the same sign.

1*2 3» Influence of the number of organo groups bonded to
thalltum

Few investigations of the variation of coupling constants

in the series RM1;R2T1 ;RT1 , have been reported. Hoad et al’™
studied the variation of ~J(TI-C) and NJ(TI-H) iIn the seriesi
RATHJRGTEX; RTIXMIRMCHN ; X=anion) . Both ~J(TI-C) and ~J(TI-H)
decrease with 1i:creasing number of methyl groups on thallium.

A linear correlation between ~J(TI-C) and NJ(TI-H) was

found for the above series, with close approach of the line

to the origin, for gross changes dependent on t"o extent of
methyl substitution. However there appeared to be no detailed

correlation between ~J(TI-C) and NJ(TI-H) for a particular



type of methylthallium(l11l) derivative. The ratios of
J(TI-C) and NJ(TI-H) respectively In the series RTI,
RgTIX, RTIXg and the linear correlation between "J(TI-C)
and »ivil-H) were taken as evidence for th© dominance of
the Fermi contact interaction. (This will be discussed in
more detail i1n Chapter 4).

Maher and Evans™*N-N*VWA\ examined the variation of
NJ(TI-H) (n=2-6) iIn the series R TI; RMI™;RTIN"CR™aryl .alkenyl)
and for RATI; R2TI*"(R=methyl, ethyl). ~J(TI-H) was found
to increase iIn the order RATKrATIMRTINMN 5n the ratios
111.7:~.0. This was In close agreement with ratios they
predicted (1:1.8:4 .3) based on the assumption that coupling
was dominated by the Fermi contact term.

However Hoad et al”™ recalculated the ratios using
the method of Maher and Evans®" and found thlieir predicted
ratios to be iIn error. The recalculated ratios,*1 0:1.7:3,7
were found to be iIn better agreement with observed ratios
for NJ(TI-C) and NJ(TI-H) respectively in the series RNTIj
"2 SRTE - Using a simplified model for the contact
interaction employing optical hyperfine splitting constants,
Hatton™ made an estimate of the contact contribution to
the total thallium-proton coupling constant for the series
R3TI; RgTl ;RT1 . (R=organo group). It was found that
irrespective of the nature of R (R=alkyl,alkenyl,aryl)
~sing published values of thallium—proton coupling constants),
J(TI-H) 1increased in the relative proportions predicted by
the model. The results were consistent with the dominance
of the Fermi contact ternm.
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|, 2,k. Influence of anion and solvent

The majority of coupling constant studies for organo-
thalla\im(111) compounds have been concerned with the
influence of anion and solvent on™J(TI-C) and J(TI-H) 1in
(CHM2T1X derivatives and these will now be examined in
some detail.

Burke et al” have examined the dependence of"J(TI-C)
and ~J(T1-H),in (CH™)2T1X (X=1,NO~,0CAHN), on solute
concentrationf the nature of the anion X and the solvent.
The concentration and anion dependence of "J(TI-C) and
\6fo respectively) were similar to those observed for J(T1-~H).
The solvent had the largest influence with an increase in
NJ(TI-C) of ca.20™ i1in going from HgO to pyridine for
(CHM2TINO™N.  An increase in NJ(TI-H) of ca. 1"% for the
solvent change toluene to DMSO was observed for (CHM)2T10C HN.
Solvent i1nduced changes were discussed in terms of the Fermi
contact term. It was suggested that changes iInAfi and the
s-electron density at the nuclei as well as changes 1In
s-character of the metal-carbon bond could collectively
account for solvent dependent changes of themagnitudes observed.
Values obtained for NJ(TI-C) did not support the assumptions
often used iIn rationalising solvent effects, namely that
Increasing the coordinating ability of the solvent causes
rehybridisation at the metal In such a way thata (M) iIncreases.
The factors influencing NJ(TI-C) and ~J(TI-H) were not
the same. Hoad et al attributed variations in J(TI-C)
and "J(TI-H) (<25% for R2TIX derivatives) to changes In
concentration, anion and most importantly solvent. The data
presented for RTIX2 (R=CH") derivatives likewise suggested

the 1mportance of anion and solvent iIn determining J(TI-C)
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2
and J(TIH). The solvent and anion dependence of thallium-

proton coupling in a number of other methyl and ethyl
derivatives, RgTIX, have previously been reported and
rationalisations of the observed variations in coupling
proposed. Hatton™®" examined ~J(TI-H),(n=2-3), In (CHM)2T1X
and (CHMCH2)2T1X (X=anion) i1n D20 and pyridine solvents
for a wide range of anions. In D20 ~J(TI-H) is virtually
independent of the anion ;(variation<0.25%), whereas* In
pyridine anion dependent changes of up to 5" were observed.
The couplings i1n pyridine were larger than those in D«0
in all cases (by up to 6.5%5). It was suggested on the
basis of Raman evidence,that in DO solution the (CHY)oTll™*’
species was present in all cases whereas In pyridine solution
a partially dissociated structure: [(CHM)Z2T1-NCH|™ XJ
was present. The solvent dependence of ~J(TI-H) 1n (CH ) TICIO,
was examined by Shier and Drago”™®" iIn a range of nitrogen-
and oxygen-donor solvents (variations in NJ(TI-H) ca. 13*
found). The iIncrease in NJ(TI-H) with Increasing donor
ability of the solvent was explained In terms of an orbital
niixing scheme involving thallium 6s and_jﬁzz orbitals such
that i1ncreasing solvent interaction decreases the degree of
orbital mixing and iIncreases the amount of s-character in
the TI-C bond. The aosence of an observable symmetric
stretching frequency iIn the iInfra-red spectra of solutions
of (CHM2T1%* 1n oxygen donor solvents indicated the presence
linear CHM-TI -CHM species. This ruled out the possibility
that changes In s-character arose from variation of the
different solvent molecules were coordinated
lo xhe cation. It was suggested that in pyridine the

C-Tl -C moiety 1is bent and that rehybridisation of thallium
2k



occurs to provide orbitals that overlap effectively with
pyridine providing a stronger covalent interaction. This
results In a reduction In s-character of the thallium hybrid
orbital directed towards the methyl group leading to a
smaller C-TI-C angle. A similar orbital mixing scheme has
been proposed to account for the solvent dependence of
J(Pb-H) 1In compounds.Similar changes In
s-character of the carbon-thallium bond have been i1nvoked
to account for variations in NJ(TI-H) for (CH3)2T1X (X=anion)
between polar and non-polar solvents. Reported values of
105,107-111 (ch™)2T1X with few except-
tons fall Into two ranges: (1) kOO”kzs Hz for solutions 1iIn
polar solvents (i1) 370-380Hz for solutions in non-polar
solvents. Several solutions of (CHM)2T1X with values iIn
the latter range have been shorn to contain dimers and this
range may be characteristic of oligomer formation. Lower
values of NJ(TI-H) i1n the latter range have been attributed™®"
to a reduction in the s-character of the TI-C bonds as the
C-TI-C angle deviates from linearity. However Burke et al’™
examined the variation of ~J(TI-C) and NJ(TI-H) in (CHM)2TIX
X ortho-Cig"t+H; and YY) and found that there was
no apparent correlation between the C-TI-C bond angles
(<17 deviation from linearity) iIn these dimeric derivatives
as determined from x-ray crystal structures.

The solvent dependence of a number of other metal-proton
coupling constants 11937112-116 207p™ 112,117 metal-

carbon 119sn* ®-* 9 .199,,gl12 couplings have also been inter-
preted in terms of a change in the hybridisation of the
metal atom such that the degree of s-oharacter In the metal-
carbon bond varies. In all cases i1t iIs thought that the

orbital hybridisation is accompanied by a change in the
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geometry of the molecule,the extent of which depends on
the donorability of the solvent.

In contrast, Aritomi and Kawasaki”™proposed that
changes 1nAE, the mean singlet-triplet excitation energy
(see equation 45 ) are mainly responsible for the observed
solvent dependence of NJI(M-H) ,M=~°"T1,"®"Pb in
oxinato derivatives of (CHM)2Pb™* and This
conclusion i1s based on linear relationships found between
the absorption maxima in the ultra-violet spectra of the
complexes and The same authors have also attributed
the variation of "IJ(M-H)(M=Sn,Ph,Tl) for a number of (CH,),M
compounds in solutions of strong acids to changes iInAe”™
The previous model of the solvent dependence of ~J(TI-H)
has been criticised by Schramm and Zink.~ These authors
found a linear correlation between i1ncreasing NJ(TI-H)
and increased thallium-205 shielding for (CHM)2T1X (X=NO* ,010M)
In a range of oxygen-and nitrogen-donor solvents. Schramm
and Zink propose that a decrease I1nAE which would correspond
to an iIncrease in J(TI-H) should be accompanied by a
decrease i1n thallium shielding, since according to the Ram:sey*-“122
equation,a decrease In the energy separation between the
ground and excited states will cause the paramagnetic term
Qp to iIncrease. This 1s contrary to the observed trend and
the authors suggest that changes iIn AE are not primarily
responsible for the solvent dependence of NJ(TI-H). It
should be pointed out however that Schramm and Zink™ have
neglected the relative sign of NJ(TI-H) (nhegative) iIn this

rati onalisation.



-?hallium-205 relaxation studies
Studies of T1 relaxation have been almost exclusively
confined to T1(l) compounds with only one previous report
for (CHM)2TINO™N iInaqueous solution.
The challous i1on has figured in biologically related

studies 1n which relaxation rates of 051 "ave been used

as structural probes. Reuben and Kayne™»™ have examined

Ti and Tg for T** In the presence of pyruvate kinase.
However Bacon and Reeves™ have criticised the conclusions
of Reuben and Kayne,™ regarding the distances between
metal bind.rng sites iIn the enzyme estimated from relaxation

rates for since they ignored the effect of dissolved

oxygen which strongly influences both R and Rg for T1(l),
Grisham et have utilised thallium relaxation to
Study cation binding sites in adenosine triphosphatase.
Hinton and Briggs™ have carried out studies, iIn the
presence and absence of oxygen, to elucidate the solution
structures of the TP*' complexes of the ionophores monesin

and nigercin. They report spin-rotation to be the dominant

relaxation mechanism for the TI'”™ 1on. In a similar study

of nonactin, monactin and dinactin the same authors'™ deduce

the relative contributions to thallium-205 spin lattice

relaxation as s0% spin-rotation, k0% dipole-dipole and 10"
chemical shift anisotropy (CSA). During the course of the

present study these authors™” reported that in the TIVvalinomycin
complex the CSA mechanism made the dominant i90%) contribution

to thallium relaxation. Hinton and Ladner™™® also suggested

the 1mportance of a transient chemical shift anisotropy

relaxation mechanism for thallium in DMSO solutions of

TINON and TICIO.
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A temperature dependent study™ of TI'"* 1n H™0 and
HMPT showed that while spin rotation was the dominant
mechanism for in HYO, this was not the case i1n HMPT.

The solvent dependence of was found to vary by an order
of magnitude for a series of nine solvents from O .08s iIn
n-butylamine to 1.8s i1n water.

The effect of paramagnetic species on "°/~T1l relaxation
rates for T1(l) was first studied by Gasser and Riohards™
who fognd a linear increase iIn relaxation rate with added
Fe(CN)g-.~ Chan and Reeves also found that Fe(CN)| *

and QN™** caused such an iIncrease but this was less marked

In the presence of chelating agents such as ethylenediamine

and o-phenanthroline. Bacon and Reeves”23 Reeves™

also noted a lai*ge linear increase of R with dissolved
oxygen up to an oxygen partial pressure of five atmospheres.
Transient spin-rotation, iIn the absence of dissolved oxygen.
was proposed as the dominant relaxation mechanism iIn both
of the former studies. Bangerter studied R. and R« for
205T1+ in aqueous solutions of TIOCOCH™ and fou%d tﬁat R
increased substantially more than R as the partial pressure
of oxygen above the solution was iIncreased. He interpreted
this 1In terms of a scalar contribution to R™ arising from
scalar coupling between T1 and dissolved oxygen. Hinton
and Briggs found that T was loger i1n degassed solutions
of T1 complexes with valinomycin,monesin and nigercin®"™
whereas in complexes witn actins™® T was nearly equal iIn
both degassed and undegassed solutions. They interpreted
this in terms of the actin molecule surrounding the TI

ion in such a way as to prevent collisional access by

dissolved oxygen. Bangerter and Schwartz™'? examined the
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Increase 1In and for TI”™ with iIncreasing concentration

of the radical ™-hydroxy- 2,2,6,6-tetramethylpiperidine-
1-oxyl ( TANOL*). They found was more strongly affected
and that the TANOL-TI*' electron-nuclear interaction dominated

while scalar interactions dominated R®, The effect of
the nitroxide radical was also examined.

In the only study of an organothallium(l11) derivative,
(CHM2TINO”N, Chan and Reeves™ found that R and R™ were
almost the same and increased with partial pressure of oxygen
although to a lesser extent than for TI™. They found R®
for an aqueous degassed solution of (CHM)2TINO™ to be i1ndep-
endent of both the solvent isotope composition (Dg0O/HgO)
and the i1sotope observed ("MATI/AMNATL) .

14. Solid-state structures of organothalllumfTI11) covmoiinria

The only reported structure for an R.,T1 derivative 1is
for (CHM)NTI . Twenty six reports of structures for RpTIX
compounds have appeared. However the majority of these have
been for (CHM)2T1X (X= a variety of anions). The structure
of one ethyl compound has been reported.Four structures
where R=C"F™ or p-HC"PY™ have been determined. There have
been no reports of structures for R2TIX derivatives where
R 1s a longer or branched chain alkyl group. Similarly the
structure of an RTIX2 derivative, where X i1s a simple anionic
ligand, has not previously been reported.

Dimethylthallium(l11) compounds (CH.M)2T1X are generally
polymeric; (X=N",NCS,NCO ; ®0COCH" ,tropolonato »acetylacetonato-
C(CNYNM,N(CN)2 ~  1Tiethyl-xanthogenato-~*;Cl ,Br .1 ,
L-phenylalaninato™ ™Al (CHM)ANCSM  and
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Similarly bis(ethyl)salicylaldehydatothallaum(ll1
iIs polymeric in the solid state. In all these cases the
thallium is six-coordinate and polymérisation is achieved
by bridging, often involving largely ionic weak bonding,
through the N,0,S or halogen atoms of the anion. The
C-TI-C unit iIn these compounds is essentially linear with
bond angles iIn the range 165-180°. However, several crystal
structures of (CHM2T1X derivatives are known where association
does not extend beyond the dimer stage; X-C~H"MO-,0-CI-CHi.-,
NGNSN ? "MyPEtophanato and dibenzylmethido™.™ Dimer
formation occurs through bridging O or S atoms of the anion
with four coordination around thallium except In the case of
(CHM2T1X (X=tryptophanato)”™®where i1t i1s five coordinate.
The C-TI-C bond angles for four or five coordinate thallium
In dimeric derivatives are within the same range (163-180°)
as those found for essentially six-coordinate thallium iIn
polymeric d er it vatives.carborane
derivative (Kj™-decaborato)- dimethylthallium(lll) existe
as a discrete monomer with a C-TI-C bond angle of 131™.1°,
In arylthallium(111) derivatives, R2TIX,polymer formation
has been found for cases where R=C"F" and X=0H™\‘; R=pHC "F|"
e The C-TI-C angle in these perfluorophenyl
compounds is In the range 138.5 to 19 9° However discrete
dimers exist in the solid state for RATIX where R=CM"H™ and
X tropolonato.143 The C-TI-C angle i1n this case isA182-6°-

Dimers have also been found in compounds of the type R2TIXY
(R=CgF2 X—0COCgF5!1Y=(CgH™)2P0)A™"A R = p-HOT it=X=Cl.Y =

PO . For these R2TIXY compounds the C-TI-C angle i1s iIn the
range 12? to 140.6”~, 1n all the perfluorophenyl compounds
thallium 1s five-coordinate except in (CM?M)T1{OCOCMNFM)(Ph PO)

where 1t 1S six-coordinate.
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The compound (C.HINTIX (X=K,rj"-diethyldithio oarbamato)!*"™

exists as a monomer i1n which thallium is four-coordinate.

Although the solid state structures of two derivatives
of CHATIN , with guadridentate™ and quinguidentate™™**/n
maorooyolic anionic ligands, have been determined these
give no indication of the preferred coordination around

thallium in the precursor monoalkylthallium(l11) derivatives

RTI1Xg,R=CH3"9 " )ccH2®7 ,(ch3)3S 1 . X=carboxylate.

of orgarothalliumfl11)cOmpnnnHg

Thalltumdil) forms three main classes of organo
deiivativec; RMIL; RATIX and RTIXg.(R=organo group,X=anion).
The RATI derivatives are unstable, being light and air
sensitive. The organo groups undergo exchange reactions
and low temperatures are required for observation of spin-spin
coupling to thallium. No RATI derivatives were studied here.
RgTIX compounds form the largest and generally most stable
class of organothallium(lll) derivatives. RTIX™ compounds
are usually less stable than the RMTIX derivatives. Both
RATIX and RTIX2 compounds usually exist as solids under ambient
conditions. Details of the physical and chemical properties

of organothallium(l1l) compounds are given in a number of

texts™N"M"M9 and review articles.

rene1 .Ms(organo)thalltumdil) compounds RATIXCx”™anion)
1.5<«1.1. Alkyl and alicyclic derivatives

The Tirst reported organothalUumdil) compound.(C2H-)2T1C1
was prepared by the reaction:

(b2H3>2Zn + TICIj— (C2H3)2T1C1 +ZnCI2 (1.1)

The ethyl,n-propyl and iso-butyl analogues were made by a

j-



similar reaction uaing RMAL.156 s™ig™rd reagents subsequently

have been most widely used for preparing RATIX compounds

2RygX*TIX3-R2TIX + RMgXg (1.3)
(X = CI1.Br, R = n-allcylsl57.1594,,j.3""gj alkyls. 158ai i~y .~g_158

A more convenient one step synthesis has been reported for

primary alkyl compounds:
2RKgBr+T1( 1)Br— RgTIBr+KgBrg (1.3)

(R =n-alkyl).
Attempted preparation of branched alkyl derivatives by

this method gave only coupled organic products R-R.™MN

Bis(methyl)1odothallium(lll) is conveniently prepared by

hydrolysis of the tris(methyl)thallium(l11) produced iIn reaction
(1_4)162

3CHALE +T1X + CHAX=A(CHM)ATL & 2LiX (1 4)

(CHHY™TI reacts with a wide range of compounds containing

acidic hydrogent
(CH™M3T1  HX-*—(CH3)2T1X+CH (1.5

(HX = eg. hydrogen halides ,~\alomethanes™@»"™").
Reaction of thallium(l11l) chloride with alkyl derivatives

or mercury16ZApnxime bis (alkyl) thallium
However i1t has been

of boront: tin _lead

(11 )derivativos iIn very low yields.

reported that reaction of thallium(lll)acetate with some

methyl and ethyltin compounds gives and (C2H,)2T1*

derivatives in good yields.”50 similarly the reaction of

thallium(l1)chloride with ammonium methylpentafluorosilicate =
1>H| 17Y2(CH31FY) gives a good yield of (CH,),,T1C1 .M® )
ri

J -
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1512, Alkenyl compounds

Bis(vinyl)halothaUtum{l11).(halo = CI.Br) compounds
were synthesised by Kesmeyanov™V“\g"j”"g the Grignard method

(Reaction 1.2) with tetrahydrofuran/ether as solvent.

Organolithium reagents have been usedi
2 RL1 + TIX?~ RATIX & 2LiX (1.6)
( , Br.R=iso-propenyll70, ~./tr~-propenyl”71,trans-but-2-
enyl,® a-styryl™72) Exchange reactions with bis(alkenyl)-

mercury(11) derivatives have been reportedi

aRgHg + TIX™M-"RgTIX + 2RHgX a.n
X =CI1,Bn R = vjnylI’™~; and trans-oronenyi ~71.
propenyl a-styryl™~|cis-and tranfE-2-chloroviny IM\»WIWA|
cis- and trans-3-acetato-but-2-enyl.

Cleavage of tetra(vinyDtin(1V)by thallium(l11)chloride
gave a mixture of bis(vinyl)chlorothallium(111) and vinylbis-
(chloro)thallium(111)177 Similarly reaction of tetra(iso-
propenyDxin(1V) with thallium(l1l)chloride gave either
bis(iso-propenyl)chlorothallium(ni) or i1so-propenylbis{ohloro)-
thall"um(111) depending on the ratio of reactants used.”77

ois(organo)tin(1V)compounds have also been usedi
(CHCH=CH)"SnCI2 * ==23"*" (CH2CH=CH)gTICI+SnCI( (1-8)

for the cis- ;md tt;am.-propenyl compounds.

Heating an aqueous solution of d-styrylboronic acid and
thallium(l11)chloride gives bis( d-styryl)chlorothallium(lll),
2CgK CH»CHDOH);*T1C1 ™ (CAUACHACH)ATICE + 2HABOM A 2HCL  (1.9)

In an analagous reaction cU™-propenylboronic acid gives
either the bif. (alkenyl)- or alkonylbis(chloro) thallium(lll)

derivative depending on the ratio of reactants used.™"
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Other synthetic mechods reported include*

BCI +T1C1.
-J2

180

2
and

t"'zC*C(CH}j)]3Bi+TICLj— [22C=C (CH )J (1.11)

1»5 .1»3» Aryl compounds

Bis(ax-yl)thalUun,(111) derivatives have been reported
by the Grignard method(reaction 1.2). R = phenyll65,p”?,,, MMM
Phenyl , other substituted aryl s . 183.18/ organolithium
reagents have also been used.”®3-18" However these compounds

are most conveniently made by reaction of thallium(l11l) halides
with arylboronic acids/VV\*M\-/*

TIClj+aCgHsB (OH) 242H20— (CgH™)2TI1+2B (0i:)2+2HC1. (la 2)

They can also be made by reaction of thallium metal with

diazonium fluoroborates™®@"*

20HN2S?" /A" 2T1-. .(CHOZTIBP™ + 2Ng & TIBRj» (1.13)

and diphenylhalonium salts"®":

ZCgH™CIBP™ + Tl1—- (CgH3)2TIBPM
They may also be prepared from ArTIX2 ° OCOCFj)derivatives,
by heating or better by adding trimethylphosphite”™®®.

ArT1(OCOCF2)2+(CHM)”PO.*Ar2T10COCFj + TKOCOC-~)~ (i.i5)
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Alkyl derivatives have been prepared by the reaction

RgTIOCOR- o Hg(OCOR-)231RTI(OCOR")2 + RHgOCOR- (1.16)
(R=CH-1 R* = CH3.®9 p_ = CH(CH3)3.R=C3H589.r,,,.c",, 189"
R=CH3 X Alkyltin compounds such as (CH3)™Sn.(CH3)3Sn0OCOCH

(CH3)3SnNO0O3, (CH3)3SnP3 or (C3H3)”Sn react with thallium(lll)
—acetate*~!199

\-
“RS™ *TI(OCOCH3)3-1§L~ R(CP 10COCH3 (1-17)

(R = CH3SC3H3).
CH3 (CK)T10COCH3has also been prepared from (OHJ?3 (CH3SIF )
and 71(000083)3 aqueous NaON solution.

Konoaryl- and monovinylthallium(l111) derivatives can be
prepared by the reaction of thallium(HI) halides with organo

derivatives of mercury™ or tinyvvh,
-R™"W- *T1Y3-RT1Y2 G .18,

(R= aryl or vinyl._n=2-1nK=Hg or Sn,Y=01.Br or carboxylate)
and by the reaction
R2TIX . TIX3-"2Rm3 (.15,
(R=aryl1”™®50j, vinyl’™™*; x=01 or Br).
However aryl derivatives are more readily prepared by

either direct thallatiom

ArH + 11(0008)3- ArTI(O00R")3
(R=CH(OH3)3191,cvy88).
or using arylboronic acidsi™N*V\"

08838(08)3 + TI0I3 ®(°«)3 * HOI (1 .20)

In addition to the methods of synthesis of monoalkenyl-

thallium(li1) derivatives previously given, the acetoxy thallation
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reaction Is a convenient route to these compounds eg-192

—-(,=(, — NNWN

r-C=C-R T1(OCOCHN) R T1(0AC)«
\ 7/ 2

(1.21)
OAc T1(0Ac)2 OAc R
(R=CH"™J -OAc=0COCH"N).
Uemura cEurried out similar reactions using alkylphenyl-

acetylenes99 and Sharma and Martinez used acetoxythallation

of allenes.’96

This reaction has also been used to prepare adducts- of

norbornene, norbornadiene viai

T1(OCOCHA)A

Preparations of amiéounds of the type RCH(OCH™)CH2T1(0COCH"N)2

have been reported byQ%

RCH=CH2  T1(OCOCH~)A RCH(OCHA)CH: T1 (OCOCH- - (1.23)

(R=CMH”™;o0-allyl-phenol ;propene;oct-1-ene).

Phe Pentaaquochromium ion has been reported to react with
194
ohallium(lll)chloride in aqueous solution to give*

RCr(H20)|™ + TICI~ARTICIg (1.2n)

(R=~CH. NH-CI ). Johnson8? has reported preparation

of mononeopentylthallium(lll) species by the reaction
[(CHMHYNCCH2]2T1 X CAHANBrA— 2 (CHMMCCH2T1 X2 ( 25)

(X=CI,Br).
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1.6. Aims of the pro.iect

Reports of the successful application of the N/R method
to the study of metal derivatives in solution provided the
impetus for using thallium-205 spectroscopy to study a number
of organothallium(l1l) compounds. The overall objectives of
the project aro to i1dentify and elucidate the relative iImportance
of some of the factors(eg. the number and nature of the organo
groups bonded to thallium, heteroatom substitution in the
organo group and to a lesser extent anion, solvent and temperature)
influencing the NMR parameters(chemical shifts, relaxation
times and spin-cpin coupling constants) iInvolving the thallium205
nucleus aiid to examine the possible use of these parameters as
probes for iInvestigating the nature of the species present
in solution. VJhere possible a multinuclear(™"-"TI,"C,"H)
approach has been adopted. The effects of changing the
environment of thallium on the NMR parameters for several
different nucleir should provide the basis for an integrated
approach to critical examination of the factors determining
these parameters. Additionally interpretation should bear
comparison with results for other heavy metal organometallics

AMNCd ,MNSn, MMHg, M Pb) where these are known.

Speculative reports, based on infra-red data, concerning
the effect of bulky organo groups on the extent of oligomeri-
sation and C -TI-C bond angles iIn RgTIX derivatives prompted
determination of the crystal structure of [(CH™)/"SiICH2 J2TICI.

It was anticipated that determination of the structure bf
the new stable compound (CH2)2CHTIJOCOCH(CH™)2]12 would allow
«eorr-11ti"jn of much existing infra-red spectroscopic data

for organothallium(l11) carboxylates with structure.
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2.1. Instrumental measurements
2.1.1_Proton NMR spectra

Proton NMR spectra were obtained on a PerJcin Elmer
R12B instrument operating at 60MHz with a probe temperature
of 35 C. Measurements were made on spinning samples contained
In Snimtubes. Samples were prepared immediately prior to
running the spectra. Internal tetramethylsilane(TMS) was
used as fTield-frequency lock and peak positions measured 1In
100Kz expansions using a Racal digital frequency counter.
Homonuclear double resonance experiments were performed using
the standard Perkin EImer Double Resonance Accessory. This
equipment did not allow double resonance experiments to be
performed under conditions of field-frequency lock. However
the resonances to be irradiated were fairly broad(typically
ca. 15 Hz) and the field was sufficiently stable for this
not to be a problem. Spectral assignment was assisted iIn
several cases by spectra obtained at 90MHz on a Perkin-Elmer
R32 (Perkin-Elmer Ltd.) and at 220MHz on a Perkin-Elmer R3“T
(P.C.M_U. Harwell).

Proton spectra, for [(CHM)”NCCH2]2T1Ci1 i1n pyridine-d®, and
V. )2Ti0CoCHM 1In D20, were obtained in the Pulse Fourier

Transform (PT)mode at 150MHz on a Nicolet NT-150;at 300MHz

on a Bruker CXP-300; at 360MHz on a Nicolet NT-360 and at
11I00MHz on a Bruker These spectra were obtained by

Dr. D.G. Gillies, Royal Holloway College, University of London.
Proton spectra for (CH™)2Ti10CoCHM 1n D20 were also obtained

at 80MHz on a Bruker W?80 (The Polytechnic of North London)

and at 220MHz on a Perkin Elmer R3™ (P.C.M.IT.Harwell),



2.1.2. Carbon--13 NMR spectra

Fourier transform carbon-13 spectra were obtained at
22.63 MHz on a Bruker 90 HXE at 30°C. In several cases
assignment was assisted by spectra obtained at ~5.28 MHz
on a Bruker WHI80 (Both at P.C.M.U. Harwell).

A deuterium(solvent) field-frequency lock was used iIn
all cases and spectra were initially obtained with broad-band
proton decoupling. Many assignments were assisted by

m'C-J h } off-resonance spectra and relative signs of
NJ(TI-C) and MNJ(TI-H) (=1 to 3) were determined by
single frequency off-resonance spectra. Further details
of sign determinations are given iIn Chapter k. Internal
TMS was used as a reference in all cases.

Typical operating conditions, J”™H (broad band,
for an RgTIX derivative 0.~ mol dm””™ 1n DMSO-d6 (R=i1so-butyl-i
X~Cl), at 22.3 MHz, are: number of transients 65»5361
pulse length 10]j.sec; delay 1 seci spectral width 6024 Hz.
For an RTIXg derivative (R=(CH)2CH; X=0COCH(CH™)2) 0.26
mol dm"~ 1n DMSO-d”,65»536 transients were used with a pulse
length of 8 |j,sec; a delay of 1 sec and a spectral width of
15152Hz. In both cases 4096 data points were used and the

pre-pulse delay was 143 |.tsec.

2.1.3« Thalltum-205 spectra

Spectra were obtained iIn the PFT mode using a Varian
HA60-IL spectrometer modified (Dr.D.G. Gillies, Royal
Holloway College, University of London) for observation of
thallium-205 at 34.7 MHz. The system was interfaced to a
DEC PDP-11(28k ) computer incorporating dual drive floppy

disks for data handling and storage.
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All measurements were made on spinning samples#
Samples were held In 12mm tubes containing a 5im insert of
DgO, coaxially held by teflon spacers, the resonance
of which was used as a fTield - frequency lock. The lock
was always to the first upfield sideband, (IKHz). In
several cases the deiiterated solvent containing the sample
was used as the lock signal, 1In which cases a teflon vortex
suppressor was inserted into the solutions. Samples were
run within Zk hours of solution preparation. No attempt
was made to exclude oxygen or atmospheric moisture during
sample preparation except for samples for determinations.
These latter solutions were made up under argon and deoxygenated
by purging with argon for approximately thirty minutes.

Spectra were obtained at ambient probe temperature
(c™Mf 307°C), except for the Tj experiments where the temper-
ature was controlled using the standard Varian variable
temperature unit. Temperatures were measured, using a
thermocouple thermometer immersed in liquid paraffin contained
iIn a 12mm tube, 1mmediately prior to and after obtaining the
NMR spectrum. The error iIn temperature measurement was
estimated as +1°C. Each sample was allowed to equilibrate
for ca 30 minutes until the resonance frequency did not change
for successive determinations.

Typical operating conditions for determining thallium-205
spectra were as follows. In the majority of cases broad-band
proton decoupling was used. (Exceptions are noted iIn Chapter
D« The r.f. oai"rier frequency was entered via the computer
keyboard. The system employed a single channel detection
system and the carrier frequency was carefully positioned

on the low frequency side of the resonance signal. The relative



signal positions and intensities were then determined
automatically under computer control. Accumulation and
Fourier transformation of each FID were carried out autom-
atically under software control. [In a typical experiment!
using 1000 transients, (90°-T)”™ , 8192 data points were
collected at a rate of 10 ,000s ™ (giving a spectral width
of 5000Hz) with a 90° pulse length of 57 \isec and a post
pulse delay of 0.09sec After digitisation the FID*s were
apodised (using a cosine function) and filtered (using an
exponential weighting function) then Fourier transformed.
The resulting frequency spectrum was displayed on a visual
display unit where the phase was corrected maiivally. Hard
copies of spectra were obtained using an XY recorder.

Typically linewidths were <50Hz. The error on
the 205T1 chemical shift is estimated to be better than +Ippm
based on reproducibility over a period of several months.
Subjective estimates of errors on individual measurements
were typically <+25Hz at 3".7?”MHz.

In the T] experiment using the inversion-recovery
method, the pulse timers controlling the 180° and 90° pulse
lengths, the acquisition rate and the overall repitition
rate of the experiment, were set manually. The fifth timer
for T, the delay betvw/een 180° and 90”™ pulses, was under
computer control with up to ten different Xvalues being
entered via the keyboard. The experiment was then carried
out automatically under software control and the resulting
FID"S and accompanying parameter listings stored on a floppy
disk (up to six experiments per side). In a typical ™
experiment e.g. for a O,k nol dm-3 solution of RTEXp 1In
DMSO-d”, 400 transients were used and 1600 data points
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collected with an acquisition rate of 2000s'" giving a
spectral width of I000Hz. The 180" pulse length was
llk*"sect the 90° pulse length was 57 |j.sec. Details of
the Ivalues used are given in Appendix IE. The delay after
the (180°-X-90°) sequence was 1.0s. The ™ value obtained
was 0 .097s.

A major source of potential error In determining
the thallium resonance frequency using this spectrometer
system was found as follows. Spurious signals of reduced
intensity were observed at nOKHz from the “real* signal,
especially with the more concentrated solutions and/or when
a large number of transients were used. The signal at +10KHz
was found to be more intense than that at -10KHz. However
In some cases both signals were capable of being mistaken
for the "real™ signal. Discovery of this phenomenon made
It necessary to repeat measurements for all samples run up

that time (0 samples). Rechecking showed a number of
cases In which spurious signals were previously mistaken for
"real* signals. A system of checking was thereafter followed
and 1In cases of doubt all three spectra were recorded
(in some cases only one spurious signal could be observed,
especially at the lower concentrations) along with appropriate
parameter listings of intensity and scale factor so that
the "real* signal could be i1dentified. However iIn most cases
this was obvious due to the poorer signal to noise ratio and

reduced intensity of the spurious signal(s).
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2.1*3*1* Calculation of values from spectra
locked to deuterium

Thallitum-205 resonance frequencies, Z("™""TI) »have
been reported as suggested by McFarlane™and Harris™»
such that Z("°~T1) 1s the frequency (Hz) for a field iIn
which TMS gives a proton resonance at exactly IOOMHz. The
method of calculation used i1s as follows.

At an observation field Bo Tesla the measured lock
frequency i1s VAH MHz, If modulation of the lock is IKHz on
upfield sideband, then will be observed at (V”~H+0.001)MHz.
At the field,Bo, the thallium-205 resonance frequency 1is VTI.
The shift of the lock signal from TMS is xppm. Then at
(V*H+0.001)MHz , H of the lock material resonates at Bo Tesla.
So at (VAH+0.001)MHz , TMS-d*g resonates at Bo(1+0.001xI10“ 1?esla.

At a field of 1 Tesla, resonates at ~2.5759MHz and
"H resonates at 6 53566MHz . (Y”*H/Y”~H) = 6.511]|"39(9) "97»198
Therefore 1H resonates at 100 MHz when PH resonates at
(6 .53566x100 )A2 .5759 = 15.3506mHz .

Since TMS-dj”2 resonates at (V/AH+0.001)MHz 1n field
Bo(l +X xIO'_'Q’)TesIa, then TMS-d™g resonates at 15 .3506MHZ
in a field Bo(l +Xx10"”) 15 3506/ (V"H+0.001). Therefore
at a field Bo(l +X x10*“")/ 15.3506/( V™H + 0.001) ,"®"T1

resonates at:-
N (2055i) = ) 15.3506.

~VH+0 001)
Note on the accuracy ofY”™H x 100/y”™H (=15.3506). Using

the expression |[I=Yd )" and the value reported™™ for
[I"HHI™H 0.307012192 + 0.000000015,3 value for (Y ~Hx100/y"™H)
= 15*3506006 -U.oo0o000075 if? calculated. For a typical thallium

resonance frequency of 37,700,000 Hz use of this value gives

T(205.p1) - 57,898,693 -3Hz.
m.
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The value of 15»3506 used here results In -1("A"TD
=5"898,661Hz(a difference of ca. 0 5ppm).
Bulk susceptibility corrections have not been applied

In cases where DgO i1nserts were used for locking.

2.1.~. Infra-red spectra

These were recorded on a Pye-Unicam SP2000 spectrophotometer
as mulls in Nujol and HCB and in chloroform solution using
KBr plates. The absorption of a polystyrene film at
1602cm was used to calibrate the spectra. Samples and
solutions were prepared immedijitely prior to running the
spectra. i
2=1.5= X-ray structure determination

A suitable crystal was chosen under the microscope and
fixed to the end of a quartz fibre with"Araldite*, with one
of the morphological crystal axes approximately coincident
with the a*.is of rotation of the fibre. The quartz fibre
was mounted on a goniometer head which iIn turn was mounted
on a Phillips PWIIOO four circle X-ray diffractometer.

Weissenberg photographs of cyclopropylbis(isobutyrato)-

I111) were obtained from a Weissenberg camera using

standard techniques. Further details are given iIn Chapter 6 .

2 .2 . Preparations
2.2.1 . Purification of solvents

Dimethylsulphoxide was refluxed for three hours over
calcium hydride under reduced pressure. It was then distilled
under ~educed pressure unLo activated molecular sieves and

stored under nitrogen.
)



Pyridine was refluxed over potassium hydroxide pellets

under dry nitrogen. It was then distilled under nitrogen

and stored over 4A molecular sieves and stored under nitrogen.
Methanol was dried by reaction with magnesium methoxide and
distilled under dry nitrogen. It was stored over kA molecular
sieves under nitrogen.

Chloroform was dried over molecular sieves.

Diethyl ether and Tetrahydrofuran were refluxed with sodium
wire and benzophenone for several hours. In the case of diethyl
ether the development of a deep blue colouration indicated the
absence of water. The dry solvents were distilled under argon

and stored over ¢A molecular sieves under nitrogen.

Benzene was dried by standing in contact with sodium wire.

2.2.2. List of Preparations

Starting Materials

1. Thallium(l11)chloride
(@ In aqueous solution
() In acetonitrile.

2. Thallium(l1l) bromide.

3» Isobutyratosilver(l).

4. Isobutyratomercury(ll).

Organothallium(111) derivatives

S) Alkylthallium(111) compounds

5. Bis(nethyl)1odothallium(l11l).
Bis(methyD)nitratothal lrum(111).
Bis(methyl)acetatothallium(l1l).
MethylbisC aocetato)thallium(lll)

.G)OO\IO

Bis(ethyl)bromothal lium(l111).
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10.
11.
12 .
13.
.
15.
16 .
17.
18 .
19.
20.
21.
22 .
23.

2k,

25.
26 .
27 .
28.
29.
30.
31.
32.
33.
AN
35.
36 .
37.
38.

39.
kO .

* 1 »A>»>M <X J*¥ e

Bi s(ethyDni tratothallium(111)

Bis( ethyDisobutyratothallium(IIl)
Ethylbis(i sobutyrato)thallium(lll)
Bis(n-propyl)bromothallium(l1l)
Bis(n-propyD)nitratothal lium(l111).
Bis(iso-propyl)chlorothallium(l111).
Bis(iso-propyb)acetatothallium(11l) (no)
Bis(n-butyl)bromothal laum(l1l)
Bis(n-butyD)nitratothallium(lIl).
Bis(iso-butyl)chlorothal lium(l11l).
Bis(i™-butyl)isobutyratothallium(l1l) (no)
1£o-butylbis(isobutyrato)thallium(111). (nho)
Bis(sec-butyl)chlorothal lium(l11l).
Bis(n-pentyl)bromothal lium(11l).
Bis(n:-pentyDnitratothallium(11l).
Bis(i50-amvi)chlorothallium(lll),

Bis(iso-amv)nitratothal lium(ITT) (no)
Bis(iso-amyl)acetatothallium(lll) (no)
1so-amylbis(acetato)thal lium(l1l). (no)

Bis(iso-amyl)tetrafluoroboratothal liuTnfTT r) (no)
Bis(sec-amyl)chlorothallium(l1l) (no)
Bis(nheo-pentvl)chlorothal liumfITT).
neo-pentylbis(halogeno)thallium(lll).
Bis(neo-pentyl)isobutyratothallaum(lll) (no)
neo-pentylbis(isobutyrato)thallium(lll). (no)
Bis(trimethylsilylmethyl)chlorothallium(l1l)
Bis(trimethylsilylmethyl)isobutyratothallium(l1l).
Trimethylsilylmethylbis(isobutyrato)thallium(l11l).
Bis(cyclohexylmetnyl)bromothallium(l1l) (ho).

Bis(cyclohexylmethyl)isobutyratothallium(l111) (no).

Methy I (Z1.-methoxypropylacetatothallium( 111).
k?
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Alicyclicthallj.um(111) compounds

Bis(cyclopropyl)bromothallium(l111) (he).
Bis(cyclopropyl)isobutyratothallium(11l) (no).
Cyclopropylbis(isobutyrato)thallium(l1l) (nc).
Bis(cyclopentyl)chlorothal lium(l11),
Bis(cyclopentyl)isobutyratothallium(l111)(nc)
Bis(cyclopentyl)tetrafluoroboratothallium(lll) (nc).
Bis(cyclohexyl)chlorothallium(Ill),
Bis(cyclohexyl)isobutyratothallaum(Ill) (nc).
Bi s(cyclohexyl)tetrafluoroboratothallium(lil) (hc).
Bi s(cycloheptyl)bromothal lium(l11l). (nc).
Bis(cycloheptyl)tetrafluoroboratothallium(l1]). (nc).
(2-acetatonorbornane)bis(acetato)thallium(l11).

(2-acetatonorbornene)bis(acetato)thal lium(l11).

c) Mkenylthalliumdll) compounds

5. Bis(vinyl)chlorothallium(lIl).

55» Bis(vinyl)acetatothallium(lIl) (nc).

56. Bis(vinyl)isobutyratothallium(l111)(nc).

57 « Vinylbis(chloro)thallium(CI111).

58. Bis(iso-propenyl)bromothallium(lll).

59. Bis(trans-B-stvrvl )broinothallium(l11).

60. Bis(trans-/:i1-styryl)nitratothallium(lll). (nc).

61. Bis(tran™-/3-chlorovinyl)chlorothallium(11l).

62. trans-/3-chlorovinylbis(chloro)thallium(I111).

63. (trans:::,2-aGetato,but-2-enyl)bis(acetato)thallium(lIl)

d) Arylthalliuin(C111) compounds
Bis(phenylD)nitratothallaium(CI111).

65. 3ls(phenyl)acetatothallium(l1l).

The use of the designation (nc) i1Indicates a new compound.
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2.2.3» Starting Materials

1. Thalltum{lll)chloride.
(@) Preparation iIn aqueous solution.

This was prepared as reported by Meyer™™" with the
modification that the product was dehydrated over PaO,- under
vacuum (3 days). After this time infra-red spectroscopy
showed the absence of water. The product was not analysed.

(b) Preparation in acetonitrile.

This was prepiired according to the method ol Cotton et.al . 200
The solvent was removed on the rotary evaporator at 25°C.

It was not analysed but used immediately after preparation.
2. Thallium(111) bromide.

TIBr™ was prepared as a solution in tetrahydrofuran
by the method of Maher.86 Reaction of equimolar amounts of
TI(DBr and bromine in THF under argon at 0°c gave a solution
of TIEr™ which was used immediately after preparation.

3. Isobutyratosilver(l).

Isobutyric acid(150cm”™) was heated to ca. 150°C and
silver(l)oxide (21.69;0.09mol) was added in small portions
over 30 mins. A further 20cm”™ of isobutyric acid was added
to the thick greyish suspension and the mixture heated for
a further 2h. A colourless crystalline solid was obtained
on cooling. After standing overnight the product was filtered
and washed with several portions of diethyl ether and then
dried under vacuum. The product was obtained as colourless
plates and was not analysed. (Yield 33g;91?7" based on silver(l)oxide).

Isobutyratomercury(l1l).

Freshly prepared oraxige mercuric oxide™“(/+.2g) 0.02mol)

was added in small portions to hot (ca.l507C) isobutyric

/Yg
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acid(10cm )giving a clear solutiorii  On cooling the product
crystallised out as colourless plates. These were fTiltered
off, washed with ether and dried under reduced pressure
over potassium hydroxide pellets. The product was not

analysed. (Yield 6.5g1 90% based on mercuric oxide).

2*2.~.  Organothallium(l11l) derivatives
&) Alkylthallium(111) compounds

All preparations involving Grignaird or organolithium
reagents were carried out iIn dry solvents under argon.
Alkylhalidfs were distilled prior to use and stored over

molecular sitves.
5. Bis(methyl)iodothallium(1Il).

This was prepared according to the published method
with the modification™ that methanol was used instead of
aqueous acid to solvolyse the tris(methyl)thallium(lIl)
solution giving a more tractable precipitate. Recrystailination
from pyridine gave colourless crystals. (Found* 0,6.9;
H,1.8. CgH Tll calc.; 0,6.6; H,1.?M).

A sample of (™O0HM)2T1 1 (approx.60™ 0 enrichment)
was prepared by this method using a mixture of™OHMN ,(91.3
atom % 13O, ProchemB.0.0.Ltd.), and OH™ (unlabelled) iIn the
ratio 2:1 w/w. The product was shown to be pure by proton
NVMR. The % 13 enrichment was calculated from iIntegration
of the proton #1™pectrum.

Bis(methyDnitratothallium(lll)
This was prepared according to the published method.

The product was obtained as colourless crystals. (Found*
C calc; C,c,1iK,2,0;IS,k
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7 . Bis(methyl)acfttatothallium(111)

Metathesis of bis(methyl)iodothallium(111) with acetato-
silver(l) according to the method of Goddard™®" gave this
compound as colourless crystals. (Found:C,16.2;H,3.1.

C"HATIOg calc: C, 16.6;H,3.1%).
8. Methylbis(acetato)thallium(lll)

This compound was prepared as described by Kurosawa,®®
by reaction between bis(methyl)acetatothallium(lll) and bis
(acetato)mercury(ll) 1in methanol, with the modification that
the product was obtained by precipitation from chloroform
solution by addition of diethyl ether. The reported method
of recrystallisation was found to result iIn a product contam-
inated with methyl(acetato)mercury(ll), (up to 50%), Proton
spectra of the product indicated purity >90”. The product
was not analysed.

9 Bis(ethyl)bromothallium(l11l)

This was prepared by the method of McKillop and Taylor™®
by refluxing a mixture of TI(I)Br and n-alkylmagnesium bromide
(2:1 molar ratio) i1In a mixture of tetrahydrofuran/benzene(l1:1v/v)
for five hours. Filtration and extraction with pyridine,
followed by recrystallisation from the same solvent gave the
product as colourless crystals. The product was not analysed
but proton NMR showed the absence of Impurities.

10. Bis(ethyDnitratothallium(lll).

Reaction of bis(ethyl)bromothallium(111) with nitrato-
thalltum(l) 1n methanol according to the published rr.ethod¥™
gave the product as colourless crystals. (Found: C, 1M.91
H,3.2;N,4.M". CJ’HyTiNo” calc.:C,13*.8;H,3.1;N,IJN.3?) .

11 . Bis(ethyl)isobutyratothallium(111).
Metathesis of bis(ethyl)bromothallium(lll) with

i1sobutyrato-silver(1) in methanol according to the method



of Kurosawa and OkawaraSQ gave the product as colourless
crystals. (Found: C,2?7.2; CgH™MT102calc.: 0,27.5»
K,k,9f0).

12. KGhylbis(isobutyrato)thallium(111l).

This compound was prepared by the reported method®*
by reaction between bis(ethyl)isobutyratothallium(lll) and
bis(isobutyrato)mercury(1l). The product was not analysed
but proton NMR indicated purity”95™.

13* Bis(n-propyl)bromothallaum(l1l).

This was prepared as described by McKillop and Taylor™/»
In a manner analagous to that detailed for the ethyl-analogue
(Prep 9)» The product was not analysed but proton NMR showed
the absence of impurities.

1. Bis(n-propyD)nitratothallium(lIl).

This was prepared by the published method™as described
for the ethyl analogue (PreplO). (Found: 0,20.5iH,3.9»
N,3.8. OgHY™TINO® calc: 0,20..FH,3.9iN,3.9).

15* Bis(1so-proTvhchlorothallium(111).

A modification of the method of Krause and Grosse™®
was used. The reaction mixture from reaction of i1so-
propylmagnesium chloride and TI(111)01 was hydrolysed with
aqueous(5”™) ammonium chloride solution iInstead of with aqueous
acid. The product was filtered off, washed with water and
ether and dried over It was then stirred with absolute
ethanol,(oa. 200cm™ ethanol per 59 of product), filtered and
the filtrate evaporated at 25°C on the rotary evaporator.
Recrystallisation from ethanol gave the product as colourless
needles. (Found: C,22.0;H,4.™. CMAHMTICI calc.: C,22.1;

H,
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16 . Bis(iso-propyl)acetatothallium(lll), (o)

Bis(iso-propyl)chlorothallaum(lll), (0.?g,0.002mol),

Vas stirred overnight with acetatosilver(l ), (0.40g,0.002mol)

in methanol (250 c). Removal of silver halide by filtration
followed by evaporation of the filtrate on the rotary evaporator

at 25°C, gave the product. Recrystallisation from methanol

gave colourless needles. (Yield 0.7g,52" based on acetatosilver(l )
The product was not analysed but was shown to be pure by

proton NMR.

17» Bis(n-butybD)bromothallium(l1l).

This was prepared by the published method™®" as described
for the ethyl-analogue (Prep.9). The product was not
analysed but proton nmr indicated the absence of impurities.

18. Bis(n-butyD)nitratothallium(lll) =

Reaction of bis(n-butyl)bromothallium(l111) with nitrato-
thallium(l) 1n pyr*idine by the published methoéSgave the
product as a white solid which was recrystallised from a
pyridine-water mixture ( :» v/v) and dried under vacuum over
PgO*.  (Found: C,25.2;H,~.7;N,3.7. CgH™gTINO™calc.r
C,25.2;H,~.7;N,3.75>1).

19« Bis(iso-butvl)chlorothallium(l11).

The reported methoé5aas used with the following modific-
ations. The ether layer, present after hydrolysis of the
reaction mixture, was removed by evaporation because the product
was found to be soluble 1n 1t. The remaining agqueous suspension
was filtered and the white product was washed with -vater and
dried over Recrystallisation from diethyl ether gave
colourless needles. The product was found to be unstable
rtt room temperature. (Proton spGCxra indicated ca. 50% de-

composition within ~g8h). Satisfactory analysis (C,H) could
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not be obtained but proton spectra of a freshly prepared
sample showed no impurities. The product was stored iIn
the fridge.

20. Bis(i™-butyl)isobutyratothallium{lll) .(nc)

Reaction of bis(iso-butyl)chlorothallium(lll),
(0.71g,0.002 mol), with isobutyratosilver(l) ,(0.70g,0.002mol),
in methanol (100cm”™) for ~h at room temperature followed by

and evaporation of the filtrate on the rotary
evaporator at ca. 25°C gave the product as a white solid.
Recrystallisation from methanol gave colourless needles.
vYield 0.3g, 38" based on i1sobutyratosilver(l)). The product
was not analysed but proton spectra of a freshly prepared
sample showed no iImpurities. The compound was stored iIn
the fridge.
21. 1™-butylbis(isobutyrato)thallium(lll). (nc)

Reaction of equimolar amounts of bis(iso-butyl)isobutvrato-
thallium(111) and bis(isobutyrato)mercury(ll) in methanol-d4
in an nmr tube for approximately two hours at 35°C gave
i1sobutylbis(isobutyrato)thallium(l1l). Proton NMR indicated
the reaction had gone to ca. 60% completion. The product
was not i1solated and decomposed completely within four hours.
Proton spectra were determined on the reaction mixture.

22. Bis(sec-butyl)chlQrothalliumflll).

This was prepared by modification of the published™®
method as described for the i1so-butyl-analogue (Prep.19).

The product was obtained as colourless light sensitive needles.
Slow decomposition occurs at room temperature and the product
was stored in the fridge. (Found: C,26.0; H, 5.0. CgH™gTICI
calc.: C,27.1;H,5.1%).



23 . Bis(n-pentyl)bromothallium(Ill).

This compound was prepared by the method of McKillop
and Taylor™“as described for the ethyl-analogue(Prep.9).

The product was not analysed but proton NMR did not reveal
any impurities.
2. Bis(n-pentyD)nitratothallium(lll),

This was prepared by the method™® described for the
n-butyl-analogue (Prep.18). (Found:C,29.5;H,5.M;N,3.4.
N2 vNe3 calc.: C,29.~MjH,5.M;N,3.™M).

25 . Bis(i™-amybD)chlorothallium(lll).

This compound was prepared according to the method of
Kiause and Grosse. * The i1so-amylchloride used iIn preparing
the alkylmagnesium halide was made from iso-amylalcohol using
the method of Vogel.(Found: C, 31.1; H,5.9. CyQgvvICI
calc.: C,31.~; H, 5>8fo).

26 . Bis(i™-amyD)nitratothallium(l1l). (nc)

Bis(i-amyl)chlorothallium(lll), (4.pg;0.01mol) and
nitratosilver(l) ( .6g9;0 .009mol) were stirred iIn methanol
(300cm™) for 5K at ca. 40°C. After standing for 3 days at
room temperature the mixture was fTiltered and the fTiltrate
evaporated. The white solid obtained was recrystallised from
methanol giving colourless crystals. (Yield 2.9g,72" based
on nitratosilver(l)).(Found: 0,29.2; CMQH22TINOMNcalc .:
0, 29.:K,5»W e
27 . Bis(1”™o-amybDacetatothallaum(lll) (no)

Bis(iso-amyl)chlorothallium(l1l), (2 .0g; 0.005mol),
and acetatosilver(l), (0.8g;0.0048mol) were stirred in
me thanol(™50crm”™) for 2~ h. Filtration gave a colourless
filtrate which war: evaporated to low bulk (ca. 20 an®) on
the rotary evaporator. Cooling iIn i1ce gave fine needles.
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(Yield 0.99;60% based on acetatosilver (1)). (Found:
C.35.6; H,6.2. CM2H2~T102 calc.: C,35.5iH, 6.27).
28. Iso-ainylbis(acetato)thallium(lll) (no)

Reaction of equimolar amounts of bis(iso-amvl -
acetatothallium(I11) and bis(acetato)mercury(ll) in methanol-d|*
solution in an NMR tube at 35”C for ca. A-hours gave the product.
Proton NMR indicated that the reaction had gone to about 60"
completion. The compound was not isolated and was found to
have decomposed completely within 2k h. Proton NMR spectra
were determined on the reaction mixture.
79>  Bis( 1so-»amyl)tetrafluoroboratothal lium(ITT ). (he)

This compound was prepared by the reaction of bis(iso-
amyl)chlorothallium(111) with tetrafluoroboratosilver(l) in
methanol 1In a manner analagous to that described for the
acetato-analogue (Prop.27) (Yield 6Sfo, based on tetrafluoro-
toratosilver(l)). (Found: C, 27.8; H, 5.3. C/AgH22T1BFM
Calc.: C, 27.7; H,5.1M).

30. Bis(sec-amyl)chlorothallium(i11). (nc)

A solution of sec-amylmagnesium bromide (0.13 mol),
prepared from magnesium (3 .1g;0 .13mol) and sec-amylbromide
(19.29;0.13 mol) in diethyl ether (100cm), was added during
Ih to a solution of TICI™ (197g;0 .06mol) in diethyl ether
(50cm™) at -20°C. Hydrolysis of the reaction mixture at 0°
with 530 of dilute (2 mol dm“") aqueous HCI, followed by
evaporation of the ether layer and subsequent filtration of
the reaction mixture gave the product as a pale yellow solid
v/hich was dried over cone. H2S0™. Recrysialiisation from
diethyl ether gave colourless needles. (Yield 0.6g ; 2% based
on TICI™). (Found: H, 5.5. C™QH2wTICI calo:C,31.~1
H,5.8%"). The product was. light sensitive and decomposed slowly

at room temperature. It was stor?d in the fridge.



31. Bis(neo-pentyl)chlorothallium(1Il) _M*~

This compound was prepared from neopentylmagnesium
chloride and thallium(11l) chloride 1In a similar way to thak
descrioed for the trimethylsilylmethyl-analogue# (Prep.35)e
Recrystallisation from pyridine gave colourless needles.

(Found: C, 31.6; H, 5.?7. C"gH22T1C1 calc: C,31 .7;H,5.875).
32. neo-pentylbis(haldégeno)thallium(lll).

Equimolar amounts of bis(nheo-pentvl)chlorothallium(CI111l)
and pyridinium perbromide were mixed together in CHgClg.@®
Evaporation to low bulk followed by filtration and evaporation
of the filtrate to dryness gave a pale green solid which was
washed with petroleum ether (“0/60°) and dried under vacuum.
Proton NMR spectra of a number of separately prepared samples
indicated the presence of some bis(neo-pentvl)halogenothallium(lll)
(<3CY) mmpurity),

33. Bis(nheo-pentyl) isobutyratothallium(lll). (nc)

This was prepared by refluxing (3h) equimolar amounts of
bis(heo-pentyl)chlorothallium(11) and i1sobutyratosilver(l)in
methanol. Filtration, evaporation and subsequent recrystallis-
ation from*-methanol gave the product as colourless needles
(Yield 72fc), (Found: C, 38.8;H,6.7 .C"¢Y~T102calc. :C,38.8;

H,6 -2%).
3. neo-pentylbis(isobutyrato)thallium(lll), (o)

Reaction of equimolar amounts of bis(heo-pentvl)isobutvrato-
thallium(11l) and bis(isobutyrato)- mercury(ll) in methanol-d|*
solution 1In an NMR tube at 35°C for Zhh gave the product.

The compound was not i1solated but proton NMR measurements
were made on the reaction mixture and indicated the reaction

had gene to ca. SOyi ccmpiction.
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35« Bis(trimethylsilylmethyl)chlorothallaum(l1l).

This compound was previously prepared by reaction of
lithiotrimethylsilane with thallium(l11) chloride.®® A
Grignard reagent was employed in the present work. A solution

trimethylsilylmethylmagnesium chloride »*prepared from
trimethylsilylmethylchloride (20.2g;0.16mol) and magnesium
("*.0g;0.17mol) in diethyl ether (75cm™) was cooled to -15°C.
Thallium(l11) chloride (18.5g»0.06mol) i1n diethyl ether
was added with stirring during Ih. The reaction mixture was
allowed to warm to room temperature and stirred for a further
2.5h. Hydrolysis with aqueous ammonium chloride solution®
followed by stirring for 0.5h and subsequent filtration gave
25 .89 of crude product. Recrystallisation from chloroform
gave colourless needles suitable for single crystal X-ray
analysis. (Found: C,22.31 H,5.2. CQH22SIMTICI calc.:
C,23.2J H,5.310.
36 . 3is(trimethylsiIylmethyl)isobutyratothalIium(lII)88”<'1A7

This compoiind was prepared from bis(trimethylsilylmethyl)-
chlorothallium(11l) and i1sobutyratosilver(l) in methanol by
an analagous method to that described for the neo-pentyl-
analogue(Prep.33)e (Found: C, 30.9J H, 5.9. C~gHg™OgSigTl calc:
C,30.9; H,6.2%).

37 . Trimethylsilylmethylbis(isobutyrato)thallium(lIl).
This .compound was prepared as previously reported.
(Found: C, 30.91 H, 5.~. CAgHg™OJ/SITI calc.: C,30.91
Proton and carbon-13 spectra indicated the presence of a small
amount of mmpurity. (<10M).
38 . Bis(cyclohexylmethyl)bromothallium(l1l) (nc)

A solution of cyclonexyjLmethylmagnesium bromide (u.l4mol),

prepared from magnesium (3«"g;0 .014mol) and cyclohexylmethyl-

bromide (25g;0.Mmol) in diethyl ether (100cm), was added
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slowly with stirring to a freshly prepared solution of
TI(IID)Br(0.04mol) i1n THF, prepared from "i21(1DBr(12.72g; 0 .04mol)
and bromine (7.1g;0.0wW). at -20°C. Stirring was continued
for 1 5h followed by hydrolysis with aqueous ammonium bromide
solution. Filtration gave a v/hite solid which was washed

with water and ether then dried over Extraction with
pyridine(2oocm”), followed by filtration and evaporation of

the filtrate to small volume(£a. 20cm™) on the rotary evaporator,
and addition of petroleum ether (30A0°) resulted iIn precipitation
of the product as colourless plates. (Yield 17g1 H2% based

on TIBr*.) (Found: C,3*.2) H 5-3. CMYHg"TIBr calc,: C,35.1;

39. Bis(cyclohexylmethyl)isobutyratothallium(111).(nc)

Reaction of bis(cyclohexylmethyl)bromoxhal lium(l1l)
(4.89;0.01mol) with isobutyratosilver(l) (1 .9g;0 .0097mol)
by stirring in a mixture of methanoK3oocm) and chloroform
(I00cnr) for 2k hours at room temperature followed by filtration
and evaporation of the filtrate on ®he rotary evaporator gave

the product as a white solid. Recrystallisation from chloroform

gave colourless crystals. (Yield based on i1sobutyra-
tosilver(D). (Found: C, kk,k; H,6.4. calc:C.44.5;
K,6,kfo).

0. Methyl(2-methoxypropyl)acetatothallium(I11).

This was prepared according to the method of Kurosawa™
by reaction of propene with TI(1Il) OCOCHM 1n methanol followed
by derivatisation with (Y)jiS. Evaporation and recrystallisa-
tion from benzene/n-hexane (.1 v/v) gave the product as a
white solid. (Found: C, 23.9; H,~.3. CMNHMTION calc.:C,23.6;
H, k,2%), Carbon-13 N4{R spectra suggested the presence of
a methyltin impurity (<10M).
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Attempts to prepare bis(tert-butyl)chlorothallium(lll)
via the Grignard method were unsuccessful Maher”™*"~also
reported he was unable to prepare this compound.

Chloromethylbis(acetato)thallium(lIl) A sample of
this compound was kindly donated by Mrs. M.M. Thakur (The
Polytechnic of North London).

Bis(n-hexyD)nitratothal lium(l111)™°was donated by
Dr. P.J. Burke (The Polytechnic of North London).

™) Alicyclicthallium(l11) compounds.

. Bis(cyclopropylD)bromothallium(l1l) .. (nhc)
Cyclopropylmagnesium bromide (0.19mol) prepared from

cyclopropylbromide, (23g;0.19 mol) and magnesium {k,6g; 0.19mol)

in THF (100cm) was added slowly (oSniins) with stirring to a

cooled (-20°C) freshly prepared solution of thalltum(lll)bromide

(0.06mol), prepared fromTI(1)Br(17.1g:0.06mol) and bromine

(9-6g;0.06mol) 1n THF (I00Ocm). Stirring was continued for

a further 20min at-20°C and thenf after being allowed to warm

to room temperature, the mixture was hydrolysed with aqueous

ammonium bromide solution (5%). The crude product was collected

by filtration, washed with water and ether and dried over

PgO™. Extraction of this material (1™.5g) with pyridine(500cm™)

at ~5°c and concentration to ca. 25 cw®, followed by addition

of petroleum other, gave the product as a white solid. (Yield

139i59% based on TIBr™). (Found: C,20.2jK,2.8.CMHjJ™QTIBr calc.

C 19-7;H,2.7F.).

~2. Bis(cyclopropyl)isobutyratothallium(lll) (nhc)
Bis(cyclopropyl)bromothallium(111),(1.85g30.005mol)

and i1Fobutin-atosilverf1),(0.90g;0.0";6mol) were Pt“rr~d in

methanol (250cm™) for 24h. Silver bromide was removed by

filtration and evaporation of the filtrate gave the product
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ao a white solid.(1,2g;/5”™ based on i1sobutyratosilver(l)).
The product was used without further purification. (Found:
C,29 .7 jH,J" 0 .C,gHM02T1 calc,: C,32.1,-H,4.6").

~3. Cyclopropylbi s(isobutyrato)thallium(Hi) (nhc)

A solution of bis(cyclopropyl)isobutyratothallium(lll),
(0.8g;0.002mol) and bis(isobutyrato)mercury(ll) (0.8gi
0.002mol) 1n methanol (100cm”™) was stirred for “h. The mixture
was Ffiltered and evaporation of the filtrate at 30°C on
the rotary evaporator gave a white solid. Then mercury salts
were removed by washing with benzene(50cm”™). Recrystallisation
from methanol gave colourless needles suitable for single
crystal X-ray analysis, (field O0.~gjJAA™ based on bis(isobut-
yrato)mercury(l1l). (Found: C, 31.6; H ,/6. CVMHVYOMTI calc:

C, 31.5; H,4.5M).

Bis(cyclopentyl)chlorothallium(CI11).

This was prepared according to the published method
by reaction of cyclopentylmagnesium chloride with T1(111)C1
(molar ratio 2:1) i1n diethyl ether at -20°C. Hydrolysis with
dilute HCI (0.2 mol dm*“~) followed by filtration and evaporation
oy the filtrate gave a white solid which was recrystallised
from pyridine. Colourless needles were obtained which dis-
integrated vihen dried under vacuum giving a <" ite powder.
(Found: C, 28.6;H\J".5.CqH-,3T1C1 calc:C,31.7;H,M.8:/1).
N5, Bis(cyclopentyl)isobutyratothallium(111). (nc)

Reaction of bis(cyclopentyl)chlorothallium(lll)
(lIg 0 .0026mol) and i1sobutyratosilver(1)(0.48g;0 .0025mol) 1in
methanol (250cm™) i1n a manner analagous to that described for
the cyclopropyl analogue-(Prep.42) gave the product as colour-
less xieedlee. (Yield 0.ag,->»"X cased on i1sobutyratosilver(l)).
(Found: C, 39.9; calc.: C, 39.9; H,3.8%).
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k6, Bis(cyclopentyl)tetrafluoroboratothallium(l11l) (nc)

Bis(cyclopentyl)chlorothallium(11l) (2.49;0.005 mol)
and tetraxluoroboratosilver(l) (l1g;0,005mol) were stirred
in methanoli™l-00c) for 2 days. Filtration and evaporation
of the fTiltrate gave a white solid which was recrystallised
from methanol .(Yield 0.3gi1™"% based on tetrafluoroboratosilver(l)l
Foimd: Cj27 .8;h,".1. CH"NqTIBF|™ calc.: C,27 9 ;H,if.2)5).
~7.  Bis(cyclohexyl)chlorothallaum(lll).

This was prepared by the method of Krause and Grosse”™®
In a method suialagous to that for the cyclopentyl-analogue
Prep ™M™, (Foundi C, 35-2; H, 5./, calc,: 0,35*5;
H, 5.~. 072 H22TICI calc: C, 35.5; H,

8. Bis(cyclohexyl)isobutyratothalliumClIl) (nc)

Reaction of bis(cyclohexyl)chlorothallium(111)(0.65g»
0.002 mol) with isobutyratosilver(l) (0.39g;0.002mol) i1n a
mixture of methanol/chloroform, (1:1 v/v), (300 cm) for 2™h
at room temperature followed by filtration and evaporation
of the filtrate on the’rotary evaporator gave the product
which was recrystallised from methanol. (Yield 0.65g> 71" based
on isobutyratosilver(l). (Found: C, ™.7; H, 6.2. CMH2/T102
calc.: C, ™.9; H, e»%),
~g . Bis(cyclohexyl)tetrafluoroboratothallium(lll) (nc)

This compound was prepared by reaction of equimolar
(0.00Imol) quantities of bis(cyclohexyl)chlorothallium(l11l)
with tetrafluoroboratosilver(l) in methanol (“s5o0cm) for 4
days at room temperature in a manner einalagous to that described
for the cyclopentyl-analogue (Prep.”6). The product was
obtained as pale yellow crystals. (Found: C, 31*2; H,A.7*

N2V calec.z C, 31 .5;H».3%) *
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50. Bis(cycloheptyl)bromothallaum(l1l). (nc).

Reaction of cycloheptylmagnesium bromide (0.2mol),
prepared from cycloheptylbromide (35«9g;0.19mol) and magnesium
(".6g;0.19mol) i1n diethyl ether (100cm) with a freshly
prepared solution of thallium(ll11)bromide (0.06mol) (made from
TI(DBr (17«1g;0.06mol) and bromine(9.6g;0.06mol) i1n THF (100cm))
in a manner analagous to that described for the cyclopropyl-
analogue (Prep.”~l) gave the product as a white solid.

(Found: C, 37.0; H, 5.~.CMYesTIBr calc.: C, 35.1; H, 5.6M).
(Yield 4g; based on thallium(l11) bromide).
51. 3is(c>cloheptyl)tetrafluoroboratothallium(lil). (nc)

Reaction of bis(cycloheptyl)bromothallium(111), (39;
0.006mol) with tetrafluoroboratosilver(l) (1.2g; 0.006mol)
in methanol(750cm) iIn a manner analagous to that described
for the cyclopentyl-coir.pound (Prep.46) gave the product as a
pale yellow solid. (Yield 20" based on tetrafluoroboratosilver(l)).
(Found: C, 34.4;H,5.2. CYYWYTIBP™ calc: C, 34.6;H, S.kii),

52. (2-ace tatonorbornane)bis(acetato)thallium(lll).

This was prepared by the" reported method™ by reaction of
thallium(l11) acetate with norbornene in chloroform. (Found:
C, 32.9; H, 3.9. calc.: C, 32.8: H, k.0%),

53 . (2-acetatonorbornene)bis(acetato)thallium(lIl).

This compound was prepared as reported™” by reaction of
thallium(l11) acetate with norbornadiene in chloroform. (Found:
C, 32.9; H, 3.8.C™H™OgTI calc.: C, 33.0; H,

Attempted preparations of cyclopentylbis(isobutyrato)-
thallium(111) and cyclohexylbis(isobntyrato)thallium(lll),

(by reaction of the bis(alicyclic)isobutyratothallium(l11l)
compounds with bis( 1sobutyrato)mercury( 11) 1n methanol-dj|*
in an NMR tube) were unsuccessful.
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c) Alkenylthallium(I11) compounds«
5"e Bis(vinyl)chlorothallium(l1l)

This was prepared using the following modification of
the method reported by Nesmeyanov.™inylmagnesium bromide
(0.22mol) prepared from vinylbromide(23.5g;0 .22mol) and
magnesium (5*3gJ0»22mol) i1n THF (70cm) was added slowly (1hr)
to a stirred solution of thallium(l11l) chloride(31g;0. Imol)
in diethyl ether (I00cm™) at -20V. After stirring 15min. the
mixture was hydrolysed with aqueous HCI (0.2mol dm*“™) ,(100cm™).
Filtration gave a grey solid which was washed with water and
ether and dried over "2 under vacuum. Recrystallisation
from pyridine gave colourless needles which disintegrated
with loss of pyridine, when dried under vacuum, giving a white
powder. (Yield 17*3&i59% based on thallium(ll1l)chloride).
(Found: C,16.1;H,2.1. CJ"HT1Cl1l calc.; C, 16.3; H, Z.0%),

35» Bis(vinyl)acetatothallium(111). (nc)

This compound was prepared by reaction of bis(vinyl)-
chlorothallium(111), (0.5g; 0.002mol) and acetatosilver(l)
(0.28g;0 .002mol) i1n methanol (200cm™) as for the 1so-propyl-
compound (Prep.16). The product was obtained as pale yellow
crystals. (Yield 0.3g;47” based on acetatosilver(l)). (Found:
C,22.3;H 2.8. CMNNONI calc.:C,22.6;H,3.M).

56 . Bis(vinyl)isobutyratothallium(lll). (nc).

Reaction of bis(vinyl)chlorothallium(ll11) (2.99g;0 .Olmol)
with i1sobutyratosilver(l) (1.9g70 .Olmol) in a mixture of
methanol (450cm”™) and chloroform (60cm™) as described for the
analagous 1go-butyl-derivative(Prep.20) gave the product as a
pale yellow solid. (Yield 2.3g; 7% based on isobutyratosilver(l)).
The compound appeared to decompose slowly at room temperature

giving rise to a smell similar to acetylene. Satisfactory



analysis could not be obtained(found C,21.5; H, 3.0. CqH™TIOM
calc.: C, 27.8; H, 3*7fo) but proton NMR of a freshly prepared
sample showed no impurities. The compound was stored iIn the
fridge.
57 . VinyrDis(chloro)thallium(l1l).

This compound was prepared by modification of the reported
method169 using methanol instead of water as solvent.
Equimolar amounts of bis(vinyl)chlorothallium(ll11l) and
thallium( 11 1)chloride were mixed in methanol-dji™ 1n an NMR
tube. After 2™h. at 35°C the proton NMR spectrum showed the
presence of y90% vinylbis(chloro)thallium(lll). The product
was not isolated but proton and carbon-13 spectra were
recorded using the reaction mixture.
58 . Bis(i1so-propenyl)bromothallsum(l11).
This derivative was made by the method of Nesmeyanov170
with the modification that the organolithium reagent was
reacted with thallium(l11) bromide in THE iInstead of with
thallitomClIchloride in diethyl ether. The reaction mixture
was hydrolysed with aqueous HBr {!%) at -10°C. Filtration
gave a grey solid which was recrystallised from methanol
giving a white solid. The product was light sensitive. (Found:
C,22.0;H,2.9. CMH™QTIBr calc.: C, 19 .?;H,2.7M).
59. Bis(trans-p-styryDbroiTiothal ltum(111).

Preparation of this compound was previously reported
by reaction of TIBr™ with p-styrylboronic acid. MW It was
prepared here using an organolithium reagent. To a solution
of p-styryllithium, prepared from Q-styrylbromide (ca.
trans-isomer; Koch-Light Ltd) (20g;0.1mol) and Iithium

mcl) 1n aiethyl ether {100chj at -5 was added

a solution of TIBr*(0.06mol), prepared from TI()Br(17g;

0.06mol) and bromine (9*6g;0 .06mol) i1n THF(IOOcm™), with
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vigorous stirring over one hour at O°C. The mixture was
hydrolysed with aqueous H3r(1), (I00cm™) at 0°C. The
reaction was stirred for a further 20 mins. Filtration gave
3 grey solid wdiich was washed with water and ether. Recryst-
allisation from pyridine gave the product cs a white solid.
Yield 5g; 19% based on TIBr*). (Found: C,38.9; H,2.9.

calc.: C, 39.2; H,2.9fo).

60. Bis(trans-"-styryl}initratothallium(lll) (nc).

This compound was prepared by refluxing a mixture of
bis(trans-jo-styryl)bromothal ltum(2 .5g.0 .005mol) and nitrato-
silver(1)(0.85g;0.005mol) 1n methanol (800cm) for 5h. Filt-
ration and evaporation of the fTiltrate gave the product as a
white solid, which was recrystallised from methanol. (Yield
1.89;76% based on nitratosilver(l)). (Found: C, 40.9; H, 2.7.
Ci ¥4~"°3 calc.: C, 40.7?;H,2.9%).

61. Bis(trans-~chlorovinvl)chlorothalliumfFITT).

This compound was prepared according to the method of
Nesmeyanov et al’™ by reaction of bis(trans-/?-chlorovinvl)-
mercury( 11 with thallium(C 111)chloride in diethyl ether.
The product was obtained as colourless crystals. (Yield 89%
based on TICI™). (Found: C, 13.2; H,L1.1. C/Hi“TICIlg calc:

C, 13.2; H,1.1%).
62 . trans-jQ-chlorovinylbis(chloro)thallium(C I11).

Reaction of equimolar amounts of bis(trans-y?-chlorovinvl)-
chlorothallium( I111) and thallium( I11 )chloride in methanol-d™
for 24h. gave the product. Proton NMR spectra indicated
the reaction had gone to about 70%° completion. The product
was not i1solated but proton and carbon-13 spectra were

recordtid using the reaction mixture.
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63 . (tr*s-2-acetato,but~2enyl)bis(acetato) thallium(I111).

This compound was prepared according to the method or*
Sharma et al’™ by reaction of thallium(lll)acetate with
but-2-yne. The trans-isomer was separated by recrystallisation
from chloroform. The product was obtained as a white solid.

(Found: C, 26.7; H, 3.~ CAgHMTIO;N calc.: C.29.7;H,3 .7F0.

Bis(vinyl)tetrafluoroboratothallium(l1l) was available from

previous work.M®*
Eis(t_rans/cis-propenvl)nitratothallium(111) was available

from previous work.

d) Arylthallium(l11) compounds
64. Bis(phenyD)nitratothallium(lIl)

Reaction of bis(phenyl)bromothallium(4.4g;0.01 mol)
with nitratosilver(l) ( -?g;0 .009mol)in methanol as previously
described for the trans-|3-styryl-analogue(Prep.60) gave the
product as white crystals. (Yield 2.19g;50™ based on nitrato-
silver()).(Found: C, 33.9;H,2.3;N,2.9. C™HMNIINON calc.:
C,37.3jH,2.4;N, 3I3).

65. Bis(phenyl)acetatothallium(lIl)

This was prepared by reaction of bis(phenyl)chlorothallium(lll
(3»9g;0.01mo)with acetatosilver(l) (1.7?g;0.0Imol) 1n methanol
(ZOOGWR) as previously described for the analagous i1so-propyl-
conipound (Prep.l6). The product was obtained as a white solid.
(Yield 3*3gfF 79% based on acetatosilver(l)). (Found: Ci 40.3:
H, 3.2. CYWHWWYTIO calc.: C, 40.3?1;H, 31M).

Bis(phenyl)chlorotha3 3uiilin( TTT) and Bis(phenyl)bromo-
thallium(111) were both donated by Mrs. M.M.Thakur (The
Polytechnic of North London).



Bis(pentafluorophenyl)bromothallium(111) and Bis(p-hydro-
tetrafluorophenyl)bromothallium( 111) were kindly donated by
Dr. G.B. Deacon and Mr. R.J, Phillips (Monash Universityi
Clayton, Victoria, Australia).

Microanalyscs (C,H,N,) were carried out by the Butterworth

Microanalytical Service, London.






The majority of thallium-205 chemical shift studies
have been for solutions of TI(l) compounds.™M*\W'-MThere have
also been several reports of chemical shifts for TI(I1l) 1In
TIXM (X=anton) c o mp ounds . ™ ® A smaller number
of studies have been concerned with thallium chemical shifts
in organothallium(111) compounds of the types R"TI,
and RT1X2™M"M (R=organic group,

X=anionic species).

3.1 . Results

The MANTI chemical shifts for alkyl,alicyclic,
alkenyl and arylthallium(111) derivatives are presented in
Tables 3»1 to 3*5 respectively. Shifts for monoorganothallium(l11)
compounds ar*e shown in Table 3*6.

A number of references have been proposed as shift stand-
ards for "~Tl chemical shifts, eg. T10CCCHAAH%,T1F in HQUMLA,
TICOOH in infinitely dilute TIOCOCH-."™M"MA 0.3

solution of TINO™ iIn H20 has been widely usedlo»l9 23
Some authors relate chemical shifts by convention to
the proton resonance of H20™Mor TMSM*INEANXANIAN(AS proposed
by McFarlane™*” and Harris™), and express the shifts as the
frequency ratio V(T1)/ V(®H). Use of the latter approach
and reporting of the resonance frequency as ("™"Tl) (see2.1.3»l)
obviates the need for a reference standard.

Values of Z"(205ti ) are reported here, however for
convenience in discussion 5(205ti) has also been reported.
The i1nfinite dilution resonance frequency of (CHM)2TINOMN iIn
H20 at kl - I°C,for which Z(»°~T1) = 57887038 has been
arbitrarily chosen as u((124ﬁ1) = 0. Unusually among the
more easily handJed and accessible thallium compounds, aqueous

solutions of (Cﬂf)RTlNOf exhibit only a very smaill dependence
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TABLE 3.1

ES?Tl Chemical shifts for straight-chain bis(alkyD)thallium(Ill)
compounds.

Compound Solvent Conc . Temp. ™™

(CH™)2TINOM DMSO 0.21 29 57882013 -87
(CHMCH2) 2TINON DMSO 0.19 31 57869508 -303
(CHNCH2)2TIBr py 0.14 28 57891859 83
(CH"CH2)2T10COCH(CH)2 DMSO 0.06 28 57878946  -140
(CH~CH2)2T10COCH(CH™)2 py 0.30 31 57881036  -104
(CHACH2)2T10COCH(CH~)2 CHCIN 0.10 31 57884098 -51
(CHMCH2CH2) DMSO 0.11 28 57875079 -207
[CH~(CH2)2CH2]2~1NO”N  DMSO 0.19 28 57877048  -173
[cHs (CHz )2 CH2] 2 T: Nos py 0.21 28 57878801 -142
[CH~N(CH2 )3CH2]2TINO~N  DMSO 0.17 29 57875798 -199
[CH™ (CH2 )¢"0H2] 2TINO™  DMSO 0.11 32 57871958 -261
[CHN (CH2)¢" 2] 2TINO3  py 0.12 31 57872514 -251

< All spectra were obtained in PFT mode at 37 MHz with broad-
band proton decoupling. “Protonated solvents were used.

~In mol dm”  “Error -1°C . “Frequency iIn Hz of Tl resonance
for a field in which TMS gives a proton resonance at exactly

100 MHz. #‘Error subjectively estimated as 257 Hz (i.e.lppm)
unless otherwise noted. ~In ppm, SC*YWTI) = 0 has been arbitrarily
taken as the infinite dilution chemical shift of (CHM)2TiNON

in H20 at 41.0 i 1°C for which ™ 299F1) = 57887038Hz(Ref .23).
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TABLE 3.2
20
compounds”
Compound
1(CH,)XCri] gTICI
[(CHYH2Ci3
[TcH"™) 2CHCH™] gTICI
[(CH.)2CHCH2Lt1C1
[(CHY)2CHCh J 2~10CORN

E H3CH2(CH3)C1~ TICI

I[cH™) 2CHCH2CHZ]

| cH3)2CHCH2CK2/N 27¢¢ <3
ICH . CHpCHp (CHo)Ch I«TICI

AHACH2CH2 (CHA)ChI ATIC

[lcHA)ACCH232T1C1
[cHM)ACCH2]2T1C1

A CH/)3CCH2] 2T10 CORN
[(CH)"CCH21 2T10CORN
[(CH3)"SiCH2]2TICI
[(CH3 )3SiCH2] 2/ Aonn
[(CH3)"SiCH2]2T10CORN
[(CH2)3CHCH2]2TIBr
[(CH2)3CHCH2]2TIBr
[(CH2 )3CHCHZ] 2/ vvsovva
[(CH2 )3CHCHZ] 2w

CH3CH(OCHM)CH2 (CHM)TIXA

Solvent”™ Cone

DMSO

Py
DMSO

Py
Py

DMSO

DMSO

Py
DMSO

Py

Py
CHCI3

Py
CHCI3

Py

CHCI3
DMSO

Py

Py
CHCI3

Py

CHNCH(OCHM)CHO(CHM)TIXN CHCI3
All spGctra were obtained in PFT mode at 3™»7 ~kz with broadxband

mproton decouplin™Ci
d.Error + i”c,

See note g, TABLE 3.1.

g.-
1. Error + 1.5 g j- X = 0cocH~
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O.If
0.10
0.21
0.18

0.17

0.12

0.15
o.n"

0.05
0,2k
0.10
o.2w

0.13

0.19

0.06

0.25

0.22
0.16
0.36

0.07

Temp.

32
32
32
30

29

33

30
28

29

30
30
28
29
31
30
30
31
30
30
28
28
29
7R

"Gee note e.~TABLE 3.1. T.

K=CH(CH")p.

57875383

57882368

57892363

57897917
57886882

57881123
570SIZIh

57877"N371M
57872331

57Q&33k8
57883767

57888648
57897839
57903889
57887578
57890506
57903263

57896375
57901562

57893501
57899003

57887924

57891217
57885932

57889609

""Protonated solvents were used.”™In mol
See note f, TABLE 3.1.

5
T1 Chemical shifts for branched-chain bis(alkyl)thallium(lll)

2(205Ti)e, ~6(205"

-201
-81
92
188
-3

-102
-101

-219
-254

-64
-62

28
187

291

169
280"

161
251A
1127
207

15
72

-19

4k

dm™" .
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TABLE 3.3
205

Compound

["CH2)2Cn] gTIBr

| cH2)2Ch] gTIBr
11™2)2Ch] gTIOCORN
TicH2)2Ch] 2T10CORN
[:«2)4TIV[| 2TIC1
[P0 2T10CORN
[ M2)7] 2TICL

| cH2)3CH] 2T1BFA

| cH2)3Ch] 2T10CORN
¢,CH2)5Ch] 2T10CORN
Rch2)6Ch] 2T1BF?

Solvent™

8%
DMSO

8%
DMSO
9%
9%
%
DMSO

%

CHCIM

9%

Conc.

0.25
0.37
0.21
0.09

0.13

0.05
0.07
0.19

0.10
0.10

0.05

i%r

T1 Chemical shifts for bis(alic.vclic)thallium(111) compounds.

°  Temp.” 6(205,
29 57895766 151
35 57889195 42
29 57884368 -46
29 57884263 -8
28 57888676 28
31 57878838 -142
30 57885998 -18"
31 57859223 -481]
28 57874882 —210".
28 57877179 1707
29 57861731 ~4377

~All spectra obtained In PFT mode at 3™*7 MHz with broad-band
Borotonated solvents were used. ©In mol
®See note e, TABLE 3*1le "See note T,
TABLE 3.1. Ssee note g, TABLE 3.1* hQ = CH(CH™M)2 . "Error
-4pprn. . Signal broad,

proton decoupling.

"Error -1°C.

broad, ""-400Hz.

=600 Hz.
~ Error -2ppm.
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TABLE 3.7

Chemical shifts for bis(alkenyl)thallium(l1l)compounds.”

Compound Solvent®

(H2C=CH)2T1BF2™*  DMSO
(H2C=CH)2T10COR™  py
(H2C=CH)2T10COCH®  CH"OH
(H2C=CH)2T10COCH~  py
(H2C=CH)2T10COCH®  DMSO
[H2C=CH(CH" )]2TiBr DMSO
H2C=CH(CH" )j2TIBr py

CHA H
TINO®  DMSO
2

~C=C TINON  DMSO
CH~ N
2
Cl H
.C=C TICI DMSON
2
Ph H
.C=C TINO™  DMSO
2

Conc.°

0.66

0.2/
0.16

0.9

0.33
0.18

0.3/

0.33

0.4

Temp_/\ T(205Ti)e -E(ZE
D 57863000 415

28 564 -3Fy7
:3[ EﬁEEE}IIS -Uogs
29 534301 2333
2 57862150 -430
2 57867707 -3
2 57875633 197
D 57860832 453
D 57865234 377
2 57852911 590
2 57858167 -499

All spectra obtained in PFT mode at 3™*7 WHz with broad-band
proton decoupling. Protonated solvents were used unless other-
~Error -1°C. "See note e, TABLE 3»1
See noge f, TABLE 3.1.%ee note g,TABLE 3»1* “Data From ref.
208. R=EQUHCHOHIR,- Mixture of isomers. Total concentration

wise noted. ~In mol dm”A,

0.11 mol dm™™. KError -3ppm-

7/\
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TABLE 3,5

Chemical shifts for bis(aryl)thalliumClI1) compounds.”

Compound Solvent™ Cone Temp” 7(20571)3 ,T 5(205,
(CgH™M2TICI DMSO 0.12 30 57868176 -326
(C6H3)2TIBr DMSO 0.10 31 57868M 1 -322
(C6H™)2T10COCH3  py 0.06 31 5786”88 -383
(C™Hc)o TIOCOCH™  DMSO 0.10 31 57860386 —1fol
(CgH5 )2TINO3 DMSO 0,11 30 57857768 -558
(C6F5)2TIBr oy 0.50 33 57863095

(C6F™)2TIBr CHAOH OA3 27 57867568 -388
(C6F™)2TIBr <66 0.26 29 57872311 —257
(Cj -F2TIBr (CHj )2C0  0.79 30 57868579 -320
(p-HCgF™)2TIBr  CH™OH 0.29 30 5786552 -371
(P-HCgF¢™M)2TIBr  (73)200 0.47 30 57866996 -3"6

~All spectra were obtained in PFT mode at 3~.7 MHz with
broad-band proton decoupling used only in the cases of

the compounds with fullyprotonated aromatic rings#
~Protonated solvents were used.
~Errorille# ®See note e, TABLE 3*i* "See note TITABLE 3*le

Ssee note g,

TABLE 3#1.7~Error - 2ppm,

75

CIn mol dm_3

signals broad.



TA3LE 3.6,
205
T1 Chemical shirts

Compound Solvent® Conc.” 1(2°5Tir5(205Ti)®
CHATK 000017)2 DMSO 0.12 28 57867640 -335
CHANT1(0COCHNM)2 py 0.15 28 57865918 -365
C1CH2T1(0COCHN)2 CH"OH 0.if0 25 57838917 -832
CHMCH2T1(OCOR)S5 py 0.25 29 57861151 -447
DMSO 0,1U 30 57861126 -448
CHCIN 0.05 32 57862090 -431
(CH2)2S1CH2TI (OCOR)™ iy 0.18 32 57867673 -335
(CH2)2CHT1("OCORY™ DMSO 0.13 29 57859650 -473
py 0.16 29 57860243 -463
DMSO 0.01 28 57852515 -597
DMSO 0.13 33 57853038 -588
DMSO 0.56 26 57852502 -597
py 0.12 31 57854906 -555
CHCIN 0.10 32 57853468 -580
DMSO 0.06 33 57853913 -573
py 0.08 31 57856067 -535
0.07 32 57855427 -546

—H TKOCOCH,),
/ 32

\\
py 0.23 29 57847960 -676

VIU;

DMSO 0.29 29 57847525 -683






OF 6("°"TI) on concentration.This makes i1t especially
useful In the conversion to a common scale of other™-"TI
chemical shift dataf which are not reported in terms of

fl). Additionally the thallium resonance iIn this
solution has a well defined linear temperature dependence,

d 6(*°AT/AT = i 0.01).

3.2. Discussion
3.2.1. Origin of the chemical shift

When an atom or molecule is placed in a magnetic field
(B, the local fTield experienced by a particular nucleus(Ba ),
will differ from the applied field. The difference depends -
on the extent to which electrons surrounding the nucleus
alter the magnetic field at the nucleus. The local field

at a particular nucleus i1s given by

®loo=@®o0 —cr) G-D
where Q i1s the shielding constant. It i1s a dimensionless
constant independent of the applied field but dependent upon
the chemical environment of the nucleus.

The chemical shift is defined™ as the difference between

the screening constants

- 9 (3.2)

where O andare the shielding constants of sample and

reference respectively. Chemical shifts are given in parts

per million by

D = ¥y _vi. x 100 (3.3)

whore V and V] are the resonance frequencies of sample and
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reference respectively and Vo i1s the fixed operating frequency
of the spectrometer.
Expressions for calculation of the magnetic shielding

1272

of nucler i1n molecules have been developed by Ramsey. Saika
and Slichter212 modified these expressions and proposed that
the shielding constant for a given nucleus had three separate

atomic contributions.

O = CG + % +tyb G

the diamagiiStic term, arises from the local diamagnetic
currents in the molecule. CIp, the paramagnetic term,represents
the contribution to the orbital angular momentum of electrons
in the valence orbitals. Only electrons in p,d,f....orbitals
make contributions to Clp. The paramagnetic term makes a
negative contribution to the screening.

Jo, represents the combined effect of contributions
from other atoms in the molecule. A small contribution is
also included for the solvent.

Expressions for the diamagnetic and paramagnetic contrib-
utions to the shjelding constant have been derived by Schneider

and Buckingham.10

For hydrogenlike atomic orbitals a single
electron contribution to Jd is given by

L Zefft = 17.8 x10“~N . Zeff (3.5
-1 3mo\n2 2

where n 1s the principal quantum number of the orbital to
wvhich an electron i1s added and Zeff, the effective nuclear
charge, 1s approximated by (Zg 2™ where Z i1s the real
nuclear charge and Zo the Slater screened nuclear charge.
Ao iIs the Bohr radius, ew. nr.d c arc the usual constants.

For the 6s electrons in thallium, Z = 81, Zo = 5*00 (in TIX")
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and O ca. I0ppm per electron. Contributions of this
m-"snitude are also calculated for Pb, and Considering
the large chemical shift ranges of these nuclei this term
iIs relatively unimportant.

The range of chemical shifts possible from changes in
Clp can be calculated using the approximate expressions,
Equations 3*6 to 3.8 derived by Schneider and Buckingham™
using their "atom iIn a molecule* model.

22 / W1, 31U, \

12 1T~ ¢ Ae G 6)
where L(L + I) represents the electron orbital angular
momentum contribution, A e iIs the mean molecular excitation
energy and iIs the mean value of r*“” of an
electron that contributes to the orbital angular momentum,

approximated by

-3 eff AO-"
n“"L(L+D) (L+1) G.7)
where Is the Bohr radius. Therefore Clp may be writteni

= 7.67x10 - (2o L(Ln)
n~L(L+D(L+i) Ae G .8)
For thallium the paramagnetic contribution calculated using
this expression is -5800ppm. The experimentally observed
shift range for thallium so far reported covers £a. S™OOppm.
for compounds in solution. (See FIG. 3»2).

Saitka and Slichter212

showed Op to be the dominant
contribution to fluorine shielding and Schneider and Buckingham10
found 1t to be so for Tl,Hg and Pb. It is also considered to
dominate the shielding of Sn compounds,.zy\”‘ZL*i Calculations

for Pb™ and Co also report the dominance of Op.
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Using valence-bond formulations Jameson and Gutowsky™®

derived an expression (Equation s .o ) for Clp

whereAE i1s a mean electronic excitation energy; "1/r37p,d

are the average values of r””*, where r refers to the separation
between the nucleus and the valence p and d electrons respectively.
Using the spin orbit interaction as a measure of </r”~"the
periodic dependence of the range of observed chemical shifts

on atomic number was attributed to changes INn<™lI/r™"™~"_"\®

However for a closely related series of compounds changes in

the shift were attributed to variations in Pu and Du.

Pu and Du represent the amount of electron “unbalance*
associated with the atom"s valence p and d orbitals respectively.
The values of Pu and Du depend upon the coordination number
of the atomt the hybridisation of i1ts bonding orbitals and
the 1onicity of i1ts bonds. In the case of spherically symmetric
electron shells Pu and Du both have their minimum values of
zero, whereas large values of Pu and Du correspond to highly
imbalanced p and d electron distributions. These two extreme
situations may seldom arise but they indicate how changing
the relative electronegativities of the substituents will affect
the chemical shift.

The expression for dp (Equation 3*9) proposed by Jameson
and Gutowsky” iIs similar to that described by Pople and
Karplus,

The effects of changing the parameters iIn equation 3.9

on thallium shielding are summarised in FIG 3*1
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FIGURE 3.1

Factors influencing thallium shielding

Higher frequency Parameter Lower frequency
(Decreased shielding) (Increased shielding)
*<——-Decreases Increases—» ”

" i-——Increases Decreases — » ”
* <———Increases Decreases— » "
* <——-Increases Decreases

A number of problems arise when attempts are made to
rationalise changes i1n the thallium chemical shift In terms
of variation iIn these parameters* It i1s not clear whether
changes arise predominantly from variation In one or more
parameters. Additionally the validity of making the average
energy approximation, even for a related series of compounds,

IS questionable.

3*2.?7. Range of thallium chemical shifts

The ranges of Tl chemical shifts for organothallium(lll)
derivatives of the types RMI; RgTIX; RTIXgiiX”™ anion) are
shown In FIG 3*2 compared to the shifts for TIX* and TI(I)
compounds i1n solution. The shifts are relative to the infinite
dillution chemical shift of (CHM)2T1NOM in at "1°C. The
values reported here considerably extend the known ranges for
H2T1X and RTIX2 compounds.

A trend of iIncreasing shielding of TI(11l) upon progressive
replacement of organo groups by more electronegative sub-
stiluents (X) can be clearly seen on going from- RATI to TIXA.

The high Irequency shifts of the organothallium(l11) compounds
82
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compared to TI(l) derivatives are In agreement with the model
of Schneider and Buckingham which predicted decreased
shielding for covalently bonded organothallium(l11) compoundse
The hybridisation at thallium(in parentheses) changes with
increasing ™®"T1 shielding in the order:

RATE (sp ) ™ 72 (sp)™RTI™  (s”) Increasing involvement
of p orbitals might be expected to give rise to shifts of

5 (2051 ) higher frequency on the basis of Equation 3.9
and FIG 3»ITf 3S observed. Only compounds of the types
R2TIX and RTIXg were examined iIn this study. A direct
compariGon of between RgTIX and RTIXg can be made
in only four cases where R and X are common; R=

CH3CH2 ;(0113)33 1CHgt (CH2)20H ; X= carboxylate. Replacement
of the organic group by a second carboxylate group results
In Increases iIn thallium shielding of 174 -"25ppm.

After the number of organo groups bonded to thallium,
the next most important factor iInfluencing the thallium
shielding appears to be the nature of the organo group. The
effect of changing the organic group R in the series, alkyl,
alicyclic, alkenyl, aryl, for compounds R2TIX and RTIX2 is
Ghovm iIn FIG 3»3* Although there is considerable overlap
of ranges,the trend of increased shielding with increasing
electronegativity of the organic group can be seen. Kennedy
and McFarIanepld'have suggested that the i1ncreased shielding
of organotin compoxmds having alkenyl and aryl substituents
may result from the polarisability of the H-electron systems
In these groups.

A wide variety of structural types were examined iIn an

et Lu define the shift range for each type. It is not

expected that these ranges are definitive and will be extended

PA






as more data becomes available.

The other factors having a major influence on thallium
shielding are the nature of the solvent and anion. Temperature
and concentration changes produce relatively small changes
IS5 ("M2"TI1I)ATfter a brief discussion of concentration
and temperature dependence the role of solvent,anion and

organo group will be examined In more detail.
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3*2t3* The effect of concentration and temperature

Burke et al'® showed that for (CH™M2T1X (X = NOM I,

magnitude and direction of the concentration dep-

endence of 5( ') varies with the anion and solvent#
Concentration induced changes In 6("°~T1) were within the
range O-1™-ppm, except for (CHM)2T11 jnDMSO where a change
of 50ppm was noted, for changes iIn the concentration range
0.2-1.0mol dm*“/~ in HgOINO™ only), DMSO, pyridine (NO™,0C"HM)
and CH2CI2 (0CMHN only).

It has been proposed for (CHM)2T1X that concentration
dependjnt variations In 6 ("™\"T1) originate primarily from
changes 1n the degree of contact i1on-pair formation between

ajid X and/or the average number of anions and
solvent molecules surroimding the cation or i1on-pair
The virtual concentration independence of 6(““\T1) for
(CH3 )2T1N03 In H20 has been attributed to complete dissocia-
tion of the compound i1n this solvent and the formation of
an undisturbed first solvation sphere for (CHM)2T1 A

The thallium chemical shift i1s also known to be temperature
dependent iIn organothallium(l111) derivatives R2TIX, (R=CH";

X = NON,0COCHN,BFY; R = CHA(CH2)- (n=1-5), X = NO®). The
temperature coefficients were less than 0.7 ppm per degree
in all cases.

To minimise the effects of concentration and temperature
dependance of 6 ("Y™TI) 1In the present study concentrations
were kept iIn the range 0,1-0.3 mol dn~" as far as possible
and temperatures iIn the range 30- 3°C. Based on the behaviour
of (CHM2T1X compcimds™*  this would be expected to give

rise to variations n 6 (““T1) of < /™ 5ppm.
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3*2.4. The effect of the solvent

It was not the intention of this study to make a detailed
examination of the solvent dependenceof 5("“™T1). This
has already been studied by Burke-~° who found a shift range
of 227ppm for (@M)2T;.BAIS 1In a variety of solvents. However
many compounds were iInvestigated in several solvents (usually
pyridine and DMSO) to give some idea of likely solvent
Induced variations.

The largest solvent induced shift was a shielding of
160ppm for bis(neopentyl)isobutyratothallium(lll)(Table 3 .2)
on going from chloroform to pyridine. On changing the
solvent from pyridine to DMSO for RATIX compounds (Tables 3.1
to 3 .5) thallium shielding is iIncreased by 2-137 PPm, for all
classes of compounds. Burke et al noted increased shielding
of 26-68 ppm for the same solvent change for (CHM)2T1X
(X=1,0C""™N) »although a decreased shielding of 5-23ppm was
found for X=NO™. Koppell et al™ observed an iIncrease In
thallium shielding of 132 ppm for* RATIBr (R= n-propyl) for
the solvent change pyridine to DMSO. Changing from chloroform
to DI/ID also results In iIncreased shielding of "®T1 of 89ppm
for RATIX and 17-27ppm in the case of RTIXg.

However CHAT1(0COCHMN)2 appears to behave anomalously if
the reported value™ for a CHCI™ solution, Z("™MNTI) = 57861186 Hz
Is compared with the value obtained here In EyiS), giving a
decrease iIn thallium shielding of 112 ppm. Increases in
shielding of 10-l60ppm are observed for the solvent change
chloroform to pyridine in RgTIX compounds, except,
CHACH(OCHNM)CH2 (CHM)T10COCHN where a decrease of 25ppm 1s
observed. The monoorganothallium(111) carboxylates similarly

dovw/ decreases iIn shielding of 11-82ppm for the same solvent
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change, except In the case of the ethyl derivative which
shows an increase of lI6ppm.
These solvent induced changes are much smaller than
those found for TI(l) compounds' "™ cax2600ppm) but laf"ger
than the solvent dependent shift ranges of some other metal
nuclei, (eg. "L1YVCca. 6ppm), -Na (ca. 25 ppm)).
The solvating ability of a solvent may be expressed
by means of the Gutmann donor number™™N(D.N.)1 defined as
the enthalpy of formation of the antimony(v)chloride complex
vith the solvent molecule, the reaction taking place iIn
1 ,2-dichloroethane solution. The thallium chemical shifts
for solutions of (CMFM)2TIBr 1n benzene(D.N, 0.1), acetone
(ON. 17 .0), methanol(D.-N. 23.5) and pyridine (D.N. 33*1) show
a trend of increased thallium shielding with increasing solvent
donor number for the limited data. Linear regression analysis
gave a correlation coefficient r=0,98 and the relationship

(Equation 3*10)*

5(205ti) = .251 + (“b«1 X D.N.) ~ 18. (G -.10)

This trend i1s in the opposite sense to that found for TI(l)
compounds where 1Increase In

solvent donor number is accompanied by a decrease In
shielding.The latter correlation has also been found
for infinite dilution shifts of Csh and K*
and has been rationalised In terms of iIncreased solvent inter-
action causing a reduction in Ae and hence a shift to higher
frequency.

The decreased shielding shown by some carboxylates

RTIX™ on going from chloroform to pyridine may be due to
preservation of the high coordination number of thallium,

found In the solid state, 1 n chloroform solution, (see
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Chapter 6). Pyridine may be more efficient In causing
cleavage of the oligomeric species.

One view of the bonding In the essentially linear
RgTl unit 1s that thallium is bonded to the organo groups
by predominantly sp hybrid orbitals. The term Pu (Equation
3*9) has 1ts maximum value which occurs when one p-orbital
iIs filled and /0 are empty, 8 in the hypothetical
"unsolvated® or “free™ i1on (HYHZI1**". Increasing coordination
of the cation by solvent molecules, as .might be expected to
occur i1n going from chloroform to pyridine to DMSO, would
be expected to decrease the imbalance of the p-orbitals by
iIncreasing donation of electron density into the empty p-orbitals
on thallium. This would lead to a lower value of Pu and
hence to an iIncrease in thallium shielding, as was observed
for these solvents.

An alternative rationalisation of solvent induced changes
in 6("™“T1) involves the role of d orbitals. The role of
thallium d orbitals in bonding with the alkyl carbons iIn these
compounds has not been established. Shier and Drago™#*
invoked their use iIn a model bonding scheme to explain the
solvent dependence of NJ(TI-H) for solutions of MegTICIOJ™.
They proposed that the © and 6s orbitals are mixed,
producing two hybrid orbitals, directed along the z axis
towards the carbon atoms and In the xy plane respectively.
They proposed that the strength of solvent interaction iIn
the xy plane determines the extent of orbital mixing such
that i1ncreasing iInteraction iIncreases the s-ch8iracter 1In
the TI-C bonds and causes an increase in J(TI-H). By
analogy, increased solvent iInteraction might be expected

to reduce the Du term \ith consequent increased shielding
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of thallium. Consoquently we might expect a correlation
between 6 (""TI) and coupling between the organo group and
thallium.

The use of NJ(TI-H) as an indication of the s-character
in the TI-C bond as proposed by Shier and Drago™®” does not
appear to support their model. Thallium shielding iIncreases,
while J(TI-H) becomes more negative for the solvent change
pyridine to DMSO for RATIX, R=(CH.™M)2CK, (CH™)2CHCH2 ;

X=C1 (Table 3.2); R=(CH2)2CH; X=Br (Table 3 .3).

NJ(TI-C), which 1s expected to give a more reliable
indication of the s-character in the TI-C bond than ~J(TI-H),
(See Chapter ¢f), can be compared with variation iIn 6("°"T1)
for the solvent change pyridine to DMSO in the following four
cases. V/hile thallium shielding Increases in each case,
NJ(TI-C) does not change in the [(CHM)2Ch]2T1C1 compound
(Table .2 ), shows a dBcrease In [cyclo-C™HJ™MCH2 ]2TIBr
(Table ¢I'3 ) and increases for [(CH2)2ChTIBr (Table 4.3)

“ C(CHMJ2™MBr (Table 4.4). In this series steric
effects and/or changes 1nAs, and hybridisation at the cai"bon
atom bonded to T1 may be equally or more important however.
This serves to emphasise the problems associated with attemp-
ting to isolate individual factors influencing the chemical
shifts of these compounds.

Studies of the solvent dependence of the shifts for
other nuclei in organometallic compounds reveal asimilar
pattern to that observed here for R2TIX derivatives.

In organomercury derivatives "°%g is shifted to low
frequency with accompanying increases 1in é*'JQ—Ig—C) and
"o(Hg-H) as solvent donicity increases . | n both
(CHj-/ﬂg and (CHj")HgCI, AMANHg 1s more shielded 1n DMSO
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than In pyridine. Mitchell™ observed that the shielding

of ”~Sn and "Pb 1In organoderivatives iIncrease as the donor
capacity of the solvent iIncreases. Addition of DMSO to
solutions of (CH™M™PbX (X= CI,Er) i1n CH2Cl2 produces increased

207'Pb up to 270 ppm attributed to iIncreased

31

shielding of
coordination at Iead.2 Similar changes are observed on
adding pyridine to (CH™”SnCl in and the 119gp

chemical shift of (CHM)2SnCl2 1n DMSO is almost 400ppm to

low frequency of that in CH2Cl2/"?"™

3*2.5. The effect of the anion
This study was not extensive regarding the effect of

anton on OC™TI) 1n R2TIX and RTIX2 compounds. However

several anions were used, mainly as a means of extending and/or

enhancing the solubilities of the organothallium(l11l) compounds.
Anion iInduced changes 1n 6(“Y™MT1) appear to be roughly

of the same order of magnitude as solvent shifts,for the

compounds and solvents studied here. The largest anion

induced change was an increase iIn shielding of 232ppm for

the change (CMHM)2T1C1 to (CMHAM)2TINOMN in DMSO (Table 3.5).

The anion change, halide to carboxylate, generally results

iIn increased thallium shielding for R2TIX derivatives.
Replacement of bromide ion by isobutyrate In pyridine

causes an increase in thallium shielding of 21-197ppm.

Similarly the change from chloride to i1sobutyrate in the

same solvent causes an increase of 119-192 ppm. Increases

in thallium shielding are also observed for RgTIX compounds

for the following changes; R = CHM;, X = CI to X = OCOCHM

in Dl (I35ppm). R = (CH™M”CCHz2 ; X = CI to X = OCOCH(CH™)2

in chloroform (122ppm). R =H2C=CH; X = to X = OCOCHN
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in DMSO (15ppni). However for RgTIX the change X = NOM

to X = carboxylate results iIn deshielding of thallium of
163ppm for R ~ CHMCHg 1 X = OCOCHiCH™M”™.  Similarly for
R=C"”™ and X = OCOCH™ the deshielding i1s 8?ppm. The order
of thallium shielding in arylthallium(111) compounds

R2TIX in DMSO is Br<CI<OCOCHM<NO~. (Table 3.5).

It seems likely that the general order of thallium
shielding observed for compounds studied here; halide< carb-
oxylate ™ nitrate, reflects the decreasing i1onic character
of the thallium-anion bonding interaction for the change
nitrate to halide. Burke™” reports the same shielding order
for (CHM2T1IX (X = 1, OCOCHM,NO™) i1n DMSO. Previous studies
of 6("Y"T1) iIn (CHM)2T1X compounds in DMSO™ reveal that
the order of increasing thallium shielding was 1”"Br™"F"NO™.
It was proposed that this reflected the degree of covalency
in thalltum-anion bonds, with i1ncreased ccvalency resulting

in shifts to higher frequency.

3.2.6. The effect of the organo group
3.2.6.1. Alkyl derivatives

The previously reported values of 6(""\T1) for , TINO.
in DMSO at 29°C (-91ppm)™ and for (CHMCH2)2TINO™ in DMSO
at (-302 pm.) are close to the values reported here
(Table 3 .1). However there i1s a discrepancy of “Sppni between
the reported value of -255ppm™ for (CH2CH2CH2)2T1NoMN
in DMSO at 27°C and the value of -207ppm found here.(Table 3*1)

The order of increasing thallium shielding for n-alkyl
derivatives RATINON in DMSO (Table 3 .1) is:-
methyl<[ n-butyl<( n-pentyl< n-propyl<*? n-hexyl 7~ethyl. Shielding
iIn branched chain compounds R2TIX (X = BrjCl) in pyridine
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(Table 3.2) increases iIn the order:- trimethylsilylTnethyl<®
cyclohexylmethyl< neo-pentyl <{{iso-butvl <(ethylsec-amvi<®
sec-butyliso-propyl» Substitution of a proton iIn the

methyl derivative (CHM)2TINON to give (CHMCH2)2TINON 1n DMSO
results In an iIncrease in shielding for ATl of 216ppm.
Further substitution for H at the a-carbon of (CHoCHp)pTIBr

in pyridine to give [(CHY)2Chd2TICI causes a further

shielding increase of I62ppm (pyr) substitution of the a-carbon
of (CHMCH2)2I1"IBr to give [ch”™CH2 (CHM)Ch]2T1CL and
[chA"CH2CH2(CHMCh] 27101 similarly results In iIncreased shielding
of thallium.

The Taft constant™* 1s a measure of the inductive
effect of an organo group. Values for a number of organo
groups are given i1n Table 3.?. The Taft O0* constants
indicate that the +1 effect of the alkyl groups iIncreases
in the order: methyl C ethylC 1so-propyl ® sec-butyl. Increasing
+1 would be expected to reduce Zeff and lead to increased
thallium shielding. We might expect this to be reflected
in the order of shielding 1t SCYW"~TI) was largely dependent
on alkyl group inductive effects. However 1t is seen that
the sec-butyl derivative is less shielded than expected on
this basis. Examination of the ES values (ES value 1s a
measure of the steric effect ot an organo group) (Table 3.7)
for the alkyl groups reveals that the value for sec-butvl 1is
larger than for methyl, ethyl or iso-propvl. It would appear
that the increasing steric effect of the alkyl group is
causing a deshielding of thallium which i1s of greater magnit-
ude than the shielding effect of the +1 iInductive effect,
further support for this can be found iIn tne following obser-
vations. On the basis of <J values increased shielding of
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TABLE 3.7

Taft*s g constants and steric parameters,

R
Alkyls
an
CHCHg
CHCHgCHg
(CH2)2CH
CHCHgCHgCHg
(CHM2CHCH2
(CH,)-C
CHACH2(CH")CH
CH3CH2CH2CH2CH2
(CH,)3CCH2
@SIAP
CHNCH2CH2CH2CH2CH?2
cyclo-C"HMCH2
Alicvclics

C5H9

X

N7M3

Alkenyls and arvis
HACA(H
transiCHM)HC=nH
GisHYNCH
trasiCHYHCH
=6«5

Data from ref. 233.

a*

0

IOOCDC)O

-000
-100
-115
-19
-130
-125
.36
21
.16
-165
.26
.16
.06

.20
.20

95

E% ,

Es

0.0

-0.07
-0.36
-0 .7
-0.39
-0.93
_1.5n
-1.13

-0.51
-0.79

-1.10

for various
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OQ4ﬂ1 might be expected in RgTIX for the changes, R=ethyl->-

n-propyl-»iso-butyl. Shifts to higher frequencies are 1In
fact observed as the Eg values for the groups iIncrease. A
similar argument can be applied iIn the case of
[cyclo-CM"H™MCH2]12 TIBr where the 0% value of -0.06 and of
-0.98 result 1In a large deshielding.
The relative order of (CHM)"CCH2

shielding can also be rationalised on the basis that the G*
value (-0.165) might suggest greater shielding than for
(CH™M)2CHCH2 (Q -0 .125)3 however the E™ value (-1 .?") for the
former group causes a larger deshielding compared to (CH™)2CHCH2
& 09N

Thus 1t would appear that a combination of electronic
and steric effects of the organo group cam be used to explain
the observed vai"iations in 5("Y“\T1) iIn these compounds. This
would explain why no correlation between 6 ("™““T1) and
O (R) could be found. Such correlations between 6 (™“Sn)
and 0 (R) have been reported for derivatives of the types,
RV, RA"SnX, R2SnX2”™ (R = alkyl; X=anion). However Mitchell™"
reported that for R"Sn-SnR”™ compounds 6 (“™Sn) could not be
correlated with O (R) although a trend of decreasing tin
shielding with decreasing electronegativity of R was observed.
Kennedy suggested some correlation of 0*(R) with 6 ("""Vb)
in (CHM”™PbSR but noted that |3andY substituent effects 1In
R might affect 6 "™"¥Vb) 1In some way not yet understood. A
correlation of 6 ("™Se) with 0 (R) has been reported for some
organoselenium derivatives iIn which each organo group makes
additive contributions to 6 """S) depending on the amount of

Ctchain branching.
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Multiple regression analysis™ of the 5(""“"\T1), CI*
and Eg data for RgTIX (R = cyclohexylmethyl, neo-pentvl.
1so-butyl, ethyl, iso-propyl, methyl”™; X= halide), derivatives
in pyridine solution gave a multiple correlation coefficient
\ average % relative contributions of a*

and Eg to 5("Y\T1) as 52 and 48 respectively. (Equation 3.11)

5(205"1) = 191 + (1531 + (S N d]
S

For RgTEIX 1n DMSO solution (R= cyclohexylirethyl, iso-butvl.
H-propyl, ethyl iso-propyl; X = halide) Rm - 0.94 with %
relative contributions 63(Q*) and 37(ES)JTEquation 3.12)

N(205™ )  ~27 + (1879 XCT) + (-148 x ES) error - 53. (B.12)

In the case of R2TINO™ in DMSO (R= methyl, n-butyl, n-pentyl,
n-propyl, ethyl) R™ = 0.91 and % relative contributions are

50{0*) and 44(EQQ (Equation 3.13)
g(205™1) b + (2193xG ) + (-545 X E ) error - 46 (3.13)

Previously published values of 6(""“Hg) for RgHg™, (R = methyl,
neo-pentyl, n-butyl, n-propyl, ethyl, iso-propvl. tert-butvl)
may be analysed in the same way as described for thallium
derivatives and give Rm = 0.97 with fo relative contributions

to 5("™"Hg) of 70(@*) and 30(E2), (Equation 3.14);
6(™Mg) = 33 + (3429 X (f) + (228 X ES) error 1 91 (3.14)

Similar analysis of 6 ("W“Cd) data for R2Cd derivatives
carried out here gave a rather poorer correlation of Rm = 0.88.

A diagram showing the variation of 5(M), (M = ™A1,
l&I}-Kg 00o I«OCd R %

derivati ves i1s show/nh iIin FIG 3*4. In order to ensure separation

with different alkyl groups in R2M
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FIG. 3.I+,

VARIATION OF 6 (m) , M=*"t|1” ®Hg/”cd , WITH ALKYL GROUP
FOR CHALKYLMETAL COMPOUNDS



of the plots, for clarity, 50pni was arbitrarily added to

all the 6("Y"Cd) values and -200ppm was added to 5(""TI)

for RATINO®N 1n DMSO. The alkyl groups are arranged in order
of Increasing thallium shielding. Broadly similar trends 1in
shielding can be seen for all three metals on changing the
alkyl groups. Mercury is more shielded in [(CHM)”c]2Hg

(not shown In FIG 3») than in [(CH™)gCnJ This large
shielding of the tert-butyl derivative might be predicted

on the basis of the 0 value (-0.36) for this group although
the steric factor Eg = -1.57 (Table 3*7)= is large.

Several authors have noted variations in metal shielding
in organomctallic derivatives with the amount of substitution
at &, p or'Y carbon atoms i1n the alkyl groups. However there
have been no previous attempts to quantify the correlation
of 6(M) with electronic (@ ) and steric (Es) factors iIn these
compounds. The correlations found here may help explain their
observations. Dessey et al’™™ found an empirical correlation
between 6(™Mg) and the number of protons on the p-carbon
atom 1In RgHg. Turner and White found approximately
additive effects on 6("™“Hg) and 6(“Y™"Cd) on r?ubstituting
methyl groups for protons at theCC, pandY carbon atoms respec-
tively. (See FIG. 3*)* Increased shielding onoCsubstitution

21 and Pb2/\O

Turner and White™ could find little regularity in shielding

can be found for alkyl derivatives of Sn { however

changes induced by porysubstitution for either Sn, Pb or

other elements. Burke P reported that replacement of protons
on the acarbon; i1n TI(I)alkoxides, TIOR (R= alkyl), with

alkyl groups results in a decrease in thallium shielding of
71-169ppm, whereas substitution at the pcarbon iIncreases it

ty 37-8""pon. It 1s iInteresting that substitution at the
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a-carbon iIn the alkoxides, which corresponds to the ~carbon
in RQTIX (1.e. two bonds removed from Tl1), causes a
shielding change in the same direction for both classes

of compounds. Multiple regression analysis carried out

phi

here for the alkoxide data revealed no correlation between
O™ and Es however.

The reasons for the apparent dependence of 5C /Tl
on steric effects i1In the alkyl group are unclear at present.
Klose™""proposed that the CHM and CHg protons of an ethyl
group iInteract significantly with the heavy metal to which
It 1s bonded. This iInteraction might affect the electron
density distribution around the metal and consequently
influence the paramagnetic contribution to the metal shielding.
Replacement of a proton by an alkyl group will give rise to a
shielding change which does not necessarily bear a simple
relationship to variations of electron density produced by
inductive effects, and which vairies from one element to
another. 237

The sensitivity of the thallium shielding to the stereo-
chemistry of the alkyl group in RATIX derivatives is clearly
illustrated In the cases where R = CH™"CH2 (CH™)CH and
CHMNCH2CH2 (CHMCH; X = CI (Table 3»2). The presence of a
chiral centre(*) bonded to thallium gives rise to the

diastereoisomeric species a) and b):-

(R R-TI-R (S)
® R-TI-R (R)
(S R-TI-R ()

racemates

The configuration of each alkyl group R is given iIn parenthesis.
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Two signals are observed in the 20871 spectra of these
compounds (FIG 3*5) ,corresponding to a) and b). Shielding
differences of ca. Ippm for the sec-butyl and ca. 2ppm for
the sec-amyl compounds were observed (Table 3.2).

Separate 1195n resonances have been noted for the
diastereoisomers present In RS and R"SnR (R = CH™CH2 (CH™M)CH;
R = branched alkyl with no chiral centre)

The compound CH”MCH(OCHM)CH2(CHM)T10COCHN contains only
one chiral centre (*). In solution both enantiomers are
present and give rise to only one signal iIn the §Q§T1 spectrum.

An attempt was made to resolve the signals due to the opticail

i1somers using the chiral shift reagent tris(D-3-heptafluorobutyr-

ylcamphorato)europium. However addition of this reagent to
a chloroform solution of the RATIOCOCH™ compound caused the
20§ﬂ1 resonance to become so broad as to be undetectablei
presumably due to alteration of the Tl relaxation rates.
Molecular weight determinationsll\z have shown that the
compounds R2TICI (R= neo-pentyl, trimethylsilylmethyl) are
dimeric iIn chloroform solution. The latter compound is also
shown to be dimeric in the solid state (Chapter 6). It is
interesting to note the large deshielding of thallium iIn
these compounds (Table 3*2). High frequency (relative to
(CH™M2T1NOo™ 1n H20}resonances have previously been reported
for the dimeric derivatives |(CHM)2 N~
NN (6(MNTL) = INM-510ppm). In the latter cases
the presence of dimeric species was confirmed by observation
of J(M™NTI-""-"T1). The compound, X = OC"™, known to be
dimeric In benzene,and shown by Burke et al™ to be
dimeric iIn the solid state, gives rise to thallium resonances

at high frequencies, especially in CH2CI2( 6 (**"T1) = 220 ppm)
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and tolujene = 200 me)- Values of6("e"TI),
(-331 to -93™ppm) reportedpII<1 for the oligomeric T1(l)
alkoxides, T10R( R=alkyl group) fall near and extend beyond
the high frequency end of the shift range (-606 to-4015ppm)
reported®-" for TI(l) compounds.

The coordination number at thallium might be expected
to increase on oligomer formation and this appears to be .
accompanied by a shift of the thallium resonance to a higher
frequency. This situation appears to be opposite to that

found 1n organotin derivatives where increased coordination

number at tin, resulting from oligomer formation in solution,

for RASNX and R2SnX2 (X = carboxylate™, alkoxide;™M"

R = alkyl) results iIn increased shielding of the tin nucleus
compared to cases where the compounds are monomeric.

There were no apparent correlations between 6(“““"\T1)
and either 6("™"Ca ) or NJ(T1-Ci (Tables ~.1,~.2) for straight-
chain or branched chain RgTIX derivatives. Similarly there
appeared to be no correlation between 6("“YT1) and 6("Ha )
(Table 4.9) for branched-chain alkyls although a trend of
~J(TI-H) becoming more negative as 6(“Y™"‘T1) moves to lower
frequency was observed, (Table 4.9). Proton NMR parameters
for straight chain alkyl derivatives were not examined, except

for those reported in Table 4.8.

3*2.6.2. Alicvclic derivatives

Thallium shielding Increases with ring size in the
sequence cyclopropyl <{(cyclopentyl cyclohexyl cycloheptyl
(Table 3.3).(The relative position of the cycloheptyl derivative
K2mBYJ®, was obtained by assuming that the thallium resonance

for this compound in DMSO solution will be to low frequency
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of that observed in pyridine by analogy with other systems).

The changes iIn shielding here are iIn the opposite sense
to those observed for alkyls. Here the thallium resonance
shifts to lower frequency as the steric factor ES(TabIe 3.7)
becomes more negative.

Trends of increasing NJ(TI-C) (Table 4.3) and ~J(TI-H)
(Table 4.9 ) with decreased shielding of thallium are noted.
Increasing NJ(TI-C) can be attributed to iIncreasing
s-character iIn the C-TI bond, (See Chapter 4, equation 4.5)
The resulting changes in the thallium bonding orbitals are
likely to affect the term 1In equation 3*9» leading to a i |
decrease In shielding.

Increasing thallium shielding in alicyclic derivatives
IS accompanied by trends of decreasing shielding for both

6("™Ca ) (Table 4.3) and 5("t<i ) (Table 4. 9 ) suggesting
different factors influence 6("™"\"\T1).

20

The proton-coupled ~"~T1 spectra of the cyclopropyl

derivatives RATIBr and RTI[~OCOCH(CHM)Z2]E shown 1n FIG 3»™»
First-order analysis of the symmetrical spectrum of the latter
yielded values of "J("°~T1-H) i1n DMSO as follows. ~J(VY“TI-H)
= 562Hz; ~J(M°~T1-H) cis = 1328Hz;~J(T1l-H)trans= 798Hz. The

spectrum of jTcH)2CHj2TIBrialthough still basically symmetrical,

shows some second-order perturbation of the component lines. o

(See 4.2.2.3» for further discussion of thallium-proton

coupling i1n bis (cyclopropyl) thallium (111 i M.y
The broad-band proton decoupled 20 spectra of the

five, six a—d seven membered alicyclic derivatives R2TIX were r wd

generally broad (VE = 300-600Hz) (Table 3*3)= This may be
indicative of coniormational changes iIn the rings. Unfort-

unately no low temperature studies could be attempted here
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due to the lack of a compound having suitable solubility.

Some variable temperature work has been reported for alicyclic
derivatives of mercury. Barron et al’™™" found that cyclohexyl-
mercur®c acetate gave a broad signal In the "%g spectrum

at ambient temperature. This sharpened considerably on

heating to £a.350°K and resolved into two signals, corresponding
to the axial and equatorial conformers, at 215°K separated

by 77ppm. Due to solubility problems the low temperature

1QQ\Hg spectrum of d?byclohexylmercury2A8 roevealed only two

of the expected three signals corresponding to the a,a;

e,e;a,e conformers.

3.2.6.3 . Alkenyl derivatives

The order of thallium shielding in alkenyl derivatives
(Table 3») 1s difficult to rank In view of the range of anions
aiid solvents i1nvolved. A trend of increasing NJ(TI-C)
(Tables ~.4;4.5) with iIncreasing shielding of thallium in
RATIX (X = Br, OAc, BF4 , NO2 ,C1) in DMSO and pyridine and
RTi1X2(”™ ~ OAc) i1n DMSO is shown in FIG 3*7* Linear regression
analysis gave a correlation coefficient of r = 0.91* Shielding
of thallium and J(TI-C) iIncrease as the electronegativity
of the substituent on the vinyl carbon iIncreases iIn the series
H CMNHN<NCL for the limited data available. Increased
shielding of thallium is accompanied by increased shielding
of the ot-vinyl carbon and linear regression analysis of 5 (™“\T1)
and 6 ("™"Ca ) (Table gave r = 0.92 (See FIG 3.8).

Increased 1J(TI—C) can result (See eguation and
discussion in Chapter 4) from either decreases in Ae, or
Increases in mne s-Cuaiacter of the a-carbon bonded to tnallium

or the TI-C bond, or iIncrease iIn Zeffective at thallium.
106



PLOT OF

3000

AGAINST
COMPOUNDS

i (205T].130)

4000 5000-

107

FIG 3.7

FOR ALKENYLTHALLIUM(MI)

6000 7000



% A

FIG 3.7

PLOT OF 5(*“t]) against jf"’tl-’c) FOR AIKENYLTHALLIUMIII)
COMPOUNDS

[(=«T1-"c) Hz

3000 4000 5000- 6000 7000

107



» q

FIG. 3.8

PLOT OF 6fACc) AGAINST 6("® T|)fOR ALKENYLTHALLIUIVI(IIl)
COr*POUNDS

6("™"Ca) ppm
130 140 150 160 170 180 190

10



» W * J\/>_V. \V4

R«.

Increased Zeff. would however lead to decreased screening
contrary to the observed trend. A decrease iIn AE, the average
excitation energy,would also lead to decreased shielding and
this would appear not to be a 1actor. The observed changes
in 6(""\T1) r.ight therefore be due to changes in the nature
of the TI-C bonding interaction affecting the Pu and/or
possibly the Du term i1f thallium d orbitals were involved
in bonding to these groups.

The sensitivity of the thallium chemical shift to the
stereochemistry of substituents is again illustrated by the
case of the cis/trans~propenyl derivatives. A mixture of
Isomers, expected to contain cis/cis;trans/trans and cis/trans
isomers, showed two signals iIn the proton decoupled
AMATE nmr spectrum FIG 3.9. The proton coupled thallium spectrum
identified the larger component as the trans/trans isomer by
comparison with the knovn thallium-proton coupling constants.86
The smaller component ''cis” In FIG.3*9* i1s assumed to be
from the cis/cis-isomer possibly overlapping the cis/trans
Isomer.

Mitchel I studied the™~"Sn spectra of mixtures of
isomeric compounds of the type (CH™M)”Sn(CH=CH
(n=0-3) and found signals for cis, trans and isopropenyl
compounds separated by up to 20ppm for a given value of n.
(Compared to a difference of ca. ?6ppm observed here, probably
reflecting the greater range of thallium shifts). The values
of O(™T1) found nere for the iso-propenyl compound (Table 3*)
cannot be compared directly with those for the cis and tranc-
propenyl i1somers because of the different anions and solvents
"rwoiv-d  r.artchelPY™ noted thal i1nairid trans-propeiiylLii:
compounds Sn i1s more shielded than iIn the unsubstituted vinyltin

compound.
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3.2.6 . Aryl derivatives

The value of 6(""T1) reported here for (CMHM)2TIBr
(-322ppm) 1n DMSO at 31°C i1s compared with the previously
reported value of -293ppni In the same solvent at 2/°C,
The5("°~Tl) reported here for (CgH,)2TICI in DMSO (-326ppm)
Is compared to the value of -377ppm in liquid ammonia at -20°C,
the only other previous report of 6("™"T1) 1In a bis(aryl)-
thalltum(111) compound.

The effect of substitution of fluorine for protons
on the thallium chemical shift in the aryl derivatives
cannot be compared directly because of the solvent and anion
differences involved. However we might expect (CM"HM)2TIBr to
give signals at higher frequency iIn pyridine»relative to
DMSO by analogy with other systems and thus the (CM"FM)2TIBr
compound in DMSO solution would give rise to increased
shielding for thallium relative to {C"K")271Br, A study of
the analogous perfluorophenyl compounds by McFarIane250
revealed that the "™%g resonance In (C"F")2Hg was at a
lower freauency than iIn the protonated analogue. Substitution
of only one of the rings wrth fluorine to give (C") (C’\H’\)Hg2
also results In iIncreased shielding for ~Hg» although not
to the same extent as when both rings are substituted. The
influence of substituents iIn the aromatic ring on 5C ~TI)

was examined by Hinton and Briggs™ for a series of mono-

arylthalliura( 111) compounds para-XC™"H/~TI(OCOCF™M)2»(X = H,F,CI»Br

alkyl). A correlation was found between 5 ~Tl) and the
Hammett oconstant. The greatest shielding was observed for
the halogen derivatives and this was iInterpreted in terms of
their abiiity to 0cadoC an increase in the icnic cnaracwcr

of the TI-0 bond. Zink et al™also found a correlation of

111

51
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5 (M05 @) iith the Hammett aconstant for similar compounds
but with increased thallium shielding as the electron donating
ability of the substituent increased. (C"FM)2TIBr is known

382 and it is

to be monomeric iIn pyridine, methanol, acstone
interesting to note that the highest frequency shift observed
iIs for this compound in benzene (Table 3*5) where i1t 1is
known to be dimeric. 182

The "®"T1 spectrum of (CMFM)2TIBr in pyridine is shown
in FIG.3 .10. Thallium-fluorine coupling constants "J("/"TI1-"F),
(h = 3-5), obtained from the thallium spectra of (C"FM)2TIBr
and (2-HCFI)2TIBr i1n various solvents are shown in Table 3*8.
These compare well with the published values. There appears

to be no correlation between 6 (""™AT1 ) and "I(MTI-MF).

3.2.6.5». The effect of heteroatom substitution

The effect of heteroatom substitution in the alkyl
group on thallium chemical shift can be examined using the
following examples. Substitution of electronegative atoms
Oor groups appears to cause an incrase iIn thallium shielding.
The chloromethyl compound C1CH2T1(OCOCH™N)2 is notable 1in
giving rise to the lowest frequency thallium resonance found
for an organothalitum(lll) compound. (G6(YVT1 = -832ppm,
Table 3.6). Substitution of chlorine for a proton in the
methyl compound results In an increase iIn thallium shielding
of 445 ppm compared to CHATI(OAc)2 i1n methanol . AJ(TI-C)
simultaneously increases from 59?6Hz (Table 4.6) iIn the
methyl compound to 88?7Hz iIn the chloromethyl.253
Increases i1n shielding of thallium on substituting chlorine

in the vinyl compounds and fluorine in aryl derivatives have

previously been noted in the preceding sections. Increased
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TABLE 3.8

Thallium-fluorine coupling constants for (Cr~1 ~TIBr and

(@ -KCF¥A)MIBr in various solventsh

Solvent™ Compound ~JI(TI-F) ﬂ’J(Tl-F)' ~J(T1-F
pyridine (C6F5)2TIBr 772-12 338- 12 85-10

{76~-k)  (3"i-6) (80-2)
methanol 1 803-12 359-12 85-10

(802-3)  (34015) (8211)
acetone i (78012)  (339-2) (82-2)
benzene ¥ (86811) (375-i) (79-1)
acetone  (p-HCORJ™MZTIBr  786-15 382-15

(783-1) (369-1)
methanol (p-HCGFJ™)2TIBr 830-15 391-15

~alues in Hz obtained from™\TIl spectra at 3".7MHz £
for F). Concentrations and temperatures are By
given iIn Table 3«5* Values iIn parentheses are from

ref.252. and are averages of J(U"TI-“F) and J(™MNTI-MF) .
"Protonated solvents were used.

mIn
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shielding of bis(chlorovinyl)mercury (S¥(Qpif) compared
ipbis(vinyl)mercury(-642ppm), has also been observed.

Substitution of the less electronegative silicon to
give the trimethylsilylmethyl group causes a decrease 1In
thallium shielding of 82-151ppm relative to the neopentyl
compounds. A simultaneous decrease iIn carbon-thallium
coupling is observed, and the ocarbon atom is shielded by
ca. 37ppnt (Table k,2)»

The iIncreases in thallium-carbon coupling, accompanying
increased thallium shielding, on iIncreasing electronegativity
of substituents may arise(see equation /.5 and discussion
in Chapter 4) from a decrease InAE, increase iIn Zeff. or
increasing s-character in the TI-C bond. However decrease
iIn Ae and iIncrease i1In Zeff would cause decreased shielding
of thallium contrary to the observed trend. It is likely
that changes iIn s-character of the hybrid orbital involved
in TI-C bonding affect the Pu term (equation 3*9) leading

to Increased shielding of thallium.

3.2.6,6, Monoorganothallium(lll) derivati/es
Some of the trends in thallium shielding observed
for R2TIX compounds may also be seen In RTIXg derivatives,
(Table 3 6), for the .limited data in the latter case.
Thalltum is more shielded in CHMCH2T1 ~COCH(CHM)2'2
than In K., TL(OCOCH™M)o as a result of the greater +lI effect
of Che CHMCH2 group compared to CHM (Table 3*7)e
Tha3.Uum 1n (CH3),SICH2TI[oCOCH(CH2 )2]2 112ppm less

shielded than in the analogous ethyl derivative and 351t
3/2 Kux'utia,\all\7 S));}*- F - M

the CH3 and (CH3)331CK2 groups had similar electronic effects in
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organothallium(l11) compounds on the basis of NMR data.
However the Taft 0 values for these groups, CH™(0.000);
(CHo)oS1CHp(-0.26), are markedly different. It i1s likely
that tne greater +1 effect of the (CHM)NSiCH2 group would
result in a shielding of thallium compared to a methyl group.
However the large steric bulk of the(CH™)”SiICH2 group (an Es
value i1s not available but 1t i1s likely to be similar to
that of the neo-pentyl group (-1.7)» (Table 3*7)) would
result In a deshielding. Thus the observed shift value,
close to that for the methyl derivative, 1s coincidental.

The trend of iIncreasing thallium shielding with iIncreasing
ring size found for R")TIX compounds (3.2.6.2.) 1is reflected
here 1n going from cyclopropyl to the seven membered norbornane
derivatives. The increase In NJ(TI-C)(Table ~.5) as thallium
becomes less shielded i1s also paralleled here.

The Bow-frequency resonance of thallium iIn the only
reported monoalkenyl derivative, (Table 3»6) might be expected
on the basis of the presence of electronegative substituents,
by analogy with bis(alkenyl)thallium(111) compounds (Table 3»)*

The sensitivity of 5("Y“T1) to structural variations Iin
the organo group is i1llustrated by the increased shielding
of 15-3ppni, caused by the presence of an alkenyl linkage

three bonds removed from thallium, In the norbornene compared

to the norbornane compound (Table 3*6).
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4.1. Introduction

There has been great interest in metal-proton and metal-
carbon spin spin coupling constants In organo,(alkyl»alkenyl,
aryl) derivatives of heavy metals. Numerous carbon-13 and

i - - _ 2
proton NTR studies or organometallic derivatives of Sn,234*24"*

249.213-159,,9.229.260-265 N p"230.266-271
and c d ~ ~ h a v e been reported. Although the proton

NR parameters for a wide variety of organothallium(l11) compounds
have been reported,carbon-13 NYR investigations have been
iimited to methyf? 12.16.21 Y61-64.78 | ohcny i, 14766-68 340 71
norbomenyl and norbornyl-thallium!I1ll) derivatives,73‘75

an acetoxythallated sugar»(D-galactal tria.cetate)'72 and the
compounds (CKA)APCH2T1(CHA)2;?%CH.)A!'l CH%H@}H@yﬁﬂtﬂ265
Thallium-carbon couplings have also been observed iIn other
derivatives not having direct thallium-carbon bonds and these
have been rcviev/ed In 1.2.1. Thallium-car*'on and thallium-proton
coupling constants are generall.y very large, especially NJ(TI-C)

and sensitive to the environment of thallium.lp”<RA

This study
was undertaken with the objects of characterising the pattern
of thallium-carbon and thallium-proton coupling constants in
crganothalliumdil) derivatives and i1nvestigating correlations
of these with molecular structure and stereochemistry. The
variation of ~NJ(TI-C) and "™*"~(TI-H)» n = 1-3, in R"21X and
RTIX2 (R = branched-chain alkyl»alicyclic, alkenyl; X= anion)
have been studied and compared with available data for analogous
n-al):yl and aryl derivatives.
There have been no previous comparative studies of

simultaneous variations in both carbon-13 and proton NIR

N T ~ P oojeci  «i<t.X1 .t e *V 1.V CS
Hoad examined the variation of NJ(TI-C) and NJ(TI-H) 1iIn
86

"ne series: RJ-TI,K’i‘Tlx,RTIX’,Q R = CHT; X= cinion) and Kaher
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studied the behaviour of NJ(TI-H), n = 2, for this series
(where R = n-alkyl, vinyl,phenyl). >/eibel and Oliver™n
examined the variation of NJ(TI-H) in the series Li jjKe"Sn)™-
Ve, :.n]" (n = 0-4)

A knowledge of the factors influencing thallium-carbon
couoling constants might find useful applications In iInvestig-
ations of the solution behaviour of thallium compounds, eg.
in elucidating the stereochemi§try of biological model systems
such as T1(l) antibiotics”™”™and i1onophores.™ The
stereochemical dependence of thallium-proton coupling constants
has previously been used to suggest the geometry of the

products from acetoxythallation of olefitis. 22 55 270

h,?,» Results

Carbon-13 NKR parameters for RgTIX, (R = n-alkyl, branched
"alkyl,alicyclic, alkenyl,aryl; X= anion) are given in
TABLED k.1 to 4.5 and for RTIX2 (R /7 aryl) in TABLE 4.6.
Rroton AHFR parameters for RgTIX (R /7 aryl) are reported in
TABLES 4 .7 . to 4.11 and those for RTIX* (R / aryl) in TABLE
4.12, Carbon-13 and proton chemical shifts are reported iIn
these tables for convenience although they are discussed sep-
arately 1In Chapter 3. Some relevant results obtained by other

authors are i1included 1In the tables.
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).,2.1. Determination of relative sify.s of complins: constants
A spin- spin coupling constant is a measure of the extent

to which the nuclear magnetic moment of one nucleus can affect
that of another. This interaction may be positive or negative
in sign. A coupling constant i1s defined X8§as positive 1f
antiparaliel nuclear spins are stabilised and 1Tt parallel

spins are destabilised. The reverse holds for negative coupling
constants. The absolute signs of coupling constants may be
determined by studying molecules v/hich have been partially
oriented, eg. in liquid crystal systems,280 or by application
of a strong electric fieldBetermination of certain key282 2
coupling constants by these methods, eg. J( C- H), allows i
other coupling constants to be related to them by double

resonance methods.

The relative signs of the coupling constants between
at least three non-equivalent nuclei can be obtained from NMR
spectra only when the spectrum contains second order features.
This procedure has been used In this work to obtain the
relative signs of NJ(TI-H) and ~J(TI-H) in bis(trans-chlorovinyl)
chlorothallium(111) and (traris-chloroyinyl)bischlorothallium(lll)
TABLES ~.10 and A-.Il respectively. The proton spectra for
these compounds are shovar Iin ™IG ~.10.

Double resonance nmewhods can be used to obtain the relative
signs of coupling constants from first order spectra. As the
signal of one nucleus 1is observed(field BYY), that from a
second coupled nucleus is irradiated with a second radio-frequency

m,
field 3,.. 3

L=
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C"Dsorved tx"ansitions of the first nucleus which have a
common energy level with the irradiated transition are perturbed
to an extent depending on the strength of In an M:X spin
system 1f A 1Is the directly observed nucleus and X is irradiated,
(denoted A- jX }),then the relative signs of and can be
obtained. (In fact 1t i1s the relative signs of and ICYJx
v/hich are given by double resonance methods. Hov/ever since
the gyromagnetic ratios YMANTI, andY”H are all positive,

K and J will have the same sign for thallium-carbon and thallium-
proton coupling constants. Therefore J will be used for
convenience throughout the discussion).

The energy level diagram for the G TI™*" system considered
as an A2.>xX* spin system (A,T1;M,C; X"H) 1s shown in I"YG 4.1.
Transitions iIn the proton, carbon-13 and thallium—205 spectra
(shown diagramiTiatically in FIG 4.2) can be assigned for all
possible relative sign combinations of J(CNH), J(TI-H) and
J(TI-C). For this system, and any other first order
system , the experiments which give the relative signs of

coupling constants aret-

N "NMTI-PAClor for 3(TI-H) relative toJ(C-H)
i) (or for J(TI-C) relative toJ(C-H)
iii) ~°C- \hi \or for J(TI-C) relative toJ(TI-H)

Examination of the assignment diagram FIG 4.2. in conjunc-
tion with the energy-level diagram FIG 4.1 leads to the predic-
tion that for "C-|experiments irradiation of the low
""Veouoncy components of the proton spectrum will result in
mrosponse(s) only in either the lov; or high frequency compon-
ents of the carbon-13 spectrum.

ThU ¢-imple resell facilitates the expei-rootrlurt;
snd interpretation of results. Detailed examination of other

organothalliumdil) systems reveals a similar situation.
154
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ASSIGNMENT OF ’h *®*TI, ANd C TRANSITIONS IN THE SPECTRA

FOR ALL POSSIBLE RELATIVE SIGN COMBINATIONS
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rmivs d.GwivGa ca.ss¥mGrii®b or* "“trsnsitions i1s GNGEHsXly unnGCGssQi ™y
iI"d tlie following "rule®™ can be applied for systems where C
and H are coupled to thallium In experiments 1f the
high f. equency multiplet of the pioton "spectrum is irradiated,
a response in the high frequency multiplet of the carbon
spectrum indicates that the signs of NJ(TI-C) and ~ NJ(TI-H)
are the same (and vice versa). Use of this “rule* i1s shown
in FIG 4.4. for bis(cyclopropyl)brornothallium(lIl).

Similar arguments can be applied to situations where
mutually coupled protons are also coupled to thallium and 4c
"..ae the spin system can be approximated as first order K
(eg.v>ii"Ci|QTI3 > AN ;2X). In these cases the sign of NJ(TI-H)
relative to NM*"AJ(TL-H) can be determined by experiments,
M1 example of such a relative sign determination i1s shown 1n
FIG K.G, for bis(iso-butyl)chlorothallium(lll). Maher and
LiVan58:>f'irst used this method to determine the relative sigiis
of thallitum-proton coupling constants for R2TIX derivatives
(R =molhyl”ethyl, n-propyl,iso-butyl;ohenvl;vinvl: X = anion)
and RTIX2 compounds (R = phenyl; vinyl).

The following assumptions have been made In reporting
the relative signs of thallium-proton and thallium-carbon
coupling constants, 1) One-bond th<allium-carbon coupling B
positive,11 relative tc *c(0-K), in all cases, 11) The
r:%hallium—proton coupling constants “J(T1-K)gem, ~J(T1-H)cis.
C".TI-n) trans in bis(vinyl) thallium(l11l) compounds all have
the came sign, as reported by Maher*" for the sulphate or
perchlorate in fuC solution, and this is not affected by change
ct aniod or solvent.

..1100 relative cigiis jiave ceeri (lecei liliney, axT Xiitowmn 1]
con previous Vv/orh, these will be indicated im the tables by " R
" oprrGpriato #@or - sign. J/her:— no sigi) i1s given this
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implies that it has not been determined, not that it is
positive . This is to avoid the use of |J(TI-X)] (X = C,H,F)

for convenience.

h,2»2. Assi tinment of carbon~13 and proton spectra

Spectra were generally first-order, facilitating
assignments. Assignment was based on multiplicity of fine
structure, chemical shifts and by analogy with the spectra
of key compounds which were assigned by more elaborate methods.

Several of these methods will now be described. Assignment

of the proton spectx"um of bis(cyclopropyl)isobutyratothallium(ll1}

was assisted by computer simulation and this will be described

in detail.

N.2,2.1. Comparison of NBR spectra obtained at different

ma, "nictic Fields

Comparison of carbon-13 spectra obtained at two different

magnetic fields allowed i1dentification of thallium-carbon
coupling constants and carbon-13 chemical shifts. This 1is
because the coupling constant is iIndependent of operating
field/frequency whereas the chemical shift is not. One-bond
thallium-carbon couplings arc generally so large (>1800Hz)
that separate coupling to "™TI and Is resolved. This
results iIn a characteristic appearance for this coupling eg.
see proton decoupled carbon-13 spectra of bis(cyclopropyl)-

bromothalltumdil) (FIG and bis(cyclohexylmethyl)-

cromothalliumCIIl) (-1G.4.7). One bond coupling is thus easily

identified. How/ever iIn one case, CH CI{(OCH™)GH2( CHM)T10COCH",
UliGc N8) two NI(TI-C) couplings were present,(to CHN and CH2

ro"~pcclively), Comp.arison of spectra obtained at 201 MHz; 4°\J28VHz
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FIG 4.6
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and #C- I"K™off resonance spectra were used in the assignment
(TABLE 4.2).
Proton spectra were obtained at 6a".:Hz(l ,4t ) and the use
of higiier fields for assignment of these spectra was unfavourable
due to relaxation effects at the coupled thaldium nucleus. This

V/ill be discussed In detail i1in Chapter 5»

4.2.2.2. Use of the general nuclear Overhauser effect
Thallium-proton coupling constants are generally very
large eg. NJ(TI-H) typically 600Kz. The component multiplets
are often broad with a lack of detailed fine structure. This i
IS duo to overlap of components arising from 1H couplled nuclei
to both isotopes of thallium (YTl 1) and broadening
originating from relaxation processes at the thallium nucleus

(See Chapter 3)* As a result 1t i1s often difficult to pick

ar, "pairs™ of signals arising from thallin.m-proton spin-spin V;

coupling. The problem of this "pairing* of signals i1s 1llustr-

ated by the spectra of bis(sec-butyl)chlorothallium(lll),

CI1G 4.22),

and bis(cyclopropyl)isobutyratothallium(111)(PI1G4.3) = . Aet™

nos described the use of the general nuclear Overhauser effect’™\"

In aosig-ament of the proton spectra of norbornene-and norbornane- « r
"R

Icrivatives of thalliur.(li1). This technique was used extensively
mh the present work and v;as extremely valuable In assisting _ j
"pairing* of signals iIn the proton spectra of organothallium(lll)
colipounds. In most cases i1t has obviated the need for compar-
iIson of spectra obta.ined at t/0 different fields iIn order to
nigi thallium-i1~roton couplings. This 1s especially important
-incG higher fields general!:/ give broader spectra, (see Chapter
le —1rradiation of one component of MJ(TI-H) iIn an

1pcri mont causes collapse of any fine structure and eventual
"5
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disappearance of the other component as Bp Increased,

ether sigr-als may be perturbed, but not eliminated 1f coupled
to the i1rradiated signals.(See ¢l-.a.l). The positions of other

obscured components can often also be located by this method.

N.2.2.3* Assignment of the proton spectrum of bis(cyclopropy3.)-
-1 sobutyrat Jthalliuin(111)

The proton spectrum of bis(cyclopropyl)isobutyratothallium(li:
IS rather complex and show/s second order features.(FIG ~.3).
Ul attempt was made to »carry out d detailed analysis. It was
necessary to use double resonance techniques iIn the assignment
aid the derived parameters v;ere used iIn a computer simulation
of the spectrum. The system iIs characterised by the following

coupling constants and chemical shifts;

Tl

AAJ(TL-HAM 6 hA = 6 nna

"»(TI-H”~) = 3j(tl1-.nh3) 6 h3 = 6 h3

3j (h3-h05)

x OO0

— - mv



V ?

Results of iIntegration and"‘H— le iexperiments allows
pairing of signals as shown in FIG 4.3(a). The assignments are
made assuming that ~J(T1-H)cis 1e NI(T1-HMD 1s greater than
NJ(T1~H)trans 1e. NJ"T1-HN) by analogy with
the corresponding couplings in the systems:- (cyclopropyl)”™M
W = 3n,Pb,Hg.F; n =1-4).7e"
experiments indicate that "J(TI-HY) and "J(T1-H”c_Is
and C')'J(Tl—HFz'4)trans have the same signs (See FIG 4.3.)
¥Xjexperiments show that NJ(TI-C) (see FIG 4.4 ) and
2J(TI—Hl) have the same signs. On the assumption that one-"bond
TI-C coupling has a positive sign, this yields positive
s.gns for all three J(TI-H) couplings, and shows that ~J(TI-C)
has opposite signs to both
NJ(T1-H*Mcis and NI(T1-HM™N) trans. Irradiation of signal A
in G 4 3() the lowfField component of NJ(T1-H-"*M)cis , removes
coupl.ing of with the remaining protons. This reveals the
lowfield component of as a triplet due to coupling to and
and the lowfield component of N"J(T1-HM) trans as a doublet
due to 1ts coupling to . The appropriate roofing iIs apparent.
Thus a value for "J(HM-HN) = NJHN-HY) can be estimated.
Irradiation of signal C In NG 4.3 (d) (the lov/field component
of NJ(T1-H™*Mtrans), 1-emcves coupling between and the
remaining protons. The remaining doublet A yields a value

for NjH-HD-= NI(KM-HY).  The values obtained for NJ(HA-HA™N)

VAN
and 3J 13 are similar to reported values for analogous
courting in other metal-cyclopropyl systems. The signs
3n 288

of all *\JKH) vicinal couplings are assumed to be positive.

Using a first-order analysis, direct measurements V/ere

pP »uh ———————— ;
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o - —if V. =
8 —Ave

JK*==>* | L -,

CjcTi-ify 6h A
NUEVERUED)
N(TI-IP) = NI(TI-HY) 6hN =5pN

NIHHY = NIH-HY)
NI = NIH-HY)

The four remaining J(H-H) coupling constants were taken from
those reported for bis(cyclopropyl)mercury(lllt has
been reported that J(H-H) coupling constants i1n cyclopropyl-x
systems depends on the electronegativity of X (X = Sn,Pb,
»il) e The values for the mercury compound were chosen
because the electronegativity of thallium is close to that of
mercury. Reported values of J(H-H) coupling constants for
1{g,Po,3 cyclopropyl derivatives sovw/ only slight variation
as the metal 1s changed.The gcminal couplings NJ(h\"™) =
are assumed to be negative.
The following determined and assumed
indicated thus) parameters were used as i1nput to the
L-Aoaocr: 196822& spectral simulation computer programme. The
best values (in Kz) obtained as outputl by iterating on
selected 1nput parameters are given iIn parentheses.

Vi < = 40513 ™0O5.13)
340.06(340.06)

7.86 ( 7.86) I\

= 9.36( 9.36)

= 6.32( 6.32)

‘M O r-H A = -3.80"(-3.80)
= 4.9011( 4.,90) i 4
-n ; = 8.47"( 0.47)
= 7.86«( 7.86) i
67.96 (66.70)



5hA =5h™ 51.74(50.90)
5h~ =5h" = 73.10(72.53)

The calculated spectrum consists of 141 transitions.
It Was only possible to use eiihteen experimental line positions
In the i1terative programme because of broadness of lines 1In
the experimental spectrum. The broadness arising from overlap
of spectra due to separate coupling to Tl and and
relaxation processes at the thallium nucleus makes assignment
of all but the most intense transitions dubious.

The experimental and calculatt™d spectra are compared iIn
FIG ~.5. Moderate agreement has been ac*hieved. The computer
output from the iterative programme showing experimental and

calculated line positions is shovim in Appendix H.
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Ne3*  Diacuf?Fion
Ne3»le The orifin of nuclear SDINSTiIn coupling

Nuclear spin-spin coupling arises from the iInteraction
of nuclear moments and i1s transmitted indirectly through the
valence electrons in the molecule. Ramsey™“‘showed that the
indirect coupling between two nucleit A and B is the sum of
three distinct contributions;
"AB " "N Jab”2) + Jpng (S .D
orbital contribution which arises from the
interaction of orbital electronic currents with nuclear magnetic
smidaaws. Each nuclear magnetic moment induces currents in the 1
molecule setting up secondary magnetic fields which will be <l

experienced by other nuclei.

represents the dipole-dipole iInteractions between the
nucj.ear magnetic moments and the electronic magnetic moments.
This interaction polarises electron spins in parts of bhe
molecule near the fTirst nucleus and the magnetic fields associated
with the electron spins then act directly on the second nucleus.

represents the Fermi contact contribution and arises

from interaction of the nuclear magnetic moment and electrons at
the nucleus. Only electrons iIn s-orbitals have wave functions

"\hich are non-zero at the nucleus and so only these will contribute

All of the preceding terms are proportional to the product i H
of the gi"Tomagnetic ratios of the coupled nuclei. This has led !
to the iIntroduction of a ’reduced” coupling constant K™g» defined "
as--291
N Mall;:
a3 = Ty tiv. vg -2
N3 is indépendant of individual nuclear properties and il |1Y|,_l
d"uends only on tiie electronic interactions between A and B. 2]
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AAk*

PA

>

Its units are NA"?m_3

Ramsey 290 gave detailed expressions for each of these
contributions to the coupling constant. KcConnell™ used
molecular orbital theory to derive approximate but more
useful modifications of Ramseys equations. Pople and Santry™"
further developed this approach and showed that for coupling
involving elements of the first row/ of the periodic table the
contact contribution was dominant. The orbital and dipolar
terms were shown to be zero for coupling involving hydrogen
nuclei and the orbital contribution to be zero In the absence
of mu_ltiple bonding between the elements. Fople and Santry-21
gave uhe following expression for the contact contribution

to coupling between directly bonded nuclel.

A
M3 T ns Tas (4.3)

v/iherejQis the Bohr magnetontj valence s electron lis
density at the nucleus and TCy 1is the mutual polarisability e
of amoms A and B; a measure of the change in electron density 4"
in the s-orbital of one atom which arises when the energy

0- che other s-orbi cal chajiges. It 1s defined as.~
"oc.  unocc.

v/rere /3

Iu the triplet excitation energy between

OCeupied and unoccupied molecular orbitals g)”and IQ] 1-espectively.

N 1s the coefficient of the valence s-electrons of the atom 1U
in the molecular orbital. depends on the relative energies

0-"the \arious eioctrcnic c::citcd states. The sign of &K

29
nosidcs IniC,-:-. IT (CAE- ) 1s replaced by on average
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*V*_

Gxci Maliion energy» Ae » the expression (Y =) may be wribljen —
ay

C*.5)
where a (A) represents the s-cliaracter of the hybrid orbital
on A used to form the A-3 bond.

Jameson and Gutov/sky™ assessed the relative 1mportance
of the orbital,dipolar and contact contributions to couplings
between carbon, fluorine, protons and other nuclei. They
conclucied shat poriooic trends in coupling could be attributed
tc changes i1n the contact term. They estimated that the
spin-dipolar term Vv/ould make a contribution of ca.20Hz to

J(TI-C) 1n an i1solated carbon-thallium bond. Theoretical

studies™ "™ indicate that the coupling constant AR

Detween directly bonded elements of group 1V of the periodic

tooie should be large and positive when A=B=~C,"M31,"M"3n,""Pb.

Experimental results confirm this and suggest that expression
may be used to describe the couplings

Equation (©*.5) can be modified by assuming that

) where Z
oC A

ni

iIs the effective nuclear charge
oi the s-orbital used by the metal atom A in forming the A-B bond
md n,, is the prin cipal quantum number of that orbital.

such an approach Drilling and Gutowsky”™ and Jeigert/¥\
calculated "Ed"-C; for (CI™™J.!, H = M31,M"Ce, ™MASn,M2Pbh)
-nd 1.ound good agreement with experiment. Gimilarly, anw"™®n
-X*  rbulatcd calculated and eupa”-imental bond it hvil
ccupUng constants for (CHME M;

1 n o .

207ib) and (CHT)?TI- The calculated value of

:rDS

Vil
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NI(TI-G); 2™IOHz, nus™ be compared to tho reported value;
1930Hz .. "rhe agreement between calculated and experimental
coupling constants issurprising considering the approximations
made i1n equation (4.5) and modifications of It.

The use of equation (4.5) to describe coupling constants
has been criticised iIn studies of coupliiig between Pb,Sn and
other directly bonded el ements, on the basis that it
fails to account for cases of K+, which are negative 1In sign.
Hitchell*’c\)g’r\‘ has also suggested that the average energy
approximation may not be valid for tin-carbon coupling iIn
organotin compounds where the carbon bonded to tin 1is sp2
or sp hyrbldised. In these cases it v;as suggested that the
Pople and Santry * expression (4.3) can be used with the M
mutual polarisability playing an important role. Then the
couplings depend onpPbX and pSnX. VJhere pis the s overlap
integral between lead or tin and X,(X = Sn, Pb,H,B,C,N,P,Se)’g67 ",
Iwayanagai™™” has calculated the mutual polarisabilities of -
the valence s-electron for ~K(Kg-C), ~"K(Kg-C) and ~K(Hg-H)
in alkylmorcurials using extended Hiickel molecular orbital
methods. Using equation (4.3) the magnitudes and signs of
che couplings were calculated and found to be iIn agreement
«vith experimental results. Henncike™” carried out similar ;1237 1l
calculations for one- and two-bond mercury-proton couplings
in RHgX (1 = CHy CILE ) and Barbieri~™~ has used the ’1lt.< .

method to calcul.~te ~J(Sn-H) i1n methyltin derivatives.
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Ne3eNe  EffAGCL! of sol.vert and snion or. the MHER Pfirameters

As a prelude to discussions of the dependence of the
iR prirariieters on the number and nature of the organic grouil)s
bonded to thallium, 1t iIs important to establish the magnitude
cf onion(X) and solvent induced changes. This i1nvestigation
was not extensive iIn respect of solvent, being limited mainly
B> and pyridine by solubility considerations. Benzene,
methanol and chloroform were used iIn some cases where suitable.
Solubility requirements also limited the number of cases where
the effects of anion changes could be measured, particularly
for carbon-13 spectra. The anions studied In the case of
RATIZ derivatives were mainly chloride or bromide. In some
cases carboxylates, nitrates or tetrafluoroborates were employed
as a means of enhancing and extending solubility. The available
results confirm that the effects of solvent and anion are
generally insufficient to interfere with tie discussion of
other dependencies. Studies of RTIX2 derivatives were limited
mainly to the more stable carboxylate compounds. The solvexit
and anion dependence of NL.R parameters for RMTIX derivatives
are summarised as follows.

Variation of NJ( fI-C), (nh = 1-"0» with solvent 1is

(with the exception of NJ(TI-C) for bis(ethyl) bromothallium-
(i), (TABLE r.@) whevo a 19/3 change between DKI) and pyridine
was observed). This i1s less than the m.aximum change (2S% )
reported for (CHM)NTIX compounds.The variation of
r]—l(—’.l -G) wrth anion (for the same solvent) for [fcHY)
(¢ = Cl; COOCH(CH™2) pyridine (&/3)»(TABLE ~.2), and
—or (CMHM)2TIX (X = 0COCiIY) in KiSO (<(18M),
U."iIBLI A-,6; are *fichin the ranges previously noted for methyl-

and aryl- (<"20M)™MAN RATIX derivatives. Solvent

J -



induced variations in “J(TI-H) (h = 2-4) for RATIX compounds
are<15> (witli the exceptions of NJ(TI-H) for [(CHg)2CKj2TIBr
QY- and [(C+2)2dH]2"ri0COCH(CH,)2  (2;:7),(TABLE 4.9 );
2J(Gi—-:) for (CMHQ)2TIB-i~ (H4f) (TABLE 4.9) and "~J(TIH) for
IkH,c2 (CKj )Xk ]2T1C1 (B (table 4.8).). This variation 1is
v.Ithin the range found for (CH,)2T1X derivatives ( <]lew)
wifte ~J(T1-H) was foun(3 to Increase iIn the order: non-polar
solvent <(pyridine <D:.:9. Such a trend was also observed here
although there are exceptions, ( [(CH2 20442V ~ ~ M5
COOCHICI-iY)"» TABL3 k,9) where the order for pyridine and

IFVC 1s reversecj. Anion changes were found to have only slight
( effects on NJ(TI-H), (n = 2P, close to the variation
previously reported for (CHM2Ti1X"° and (CMHMN)2T1X

(with the exception of NJ(TI-K) for [(CHM2CHCH2CH2]2T1X

(<M67Mj TABLH ~.8). Solvent and anion effects on chemical

shifts are small and v/ithin the ranges prcdously reported i

(<Gpp:a for 6 (“"\C) and<0.9ppm for 6 ("H) There 1is

insufficient data t permit reliable assessment of the solvent

anion and concentration dependence of carbon-13 and proton

IR parameters for RTIX"M derivatives. The few available :Y*

resulto suggest that changes are likely to be similar to those A IF_H'

suinmarised for RATIX derivatives. ‘Th
The variation of spin-spin coupling constants and chemical .

shifts with ccncentration were not iInvestigated because these

parameters were p.vieviously ~ sov'ri to have negligible concentr- T

ation dependence in (CiJI’\)Z«TIX derivatives. "':L‘y :

w1
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.3*3= Effect of orbital hybridisation on t3pin~spin couplin.”®
constants involving: thallium
Coupling constant results will be discussed In terms of
the Fermi contact contribution because the dominance of this
|11 has now been generally accepted for one -bond metal-carbon
geminal metal-proton coupling constants involving heavy
metal nuclel of | = The relative importance of the different
terms in equation (*.5) ie.AEi ®© (©) an, and Zefft,
on the magnitude of one-bond metal-carbon and geminal metal-

proton coupling constants has been widely discussed for organo-
derivatives of Sn23'~"279.257.293.301-30'f*p”"230.266-259.3C5.306"

nt Hg.  .26<i.293.299.30'i.307-309

The approximate expression for the contact contribution

to coupling, (*".5) ¥ty be written as:-

>(
J(T1-X) OC 1 -
"6)
Under certain circumstances some terms in expression ’
(™.6) can be assumed to be constant. [If the organo group R
iIs Tixed for the series RATHIRpTIX.RTIX® (R= organo group;
X = anion) then the terms d)lTe'(X)MA ;O and Ae
con be assumied to be constant for this scries. Thus variation 15‘91

in J(rI-X) for this scries may be ascribed to changes in ¢~
[, DN | ardCt™(TI1). Equating CCMNTD) With the square il

of the coefficient of the thallium 6s orbital iIn the thallium

™ybrid orbitals md using the proportionality of |c]yV.{TDH"

md (Zefh)"" (where Zeff i1s the effective nuclear charge on

I
t

e thallium atom and is approxim.atcd by (Z"Z)";L; Zq = Slater iTii-
screencQ nuoleail charge ¢iid Z " xwclear charge), the product

wiefP) "X CX"(ri1) may bo calculated for the series R"TI, t;éi fi
-p-"-d»RTIXp, In this series the hybridisation of thallium "I
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Is considered to bo sp”™,sp and 's* rcsoGotively. The
v'aluoG of the product (Zeff}*xCX*(i'l) for Ihe same series are
1.0; 1.7; 3*37 respec I-ively, Since J(TI-X) will be proportional
to (Zoxf;"™~d (Tl) then we might expect the ratio of coupling
constants for the series to be in the saiko ratio as the vralues
0" this product.

Only n™xIX and RVJ-X2 compourido wei'e examined in this
snody and tlto ratio 01 coupling constants in these two series
.mcold be predicted to be 1.0.*2.2. Great caution must be

Mstd in comparing observed and calculated ratios in view of

Lhe approximations involved; especially chat only the thallium

orbital is used in bonding and concerning the hybridisation

cf thallium. The essentially linear C~T1~C unit found in
derivativesthallium is sp
nyoridised,86 I paralleled in the near-linear (168°)
J-TI-0 unit found in cyclopropyl bis(isobvtyrato)thallium(lll)
(Ih.apter 6). The short TI-0 bond length (2.125A®) found in
his unit compared to other TI-0 bonds (2.568-2.7I8A°) in
ti’o same compound (I 1G.6,3) reflects the strength of this bond
'nd the preference of thallium for this linear configuration.
«i"ch a coniiguratioi: suf.gcsts ar sp hybridised thallium and
" proposed ’s’ hybri: i._.-Lien for com.poundsé,36 iTay be
d.ending.
foe ratios of ih'. coupling constants *\*(T1-C) and

el
(Gi-) (n = 1-3) for the series RTIX,» and RATIX (R = alkyl,

ricned alkyl,alicyclic, alkenyl, aryl; X anion) are presented

“ M Ag "-12. an attempt was made to keep the anion and
- vent the same when comparing RTIX* and RATIX. However this
- noo always possible and details ere given in TABL3 ™, 12.
™ ,tio!li the ratios .for NJ(TI-C) in TABLE 4.12 for the
177
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serie-3 RTIX2 and RAMTIX (R = alkyl, branched alkyl, alicyclic,
alkenyl, aryl) dwow/s thab In most cases the rabio between
couplings is close to the theoretical ratio of coupling
constants between RTIX"N and RMIX of 2.2:1.0. Although
these Yould seem to bo no justification In expecting the
sare ratio to be found for coupling over mere than one-bond
It 1s Interesting to note that iIn the ragjoi"ity of cases the
ratio is close to the theoretical v;\lue of 2,2 for couplings
AN 1-0) and wNI(T1-H), (=I1-3).

Using the proporti.onality of J("fI-X) and (ZefP)™xa™(T1)
previously discussed, Mider and E"/ans predicted the ratio of
"Jx1-K) 1In the series: RATH,RpTIX,2x1 X2 vinyl,
dhenyl), Hoad et al 1P recalculated these ratios and the
\BfuGS of 1.0; 1 .3» 2.1 were found to be in better agreement
v/ith experimental values of ®J(TI-C) and NJ(TI-H) for the
above series where R = CK®; X = CCCCH.. Wiebel and Oliver™e”
rationalised changes of "J(TI-K) iIn the series Lijj[r'/lefSw}!\TlM.e/’i "3
(h =0 to &) solely In terms of ch.anges of s-character of
challiun. This also gave good agreement with experiment
since changes In (Zeffb)” were relatively small.

Hybridisation of te carbon atom bonded to thallium is
also 1mportant iIn determining the magnitude of thallium-carbon
coupling constants. Evidence for this comes from the relative
sv.grAtudes of "J(TI-C) for R2TIX derivatives. ~I(xI-0)
iIs larger for alkenyl- (1ABLE3 AA-"-1-5) (¢(U?3-5828Hz) and
aryl-(TARLE A.6) ) derivatives than in n-alkyl
CAELE A.1) (Ct"16-2991H10, branched-chain alkyls (TABLE 4.2)
V13*7-31d0OHz) or alicyclic (e"™xc3.uding cyclopropyl )(TABLE .3 )#

3-23d0Kz) compounds. The same leiative order of ~J(TI-C)

mi .0 may be observed iIn RTIX* compounds (TABLE ~.5) for alkenyl-

leo
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(@715~9556Hz)faryl- (1o718Hz) compared to alkyl- aiid alicyclic-
(excluding cyclopropyl), (3540-646"Hs). The carbon atom
bonded to thallium in alkenyl and aryl derivatives is sp2
hybridised v;hereas in the alkyl and alicyclics (except
cyclopropyl) i1t i1s sp™ hyrbidised. Carbon atoms iIn alkenyl
and aryl derivatives thus have greater *s* character than
those 1n alkyi and alicyclic (excluding cyclopropyl )
compounds. The increased s character at the carbons would
be expected to cause an iIncrease iIn both O&"(Cj’ and " 712
(= 0, iIn equation (*.6) leading to larger values of
"J(ri-C) as observed. The carbon atoms of the cyclopropyl
ring are known -0 exhibit some olcfinic character with the
hybridisation state of the carbon orbital involved iIn bonding
to substituents betw/een sp™ and sp” but j~™robably closer to
The i1ncreased s-character of these carbons compared

O those In other cycloalkyl and alkyl compounds may be a
reason for the larger values for NJ(TI-C) found in cyclopropyl
comoounds; ROTEIX(TABLS ~.3) (™96-"552Hz) JRTIXp (TABE M+.5)
(9399Hz). One bond tin-carbon coupling 1" a cyclopropyltin
derivative was also found to be larger than in other alicyclictin
Cu."pounds.This was attributed to the greater s-character
0" the carbon atoms iIn the cyclopropyl ring compared to the Mhg
oither cor.younds,

Comparison of in alkenyl- and aryl-compounds |-|l|_
may only be made directly for bis(vinyl)acGtatothallium(ll1l)
(TABLB A.A),(10p"ndz) and bisvphGnyl)acetatothallium(lll)
( BL" -"6), (929vh2) in D"SO solution. The difference in
Al'-rq_I—C) indicates that other factors besides hybridisation : j-i !
\Y "X carbon aa sp for thalliu.n In both cases™ are

iIr-otoed. However the difference in ~ICFI-C) between these
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vinyl and phenyl compounds is relatively small compared to

the difference hetwoen AJMiI-C) in these and in aliiyl derivative o-

w0 linear correlation betv/een®J(T1~C) and 2J(TI-H) was

1 'ound here over the whole range of rR-Tx and RTIX* R ~ n-alkyl,

branched-chain alkyl,alicyclic,alkenyl) derivatives studied.

Head et al** renerted a linear relationship between # )TI-'G)

Mmd M(iI-H) for the series: RATLRpTIXIRTIXACR = CHM

X = ozceniny - The results were discussed in terms of the Fermi

contact interaction and the close approach of the line to the

origin suggested that comraon factors dominated the coupling

to boihcark'on aund hydrogen. Hov/ever it has been pointed out
deroorter™ ™ that such a linear relationship is unnecessary

.0 allow for the dominance of the Fermi contact term in both

these couplings.

3.0 Relative n™Tis of couniinp' constants involving bhallium

little is kno'wn about the signs, or factors influencing
the signs, of heavy metal coupling to carbon or protons
associated with different chemical and stereochemicai. situations
jhe relative signs of thallium—earbon and thallium—proton
coupling constants have heen determined here for a variety of
alkyl,alicyclic and a.lkc.iyi*hallium(111) derivatives in an
attempt to identify some of the factors influencing these
N

the sign of "r(.I-C) alternates along the carbon chain
'or stra.ight-chair alkylthal.tium(11t) derivatives RA-IX, for

HC -CK, stz iF)WI(TI-C) is positive, Z(TI-C)
negative andc"‘oJ(TI-C) positive, lircnching at various posioions
w = k" chain dees not alter this seg*v.ence.since
_3IlSJ>),C,CyCI-bjl§)VICI (Tabic *.2) MJ(TI-C) is positive, 9J(TI-C)
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rievativo and NJ(TI-C) positive. Similarly in [ ( 2

(table 4.2) 1J('iI—C) Is positive and ®J(T1-C) negative, there
I3 evidon.ce that the same sequence i1s present in alicyclic
derivatives (Table 4.3) v.dth NJ(TI-C) positive.and NJ(TI-C)
negative In [CHp)2CK]2T13r. The same sequence for ~J(TI-C)
and "J(TI-C) 1s found iIn [cyclo-C"H™MCHzj.pTIBr .(Table 4.3)*
During the course of the present work licFr.rlane¥® noted the
alternation in sign of NJ(Sn-C) (h =1 to 3) in several alkyl
and alicyclic tin derivatives, where "K(Sn~C) v;as positive,
"*K(Sn-C) negative aiid rUSn-C) positive.

This alternation of the sign of thallium-carbon coupling
.iHayg the chain in alkyl systems i1s In contrast to the
situation for alkenyls where, for (H2C=CH).~T12F, (Table 4.4),
both "J(11-C) end NJ(TI-C) are positive. The sequence iIn
alkerylc_hallium(1l) derivatives RYilX is analogous to that
reported by Ernst for PhTKOCCCF™M)” where NJI(TI-C) 1is also
positive. Additionally, in contrast to alkyl derivatives.
"J(TI-C) 1s positive in PhTI(OCOCOC ~)2 while NI(TI-C) 1s
negative.

Thalltum-prcxcn coupling in alkyl derivatives RMTIX
appears to follc.v the same pattern as thallium-carbon coupling
In Lheee compounds over t];ree bonds. ~J(TI-H) 1is negative
(I'r R - while -J(TI-H) 1s positive
U"or R CH.GH2;0H30i:;H") (Table 4.?). The presence and
position of bra:zic]iing in the alkyl group again does not affect
oe ."equcnce of si-gns. ’\J("-l‘D Is negative and ’\xﬂ—l‘D
rosUive for HATIX (R = (Ch.~MI; (CH™ )2 CHCn2 iCHACH2 (CHMN)CH;
T>:.Cle Ch2 (CHMCh; cyclo-C.H"3CHz2 ) (Table 4.8). A difference
m the sian of 7J(TI-}1) 1s noted between ~ OH-
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where 1t iIs positive and

has a negative sign (Table ~.8).

ithis change of sign may reflect the stereochemical depend-
ence of coupling 1In the latter type of system discussed 1In
(N.37*2.) the signs of thallium-pro ton coupling constants
determined here for [(CHM)2C-HA]™MICI (Table ™.8) iIn DM
solutions are iIn agreement with those ="edetermined by Kaher
and Tvans86 for the correspondi-ng sulphates or perchlorates
in "2/

thallium-proton couplings in the rigid cyclopropyi system,
[(CHP)PCH]2T10 JoCH(GK™N)2 . are different <rom those iIn alkyl
derivatives in that J(T1-H)gem , ~J(T1-H)cis and ~NJ(TI-1D)trans
in the former compound all have positive signs. The carbon
atoms of the cyclopropyl ring are considered to possess a
certain degree of olefinic charactcr™™and it iIs iInteresting
to compare the positive signs of the thallium-proton couplings
in [k )2[]pT10 CCCH(CHMNN with those signs reported by y-
I"idor and Evans for KMTICIOY™ and RT1(C102M)2 (R ~ H2C-CK)
in DpjO,where NJ (T1-K)gem, J(T1-H)cis and "J(TIl-H)trans are
ail positive. liov/ever 1t should be pointed out that the dihedral

angles 1In the vinyl system, d'(T1l-l) trans (&~ ca .180°),

m 2l
"“J(1—:>)ciG (0 - ca. 0°) are close to those expected iIn the HU mh
rigid cyclopropyl system; ~J(Tl-H}cis (0 = ca. 0°), TI-H)trans ;
= eg. 150°). This 1s In contrast to the situation in alkyl
where we expect the presence of freely rotating alkyl
"10W 3t mi

It appears that the number of organo groups bonded to
tha.lliarr;(@d henac :hr hyhrid®. anti a1 of thallium) docs oL
iI-nAufraco the signs of thalJ tum-proton coux™lings. This is

~ppar”jit when the s¥¥ns for the same coui)ling are compared in *h:i®

»t
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RM™iIX and RTIX2 derivatives. “JCTI-H) 1s negative and
"J(T1K) positive In both RpTIX (Tables 4.7 fid 4.8) and
RIIXpdabie 4.11) for R = CIUCHp; (CH®),CKCHp; (CH")2CHCH2CK2 .
urther support for this is found iIn the series R IRpTT™,

R = Cal 1) v."nere Maher and Evans ™‘report that ~J(TI-H)ortho
~*J(T1PPONOta and NJ(I1-H) para are positive in all cases.
A similar situation is found for RpTI*™A.RTIY (R = HpC-CH)
eofae thallium-proton couplings are all positive in both
cases .50

Substitution of chlorine iIn (H2C=CH)2T1Cl1 to give
(aTins-GICH=G:1)2TIGI (Table 4.10) docs not change the signs
of thalliuni-pro-:on couplings although the magnitudes of the
couplings are greatly reduced. An analogous situation is found

for the RTIXp compounds (R = H2C=CK; trans-CICII=GH). (Table 4.11)
(see Fig 4.10 for spectra) >

4 35 . The influence of the organo Youp on srin-spin coupling

constants i1nvolving: thallium

0
Consideration of variations in thallitum-carbon and thallium- :?V ’ T
proton coupling constants in organcthallium(l11) compounds "
reveals some common patterns. =
r

<- 3 -i - Alkyl dorlvatlves t’i‘,
Coupling, ™J(.1-G) (n=1-4) , iIn straight-chain alkyl thallium- «,"lb,
(li1) compounds (Table 4.1) follovw/s the pattern:- b
IT(ii-a)] »|T'(vi-c)I> |Nj(Ti-c)| >Ib(Ti-c)|

d-
-hese co"uplings appear to follow tlie same pattern iIn branched- ','f/r I3

dr’in alkvl derivatives (Table 4.2) and the position of branching .
i the alkyl group does not affect the order. A typical

Ao
st 1

N'1- 1 "H[ broadband spectrum i1llustrating this pattern of
185
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thalltum-carbon coupling ic shov/n In "IG 4.7 for bis(hyclohGx-
ylmethyl)bromothallium(111). Similar coupling patterns for
metal-carbon coupling over three bonds have been observed iIn
alkyl cierivatives of SyW*/” , ipcl 262 p™230,266
thalltum-carbon coupling over more than four bonds was not
observed here, but Ernst™ has noted ~J(TIC) iIn compounds
of the type RG.HJM™IX™» (R = ablkyl: X = OCOCFY).

Replacement of a proton by CHM in going from (CHM)2"1I"oAh
to (C’\Hj"),’\\TIBr (aable 4.1) results In a decrease of 472Hz iIn
NJ("HI-C) (for solutions iIn pyridine). Further substitution
by another CH™ to give [ACHM)2CkJ 1”1 (Table 4.2) causes
a further decrease of 294Hz in ~J(bl-C) (for solutions in S
pyridine). Similar changes in ™o(TI-C) can be observed in
going from (in pyridine) (Table 4.1) to
IT:H-CG (cHM)Ch]pT1Cl (in B=)) (Table 4.2). In this case
*J(TI-d) 1s reduced by 261 Hz. On going from (GH"CH"CHpCH™) TIBr
(in pyridine) (Table 4.1) to (in pyridine) 'HI
(Table 4.2) a reduction of 310 Hz in NJ(TI-C) is observed.
The difference 1In **J(T1-G) coupling to a directly bonded GH® 1m-
group compared to that for a directly bonded GH2 group can be '
clearly seen iIn the broadband spectrum of
GH. (OCH-)CHCHN( G+, )TLCCCCHN  (FIG. 4.8) where both groups are
oirrultanoously bended to thallium and ~J(Tt -£HY) = 3160 Kz; S |
1J(I'1 -CK2) = 27?54Kz . Reductions iIn thallium-carbon couplings
to carbon atoms more thaii one bond av/ay from thallium may also
bo observed on substituting Ci* for protons. for the change Ids
(G."XKCH ))oTIBr (in pyridine) (Table 4.1) to  CHM)2CHGH2JkT Id
(in D.gg} (Table *;.2f ~NJ(TI-C) 1i1s reduced by "6 Hz. Further
—absciluv.i;a to give [(CiU)2CCK2]2"TICI (in pyridine) (Table 4.2)

coueos a further reduction In MJ(1-C) of 30 Hz. Giinultaneously
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NJ(TI-C) 1s reduced, successively by 79Hz and 60Hz respectively,
on going from the n-propyl to the neo-pentyl derivative.
Variation of thallium-carbon couplings to the alkyl group
of the carboxylate ligands in Pd-TI(OCOR)™ (R = CHMNCH"CHg J
(CK™2CH) appears to follow the same pattern to that observed
here for alkylthallium(ll1l) derivatives. Reductions in
NJ(TI-C) {ca. 13fo for terminal carboxylate ligands and @ IOfo
for bridging carboxylate ligands) are observed In going from
R = CH" to CPI"CHg.(yi Further substitution to give R =(CH")2CH
leads to a further reduction in NJ(TI-C) (ca. 10 for terminal
and ca. life for bridging ligands). Hov/ever for this series
AJ(TI-C) increases for R = CHj>CHACH2 (HI2f/7)—>CHYH (+15.1%)
for coupling to the carbonyl carbon in bridging ligands but
remains constant for terminal ligands.

Changes in cne-bond thallium-carbon coupling const.ants in
alkyl derivatives on substituting carbon for protons may be

rationalised within the framework of the Fermi contact equation.

(Equation ~.5) on the following basis. Replacement of protons
by methyl groups results iIn an iIncreased electron donating

+1 effect for the alkyl group as a whole. This will result

In a decrease iIn the effective nuclear charge at thallium to
v;hich the group is bonded and a decrease in the s-character of
the C-Tl bond, thus leading to a reduction in the magnitude tl]

of "o"'(T1I-C). If i1ndeed the effective nuclear charge at thallium

Is altered by the electron releasing ability of the organo

group bonded to i1t,we might expect to find some correlation 1:f

between electron releasing ability of this group and "J(TI-C).

Taft"s @ constant is a useful measure of the electron releasing
*
ability of an organo groupz.gsA positive value ford indicates
'l
a -l effect while a negative value indicates a +l effect for

the group. The methyl group hasQ =0. A plot ofO «+ for organo



groups bonded to thallium, against ~J(TI-C) for RATIX compounds
IS shown in FIG ~.9* VJhile there appears to be no detailed
correlation _between Fand 1J('T|-C)A there appears to be a trend of
Increasing IJ(TI—C) v/Ith iIncreasing electron withdrawing ability
of the organo group involved. Mitchell has proposed that iIn
organo derivatives of Sn™and Pb™M“Man iIncreasing +1 effect
of the organic group bonded to the metal causes a reduction iIn
-rhe effective nuclear charge at the metal and that this 1is
largely responsible for the reduction in metal-carbon couplings
observed. For a series of hexaorganoditins301 Mitchell has
correlated gij*fbr the organo groups with 1J(Sn—Sn;\ although
Kennedy et alP283 have criticised this on the basis that the
changes 1n ~J(Sn-Sn) are too large to be accounted for on this
basis alone. This serves to emphasise the difficulty iIn sep-
arating the effects responsible for variations in coupling in
these componds.
Thal lium-proton coupling "J(TI-H) (h=2to follows the

order:-
Pi(MB)| >1~3 1 > pari-wy|

In both straight-chain (Table ~.?) and branched-chain(Table 4.8)
alkyl derivatives RATIX. similar situation is found for

RTIX™ compounds (Table 4.11). The position of branching does
not appear to affect 1A above sequence. The order is different
in only one case,pCHM)"CHCH CHNINTI-"0N (Table 4.8) where

J(EL4Fﬁ N pJ(TI-H)]. Because of the different anions and
solvents involved i1t is difficult to quantify changes in
thallium-proton couplings resulting from substitution of carbon
for protons iIn these comoounds. However some patterns may be
discerned. Subsiitucion of 4 for H at the carbon bonded

to thallium causes NJ(T3-H) to become less negative. This

can be s;en for RATIX on going from R = CH™ to CHMCH2 (Table 4.7?)
18«
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to (CMp)CH (table ™.0) and for RTIXQ on going from R = CHA
g R S

CHMCH2 « Changes i1nduced by substitution at the yffcarbon

pear to be less regular, with a decrose in ~NJ(tl~i1) observed

I"CI-{‘CH’(; (table ¢1.?)

iollov;eu by rn increase i1In going to R = (CH-,)oCHCHo (Table t.3).

for R?’?I— in going from R = j ¢ ®o Ci

J(.1-n) 1s unaffected by the former change (etliyl to n-propyl)
but shows an iIncre™se for the latter cliange (n-propyl to i1so-butyl!

35** Aikenyl lerivatives

Ihal lium-carbon coupling NJ(TI-C) (Gt - 1 to 3) 1iIn

alkenylthallium(111) derivatives R2Tia(Table and RTIX™
(I"able appe.ar to follow the same pattern as 1In
al]:ylthallium(111) compounds: 1~

1t('ii-c)| » [tCi-c)| > fj(ii-c)]
s;o/e'er the magnitude of thallium-carbon couplings in alkenyl
and alkyl derivatives are different. 1J(TI—C) in alizenyls 1is

approximately tw/ice as large as iIn alkyl derivatives while

in alkenyls 1i1s generally smaller than in alkyls _'Ij['fK
though of opposite sign. Interestingly two-bond metal-carbon
coupling v;as net observed in several studies of vinyl deriv- !
atives of and although values of ~J(Hg-C) of 147
ca. tCiiz have been noted in various solvents for (H2 C:CH)pHg.262 *
= " kitchell "has also noted that tv/o-bond tin-carbon coupling
could not be observed iIn propcnyltin comp»ounds. Tv/o-bond "I!:.!{
jrictrl-carbon couplings are cbservable i1n alkenyl derivatives

mi.k

of thallium and mercuiy because coupling of carbon with these

metals is generally larger than iIn the aaialogous tin or lead

comnounds.
M4 U
3 E
A H,Cc:OMI™ to give rH«C=C(CH™1 ™™ liable hJr) results
mn ;esrcr.ncr. of NJ( .1-C) of 701-819;%2.. sinultancouci;
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Increases by 293-3~1 Hz for the salno systems.

thalltum-proton couplings iIn alkenyl systems are generally
larger than those found in alkyl compounds, both for R2TIX
(lablo ~.10) and KilX2 (Table 4.11) alkenyl derivatives.
The order of coupling i1s generally ~J(T1-K)> NJ(TI-H) as

o<
N"aher and Evans™ previously reported

for alkyl systems,
tlhialliun-proton coupling constants RATIX and RTIX™ (R = H2C=CH:
X = ClU%_ ) In D’\O and fer Q:rans—ClCll“OVD"'Ig'*' (anion not
specified) in DO. The values reported here for these systems
(Table 4.10 and 4.11) i1nvolving different anions and/or solvents
are of the same order of magnitude as those reported by NMider
and Evans above.

It has been established that proton-proton couplings in
ik C=CHX derivatives depend largely on the electronegativity
of X.YY The proton-proton couplings iIn such systems
decrease iIn the series: pJH-K)trans] y pJ(H-H)cls]  pJ(H-H)g-
ey . This relationship has been rationalised by a valence-
bond calculation of vinyl coupling constants by Karplus. 284
Aasignmont of the proton spectra of R2TIX and RTIX2 (R = TkC=CIT)
derivatives iIn this study v;ere partly based on this assumption.
"+40 same order for thallium-Tjroton couplings was found for
(., BONTIE,, 1In DI'IC (Tabic 4.10) and has previously been
noted In bis(vinyDiriOrcury™* ™™ However for (H2G=CH)2Tio "®/H"
in 01.30 (Table ~.10) and IUC=GHT1Ci2 in CD™CD (Table 4.11),

order of cis and gem thallium-proton couplings i1s reversed
giving: pJ(TI-H) tracas 1 »pJ(T1-H)g™] > pJ(TI-H)cisP although
t.G differences between the cis and gem couplings are
relatively small, (37Hz iIn RpTIX and 75Hz in KTIX2). Maher and
nvinc '“"also found this order of thallium-proton coupling for
1"0-ICI0,, and RT1(C10,. ) (R = in D.C. A similar order
< S boon "Ocaerved 1"ar rrietal-proton coup-ling In r GGX)“ori
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to (CMS>5CH (table +s3) arld for RTIXo ai goiny from R = CH}
t™ CHoCH™  Changes i1nduced by subctiLution at the carbon
appear to be less regular, Vv ith a decrose 1In 'QJ(tI—Ii) observed
for in going from R = CHCH™ 1o Cij—GI-CloCH’\ (table
followed by an increase iIn going to R = (G&,)0C—:Gb (Table *-23).
#:(-1-H) 1s unaffected by the former change (etliyl to n-propyl)

but shows an i1ncre-se for the latter oliange (nh-propyl to i1so-butyl!

,3°0<8 . AlPeny3. derivatives
Ihallium-carbon coupling "J(T1-C; (h =1 to 3) In
alkeny].tholliuin(1 11 ) derivatives R2TIA(itible €D and RTIX?
(1"Yle appear to follow the same pattern as In
21tylthallium(111) compounds :
11 » Pj(-1-¢) > fj(vi-c)|
H{ov,"der the magnitude of thallium-carbon couplings in alkenyl
raid alkyl derivatives are different. JG\-6) in alkenyls is
approximately tv;ice as large as i1n alkyl derivatives while
t;(T1I-C) in alkenyls 1i1s generally smaller than in alkyls
though of opposite sign. Interestingly two-bond metal-carbon
coupling Was net observed in several studies of vinyl deriv-
txaes G on, 310 and t o amthough values of “JOig-C) of
op- "0is have been noted in various solvents for (KzC:CH)p?ig-262"
1..1tcell a.lsc noted that tvw/o-bond tin-cai-bon coupling
could not be observed In propcnyltin cemp/ounds. Tv/0-bond
;-.Ctr1 —ocarboxi couplin.gs are cbservable i1n alkenyl derivatives
of thalliura and mercury because coupling of carbon w/ith these
votals i1s gcnoitally larger t§Jan in the analogous tin or lead

Co ;. ;oouds .

Rvibstituticn of V group for a protovi O- cNl-e whun
to give tlable A0 results
\/ eccrasses, of of pOl-oi'plk.. "J(il-C} sinultaneouslp
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iiicrease3 by 293~3"1 Hz for the slio systems.

1"hallium-proton couplings in alkenyl systems are generally
la.rger than those found iIn alkyl compounds, bobh for R2 11X
(lablo *.10) and RIIX™ (Table ~.11) alken:/-! derivatives.
The order of coupling i1s generally ~J(T1-K)> J(TI-H) as
for alkyl systems. W.aer and Bvans™ previously reported
Tralltun-proton coupling constants RATIX and RTIX™ (R = HMCCH;
X =CI0.”) In D0 and fer (t™ans.M dKijila —— -

derivatives iIn this study were partly based on this assumption.
he same order for thallium-TjrolLon couplings was found for
G-I, In K (Icfolo 4.10) and hias previously been
noted 1In bis(vinyl)morcurnyO However for (HNGNCIONTIOCOCHM
in DI.3G (lable 4.10) and 1UC=CHTICI?} 1in CDJ."CD (Table 4.11),
He order of cis and rem thallium-proton couplings is reversed
fizing:1 ((i-Hiraiisj™ PJ 1 -H)gem | »pd (T1 -H)cis”™ although
the differences between the cis and yem couplings are
relatively snail, (3?Hz iIn RATIX and 75Hz in KTEIXp). Maher and
Y nc “"also foui"d this order of thairlitum-proton coupling for
and RT1(C10,, Y R = IkX*-" in D-,C. A similar order
be;n etaerved for rfiotal-proton coupling In (rCCH\th
109
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vilere 1t has been propoced that through-space contributions
play a role iIn heavy metal-proton geminal coupling. 315
Coupling iIn alkenylthallium(111) systems will be further

discussed later. and

N 3.5 «3 e "Arvl derivatives
Ihalltum-carbon coupling "J(TI-C) (h = 1 to ™0 1in
(G-H-) TICCCGHN (Table %5 ) follows the same pattern found
for other R2TI:" and RTIX* (R = C.H") derivatives previously
reported (Table ~.6)i [|NI(TI-CO)|>>pJ( i1-0O)] > |"" I TIO)j > I'N(T1-0)|.-
This parallels the order found for alkyl and alkenylthallium(lil)
derivabives. |<KI(TI-O)] 1s larger (c a.x2) than in axkyl systems
but of the same order of iriagnitude as in alkenyl derivatives. "
NJ(TI-C) 1s larger (ca. xXI0 for RATIX and ca. x5 or RTLXM)
than in alkenyls; or alkyls (fa. x2).
iITaher and n\ans™ reported thallium-proton coupling
constants for arylthallium(11l) systems ’ o

H
and the order of coupling wast e(U-1-O™ /A2 J( Yy

o(TI-H) ~,, 1n all cases.

The effect cf hetcroatom sul”stitution on spin-spin
coupling const?nts involv™ny uhallium
«1.3.6.1. /Ik;/1 derivatives |

Carbon-13 (..ables ":.2;4.3) and proton (Tables
spec bra of the i'.eo —-pentylthallium(i111) derivatives

[(CWHNCCM 1L 1I7.-.  and trimethylsilylmethylthallium(l11)
u J°'3 2m pau

doi 1vativci; Q iR =

can be used to examine the effects of heteroatom Gubetitution

ill xpe alkj1 chain dA _.i-n pararricxercs. K m
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The previously repo™rted proton MIR parameters for
m) is(neo-pentyl)chlorothallium(111) and neo-pentyidihilothallium(l11
in pyridine solution are iIn good agreement v;iththose
reported here, with the exception of N"J(Ti-M) for (CHMNCCK T13r2»
for which the value of 712Hz was given. 3 Previous’?28 values
of NJ(il-:1) for R2TICI and RATI[ccCCM(CK™M)2]3_ ™ 1n CKCI3
(R = (GHM,SICHN; n =1 ,2) also agree closely with tlie values
reportedJ h:are-

Cuhstitution of 31 for C in these otherv/ise similar
compounds causes considerable decreases in J(TI-G): 50 and
I"'a2 Hz for bisalkyl (Table "4.2) and monoalkyl (Table ~.5)
uompounds respectively, large reductions 1n ~J( Hg-C) on
iIiicon substitution have also been noted for neo—pentyl2 10
nd crime thylsiLylmethyPN"NMAMdorivatives of the types
R™g end IdHCI. These changes may be rationalised within the
"ramework of the 1"emi contact term on the basis of 3ent"‘8821 -
postulace that the s-character of an atom tends to concentrate
in orbitals directed towards the more electropositive substituentsh
s(I"1-C) i1n the neo-pentyl and trimethylsilylmethyl derivatives
arc proportional to the CCNC) term In equation ~.e . This
a™(C) term will be decreased by substitution of Si for the
~N—carbon iIn the r.co-pentyl group. "~NJ(TI-C) and J(TI-H)
are also reducoR < about half by silicon substitution. |In
oox” trast IS Increased by 13%207Kz for
ccrpcuiids and by 3%s5-Hz for Hil “OCCCHICH~) ~ 2 compounds.
1"'cadly oimilar results were observed for the enalogous mercury
O™ . T.pouds 11 @S Interesting here to note the
relatively small value of NJ(T1-Gi2) = 352Mz reported iIn the

W\ J 1L\ y This has besn axtribuxed xo

- strong polarisation of taie TI-G bend iIn the sense:
i- - 64
J cHB-T1(CH3)2
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“MC-J  (experiments for KCHM)NCCH2]RT1Ci iIn pyridine
solution show that the signs of ~J(TI-C) and NJ(TI-H)

are opposite, and it i1s reasonable to suppose that similar
sign combinations are present in the other neo-pentyl and
trimethylsilylmethyl compounds studied. Thus a negative
sign for could be considered to imply a decrease
in thalltum-proton coupling on Si substitution.

The dependence of the coupling constants on anion and
solvent are small compared to the effect of Si substitution
and changing the number of organo groups on thallium. The
effect of Si substitution on thallium shielding i1s discussed

in Chapter 3
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In contrast to the reduction in thallium-carbon coupling

observed on silicon substitution, the presence of more electro-
negative atoms appears to cause an iIncrease iIn coupling. The
methoxy substituted /S-carbon in the compound CHMCH( OCHMN)CH2T1XY
X =cmy Y = 0COCH™) Table h*2) gives rise to a larger value
for NJ(TI-C) (153Hz) than i1n either bis(iso-butyl)thallium(lll)
(Table 4.2) or bis(n-propyD)thallium(l111)(Table 4.1) where it
IS 71 Hz and 12? Hz respectively. Replacement of a proton

in methylbis(acetato)thallium(lll) by chlorine to give chloro-
ITiethylbis(acetato)thallium(lll) causes J(T1-C) to increase

by 2900Hz . I t 1is suggested that the effective nuclear
change at the substituted carbon iIs iIncreased by an electro-
negative substituent such as 0 or Cl. Such substitution would
I'esu] t 1n an increase iIn the electron withdrawing ability of
the organo group and consequently an increase in the effective
nuclear charge at thallium. These increases in Ze.ff would

lead to increased thallium-carbon coupling. Increases Iin
metal-carbon coupling have previously been observed for methoxy
substituted cyclohexyl and norbomylmercury systems248 where

It was assumed that changes i1In the "effective nuclear charge
term” (at which atom(s) not specified) were responsible for

the increased mercury-carbon coupling observed on oxygen sub-

stitution.

4.3.6.2. Alkenyl derivatives

Substitution of chlorine in the traps position at the”
carbon of vinylthalltum(lll) derivatives results in a large
increase in NJ(TI-C); eg. NI(TI-C) in R2TIX (R = H2C=CH)
("9-55Hz)deri1vatives iIncreases to 73o0Hz on chlorine substitution

(Table 4.4). An analogous increase in "J(TI-C) is observed
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for RTIXg compounds (Table 4.5) on chlorine substitution. 11
Large i1ncreases in NJ(TI-C) of 403-954 Hz were simultaneously
observed for derivatives and 4?0 Hz for RT1X2 . Increases

In mercury-carbon couplings have been reported, i1n alkenylmercury-
(1) compounds,™where ~J(Hg-C) increases by ca.l0jS and

IOJ(Hg—C) Increases by ca.400Ji1 on substituting chlorine iIn the
tran.s position In bis(vinyl) mercury(ll). The magnitude of
IDJ(TI—C) to the acetoxy substituted /3-vinyl carbon i1n the
trans(2-acetoxy)but-2-enylthallium(l11) system is also large
(1626Hz) compared to the analogous two-bond coupling (100 Hz)

in the unsubstituted vinyl compound RTIX2 . (Table 4.5)»

NJ(TI-C) 1s also larger, by 841IHz, 1In the acetoxy substituted
compound. It appears likely that the observed iIncreases 1in
thallium-carbon coupling are largely due to Increases in the
effective nuclear charge term, both at the /9-vinyl carbon where
substitution occurs and at thallium as a result of the iIncreased
electronegativity of the organo group, as was suggested for

alkyl derivatives. Substitution of ethylenic systems with m -
chlorine, oxygen containing substituents and alkyl groups causes ia
absorption in the ultraviolet spectra to shift to longer wave
lengths.However the observed reductions In Ae are relatively

smal I’ and would not therefore be expected to make a major 1r
contribution to the inc>"eased couplings observed here. However VAN
r>iitchel ™ in a study 0f tin-carbon coupling in a series of

unsaturated organotins warns that i1t may not be valid to make

the average energy approximation when the metal is bonded to

an sp or sp hybridised carbon. Chlorine substitution at the

O-carbon 1n vinylthallium(l11) compounds causes a reduction 1iIn

2d(|1—.i:) NJ(Ti-H) 1n 2™ (Table 4.10) as was previously

noted by Maher . A similar effect is observed for RT1X2"

(Table 4.11) wv/herc NJ(T1-H)gem is reduced by 10?5Hz and
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NJ(Thl«H)cis by 667Hz on substitution of chlorine at the

2+

trans position on the Z-carbon in vinyl thallium. Smaller

reductions in the magnitudes of all thallium-proton couplings H .

can be observed iIn substituting a methyl group iIn various
positions in (H2C=CH)2T1”™ to give cis, trans and i1so-propenyl
derivatives. (Table ~.10). It seems likely that thallium-proton
couplings iIn these systems depend upon the electronegativity

of substituents, in a similar way to proton-proton couplings

In H2C=CHX, as was suggested by I\/Iaher.'97

~N.3,7, In"Muence of stereochemistry on spin-spin coupling
constants i1nvo3.ving thallium

A number of compounds were i1nvestigated with the objects
of examining the influence of stereochemistry on thallium-carbon

and thallium-proton spin-spin coupling constants.

N.3«7»1» Alicyclic derivatives

Alicyclic derivatives of thallium present the potential
for examination of the stereochemical dependence of vicinal
thalltum-carbon and thallium-proton coupling constants. The
proton spectra of R2TIX (R = cyclopentyl, cyclohexyl,cycloheptyl)
allowed determination of N"J(TI-H) up to n = 3»”ut the spectra
were broad and lacked detailed fine structure. The proton
spectrum of the rigid cyclopropyl derivative on the other hauid

showed detailed fine structure.(Fig ~.3)» The proton-decoupled

thallium-205 spectra of a number of cyclopentyl, cyclohexyl LT

and cycloheptyl R2TIX compounds were generally broader
( = 300-600HZ; Table 3 .3) than other alkyl derivatives
~ m 1/ypically 50Hz), whereas the spectra of cyclopropyl

compounds exhibited linewidths similar to those of other alkyl Hi
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derivatives. The broadness observed in the spectra of the
larger ring compounds may well"be due to the rings flipping
between different conformations.

Carbon-13 and proton MR results for alicyclic derivatives
of thallium will be discussed separately. Solubility consider-
ations precluded low temperature studies of alicyclic deriv-
atives.

a) Carbon-1? MR results

Coupling *J(11-C), (nh = 1-), (Table ~.3) 1n RgTIX

(R = alicyclic) follows the same pattern as for alkyls with
' JTLC) > pI(TI-0) > pI(TI-C)l > pI(TI-C)]

NJ("FI-C) 15° generally less 1n alicyclic systems than iIn
alkyls (with the exception of cyclopropyl compounds which have
a larger "J(TI-C) than i1n alkyls due to hybridisation of the
«ecarbon (see ~.3.3.)). A trend of increasing "J(TI-C) with
decreasing ring size is observed (™ig ~.11) which may reflect
changes i1n hybridisation at the carbon bonded to thallium.

A similar trend for ~J(CH) can be seen on plotting the data
observed for H2C(CH2)* (n = 2-5).~" A li1near relationship
between N"J(CH) and ring strain energy was found for these
cycloalkanes. The plot of NJ(TI-C) against ring size for
TIX (™ig ~.11) leads to predic tion of values of NJ(TI-O)

for four (ca. 3000Hz) and eight (~.1?700 Hz) membered alicyclic
derivatives RMIX. However caution must be used since In
alicyclictin compounds» ~>)(Sn-C) was shown to be smaller in

the cyci.cbutyl compound than iIn either cyclopentyl or
cyclohexyi deriva.tivcs.310

Cyclopropylfcyclohexyl» cyclopentyl and cycloheptyl
derxvatives of thallium will n>w be discursed separately anu

in that order.
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(1) Cvolopropylthallium(lll)

Cyclopropylthallium derivatives are interesting because
of the possibility of multipath coupling NJ(T1-C),(n = 1-™M)*
in those small rigid systems. Muj.tipath coupling is unlikely
to be mmportant in the larger ring systems since J(TI-G) over
more than four bonds was not observed in alkyl derivatives.
The observed J(TI-C) in cyclopropyl derivatives RgTIX
(150Hz for R = (CH2)2CH; X = Br in pyridine; Table ~.3) 1is
larger than ~J(TI-C) i1n other alicyclics (18-78Hz) studied.
It is also larger than ~J(TI-C) iIn [(CH)2ChJ2T1C1 (63Hz 1In
p:/ridine, Table ~.2) but close to that in (CH™CH2CH2)2TIBr
(127Hz 1n pyridine; Table 4,1), Coupling to the carbon
in the cyclopropyl system may involve two independent paths,
the observed coupling being the algebraic sum of J(TI-C) and
NJ(TI-C). Interestingly the observed ~J(TI-C) in cyclopropyl-
thallium R2TIX has a negative sign as iIn alkyl derivatives
v/hile NJ(TI-H) and both ~J(TI-H) couplings are positive as
found for alkenyl derivatives. i

The observed coupling to the acarbon in cyclopropylthallium-
(111) compounds might be expected to have a contribution to
coupling from NJ(TI-C), although by analogy with other ~J(TI-C)
couplings this would be expected to be relatively small.

Multipath coupling has been proposed for J(Pt-C) i1n a I
number of small ring sysxems iIn which Pt is incorporated in >
the ring,™” R
(i1) Cyclohexvithallium(l1l)

The observed NJ(TI-C) for R2T1IBPFY (R = cyclohexyl) 1is iIn
the T'goao h52-"58Hz at ambient temperature (Tabic "N.3)= 7
This could represent the value for NJ(TI-C) i1n either I1(ee),

IH(@a) or 1HHI(M) ™ (Fig 1;.12), since thallium can be either
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equatorialee) or axial(a). The observed NJ(TI-G) could be
also an "average* value of ae + av); (ee + ae);(a™ + ae)

or (ae + -

Tl

pi
m

IG ~.12 Conformations of bis(cyclohexyl)thallium.

Barron et showed that iIn the analogous bis (cyclohexyl) o
mercury, for an equatorial mercury, "J(Hg-C)e In ~ was
approximately equal to "J(Hg-C)e i1n a*. Assuming that this 1is
also true for RMFIN derivatives, then in the most complicated IHp
situation, when all three conformers (™» ae» present
there will only be two observable NJ(TI-C) values: ~J(T1~0C)
v/ith Tl equatorial (from ee and ea) and NJ(TI-C) with TI
axial (from aa and ae). Therefore only two conformations

need be considered. These are shown In FIG 4.13» with the

associated dihedral angles for ~J(TI-C).

=
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axial thallitum equatorial thallium

Fig. 4 .13 . Dihedral angles for ~NJ(C'I'I-C) for axial and
equatorial thallii,un in cyclohexylthallium

Previous work on norhornane derivatives of thallium,
RTIXp," ™™  has i1dentified a stereochemical dependence of

NJ(TI-C) which depends on dihedral angle » as shown in Table 4.13.

Vi
TABLE 4.13
Dependence of ~J(TI-C) on dihedral angle ~ iIn norbornane
derivatives RTIX«
Ranine_of _~J(TI-C)™ Dihedral Angle 0" Coupling through mole-
cCCC
3 - 169 8o " T1-é-d-d
Coec mm; Sk
0 — 119 115 - 120* TI—CI—CI—(!
ccc
1057 -1303 170 Thu

~Nn Hz. Data from refs. 73-75. ~ Estimated from molecular

models. © Only the 80° and 170° data will be considered becaus<

these pathways da nr<t have, the complication of an O atom on one

carbon. The presence of an electronegative atom has been shown 1
to affect thallium-carbon couplingC 4.3.6%)

RO4
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Using the dependence of NJ(TI-C) on dihedral angle (Table ~.13)
lhen the predicted values of NJ(TI-C) for a hypothetical

RTIX2 (R ” cyclohexyl) would be ca. 1000-1300 Hz for Tl equatorial
and £a. 0-200 Hz for Tlaxial. Based on the empirical relation-
ship that the ratio of NJ(TI-C) In RTIX® and RgTIX is ca.2»l
(Table ~.12), then the predicted values of NJ(TI-C) i1n RATIX

are 500-650HZ for Tlequatorial and O-100Hz for T1l axial. It

iIs concluded from the observed values of NJ(TI-C)* ¢I1"52- >
that In (CMHAM)Y2M3*™™ thallium shows a distinct preference for
equatorial subsl:itution. Both axial and equatorial conformations
probably exist in solution but the equilibrium is heavily iIn
favour of the equatorial conformer.

Much effort has been devoted to the study of the equatorial-
axial equilibrium in monosubstituted cyclohexanes and tabulations
of A values (A = RTInNK * -Ag® ; a positive A value indicates
an equatorial preference) for the equilibria are available for
many substituentsAlmost all substituents examined
had a definite equatorial preference 325-327

Jensen et al showed that in RHgX, (R = 4-methylcyclohexyl;
X = benzoxy),Hg had a small equatorial preference. However it
was Important when the same authors subsequently determined $ by
direct equilibration usin,.; benzoyl peroxide, that at 95 1in
pyridine RHgBr (K ~ cy".lohexyl) had no conformational preference
(A = 0), but there were seme iIndications of a slight axial
preference. 329  »Fensen et al- later used ™H mr (100 MHz ) to
fthow tliat for RHgOCOCHMR = cyclohexyl) at -79°C A = O:r0,0Q-
Ho.vever Anet et ai ™~“used high field N\MR, ~0(@63.! MHz) and
"H(250MHz) to show that RHgOCOCH™ (in CDCI™ and CSg/pyridine)
and hhgCi (in (R =cyclr_hexyl) exist preferentially iIn

the axial forme at -90°C. This was the first demonstration

203
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that a monoRubstituted cyclohexane could prefer the axial
form. Further investig;ation of RHgX by Barron et al2k7

R = cyclohexyll X = 0GOCH",CN,C™™N,cyclohexyl 1n CQ2Cl12/

pyridine and X = OCOCHM.CN 1n CD™Clg) using ™~Hg and NR

indicated a preference for axial conformation at low temper- Jl
atures. Similarly Gibbad Hall™ conclude that T1 i1s axial

in the thallation adduct of D-galactal triacetate, although

details of assignment are not given. In contrast to these M
cases where the metal has an axial preference, Kitching etal‘%?’l

report that for RM(CHM”™ (R = cyclohexyl) there is an equatorial
preference at -69°c with M = Pb (A = 0.67 - 0.06) and M=Sn

(A—= 1.061 0 .17).

Other thallium-carbon couplings.

By analogy with R2Hg (R = cyclohexy)?J(TI-C) will be
different 1n axial and equatorial conformation ,therefore 1In
an equilibrium an*average”value will be observed. Barron et al2/\7
found NJ(CC1g-C) equatorial ™J(Hg-C) axial. The same authors
also found differences in ~J(Hg-C) for axial and equatorial ‘m"!":}%
Hg, although these w"ere not as great as for "J(Hg-C). Therefore

~J("11-C) observed will by analogy also be an average value.

(iii) Cvcloran tvithal lium(111)

NJ(TI-C) 1n R2T13Fj* (39"Hz) (Table ~.3) is smaller than i
iIn R - cyclohexyl.

(@

Two puckered conformations of cyclopentane, the envelope
(D) and half-chair forms(l1) have been recognised as probably

representing energy minima™" (FIG. 4.14)

206
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axial ® ~ equatorial

©*” quasiequatorial

O O
I

"= cuasi axial

b = bisectional bonds

Conformations of cyclopentane.

Substitution of thallium in axial or equatorial positions

would minimise interaction with adjacent CHg groups (shown

by molecular models,) compared with substitution in quasi-axial,

nuasi-equatorial or bisectional positionsgBZ-

The dihedral angles associated with axial (@) and equatorial

(e thallium are shown @i FIG. 15
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a = axial e = equatorial

a"= oiiasi axial e"= quasiequatorial

b = bisectional bonds

Conformations of cyclopentane.

Substitution of thallium In axial or équatorial positions
would minimise interaction with adjacent CHg groups (shown
by molecular models,) compared with substitution In quasi-axial,
quasi-equatorial or bisectional positions—'?’:/2

The dihedra3. angles associated with axial (@) and equatorial

() thallium are shown In FI1G . 15

<
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Fia /K15 . Dihedral angles for ~J(TI-C) in cyclopentylthallium.

(lor TI™™iIn the envelope form 0 ~ 17M0-150 &nd 120-150 iIn
the half-chair form.

Tla* In too envelope form O - 90-100° and 85-115 1n the
half-chair form).

Therefore axial or equatorial substitution of T1 yields
dihedral angles for NJ(TI-C) 1n the ranges 80-100°(Tlaod™l)
JHL 1Y0-1)G° (T1 ewcil"+dicI) . By comparison with the data
for inorbcraane derivatives (Table 4.13) ~nd the predicted

ratio of NJ(TI-C) i1n DTIX® and R2TIX systems (Table 4.12).
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the observed value of NJ(TI-C) = 35BHz may be used to suggest
an equatorial preference for thallium In the cyclopentyl
derivative R2-1B\.

The smaller NJ(TI-C) value observed i1n cyclopentyl
compared to cyclohexyl RMTIBFJ™ may be rationalised on the
basis of the smaller dihedral angle (140-150") expected iIn
the cyclopentyl compound compared to that in cyclohexyl(180°).

(V) CycloheptylthalliumCII1l)

The value of "V(TI-C) = 538Hz in R TIBr (Table {\.3) 1s
larger than iIn either the cyclohexyl or cyclopentyl analogues.
A monosubstituted cycloheptane v/ould preferentially

assume the twist-chair conformation (FIG.~.16 1) with the

substituent quasi-equatorial(e”®)
0 = ca. 180"

1[G, A.16 Conformations and dihedral angles for ~J(TI-C) 1in

c:*cioheptyi thal lium.
1.3



A given substj tuent moves through all possible quasi-
equatorial positions as a result of pseudo-rotation, trans-
versing the twist-chair, chair and boat conformations. 332
Vhe large value of NJ(TI-C) (6B33Hz) compared to the cyclopentyl
and cyclohexyl analogues may be rationalised on the basis that
conformers where 0 - 180° (thallium equatorial)make the dominant
contribution to NJ(TI-C) in the cycloheptyl system (MG
It is iInteresting that the value of NJ(TI-G) observed i1s close
to that predicted (assuming the ratio of ~J(TI-C) iIn RTIX?
and R2TIX is ca.2 :I) from the data for nobornane systems

(Table 4.1j) (539-651Hz for 0 = 165@).

h) Proton NYR results
All the alicyclic systems studied exhibited two separate
NJ(TI-H) couplings to the /SCHg group. These were different to

each other and different for each compound. Each system will

be discussed separately.
(1) Cvclooropylthalliumdll)

The rigid cyclopropyl ring provides an ideal opportunity
to examine the dihedral angle dependence of ~J(TI-H). The

dihedral angles associated with NJ(TI-H) for this system are

17on In FIG 4.1V

O - ca.150

HG. 4 .17 . Dihedral angles for ~J(TI-H) in cyclopropyl thallium,

D



The spectrum of [(CH2)pCHj "TIOCOCHC CH™)2 is shown
in FIG h,3. Differences of 223-235 Hz were found between
the els and trans ~J(TI-H) couplings 1In RpTIX compounds
(Cable ™.9) while differences of 50M"Hz (Table ~.11) and 530Hz
{sec 3,2.6.2.) were noted for RTIX2. The ~J(TI»H)cis coupling il
has been assigned as the larger coupling and the trans as the
smaller. The -J{/'H)cls coupling has also been reported as
the larger coupling in other cyclopropyl-r/1 derivatives
Az = Fo, Hg-Sn)™MA™.

m empirical means of predicting the magnitude of

NJ(TI-H)cis In |]JcH2)pCH2"M exists. 1t has been reported that
regularities v;eit found by analysing the M-H couplings (W= metal)
in ethyl, cyclopropyl, and vinyl derivatives of Sn,Pb,Hg and
T1 (not cyclopropyl). The increments in "J(W-H) on going from
ethy], to cyclopropyl were equal in magnitude to those observed
on going from cyclopropyl to vinyl derivatives. This leads to
a simple empirical relationship of the form J(XH) = A J(YH) e B
(where A and B are empirical constants) which can be used to
predict J(MH) i1n ethyl, vinyl and cyclopropyl derivatives of
Sn,Pb,Hg and TI. Using this method a value of ~J(T1l-H)cis
for [(GH2)2GhJ2™M”™ was calculated. This compares with observed )
values of s563-579HZ for this coupling.(Table 4.9)

Using values of ~J(TI-H) for cyclopropyl systems RTIXg
(ablo 4.11) and those obtained from the ~°~T1l proton coupled
spectrum (3.2.6.2.) i1n conjunction with data for rigid

norbornane derivatives of thalli1um, and the thallation

T
adduct of D-galactal acetate'? with dihedral angles for
mJ(T1-K) estimated from molecular models, it was possible to

determine the approximate form of the dihedral angle dependence
33(fi—H) ] This 1s shown iIn Fig. 4.18

5 1

m\



N * Kk K -V. -

. At P LA *N- D *%
* ' til I-ANMrPinn-Afiih tilyatlaitl*l A ¢ o'B Con okt mjfiii'a’%‘ 2li liiifcitTiMiyiMh it i T m e B9

1-IG /1-.18

PLOT OF ii(TI-H) AGAIMST DIHEDFIAL ANGLE <O FOR
RTIX2 DERIVATIVES

A

y

i

?A2



gk

(ii) Cvclohexylthallium(lll)

Two different ~J(TI-H) couplings were observed for

- 1 N /\ 9] 2
(Cg-l1 QOTlB"zL in DMSO (Table ~.9) of 3% and 20?7 Hz respectively.

The dihedral angles for ~J(TI-H) i1n the cyclohexyl system
are show/n in FIG N.19.

95

xi1?l thallium equatorial thallium

MG.4-.19 Dihedral angles for ~J(TI-H) i1n cyclohexylthallium.

"Trans” coupling (ie. TI?a In 1 and TI”H® in I1) will be an
average value because the dihedral angle 0 differs. Values
observed Vill depend on the equilibrium constant. “Cis*
coupling (ie. TlaHe In I and TleHa in 1) will differ slightly
because although 0 i1s the same (65°) both cases, T1 is iIn
different environments. Therefore coupling will also be an
average although the difference between the two will probably
not be as large as for the "trans® coupling.

By examining the dihedral angle dependence of -~J(TI-H)
(11G T.18) and assuming that the ratio of ~J(TI-H) iIn RTIX?
d KNTIX 1s ca. 2;1 (Table ~.12) then it i1s possible to

exclude a major contribution from I, where the dihedral angle

213
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(180™) would e expected to produce a much larger coupling
than that observed. It i1s proponed that the form with T1
equatorial Makes the dominant contribution and the larger
coupling can be assigned to "J(TI-H)trans, however this iIs an

average value which depends on the populations of 1 and II.

(FIG.".19)

Fiii )Cvclo-DFntylthal lium( I11)

Differences in NJ(TI-H) of 228 Hz iIn D0 and 283Hz iIn
pyridine were observed for (CMHg 2TIBR|™ (Table 4.9)» The
dihedral angles for ~J(TI-H) are shown in FI1G.4_.20.

The differences in dihedral angles in all cases would
give rise to differences in NJ(TI-H) and although the data
cannot be used to propose that Tl i1s equa,torial (as was

suggested by data) 1t 1s not i1nconsistent with It

(iv) CyclohentylthalliumCIIl)

A large difference of 38™Hz i1s observed for the ~J(TIH)
couplings In (CHJ™ 2TIBF™ (Table ¢~.9) i1n pyridine. The
dihedral angles associated with ™MT(TI-H) 1 the cycloheptyl
system are shown in FIG.N.21.
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MG. ¢1.21. Dihedral angles for ~J(TI-H) i1n cycloheptylthallium

quasi-equatorial thalliuin).

The jp)roposal that Tl i1s equatorial In a twist boat form(l)
IS not iInconsistciic with the proton data. In both the chair(ll)

and boat(lll) foiriiS the dihedral angle O = ca. 60° for

J(TI-H) for coupling to both a* and ¢c"protons. In the twist-boat

confcrTtation with Tl nuasi-equatorial large differences 1iIn #

0-0 (M. e<Similar difference”™ iIn ™ can be observed iIn

'v.aer chair con~ora.altioll - v/ith thallium nuari-enuatoi ie.l.
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¢n..3,7.2. Alkvl derivatives
Large differences were noted in tha3.lium-proton couplings

to the methylene protons Hﬁ”‘Ij iIn compounds of the type*

HCH.
1
R-C-C-

R = CH; CK™CHg)where the CHg group i1s adjacent to a chiral
centreC*)(Table ~.8). The difference i1s 2"2Hz for[cH"CH2CHz2 (CH")-
CHJpTICL in DKSO, 290Hz 1n pyridine and 198Hz in benzene solutions
For [cH™CH2 (CH™M)Ch]2T1Ci In DMSO the difference is 192Hz in
DMSO and 182Hz in pyridine. The difference 1is probably
sensitive to the nature of R for steric reasons. The NMR
spectrum of [cHMCH2 (CHM)ChJ2™"xC1 1s shown 1n FIG 4.22.

experiments show that NJ(Ti1-H™") both have the same
relative signs i1n sec-butyl and In sec-amyl compounds R2TICI
(Table 4.8). These experiments also allowed "pairing* of the
signals using the nuclear Overhauser effect previously described.
(4.2.2.2.). The magnetic non-enuivalence of H? and HIO may be

appreciated using the Nev.nm projections (FIG 4.23 ) showing

the extreme cases of the gauche rotamers.

N m

iJ.4.23 , Newman projection of a ?ie~~alkylthalliuifi( 111) 8ciival
Pi?

V =






It 1s seen that for fast rotation even i1f 1,11 and 111
are equally populated there will be an Intrinsic non-equivalence
betw/een H> and HH, leading to a chemical shift difference nan
Although small 1H chemical shift differences were observed =
here for and in [CHMCHz (CH™M)Chj2TICI and [CHMCH2CH2 (CHM)
CE]J2T1C1 (Table ~.8) these differences were within the
experimental errors as a result of the broadness of the resonances
and cannot be considered further. In addition to the iIntrinsic
non-eauivalence of H and H the possibility of unequal
residence i1n any conformer, due to restricted rotation or other
factors, may augment their non-equivalence. Assuming a.Karpiui]35
type dependence of NJI(TI-H), (See FIG. ~.18) eiuther 11 or 111
might be expected to predominate and on steric grounds |11
would be favoured.

Many examples of magnetically non-equivalent methylene
protons have been reported for cases where the CHg group is
adjacent to a chiral centre. Abraham™ and Busby’Y™"” have o
reported differences in thallium-proton couplings to the I
anisochronous methylene protons in the alkyl side chains of
TI(HID)porphj "rins. Uemura et al”™ noted a difference in the
vialues of NJ(T: -CH.~™) for the two non-equivalent a-protons
of PhCH(OR)CHATI(OCOR?)o and Kurosawa93»276"g"ve daj* explanation
of this non-equivalencG In terms of unequal population of
rotamers in these cempounds due to restricted rotation. The
anisochronous metyiylene protons in these latter compounds are
on e carbon atom which is directly bonded to thallium and the
c*iral cnt"™-’e 1s two bonds removed. This situation iIs reversed

\M 1
here with the chiral centre bonded to thallium and the CHzgroup =
WO builds removed. iIn the former case the difference INn"J(TI-H *

—e in the range 3J-135Hz".V/liile here i1t i1s In the range 0182-290Hz r

"t anrarable temneratures . !
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#3.7<3= Alkenyl derivatives

Thalltum-carbon coupling™3(TI-C) to the CHM In Qtran™-
(CHMCH=C™ TINO™ 1s larger than in the cis i1somer.(TABLE 4.4).
[(CHCH=ChI']pTNO™ coulld only be prepared as a mixture of cis and
trans 1somers. The major component of this mixture was identified
as the trans/trans isomer from the proton coupled thallium-2-05NVR
spectrum(s99 3.2.6.3) and(FIG 3.9). The major component iIn the
carbon-13 spectrum is reported in Table 4.4 as the trans/trans
isomer. The™C spectrum of the mixture showed sufficient other
"signals to account for cis/cis and cis/trans isomers but these
were not readily assignable. All the couplings involved were
less than iIn the trans/trans isomer. A similar va2.ue of OJ(TI—C)—
trans was observed iIn Qrans-(CEMNY)CH=Chj "TINO™ (Table 4.4)
(739Hz) to that found for ~trans(CHM)CK~CHMNTINOMN (77?0HZ).
hitchel I also reports that NJ(Sn-C)trans in propenyltin
compounds IS greater than the cis coupling.

It 1s Interesting to note that coupling over more than three
bonds to the aryl carbon atoms was not observed n[f*trans-(C"H")-
Cii"CHMTINON,although Ernst™ has reported thallium-carbon
coupling over six bonds to the alkyl groups R in RG"HMTIXp
colnpounds

Large differences in ~J(TI-H) between the larger trans and
smaller cis couplings of 817Hz for (H"CACH)gTIBF® in DMSC and
798Hz for Q—pC——:"(J-DoTIOCDO-I In DO were observed.(Table 4.10).
Faher foiuid a dlf-ference of 8I3Hz for (H2C=CH)2T1ClOj* In "2/"* 8

TE

A difference In™"J(TI-H) cis. and trans of 1867Hz was found for \ -
H,,C——CI-IT1C1’2\ in3CD’\OD(TabIe 4.11). Malier noted a difference of
1944Hz for HACAGHTKCIOM™ in DO.

Thal lium-proton roun.ling “"1(TI-CHM)in propenylthanium( ™1)
compounds, reported by I'lder and shown in Table 4.10 is seen

depend on the geometry of the system. J(TI-H) inrAtrans—( ) -
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HCH{p' Y'Y 1s "Mz whereas in[jcis~(CHM)CH=CI-Q*"TI* 1t 1is
—9"Hz .

Karplus™ has shown that ~"J(H-H) couplings in alkenyl
systems are very sensitive to the Czé/iH bond angles. The
larger values of NJ(T1-C)trans and NJ(TI-H)trans and
Jj(TI—H)trans observed here might be rationalised on the basis
of the dihedral angles; ~Jtrans {0 = ca. 180°); “Jcis
(0 = 0°).

At first sight the large values of NJ(TI-H) couplings
(especially the trans) in alkenylthallium(l11) systems might
be attributed to *le Increased s-character at the sp hybridised
vinyl carbon atoms. However on closer examination i1t would
appear that this is largely as a result of the stereochemical
dependence of the vicinal coupling. Values of NJ(TI-H) for
the freely rotating ethyl group in (C2HM)2T1 (628Hz)

(Table ~.?) and CgHMTINN (1627Hz) (Table ~.11) are comparable
o NJ(T1-H)cis in (H2C=CH)2T1"™ (?92-805Hz) (Table ~.10) and
H2C=01TIN® (1?707Hz) (Table ~.11). Only the ~J(TI-H)trans
coupling is larger than iIn the alkyl compound with (H2C-CH)2T1
(1590-1608Hz) and H2C=CHTIN""™ (357"Hz). However the trans
coupling 1n the viny?s system has an associated dihedral angle
of ca.l80° iIn this rigid system and would therefore be
expected to exhibit the largest coupling, whereas the mJ(TI-H)
observed for the ethyl system is an ’average"™ value for the
various rotamers present.

A large value of j~J(T1-H)j= 267"6Hz {0 ~ ca. 180 )
has been noted in the rigid oxythallation adduct (RTIX2)
of D~galactaltriacetate, where the carbon atom to which the
proton is bonded also has an -OCOCH™ group attached through
the oxygen axan.”™ jt is also of interest to note the

smaller values of ~J(TI-H)ortho in arylthallium(lll) derivativos

221
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5.1 Introduction

Carbon-13 spin-lattice relaxation studies have been
widely used to elucidate structural problems iIn organic
compoundsHowever studies of heavy metal relaxation in
organo-metallic derivatives have been relatively few;
eg. 19%g228,3"A"A, 3" 5" 207pP" "6 _
Ahile thallium-205 relaxation has been used to some extent
for structural studies of TI(l) compounds i1n solution—-""

only one investigation of TI(111),(for(CHM)2TINOM) has been
reported.

In order to determine the feasibility of utilising thallium

-205 spin lattice relaxation as a probe of the structure of
organothallium(l11l) derivatives in solution, a diverse range
of compounds have been examined. The factors influencing
thallium-205 relaxation are largely unknown and 1t was also
hoped to gain some understanding of these.

No attempt will be made here to restate the background

theory of nuclear magnetic relaxation and the reader is referred

to several of the texts”™available on the subject.

However the mechanisms of relaxation will be discussed In some

detail in order to facilitate discussion of the results.

5%2. Results

Thallium-205 spin lattice relaxation times for RTIXg
derivatives, R = chloromethyl; cyclopropyl; norbornenei over
temperature ranges are reported In TABLE 5*1e The associated
energies of activation, Eact. for the relaxation process are
also reported.

Thallitum-205 spin lattice relaxation cimes, for a number

of RMTIX derivatives; R = methyl, ethyl,n-alkyl, neo-pentyl,

a1

—W}
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cyclopropyl, phenyl are given in Table 5»2. The temperature

dependence of T has been reported for cases where R = CHNT

(CH )pCH;

and associated energies of activation and
reorientational correlation times, Xc,given.

Values for M;ﬁX) and X for the relaxation studies are
listed In appendix 111,

Proton spectra of (CH™)2T10COCH™N and

were obtained at spectrometer operating frequencies in the

range 60 to 400 MHz and details are given in the text and

in Tables 5.3 -5.5. Experimental details are given iIn

Chapter 2.
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Table 5»1
QBmi Spin-lattice relaxation times (T~ and activation
eer?:.ies (Eact) for RTIXN derivatives a 3«7 MHz

Compound Solvent Conc* Temp™ Eact.
C1CH2T1(OCOR) | CD™NOD 0.40 30.5 0.062
.7 0.061

;168 0.059 >- 425"

51.9 0 .05

56.2 0 .0715 It
61.0 0 .0%2

(CH2)2CHT1(0COR)2 DMSO-d6 0.39 26.5 112

36.5 139 13.4
50.7 178

0

0

0
62.8 0.199

0

0

0

DMSO d6 0.56 16.3 .097
30.3 137 17.9
5.6 192
X,
a. In mol dm ~ +b. In degrees C.(—I1 C). c. T.(Total) 1n
seconds. Error —10n. d. In kJdmol Error —1{kJ ) e
unless otherwise noted. . R=CH,. . r" = CH(CH’:)’)Q-
g- Error *aKImox L
"
-L
it
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Table 6»2

correlation times (Tc)for RATIX derivatives at 3°.7 MHz

Compound Solvent Cone Tempi™ |t Eact
(CH)2TINO® «2° 0.7 25.5 0.096 9-5x10™M
(CH™M2TINON H20 0.8 26.0 0.556
(CH™)2T10COR N D20 0.2 25 7 0.103
20.7 0.136
51.2 0.0
56.0 0.158
70.0 0.166
(CHN)2TINOM DMSO 0.30 »5 5 0.081 QA
(C2HN)2T1NO3~ L i F 0057 158
(N-CPH.7)2TINO r ! ' 0052 137 .
(-CrHg2Tino*" L i E 0.0M2 136
(N-CAHAN) 2TINOA K i I 0o02n 166
[(CHM)~CCH2]2T1C1®  py-d© 0.18 39.9 0.192 97x10
[ (CH2)2CH]2T10CORj py-dj 0.25 B5.5 0.165 .’\xlo'11
€ i i 58.0 0.185 axa07tL
1 i i 6k.5 0.188 6,k -11
T T . 81.5 0.213 7x1071]
| 1
(C™Hj )2T1CL DMSO-d~  0.20 535 0.066 _6x10
L i i 3++5 0.083 _8x10”™ i
M r F 50.7 0.125 16.1 A
L 4 F 62.8 0.161 .5x10
L 1 F 80.7 0.199 ox10™L
a. Inmol dn“~ b. In degrees C (_i1 1°C). (TOTAL) 1n
seconds. Error -10S Error - 1.
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Table 5»3

derivatives with spectrometer operating frequency.

Operating freauency Temp”.

(MH2)

60
150
220
300
360
00

o)
33

27
25
27
27

27

(CH"™)2T10COCH [CCHJEjCCHjgTICI**

2

N\

¢Fo -0.5 3.5 -0.5
9.08-0.03® 8 39-0 .18®
0.7 -

9.7- 0.5 29.3 -1.0
0.5% 29 53-0 .19®
9.5 1*0 -

a. In Hz taken as half-height width of the components of

~AJ(TI-H).

°Error -1 -
d. In pyridine-d5 0.3 mol dm*
Otherwise measured from the spectrum.

Table 5.7
Variation of linewidth” in the-proton speclera of (CHM).,T30COCH™

ce In

D«0,0.2 mol dm""A
e. From a Lorentzian fit.

with temperature at 80.220 and 360MHz.

80MHz
Temperaturer V12
7 6.50
17 N8
27 3-95
37 3.63
~T 3.55
57 3.30
67 3.05
Ve 3.00
a. In Hz.

220MHz 360 TiHz
Temperature”® Temperature®

10 29.7 27 16.42"
25 19 ,kk 47 30.35®
32 15.83 67 19 .85®
kS

65 7 .78N

75 6 677

Error -IHz unless otherwiseonoted. Taken as the
hair helrhb wvad."th of "the comporGn™tr! a® J(TI*fr).b. In T/ Ct

O<2 rrod dri™. c.

e. From a Lorentzian fit.

I. Error

-0.26 Kz.

In degrees C. Error-I"Ci d. Error -0.50Hze

g.-

Error
229

OtherVise measured from the spectrum

-0.21Hz.



Table 5»5

Variation of linewidth™ in the proton spectra 0i*CHj ,cchd ~Ticr
with temperature at 360MHz.

Temoerature
27 29.53 i0.19
67 15.A2 -0.07

d. In Hz. taken as half-height linewidth of the components
of "J(TI-H). b. In pyridine 0.3 mol dm*“* c. 1In °C -1.
d. From a Lorentzian fit.

l!'
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5.2.1 . Measurement of

205”1 @ measurements were obtained by the Inversion
recovery method using the 180°-X-90*" pulse sequence. The
basis of this method is shown In FIG 5*1* A 180° pulse
inverts tne bulk magnetisation vector along the 7 axis (coor-
dinates for the rotating frame of reference shown). Spin
lattice relaxation now occurs and causes Mz* to recover towards
i1ts equilibrium value of W*. A 90° pulse, applied at some
time! after the 180° pulse, then rotates the magnetisation
onto the y* axis. This can then be observed as an FID (free
induction eiecay) which can be Fourier transformed to give a
spectrum as usual. The experiment iIs repeated using different
values of T. allowing a delay ~5T™ In each case to enable the
magnetisation to return to 1ts equilibrium position. Recovery

of the magnetisation is described by equation (G»h){

Mg = g <2 exp (-X/Ti)} G 1)

A plot of In(Mo-M-r) against X allows T. to be calculated
Mo

from the gradient. The results of a typical "°%1 T experiment
are shown 1n FI1G.5.2. For short X (0 .69T")values the
magnetisation is still inverted. AsXis IiIncreased i1t becomes

positive until 1t reaches i1ts equilibrium value M.

5%2.2. Energy of Activation
Measurement of a rate constant over a temperature range
<allons calculation of an energy of activation for the process

using the Arrhenius relationship shown in eouation (6*2)

In = In A - Ea/RT G .2)

M1



FIG. 5.1.

determination Of ™ By THE INVERSION RECOVCRY METHOD
USING THE (180°-X-90°) PULSE SEQUENCE

PJS 180 90
SOENE

M;= mX i-20Xp (-X/Ti}H
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where A = a constant. Since the spin lattice relaxation

time Is the i1nverse of.the relaxation rate a plot of
InR™ against ~/T yields the energy of activation from the
gradient. The spin lattice relaxation time is directly
proportional to an appropriate correlation time and the
Arrhenius plot yields an energy of activation for the reor-
ientational correlation time X or the angular momentum corr-

elation time xéfdepending on the mechanism involved.

5.3 . Relaxation mechanisms
53.1 . Dinole-Di-pole Relaxation

This 1s generally the most important relaxation mechanism
for nucleir with 1 = e in the liquid state. Consider the
relaxation of a nucleus 1 by a second nucleus S iIn the same
molecule. The magnetic fTield Dlocal experienced by 1 depends
on the energy of interaction of the two magnetic moments
pl,pS. The magnitude of this interaction depends upon the
separation r of I and S and their relative orientations to
the applied magnetic field Since the two nucleil are
in motion 1In solution this term depends on the freguency compon-
ents of this motion. For intramolecular dipole-dipole i1nter-
action we need only consider rotational motion. For isotropic
motion in mobile liquids where molecular reorientation is fast

1 (Tj)'l =r2.YMYi | gs*c G 3)

v/aere"yis the g“oromagnetic ratio of the nucleus, N iIs the
number of nuclei of type 3, r iIs the separation between 1 and
3 X"J 1s a rotational correlation cime. This sixuation 1iIs

referred to as the extreme nai"rowing condition and(T") and

3™

Mil-.
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and Cl'z)_lsi'S frequency independent. In the case of inter-
molecular dipole-dipole interaction X0 Is a translational
correlation time.

When the overall motion s not isotropic quantitative
description of this mechanism becomes complex and cannot be
described by a single correlation time.

The dependence of dipole-dipole relaxation on the inverse
sixth power of the separation of the nucleil iIndicates that it
iIs only effective over very short distances. This also results
in the intramolecular mechanism being dominant especially
when 1 and S both have I = 1 and are directly bonded.

Apart from the importance of dipole-dipole relaxation
for carbon In organic compoundit has also been shown to
Bsn in ; AN
some alkyltin Compouné;’é?eg - (n-propyH”SnCIl ,n-Butyj -~SnCI, m|

make considerable contribution to the relaxation of 1

n-butyl SnH, to ™% In and i1s the dominant "
relaxation mechanism for ”Si i1n some alkylsilanes RA"SiH
QR = n-propyl,n-butyl,n-hexyl).
5*3.2. Spin Rotation

This 1s the only relaxation mechanism for which the it
relaxation rate increases with iIncreasing temperaturel allowing
It to be easily distinguished. The fluctuating fields associated
with this mechanism are generated by the motion of the molecular
magnetic moment arising from the electronic distribution within
the molecule. For a rotating molecule whose moment of inertia
iIs I, In the Jth rotational state, i1ts rotational frequency

will be given by:- H

Vv hJ/ 207

R35
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Any electron iIn the molecule undergoing such rotation
will generate a local magnetic field at the nucleus. Molecular
collisions altering this rotation will modulate the local
field and so provide a relaxation mechanism. For molecules
undergoing isotropic reorientation the relaxation rate is
given by

1 (2IKTV3h"™~)  (2CF + CF, ) T 5.7

where X—J iIs the angular momentum correlation time, C is the

appropriate spin-rotation constant and k i1s the Boltzmann

constant. In the liquid state X . is inversely related to
J

the molecular reorientation correlation time, XC* used In

) ) 3 OCA ™m
the dipole-dipole mechanism by

I (GRS

where T 1s the absolute temperature, for temperatures well
below the liquids boiling point.

The spin rotation mechanism i1s most efficient for small
symmetrical molecules at high temperatures. At low temperatures
It i1s inefficient. It is especially important for nuclei with
large chemical shift ranges (e g ; i n

small symmetric molecules. This relationship between chemical

shift range and (T*)""3R i1s because both depend on lire electronic

distribution within the molecule. 353

Spin rotation has been shown to be an important relaxation
mechanism for MSi In (CH"M)”SiIX (X = anion) ~ ; for Sn
in (C-KY3n2MA~ . 1t has also oecn reported o0 make sigriiiicant
contributions to the relaxation of™~Cd for Cd(Ci027™2 1In

1950~ Na, [Ptciij and Nag agueous

23>

d



solution, &* also for "WVjjg 1,, {cn™)

5.3 3. Chemical Shift Anisotropy
The field experienced by a nucleus,Blocal, 1n an applied

magnetic field Bo, i1s given by
Bloc = Bo(l-3a)

where QIS the screening tensor. In mobile liquids the

average value of the tensor iIs observed as

& = * Qyyta™)
IT the components ofO’are not equal the chemical shift is
anisotropic and molecular motion provides a fluctuating
magnetic field at the nucleus v/hich provides a relaxation

pathway. The contributions from the screening anisotropy

In the case of molecules possessing axial symmetry are given by;

G -6)

S)NCSA =TT ~A A \ —
(T ) N N\ 1 +U)/\C/\

1-ilf-2 *QXM5-7)

«@ -a,)
N +@ATCN "

(T2)-1csa Y
90

where (leando*- are the screening constants parallel to and

perpendicular to the symmetry axes respectively. Is the

rotational correlation time and @Jis the resonance frequency
In the absence of axial symmetry the equations

3k7
become much more complex.

In the extreme narrowing limit, the usual situation In
the frequency dependence vanishes and we

In radians s\

non-viscous liquids,
V. e

237
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It can be seen that (™ )’V (T2)" = 6/7 and the mechanism
depends on the square of the applied field.
Few authenticated examples of this mechanism have been

19

reported. It has been shown to contribute to relaxation

in CHFCIg at -172° It has also been shown to be
effective for in Ph-C="™"C-C= CPY"*"* and CH™COgH."
It has been proposed as the dominant relaxation mech:';m/i\sm
for In Zn[se2CN(C2Hj)2]12 ™nd Pd[Se2CI\I(iso—C;"I—Ig)2j12 o
and also 1n CgH"SeOH as a result of the temperature
dependence of and negligible NOE. Other cases w/here
eSA has been proposed as contributing are for 113¢d in
R=CH »n-Bu)”™"~"at lower temperatures» and for ~Hg
in (CHMpHg,™° although this has been questioned.

A theoretical study by Schwartz-®* suggested that a

transient chemical shift anisotropy mechanism may be important

in relaxation of spin * heavy metal nuclei 1n electrolyte

solution. Gillies has found i1t to be dominant at 2.35T for

in (CgHj)2Hg.3"™-

238
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53 4. Scalar Relaxation

A nucleus S which i1s spin-spin coupled to another nucleus
I can provide fluctuating magnetic fields via scalar inter-
actions involving the bonding electrons. Relaxation by nucleus
S alters the magnetic field experienced by nucleus 1 through
spin-spin coupling and thus provides a relaxation mechanism
for nucleus 1. For spin-lattice relaxation fluctuations may
arise In two ways:-

(1) As a result of any time dependence of the spin
coupling constant between nucler I and S, resulting for example
from chemical exchange. Then the local field at 1 (or S
Vill fluctuate as a function of the exchange rate. This 1Is
hnown as scalar relaxation of the first kind.

(i1) As a result of the time dependence of the excited
state of spin S, i1e. when the T value of S i1s short compared -
to the i1nverse of the coupling constant A”g, (A - 2TCJ),
then the local field at 1 fluctuates. This i1s scalar relax-
ation of the second kind.

In order that this mechanism may be efficient the
exchange rate in (1) and the relaxation rate in (i1) must be
large, iIn fact comparable to the difference iIn resonance
frequencies of I and S.

For scalar relaxation the expression for TMis:

(-i = 2A2 SEG + D G .10)
1+ Ok -COq)2 X

m,
The contribution to Is given by :- I

239
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a)j» = A S+ D { 3(5.11
1+ 1j- -Wg)» tgh

where » the correlation time for this process, i1Is the spin-
lattice relaxation time of S, A 1s the coupling constant in
rad sec*“”, @ i1s the resonance frequency.

Scalar relaxation is most commonly found when S i1s a
quadhupolar nucleus that relaxes rapidly. Even iIn this case
however i1t is rare that scalar relaxation has much effect on
(TJ)J unless the resonance frequencies(Og and Q5 are nearly
equal . commonly affected? line broadening
(ie. increase in (R2)j)in the spectrum of nucler coupled
to iIs commonly observed for e x a m352I e.also
be affected 1In cases where relaxation of S 1s much greater
than 1I/A] eg. iIn molecules with coupled to H, the H

i1s normally long enough so that spin-spin coupling 1is
observed, but (™) 1s nonetheless shortened by scalar

coupling bo the proton.362

5%3»5* Quadrupolar Relaxation

Nuclei of spin I = | have a spherical nuclear charge
distribution whereas nuclei with 1= é have a non-spherical
distribution and a quadrupole moment Q. Such quadrupolar
nuclei do not have an electric dipole moment hence their
energy iIs iIndependent of orientation in a uniform electric
field. IVrere an electric Tield gradient exists the nuclei
process about the net electric field providing an efficient
relaxation pathway via molecular rotation. In the extreme

narrowing limit it can be shown that:

240
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I~ (21-1) 3 "R
where M i1s an asynmmcti7 parameter, g is the electric fTield
gradient at the nucleus and(epq@ﬂi) iIs the quadrupolar coupling
constant.

Quadrupolar relaxation is the dominant relaxation mech-

anism for nucler with 1 eg.

also for "Sc and other transition metals

5,3 6. Electron-Nuclear Relaxation

The electron i1s a magnetic dipole and an unpaired electron
moving In solution will generate fluctuating magnetic fields
which can provide a relaxation mechanism. The magnetic
moment of the electron is 10”™ times larger than that
of the proton which i1tself has the largest nuclear moment.
Electron-nuclear dipolar relaxation is thus 10 times more
efficient than nuclear-nuclear* dipolar relaxation.

Thus even small amounts of paramagnetic materials present
in solution may significantly affect relaxation times. Oxygen
IS the most common paramagnetic species. Dissolved oxygen
must be removed from solutions by degassing before relaxation
measurements are carr.ied out. The electron—nuclear mechanism
was dov.«d to dom.inate the spin lattice relaxation rate of
thallium-205 for solutions of TI(l) containing the radical

A—hydroxy—2,2,6,6—tetramethylpipcridine—l—oxyl('TANOL*)125

5= 3«7« Separation of relaxation mechanisms

Theoretically any measured spin-lattice relaxation rate
can have contributions from each of these mechanisms. However,
n practice, contributions from all mechanisms to the relaxation

cf a given nucleus will rarely be found. Inspection of tlie

%
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equations governing each mechanism can often indicate whether
a particular mechanism is likely to contribute. Examination
of the temperature dependence of the relaxation rate can also
assist in elucidating the contributing mechanisms. The spin-
rotation mechanism has an opposite temperature dependence to
all others, FIG.5»3"1and thus may be easily distinguished.
The dipole-dipole mechanism can be separated from all others
(irrespective of temperature dependence) by using the nuclear

Overhauser effect™M(NOE) and the relationship In equation(5«13)

=\
"DD  “max “10T (G 13)

wherei]/yj iIs the NOE factor,
max

sl

fIG. 5*3* Temperature dependence of spin-lattice relaxation.
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The chemical shift anisotropy mechsuiism can he readily
distinguished by its dependence on the square of the applied
field. Of the remaining mechanisms quadrupolar relaxation
requires nhe presence of quadrupolar nuclei and clectron-nuclear
relaxation requires paramagnetic species. Scalar relaxation
requires stringent matching of time scales usually only
occurring with rapid chemical exchange or iIn the presence of

a rapidly relaxing nucleus.
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7.4. Discussion

For the organothallium(l1l) compounds RTIX* (R = cyclo-

propyl iiioi'bornene, A - anion} (TABLE 5*1} and RMTIX]VR - nei-r.yl
ethyl.n-propyl, n-hutyl,n-hexyl, neo-pentyl, cyclcpropyl,

phenyl) (TABLE 5¢2)”thallium-205 spin lattice relaxation oimes
were iound to increase with temperature implying a lower
relaxation rate at higher temperatures. This is reflected

in the recrientational correlation times R/ 7N

QR = cyclopropyl»phenyl) (TABLE 5*2) which become shorcer as
the temperature iIncreases. (See p.258 for method of calcuD.ation

of Xxp.

The relaxation rates for the straight chain alkylthallium(lll)

compounds RATIX decrease with increasing chain length. The
accompanying increase iIn X,, c¢snh be interpreted in terms ¥?
rotation of the molecules becoming slower as the chain length
Increases because more “solvent* molecules have to be swept
out of the way. The increasing energy of activation for the
reorientational process as the chain becomes longer reflects
this.

A surprising feature of the ™ results is that molecules
R2TIX where R 1s a bulky group such as (GH™)”CCH2 »C/™Hc.
appear to undergo reorientation and r“laxation at rates com.parabze
to molecules where R = CH*. It might reasonably be expected
that such processes would be more rapid in the smaller molecule,
especially since the activation energies for the neopentyl
and phenyl derivatives are approximately twice as large as
those for (CHM)pTINO™ In DMSO. Caution must however be exercised
In making these comparisons since a number of different solvents
and antons are i1nvolved and the influence of these factors 1is
largely unknown here. Several tentative explanations can be

offered, however.
2kk
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a). The dimel;hylthallium(lll) 1on e ;ists in solution
103*368,369 gy ™ linear moiety CI-U-TI"™"-(HM: 1t can be seen
that thallium could easily be surrounded by an equatorial
"bracelet”of solvent molecules ( In this case IMSO). This
would result iIn a rather bulky species which would undergo
slower reorientation. The presence of the bulky groups on
the larger molecules on the other hand might hinder solvation
of thallium.

b). As discussed iIn Chapter 6(6.3.2-)1 compounds R2TIX
whore R 1s a bulky group and X a relatively small anion are
likely to exist as dimers. Any oligomeric behaviour in
solution vould result in loss of axial symmetry. The correlation
times are calculated assuming such symmetry and in i1ts absence
would become meaningless.

c). Correlation times have been calculated assuming that
the chemical shift anisotropy mechanism makes the dominant
contribution to th*™\JLIwun relaxation (see later). Contributions
from other mechanisms are unknown and have been neglected.

Such a gross assumption may not be valid especially where bulky
groups having a large number of protons may have a significant

dipole-dipole contribution. (This i1s fur-ther discussed later).
However i1n the case of the phenyl derivative where the protons

are further away from tjiallium this latter mechanism would

not be expected to be important. Gillies has found a very

small dipole-dipole contribution to relaxation 1In

The spin lattice relaxation rates for RTIXM derivatives
arc, un.expectedly, not significantly different from those for
compounds. In the one case where direct comparison can

®e made, R = (CHp)pCli, the values are almost the same for

a1
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both mono- and diorgano derivatives, although different
solvents are involved. The i1ncreased bulk of the norbornene
derivative comp-.red to the cyclopropyl appears to have no
significant effect on T" although the energy of activation
IS greater for the reorientational process involving the larger
norborneno group. Correlation times are not reported for
RTIX™N derivatives as they are not expected to possess axial
symmetry.

For all the compounds studied (except C1CH2T1(OCOCH™MN
and (CI—}")/QTIOGOCHJ{‘ in DX0O which will be discussed separately)
ohe 20°T1 spin lattice relaxation time T», showed a linear
increase with temperature. The plot of InT®, against I/T
for (CMHM2T1CL in DMSO shown in FIG 5.« 1is typical. The
direction of this temperature dependence im.plies that spin-
rotat*ion 1Is not a major contributing factor for T1 spin-
j.attice relaxation iIn these compounds iIn tue temperature ranges
studied. Since no quadrupolar nucleir are involved the possible
contributing mechanisms are dipole-dipole, chemical shift
anisotropy and scalar relaxation. Preliminary measurements

of nuclear Overhauser effects for (CH’\)2T1NO’\"A61

suggests

these are negligible. Since no data is available for any of

the other compounds studied the dipole-dipole contribution 1is
unknov;n. The gross assumption that this contribution may be

small In some cases, since there is an r dependence on

1l-H distance, may not be valid In such-cases as the [(CI{")"CCHJ2 "

TICI or r(CH2)2C5H]2TIX where there are larger numbers of

protons i1nvolved. Scalar relaxation of thallium would appear
jeinlikely since iIn organothallium derivatives R2™ * RTIX2
np

the Oigaiiu groups aie generallly not laoile. liiis is in

contrast with RATI derivatives where rapid exchange of the
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organo groups does occur. Scalar relaxation of the second
kind 1s ruled out since there are no rapidly relaxing nuclei
involved under the conditions used.

This leaves the chemical shift anisotropy mechanism
as being the dominant contributing relaxation mechanism. In
theory this mechanism is easily distinguishable since it depends
upon the square of the operating field, becoming more efficient
with iIncreasing field. Unfortunately no definitive experiments
could be carried out since spectrometers operating at different
Tields for were not accessible. However several pieces
of evidence are available to support the importance of the CSA
mechanism In this study. These will be discussed iIn the

following section
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5 A,1, Evidence for the CSA mechanism in organothallium(lll)
compounds

1, The spin-lattice relaxation time has previously
teen reported for (CHM)2TiNON In H20™M(see TABLE 5»1) at a
different operating frequency of 15»IMHs compared to the
I} .73Hz used In this study. Measurement of Yl for
the same solution under almost the same conditions gave

= 0.096 seconds at 37.7?3MHz compared to the reported value
T = 0.556 seconds at 15.1MHz. The relaxation is clearly seen
to be fTield dependent and i1f this was a square dependence we
v/ould predict a value of ™ = 0.096 x (@™73/I15»1)™ ~ 0 51
seconds at 15.1MHz which is close to the reported value of
0.56 seconds.

2. It was observed that proton spectra of

derivatives (R = i1sopropylt sec-butylt sec-amyl>iso-butyl«
cyclohexyl)obtained at 220MHz gave broad signals, with loss
of fine structure compared to spectra obtained at 60MHz. It
was also found that increasing the temperature at the higher
-freuoncy eventually resulted In the signals sharpening again
v;i th reappearance of fine structure. To Investigate this
phGnoTT.enon lhe protoii siDOctra of (CHM)2TACCOCHN and [ (73)3
CCHJINTICI were obtained at various operating frequencies in
the range 60 to "00 MKz. Some of the specrra for (CHM)2110CoCHM
are shown in FIG 5 5. It can be seen that the component
linewldths iIncrease V/ith increasing field with an approximately
linear dependence of Vi (width at half height) on the square
of the operating frequency. A plot of against the square
of the O"perating fequcniiy 1s shown in FTG 5%6. Linear regression

ancitysis gave r - C.99* A similar linear relationship was
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found for bis(noopentyl)chlorothal3.ium( IT1) iIn pyridine (r -
0.96). The relationship can be attributed to domination of
the proton linewidths by a field dependent relaxation process
at the coupled thallium nuclei, and 1t Is suggested thai. this
Is as a result of domination of thallium relaxation by the
chemical shift anisotropy mechanism.

It 1s proposed that the shortening lifetimes of the
thallium spin states with increasing field strength
(@ Bo™) causes .inewidth changes in the spectra of nuclei
coupled to thallium(protons iIn this case) by scalar relaxation
of the second kind. [In this situation a nucleus S causes
relaxation of a nucleus 1 to which i1t is spin-spin coupled.
It dort compared to 1/Ajs then multiplet structure
from coupling betvw/een 1 and S collapses and we see only an
average value. At the coalescence point we may apply the

expression (5.H)i1or of spin 1 (protons iIn this case)

231" S(s+) |1 .,
1 + Dj -Wo) S

the second term iIn parentheses is negligible In the case of

thallinm/protoris. especially at higher operating frequencies.

IT we examine t>-e proton spectra of bisineo-pentyDchlorothallium

AT il pyriaine (1-1G.5.7) at 360MHz 1t can be seen that the

doublet due to “JiTI-CHM) apparent at 67 *C .has clearly

o..alesced at 27°C. Although the exact coalescence temperature

205
IS ukov."n 1t i1s probably about 60 (= The roeasured T1

spin lattice relaxation time at 6o 9™ = 0.228s for
I(H «0xJ.TICI at 3™-73 Assuming the thallium
rej.axation 1S dor."tinated by the C™MA mechanism, at 3 OMHz this
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would be o 228 (@B".73/360)" = 0.00212s . Substituting =

0.00212 and A = 2TCJ i1n equation 5.H* 2 value of T2 ("H)

niay be calculated and was found to be 0.08s. This 1is
conipared to a value of T2 ("™H) = o0 .02:1s derived from the

rr.casured linewidth (5 .“Hz), of the components of the doublet

arising from ~J(TI-CHp) at e7°c, using the relationship (5.12).

G 12).

From the point of view of the proton it is irrelevant

what mechanism 1s limiting the lifetime of the nucleus it

coupled to.

IS
It could be chemical exchange or rapid relaxation.

he fact that i1In this case the rapid relaxation is as a result

of the greater efficiency of the CSA mecnanism at higher
Tields i1s irrelevant to the proton and this could have been

as a result of rapid relaxation of a quadrupolar nucleus, had

one been present.

Three factors militate against observation of an exact
square law/ dependence of linewidth on operating field.

(1) Although i1t is suggested that the GSA mechanism
dominates thallium relaxation at higher fields there i1s some
evidence that at lower fields and higher temperatures other
relaxation mechanisms become Important.

Proton specti“a of (CHM) NN solution were

obtained at 80,220 and 3soMHz, over a temperature range

(Table 5.). 11 the component linewidthsof the thallium-

. N 205
coupled signals are taken as a direct measure of Tl,

for
ie. R*("T1) a« Vi (MH), a temperature dependence in the

same sense as for thaliium-205 spin lattice relaxation rates

Is obtained. A ps3.ot of IR »TI) ~ against

osh
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temperature js shov.n in FIG. 5*8*

At 220 and 300MHz the relaxation rate shows a linear
Increase with decreasing temperature and activation energies are
calculated as 18.1- 0.5kJ mol“™ (220MHz) and 17.9 kJdmol ™*(360VHz).
At 360IIHZ if the measured linev/idth is taken as (V|CHM)-

(VF OCOCHM) where the linewidth of the acetate signal i1s essenti
—ally constant (0.5Hz)1 then an activation energy of 19.8 kJmcI"1
IS obtained. How/ever at 80MHz the plot shows a distinct
curvature suggesting the presence of competing mechanisms.
Thartlium-205 spin lattice relaxation times were measured for this
solution over a range of temperatures at 3*.?1""iHz(TABLE 5.2) and
the Arrhenius plot i1s shown in FIG 5*9. "/here the curvature 1is
also evident. (The field strength of 1.41T used for observation
of at *.?IVIHz 1s close to that, (1.83.T) used for observation
of at 80MHz). ."n activation energy of 20-3kTmol**"was obtained
for the low temperature region where the CSA mechanism would be
expected to be more efficient. Further work iIn progress on this
solution at the time of writing confirms that the competing
mechanism is spin rotation at the higher temperatures.

(i) In the proton spectra, the component thallium coupled
signals consist of two overlapping sigilais arising from coupling T
X0 "“~T1(1 = ™»natural abundance 77%)* and "NT1(I = natural
abundance '"0%) . The gyi-cmagnetic ratios of the two isotopes
are similar Y (MNAATD/YOYMYT) = 1.00723 = The 1
separation of signals due to coupling to the two isotopes
depends on the magnitude of J(TI-H). Although not clearly
resolved for ~J(TI-H) in RgTIX (R = CH™; (CHMN™CCH2) . at 60MHz
the “ANT1 coupled signal component may be seen as a hump on the

aide f u"-"Upled signals. This makes accurate

»
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determination of linewidths difficult. However at high fields
this diminislies In Importance.

an; The T"intrinsic® lincwidths of the proton signals
In the absence of broadening arising from coupling to thallium
arcunknown. They are clearly less than the linewidth of signals
at oOMHz and in theory would not be expected to broaden with
increasing field. The linewidth of the OCOCH™ resonance
in (CHM)2T10CoCHN remains approximately constant as the field
iIncreases . The effect of iIntrinsic linewidths on the
spectra in FIG.5*5* will be greatest at low fields.

3. Reorientational correlation times calculated for
these compounds are reasonable values for this relaxation
mechanism.

From a study of (CHM2TINOM oriented In a lyotropic
pha.Sc Gillies™ obtained a value of AO0"= 5263 ~ 68ppm

for 205Tl

in this linear molecule. Assuming that other R«T1X
derivatives are linear™n” and possess axial
symmetry, the value for ACT may be used In conjunction with
measured A1 values to calculate a reorientation

correlation time XO using equation (G*1MY)

2/15 { ACT2 } G

where(:O2 = the thallium resonance frequency iIn radians
2 TCVo. Calculated correlation times are listed in TAHLE5.2.
For a typical™™MTI of O.lsec calculated X = 5—69x10>h11

seconds. Assuming the Hubbard relationship,equation



G- 9
6k.T

where Xj iIs the angular momentum correlation time ; I iIs the

moment oOf i1nertia and k is the Boltzmann constant, a value
of Xj-l!<9”<72x10"'I6 seconds may he calculated. Substituting
this value iIn the expression for spin-rotation relaxation,

equation (G= N

aPg = Fysn? €O T (5.11)

v/here the average square of the spin-rotation tensor is
estimated from CIp data 361 a spin rotation contribution of ;
"Ja. 46s can be calculated. This i1s too long to be Important
here. However this calculation assumes the Hubbard relationship
iIs valid and the calculated value for 1 may be an underestimate
for solvated species.
(49 Even iIn the spherically symmetric solvated T1420n-
for solutions of TINON and TICIO™ 1n DMSO, Hinton and Ladner124
have suggested the i1mportance of a transient chemical shift
anisotropy relaxation mechanism arising from transient anion
penetration of the TI'" solvation sphere. Hinton and Briggs
report that CSA makes the dominant (90") contribution to the
Tl relaxation for the TIVvalinomycin complex at 2.114T
based on the teMiperature dependence of ZDE“TI relaxation times.
Schwartz’30%nhas proposed that the transient chemical shift
enisotrupy mechanism will be important for heavy metal nuclei
such as ~MATI and where chemical shielding anisotropies
robuloing from i1on pair formation will be o1 similar magnitude

~0 those for covalently bonded organo derivatives.
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5./]-2. ChloroiTiethvlbis(acetato) thallium( 11T)

The thallium-205 spin-lattice relaxation times for
this compound are given In TABLE 5*1e The relaxation time
IS seen to decrease with iIncreasing temperature. The temper-
ature dependence 1is illustrated in FIG 5%10* This iIndicates
that spin-rotation is the dominant relaxation mechanism over
the higher temperature range and an associated activation
energy of 3 kJdmol”” can be calculated. The curved nature
of the plot In FIG 5«I0* suggests that another relaxation
mechanism iIs contributing and becomes more Important at the
lower temperatures. The curve reaches a maximum and there 1is
a suggestion that the relaxation time then begins to iIncrease
again. This may be due to the chemical ~hift anisotropy
mechanism and/or the dipole-dipole mechanism becoming important
at the lower temperatures. The high value of the activation
energy 1S unexpected. Spin-rotation is usually an important
relaxation mechanism for small symmetric molecules e.g.
CEHHYon; (C2HY NSV and becomes more efficient at higher
temperatures« The high value for activation energy found
would appear i1nconsistent with a small freely rotating species
in solution.

Unfortunately no structural data is available for
CICH2TI(0COCHM)2 F either in the solid state or iIn solution.
In methanol solution several situations must be considered.

a) An equilibrium situation exists iIn which

NC1CHAT1(OCOCHA)2 * JCICH2TKOCOCHA~) 2

association may 00 achicvGCi In a number ol ways.
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(1) There i1s a well known tendency for metal derivatives
of the type CI-CHp-M (M=metal) to associate forming six-member-
ed rings iIn vw/hich the chlorine is coordinated to the metal.371
Thus the structural unit:
CH™-CI

/ 2\
T1 T1

\ /
CI-CH2
might be present, at least in the solid state.

(i1) By bridging of adjacent thallium atoms through
the oxygens of the carboxylate group as was found for
cyclopropylbis(isobutyrato)thallium(l11). (Chapter 6).

(ii1) A combination of (1) and (i1,.

Such an equilibrium would be temperature dependent and
the measured spin-lattice relaxation times would then be
"weighted averages* depending on the species present. A feasible
explanation might be due to the presence of a transient spin-
rotation mechanism resulting from the ca.rboxylate groups and/or
the chlorine of the CICH2- group rapidly forming and breaking
bonds with thallium(as suggested in situations (1) to (iib)).
It might then be reasonably suggested that thallium would
exx;erience a "pseudo-rotation® resulting In the transient
spin-rotation mechanism.

b). A "free® CICH I species 1S present. Such a
relatively small species might be expected to have a spin-rotation
contribution to the thallium relaxation rate. However the
piesence of such a small "free® species is Inconsistent with
the high activation energy found. It i1s possible that hlnde sd
rotation of such a species might result fran, hydrogen
bonding between the chlorine atom on the alkyl group and the

solvent.
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6.1. Crystal structure Determination

The procedure and underlying theories for determining
crystal structures by single crystal X-ray diffraction are
vell documented iIn several t e x t s A Dbrief outline
only 1s given here.

The magnitude and phase of X-rays diffracted by the
hkl set of planes in a crystal depends on the nature and
arrangement of atoms within the unit cell.

The 1ntensity of the experimentally observed reflection
Ihki 1s directly related to the square of the structure

factor 'Ykl for that reflection by;

Akl = K IhkIN (6.1,
Lp

p 1s a polarisation factor to account for the reduction iIn
intensicy of the oiffracted beam which occurs as a result of

polarisation; 11t is defined as:

p “ 1+cosNd) (0.2)

L 1s the Lorentz factor which depends on the measurement

technique used and for diffractometer data is;

L =
sin?? (6-3) I

K 1s a scale factor correction depending on crystal dimension,

intensity of incident beam and other constants.

- electron density map may be calculated from hkl and

Hkj. values for the reflections from a crystal using the



exprossion for centrosymmetric systems

p(X,Y.2) ARAKAT Nk cos2 TT (hx+ky+1Z2) (6.0

where p(Xx,y,z) iIs the e3.ectron density at a point xyz in the
unit cell of volume V. ™Ykl i1s the structure factor for a
reflection having Miller indices h,k and 1. Points of
maximum eloctrcn density correspond to the positions of atoms.

In the non-centrosymmetric case the phase angle a 1s iIntroduced

giving
(6.5)

Vihere a is the phase angle whose Miller index is hkl.
The electron density cannot be calculated directly using

these expressions because the phase of IS not known*

6.1.1. Patterson S:vmithesis
Patterson showed that values of could be
used In a Fourier synthesis to provide a three-dimensional

vector map of the unit cell of the crystal.
|—|_M/\7:i > | Nz 1 |IFKI” cos 2TC(hy+ky+1™)  (6.6)

P(UW) 1s the vector density at the point defined by the

fractional coordinates U»V and W. The value of POUW"J) will
be zero everywhere except where the values of UYW represent
a vector between atoms. Vectors between atoms A and A" at

po vi.tions X,y,z and X7 ,y"»z” rep -ctivel\/» give rise to
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peaks In the Patterson map at positions WY LNAY)

The peak heights will be proportional to the atomic numbers
VA Wi I

The Patterson synthesis allows assignment of the coordinates
of heavy atom(s). Phases can be allocated to every structure
factor from a Fourier synthesis. The assumption iIs that the
scattered rays will be dominated by the effect of the heavy
atom and so each reflection will have the same phase as the

heavy atom contribution to that reflectj Dn.

6.1.2. Fourier Synthesis Program

Unlike the Patterson synthesis, a Fourier synthesis
uses the magnitudes and phases of the structure factors. A
three dimensional electron density contour map can be calculated
using equation (6 .. Thus the positions of "new* atoms can
be found. Using these new positions structure factors canbc

calculated using ®he expression;-

n
Fhkl = I exp|2TXi X ~kyj+izj )| 6.7
0 i

sun.med over j atoms whore xj,yj, are the known positions of

Z.
the n atoms iIn the unit cell. Thg scattering factor of the
Jth atom at a Bragg angle The "new" signs obtained
from (6 .7) are combined with the observed intensities iIn a
second Fourier synthesis giving a second electron density

map and a more complete structure . This cycle 1s repeated

until all the signs are correct.
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6,1 .3. Difference Fourier Synthesis

A Fourier synthesis i1s now performed on the difference
between F(observed)and F(calculated). This gives a measure
of the correctness of the crystal structure since the
calculated structure factors Fc are based on the crystal
structure model. The difference iIn electron density between

the postulated and observed structures is given by

Ap(xyz) =™ ~“h~rk”™1 1 |Fo|-frc] Dexp( a)dexp |-2T1 i
(hx + ky +12)] "(6-8)

“fitlere a 1s the calculated phase of Fc. Fo i1s the observed
structure factor. The difference map will show up any
additional atoms which have not been found and also iIndicate

errors in the intensities» positions and motions of atoms.

6.1.J°. Temperature fTactors

To allow for the thermal, vibrations of atoms the scattering
factor fj in equation (6 .7) must be multiplied by a temperature
factor.

3sin™ g
fj] = F(O)jJ exp G 9)

where T(0)jJ 1s the scattering factor i1f there was no thermal
motion. B i1s the temperature coefficient which i1s related to
the root mean i.wai’e displacement of the atoms from their

mean position, U™ by the expression

b- 9% U2 (6.10)
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The i1sotropic (ie.sphericalHeinperature factor assumes the
atom is vibrating equally in all directions. When this is
not the case each atom i1s assigned six anisotropic (ie. ellipse

idal) temperature factors *Np3*

6.1.5¢ Structure Refinement

When the coordinates of atoms in the unit cell are knovm
an 1terative least squares program is used to slightly alter
the atomic coordinates to give the best agreement between
the observed structure factors and those calculated for the
postulated structure. Additionally the program also refines
either one i1sotropic or six anisotropic vibration parameters
for each atom and an overall scale factor.

The measure of agreement between observed and calculated
structure factors is related to the correctness of the final
structure. A calculated agreement index R should become

progressively smaller as the refinement continues.
R=Iw (IF0] - |FcP™ 7 1 |Fol 0 .11,

w - a weighting factor =Y where (J2 = the variance.
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6.2. CrystallQg:rapny
6.2.1. Cvclopropylbis(isobutyrato)thalliura(lll) ,1.

Weissenberg photographs of cyclopropylbis(isobutyrato)-
thallium(l11), I1,indicated orthorhombic symmetry. The system-
atically absent reflections were those required for either the
space group Pna2”™ or Pnma. The non-centrosymmetric space
group, Pna2™ , was found to be the correct one.

Unit cell calibration was carried out by a least squares
fit of the angular parameters for 25 reflections with 26 ca.
20"C on a Phillips PWIIOO automatic four-circle diffractometer
using graphite monochromatised Mo-Ka radiation(X0 .7107A°).

A d-20 scan mode was used for data collection and reflections
with 3.0 < € < 26.0° were examined. Weak reflections which
gave I’t\—2(lé\)’\<l,b on the first scan were not further examined,
(f is the intensity at the top of the reflection peak and®I®
Is the mean of two preliminary 5s background measurements

on either side of the peak). OF the remaining reflections,
those for which the total intensity recorded iIn the first

scan of the peak(1™) was <500 counts were scanned twice to
Increase their accuracy. A constant scan speed of 0.05_05'_I

and a variable scan width of (0 .70+0.05 tan d)° was used,

vith a background measuring time proportional to Three
standard reflections were m.easured every 6h. These showed

a decrease of ca. ?Afo during data collection and were used to
scale the data to a comion level. Pertinent crystal information
and details of data collection are given in TABLE 6.1.

Reflections iIn an octant (761) v;ere measured after the
oreliminary test (see above). The reflection iIntensities
v/ore calculated from the peak and backgrourid measurements

using a program written for the PVJIIOO diffractometer. 376
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The variance of the intensity, 1, Wa calculated as
the sum of the variance due to counting statistics and (0.041),”
where the term in 1 was iIntroduced to allow for other sources
of error,-~" I andC7(l) were corrected for Lorentz and
polarisation factors and reflections for which 1 < 3QA(l)
v/ere rejected. The transmission factors estimated for the
crystal along the non-equivalent edge lengths were (0 .336)
and (0 .065) No absorption corrections were applied. Equivalents
were averaged to give 779 unique reflections of which 5" were
considered to be unobserved. The structure was solved by
the heavy atom method and refined by full matrix least-squares.
The Patterson function and an initial difference map
were solved iIn the centrosymmetric space group Pnma and
showed peaks corresponding to an isobutyrate ligand lying on
a mirror plane and a second isobutyrate Hligand oblique to
the mirror plane, i1nconsistent with the space group symmetry h 41
elements. Subsequent difference maps with the non-centrosymmetric
space group Pna2™ revealed all the non-hydrogen atoms and the
presence of disorder in both the methyl groups of the isobutyrate
ligands and in one atom of the cyclopropyl ring. See FIG 6.2
for the atomic labelling scheme. Two positions for C(2)
2@ ,C(2b)™ and for C?[c7(a), C7/(b)J were found together
with a three-fold disorder for the atoms C(10) and C(ID)
[c(10a),C(10b),C{10c)d . It was necessary to constrain isotropic
thermal parameters to be equal for the disordered sets of
ntoms. Based on these restrictions R =Z ||Fo|-1Fcj|/Z|Foj
was 0 .05 . However, the bond lengths obtained from this
model were not chemically reasonable within the disordered
parts or tiie molecule with chemically equivalent bonds
ehov/ing a long/short pattern with average values at the

expected values.
270
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The chemically equivalent distances iIn the disordered
parts of the molecule were then constrained to be equal within
an e.G.d. of 0.005 ™~ by the addition of extra observational
equations to tho least squares matrix.The bond lengths
were i1nitially set at the average values obtained from the
previous model and acceptable values were then obtained at
the completion of the refinement. |In the final cycle of
refinement the mean and maxmimum shift/G were (0.33) and (1.58)
respectively. The final R was 0.0M-5 and Rw = 0.050 where:

Rv — [Tw(@? | - IFc I1)™/Zw |Fo I© ; with w = 0.8277
ON IFo 1+2.0"5 X 107 Fo I . Neutral atom scattering

d, 379 and those for* thallium were corrected

factors were use
for anomalous dispersion effects. (AF’,Af") . Computation
was carried out using the “SHELX"™W system and ORTEP2 .M

The final atomic positions and thermal parameters are listed
iIn TABLE 6.2. The observed and calculated structure factors

al"e given in APPENDIX

271



6.2.2. Bis(trimethylsilylniethvl)chlorothallium(lll), 11
Data collection was essentially similar to that for I.

1963 reflections (3*0 N d ™ 25»0*) were recorded using a

d-2d scan mode. TABLE 6.1 summarises the crystal data aiid
details of intensity collection. Three standard reflections
were measured every 6h. These showed a decrease of cal3®
during data collection and were used tc scale the data to

a common level. Lp corrections and semi-empirical absorption
corrections based on a pseudo-ellipsoid model and aoimuthal
scans from 33 independent reflections were applied. The
merging R factor equalled 0.1963 before and 0.0932 after
absorption corrections. Transmission factors ranged from
0.99B to 0.678 for the full data set. Equivalent reflections
were averaged to give 1703 unique observed reflections

["F6(0 (P Cell dimensions were derived from the angular
measurements of 25 strong reflections (10.0<0<15.0°).

The T1,C1 and Si(l) atoms were located by a conventional
Patterson synthesis and the other non-hydrogen atoms from
subsequent difference maps. The molecular structure and atom
labelling scheme i1s shown in FIG 6 .7 . The structure displayed
disorder in one of the trimethylsilylmethyl groups. (FIG 6.6)
Two equal positions for each Si1(2) and C(8) atom were found,
but the remaining two methyl positions, C(6) and C(7) Were
not disordered. A model i1nvolving geometric constraints to
the disorded Si atom to fix these positions as tetrahedra /s
used In the refinement. This gave an R faexor of 0.082".

The miodel free of constraints gave an R factor of 0.0786 with
Rw = ZwNMAZIw”™ 1IFo 1 = 0 .087/.

The str*tcture was i1-fined by full-matrix least sguai-es

with complex neutral-atom scattering factors and the weighting

scheme w = 2.8137/(0™(F) + 0.000381 F“).
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The rolMned parameters included anisotropic themil
parameters for TI,CI,Si(1)» common isotroTjic tompci-alure acU"lg 3
fur” 31(2A; ,31(@B) , C(uA) and The final aoomic co0? Ly .;a0*.m
and thermal parameters for the aton.s are listed in TABLE 6.,".
Hydrogen atom positions were not found. [Interatomic di:taxr;os
and angles for the monomer unit and the dimer are listed iIn
TABLE 6.8. Tables of observed and calculated structure fectois

are given 1In APPENDIX IV.
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TABLS 6.1
Suriilary of crystal

Coinpound

Formula weight

Crystal system
Space group

data and intensity collection

(CHQ)jJCHTI [0COCH( CHMd] g

M

k19 A
Orthorhombic
Pna2n

Unit cell dimensions”

a(?0

oS

c®

Pin)

Volume {&)

z

F(000)

Crystal dimensions™
B (m.~")

Final no. of
variables

Unique data used
1 >30* (1)

7.316 (3)
12.079 )
16.119

)
XkZk k3

792
0.1 X 0.1 X 0.25(m)
108.90

[(CH™) SiCH2]211CI

an
Ulu
Monoclinic
P2/n
10.618 (B)
222 (B
6.017 ()
99.76 (3)
1572.11
k
7SIN

0.29 X 0.16 X 0.13(mm)

103.42

a?Ne estimated standard deviation in the last significant
Ig°jre 1s given iIn parentheses,

In mm.
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TABLE 6.2
Final fractional coordinates (TIXION; C,(3,xl04)§ and isotro
thermal parameters IO for (CHQ)QCHTIrLOCOCH(CHq?.Zl 5

Atom X V. z u/g2 s.o.f
T1 -1130 -6260 25000 C 1
oD 591(25) 674 1) 1061(40) 86(10) 1
0@ 234(19) 740(9) 4004(37) 65(7) 1
0Rd) -1997N(16) -1549(14) 2333(68) 95(8) 1
0D ~17\(15) -145(12) 2754(128) 89(5) 1
c(D 1:F47(23) -1275Q2) 2707(@02) 107(0) 1
c3 2411(28) -822(20) 2269(75) 117 (15) 1
c 513(21) 1113 (16) 2522(44)  74(6) 1
C®) 763(23) 2047(Q7) 2230(2) 100(11) 1
c(6) 2023(26) 2123(26) 2301(137) 145(@8) 1
C(®) 2303(28) 839(21) 2257(Q20) 93(14) 1
C(9) -3670(27) -660(19) 2412(53) 151(14) 1
C(2a) 2258(56) -1128(45) 4056(86) 72(15) 172
C(2b) 2117(55)  -1525(38) 1226(102) 72(15) 1/2
c(va) 270(69)  2499(65) 3885(105) 110(20) 172
C(7b) 341(60) 2459(67) 485(101) 110(20) 1/2
C(I0a) -4211(46) -1290(23) 3451(G6) 102(10) 2/3
C(I0b)  3986(47) ~723(24) 548(52) 102(10) 5/3
c(10c™ 3988(40) 129 (22) 3097(63) 102(10) 2/3
4 Values of e.s.d.’s in narentheses. Site occupation factor.
NAnisotropic thermal parameters (xI0nN) =" T1 |67(0);
U2p.e”K0); um,o(D{ ur, .-1(6).
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A M.
TABLE 6.3
ers xloH)*™™ for I(CH™)
Atom X y z uen™)
D 591(1) 2615(2) h
-1472(36) 976 (15) 2172(61) 791(97)
-3011(57) 2032(25) 1777(99) 1569 (215)
-157(75) 1989(31) 266(129) 2149(306)
~260B(96) 1M91(N0) —2002(169)  2970(459)
2477(32) 382(13) 3201(55) 700(89)
3281(il12) 1389(19) 5236 (76) 1139(142)
5283(53) 791(22) 3044(90) 1388 (180)
4654(80) 612 (37 7080(130) 1238(192)
3093(83) 1565(38) 1324(141) 1238(192)
1680(4) 1167 (17) h
3769(22) 722(9) 4161(39) 920(44)
31(2B) 3530(23) 919(10) 2899(41) 920(44)
Cl -382(11) -477(3) 2362(12) b
I of e.s.d"s iIn parentheses.
:ropic thermal parameters &I0®) for»

Atom ull u22 m Ul2 Ul3 U23
455(G) 407(5) 459(@6) 19(6) 60(4) 3™N(6)
977(78) 7V3(68) 7M20GYH 382(60) 179(58) 315(5)

1509(81) 526 i6) 366(33) —298(G4) 198(4D) -8(37)



TABLK 6GA

IntGratomic distances and angles for (CH™)oOGHTICCCH(CHM),

Ur=;1-anoes™

o(D)-GM 1.285(16)
0(2)-CC ) 1.285(16)
0(3)-C(8) 1.207(32)
0(4)-C(8) 1.359(61)
c(D-CR) 1. M1r@Eon
c(D-C(2a) 1.”M0(30)"
c(D-G(2b) 1 .Mo@BOY
c()-c{b) 1.550(35)
Anfvles

G(D-C(3)-C(2a)
C(D-C(3)-C(2b)
C(D-Ca)-C(3)
G(D-C(2b)-C(3)
C(3)-C(1}-G(2a)
C(3)-C(1)-C(2b)
C(i1)-C(5)-C(6)

C(1N-C(B)-C(7a)
C("1D-C(B)-C(7b)

C(8)-G(9)-C(10a)

60.0(3)
60.0(3)
60.0(3)
60.0(4)
60 .0(3)
60.0(3)
105 .5Q7)
106 .1 (56)
118.2(55)
111.4(43)

G(8)--G(9)*“C(10b) 100 .7(63)

C(8)-G(9)-C(10c)

116.(1(36)

G(10a)-G(9)-C(10b) 109 2(3)®
G(1Ga)-G(9)-C(10c) 109 .3(3)®
C(10b)-G(9)-C(10c) 109 .3(3 )W

01 )-G(13")-0(d
0(D-C(13.)-C()
0(2)-C(i0-C(5)
0(3)-C(8)-0(4)
0(3)-G(8)-C(9)
0(M)-G(B)-G(9)
C(6)-C(5)-Cl7a)
G(6)-C(5)-C(7b)
JX-G (1>-C\3)

117 6@Q2)
114.0(32)

128.5(33)
127 .7 (658)

117 9(@1)
109 .4(41)

108.8(11)®

109 0(@2)®
117.0U9)

B77

C(5)-C(6) 1.527(28)
C(5)-C(?a) 1.533(27)“
C(5)-C(7b) 1 527(30)*
C(8)-C(9) 1.675("+5)
c(9)“c(10a) 1.M9(28)°
C(9)-C(10b) 1.:,/M20(28)®
c(9)“Cc(10c) 1.1
TI-C(1)-C(2a) 125 0(9)
TI-G()-C(2b) 125.8(1l19)
o(D-TI-0(2) 52 .2(6)
0(4)-T1-0(3) 55.2(7)
C(1)-T1-0(D) 98.0(13)
C(D-TI-0(4) 168.3(26)
c(D-TI-0(3) 117-9(10)
C(D-TI-0(2) 104.4(13)
o(D-TI-0(3) 136 5(11)
0(2)-TI-0(4) 78 .2(13)
o(nH-TI-0(4) 92 .6 (13)
0(2)-T1-0(3) 130.0(9)
od™M)-TI-0(l) 120.6(6)
o(I™)-TI-0(2) 68.4
0(13)-TI-0(3) 81.2(11)
o(I™)-—*TI-0(4) 7 0@3)
oa™M)-T1-C(L) 96 .1 (103)
o(I™M)-TI-0(2™) 163 .3(6)
oe™M-T1I-0(1) 70.1 ()
o™M-TI-0(2) 120 .7 (6)
o2™M-TI-0(3) 82.5(9)
oe@M-1’1-0(4) 93 .5(3)
oe2™M-TI-C(H 94 .9(3)
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3. DI3Cr33I0M C 3™ SrRU(r, "URES

-.3.1. Cwlei:.ror=y1™)IC( j -sobut; "rato) tbnlJ.ium( 111)

Cyclo™roiv/1"MisC isobutyrato) j:>1alliun(lir), I, was
obuainod as coj.ourlcss crystals from biscyclopropylisobutyr-
r.ochollium(11l) by an exchange reaction with bis(i3obuty.rato)-
"reniry(iT) 1n a manner similar to that described for the

"/ration of other monoalkylthallium( Il) carboxylates™ *
ihe crystals were suitable for single crystal X-ray crystal
st.ructure determination and the results obtained represent

first available for a monoorganothallium(lll) derivative
.awvi: olmple anionic ligand. Structural detroils of only one
o her cyclopropyl-rnetal derivative, hlp(G™HM”N, appear to
have been i—eported-—38?

1 view of I 1llustrating the disorder observed and t.e
atomic numbering scheme i1s shoAn in FIG 6.2. The same viow/
IS shown without disorder In FIG. 6.1. The principal bond
lengths and angles arc listed in TABLE 6 .. and the coordin-

/-ion geometry around thallium is shown in FIG 6 .3,
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The CHATICONCMHMN units exist iIn
the crystal as infinite linear polymers in which one of the
1so"butyrate groups, while chelating the T1 atom, also forms
oxygen bridges to the T1 atoms of adjacent units. A section
of the polymer chain is shown In FIG 6.4.
In the CMNHANTL(O2CEHYH2 unit (FIG 6.1) the thallium atom
iIs five coordinate. Polymerisation via the bridging oxygen
o.tos, however, increases the coordination to seven(FIG.6.4).
The coordination geometry of the Tl atom.is irregular but may
be derived from a pentagonal bipyramid by bending the equatorial
atom 0(3) towards the 0(4) axial position. Seven coordinate
thalltum 1s unusual but has been reported previously In bis-
m8thyIxanthegenatothal lium(111)”J" although bridging S-TI
distances of 3.19 and 3*35™ were found compared to S-Tl distances
of ?..96R within the planar TIS?C unit. In the case of
CH.T1(0"C, ,H,,)) the bridging O-Tl distances are not overly
long {2,57 to 2 .67S) compared to the chelating O-Tl distances
of 2 5S within the same i1sobutyrate group. The TI-Tl distance
between adjacent monomer units 1iIs 4.187™»

The non-bridging i1sobutyZ2ate ligand acts as a wea™ chelate
to the thallium atom, showing considerable ester-type character
Vv/ith two very different O-Tl distances of 2.12 and 2.71™ to
oxygen atoms 0(4) and 0(3) respectively. The shorter of
Wese two bonds makes am angle of 168 with the TI-C bond to
ve cyclopropyl ring and strikingly demonstrates that the
dominant characteristic of dialkylthalli.um(111) compounds whereby
g'dliun tends to form a near linear arrangement with two
strO1"igly bonded groups persists into monoalkylthallium( 111)
myslens. Indeed Ihc Lclymoric pattern or 1 is very similar

129
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and the structural arrangement of | can be considered to be
derived from the latter by replacing one of the alkyl groups
with the non-bridging i1sobutyrate group. The C-TI-C angle
iIn (CHM)oT102CCKN 1s (compared to G(D-TI-0(M)
in I 168(3)°). The least squares plane through 0(1),0(™),
C(8),C(9),T1 of the bridging ligand and that through 0(3)»
04) ,C(8),C(O) ,T1 of the non-bridging ligi"nd Intersect at an
angle of 7?8° (see TABLE 6.5). This is close to the angle
(86°) made between the TI-CH™ bond and the TIC2Q2 plane of
the chelating and bridging acetate ligand iIn dimethylacetato-
thallium(11lD).

The C-TI bond length of 2 _.160R is similar to that found
in the two other reported structures of monoalkylthallium(111)
compounds (TI-C = 2.147?S 1n methyl-5»10,15 .20-tetraphenylporphin-
atothalj—-tum(l1l) ; TI-C = 2.073» a methylthallium(lll)
com.plex of 2 ,6-bis(2-methyl —2—benif.othiazolinyl)pyridine.146
The TI-C distance in | is also in the range (2.01-2.208) found
for TI-C bonds in neutral dialkylthallium(11l) species.

The short C-C distances found i1n the cyclopropyl group
(1 41X) are a result of the crystallographic treatment of the
disorder and are not comparable to the values lound in other

. _ . Q. 33 38"
monosubstituted cyclopropyl derivatives (1.497~1*506 ).

6.3.1.1. Infra-red spectroscopic studies
The role of the carboxylate anions (bridging and/or che].ating)
in organothalliuni(l11l) carboxylates has previously been
: : . 89,182,189,385-387
suggested, from assignments of their IK spectra.
Consideration of the structure of cyclopropylbis(isobutyrato)-
i 00

thaliium(iil) , T. together with that of (CH")2%iiOCOCH"

allows clarification of these intorpretations. The IR spectra
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TABLE 6.5
le?ri: squares plane-~ defined by Ix + my + nz = p for (CHo)oCHTI-
[OCOCH(CH™M"]

Plane Atoms defining plane m n
01, 02, CeIH, CB). T1 -0.95" 0.227 -0.196 -0.522

0(3), 0(4), C(s), C(9, Tl o0.020 0.12? -0.992 -1.983

Deviations from planes (8)

1 0(1), -0.064} o(2) -0.051; C(4), 0.023; C(5)-0.073;T1,0.065
0(3). -o0.076; 0(4), -0 .088; C(8), 0.117; C(9) o0 .007;Tt 0.038

Angle between planes; 78.3"

28b



e

=< y W*# a = HNofe e ~a AN e o -

of I, bis(cyclopropyl)isobutyratothallium(l11) and other
organothallium(lll) carboxylates are compared in TABLES 6.6
and 6 .7, and the bands are assigned as V(CO™) asymmetric
or syiTi-"etric “tre I'ching frcq'j.encie;o. phe spectra indicate that
monoorganothallium(111) compounds RTIY2 f(R = C "HNCHY,

= OCaCH(CH™M)2; H = CH; Y = OCOCH™, (TABLE 6 .6;) have similar
structures in the solid state because of the similarity of the
spectra in the 1300~1700cm region. Similarly, the solid
Sitate structures of (CHMIQTIOCOCHOMN  and (Cytj)2T10COCH(CHM)2
would appear to be similar on the basis of the IR evidence.
The crystal structure of (CHM) gTIOCOCKN shows only one t3”e
of carboxylate group, and this i1s both chelating and bridging
(see FIG 6.5A). A simultaneously chelating and bridging
carboxylate anion is also found in the structure of I. This
suggests that for all the organothallium(l11l) carboxylates
in TABLE 6 .6, strong bands iIn the region 1 ;05*“15”0cm“” and
IM-11-1428cm””~  can be assigned as V(COO) asym. and V(CO0)sym-
respectively iIn chelating and bridging anions of type A. The
additional strong bands iIn the regions 1610-1615 cm N and
1380—1390cm“1 for the monoorganocarboxylates are consequently
assigned as V(CO2) asym. and V(CO2)sym. respectively in
chelating carboxylates, FIG. 6.5B, as found in the structure
of I. The higher energies of the V(CO2)asym. bands of
structural type E are consistent with the lack of bridging
function and, as indicated by the structure of |, with the

significantly ester-type character of this group.
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TABLE 6.6
AbGor-ption bands .in the reg;ion 1350~16500Tn " of alkylthallium(111)
ciGrboxylatos™ in the solid state”™ and in chloroform solution’

CAHAV I X« (CMHN)2TAX
Solid Solution Solid Soluti Assignment
lelss 1590(br,sh) Vasym.
1512VS 1L570s(br) 1528S 154585 ( (CO0)
1505VS 1518 (sh)

INisow 1473m 1480w
1468w

1428s 1408 m I'MIs 1420m V--3ym.
1390m 1395sh (C00)
1377W 1375m 1375w
136 OV 1365mM 1360mM

CHATIYg (CH™M2T1Y
Solid Solution Solid” Solution Assignment
lelos 1590s(sh) ~asym.
1539s 1560s(br) 15Movs(br) 157?0s (C00)
1720- 1415s(br) N'28vs(br) 1428s(br) Asym.
-1380s(br)1387sh (CO0)

CHAT1X2N
Solid Solution
1610s 1577br "=
1510s 15255 (CO0)
1468m 1469s
1425s 1405s sym.
13905 1400sh (CO0)
1-:372m 1370m

1360M 00
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TahlG 6.6. ContAnued

X = OCOCH(CH™2; Y = OGOCH™. In cm VS = very strong,

s = strong, m = medium, w = weak, sh = shoulder, br - broad.
N Spectra obtained iIn Nujol or hexachlorobutadiene mulls.

N Spectra obtained using CHCI™ solution, WW//w.

Assignments by analogy with, or as given in, refs. 89,182,
385-338. @ bBand positions In agreement with those iIn ref. sss .
~ Band positions in good agreement with those in refs, 182,385»
3ss . “ Data from ref. so
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-bsorrtion Ppnds in the rei“ion 1350—1’?50cm_:L of a ragge of
g -hotlallium(Ill) carboxy].ates™ in the aolid state and

inh chloroform so.lution

CH.CHTIX, ,
Solid Solution
1610s B 1587S B
1518s A 153"s A
I""4%6n A 1"21s A
1389m B 1397s(sh)B
1 NIm 1475m
137™w
1359W

(CHM)NSICK2TIEX2
Solid Solution
1589s B 1570rn(s,br)B
15 "Bm( sh) 15M:~s(br) A
1518s A

r(CHM) . .CCn™MoTIX
Solid Solution
153?a A 1550c A
1417m 1411Im
1403s
12 70s 1471 s
1365s 1366m

(CHACHMATIX
Solid Solution d

N* " asym.
1531s A 1531s A / (CO0)
1420s A 1413s  a ( "sym.

/ (cno)
1476m 1474m j Additional
1370m 13?0m ! bands
1359w(sh) around

V(COO)regio
[ (CH.p"S1CHPJINTIX
Solid Solution d
1552s A 1590m(sh)A Vasym.
1513s (COO)
1532m(sh)
No3s 1M12m(br) “sym. (COO
1°?2m 1470w Additional
1398w(sh) bands
1362m 1362W ai’ound
V(COO)region
(cyclo-CVHJHNTIX
Solid Solution d
A 1558s A Vasym.
15353 (05
1405s \ "sym.

\ (C00)
1465v/ 1163w (sh) Additional.
100w 138 W/ bands
1351W around

V(CCC)reg-icn.
200
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6.7 Continued

Y (H..
Ch ( TIYA (HoC 0y) 741 M j
Solid Solution Solid Solution
1750S 17508 V(C =0)
1674w 1672w V(C =G )
1634\v (sh)
1teoom B 1582m(sh) B Vasym.
1524s(br)A  1532s(br) A 1535s(br)A 1557s (CO0)
—ra Asym.
lii"3/m 1424s I™M05s N [ g2 (C00)
1477w o
1370Mm 1370 sh(br) 1397w(sh)  1397w(sh) Qgﬁclj; i (;rl"?):md
V(COO)region.
Y \Y
TIY,
Solid Solution Solid Solution
I?50s 1750s 1741°S 17478 V(C =0
1732 (sh) 1733~(sh)
1630v;( sh) 1633w
1613m 3 1585m(sh) B 16i5w B 1585w(br ,sh)BWasym.
1533s(br)A 1553s A 1525s A 1554 s(br) AY (CO0)
1540m(sh)
1416s(br ( Vgyyn.
A 1Mes(br) A (br) 25
1380s(br) YAdditional
13803 (br) o e
around
V(COO)region.

ax OCOCH(CH™Mo; Y = OCOCHM. In cm'1 s = strongl m = medium,
w - woak.sh = shoulder, br= broad. “Spectra obtained using

Nujol or hoyachlorobu-a.i1iene r.n_.Is.*“ Spectra obtained using

CHCI. solution, 1% mmws= Assignments by analogy with, or as

given, iIn refs.so9 ,182,385-388.° Band positions iIn agreement with
those i1n ref.89%

b1l
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6.5 The coordinating modes of the carboxylate anion 1in
organothallium(l1l) compounds. (A) Chelating and bridging}
(B) Chelating only.

Cn dissolution In chloroform VCCO”) asym. for ligands of

type A increases BY 18 _3~cnm consistcnt with partial disruption

of TI-O bonds as solvent molecules bréale up the polymer chains.
This i1ntorpertation is also consistent with the state of
aggregation (oa.2 ) of CH3TKOCOi1C”MH”™)3 1n CHCI3 solution. 59
The values of V(Q,,)ssan. for ligands of type B decrease by
20-33 om"” fer Chloroform folutions, and this may be due tothe
ester-like arrangement in B being altered to a more symmetrically
coordinated carbexyAi axe an i.on-

The 1nfra-red spectra of a wide range of other organothallium-

(i11l) carboxylates are compared iIn TABLE 6 .71 both in -he
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solid state and in solution (CHCI™). All the monoorgano-
thallium(111) compounds can be seen to exhibit bands of the
type B, (chelating only), in the solid state having values

of Vasym. (COo) i1n the range 1598-1615cm"*~. These values
decrease by 23-30cm , on dissolving in chloroform as noted
previously. Both mono- and diorganothallium compounds in

the solid state are seen to have bands of type A, with values
of VasymCCO”) 1n the range 1518-1552cm“~. These values increase
by S-BScm”” on dissolution in chloroform. Only the bands at
1552cm and 1590cm , in the solid state and iIn solution
respectively, fTor |(CHM)SiIGH2j2T10CO1ICHN" are outside the
range found for the compounds iIn TABLE 6.6.

The IR spectra of other organothallium(lll) carboxylates
have been reported for CAHATLIX2 387 papnfijya ’(C%FA)Z
X  OCOICKr™ Y = OCOCH~. The similarity of theilr spectra
(in the regions 1350-1650cm to those i1In TABLES 6.6 and 6.7
suggest they contain carboxylate anions of type A and, for the

nionoorganothal lium(l11) species, also type B.

In the trans-acetato-(but-2-enyl)thallium(lll) and
norbornane-/norbornene- derivatives the third acetate group
appears to play no part as a bridging or chelating group
but i1s present as a free ester group as shown by the bands

-1
at 1732-1750cm
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6.3*2. Bis(trimethylGilylinethyl)chlorothallaumCIIT1) . 11

Numata88

and Kuros,awall\7 have proposed, on the basis of
infra-red spectroscopic results and molecular weight measure-
ments, that bis(trim.ethylsilylmethyl)chlorothallium{llil), 11,

IS dimeric i1n both the solid state and in chloroform solution

and contains a non-linear C-TI-C skeleton. The crystal structure
of 11 determined here shows that whilst the dimeric formulation
iIs confirmed iIn the solid state, the C-TI-C unit is close 1
linear (163°).

The molecular-structure of 11 showing the disorder observed
in one of the trimethylsilylmethyl groups and the .labelling
scheme used i1s shovn In FIG.6.6. A view of the dimer unit
without disorder is shown in FIG 6.7» Interatomic distances
and angles are given in TABLE 6.8.

The structure consists of centrosymmetric dimers

ILECCKMN3SICK.J2-1d}2 with each thallium atom bonded unequally
to the two bridging chlorine atoms. The thallium atom is four-
coordinate with a coordination geometry based on a distorted
trigonal bipyramid with one equatorial position vacant and both
TI-C bonds bent slightly towards the vacant position. The
C-TI-C angle (168(1)°) 1is ".vithin the range (163-180°) previously
r=ported”2.17.9,131"-136.359,390 o RpTIX derivatives R = alkyl,
X = uninegative anion).

The C-TI-C angle found in 11, (168°) 1is close to that found
in the polymeric (CHY)YATICI™N structure (180°) where thallium
IS six-coordinate. Thus 1t appears that there i1s no correlation
between C-TI-C angle and the extent of oligomerisation. This

sunported by the follovw/ing observations. (ClIM)pTl tropolonate
i1s pol;;Mmeric with thallium six-coordinate and a C-TI-C angle of
However (CAHMNTItropolonate is dimeric vith five
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TABLE 6.8

Interatomic distances and angles for rf(CHJ{\)SSiCH" [ 2ANC4D

Distances™""*
TIH._.TIN ~_308(2) c(5) Si(eA) 1.62@3)
T1 - CI 2.76(1) c(5) Si(2B)  1.75(3)
Tl - CcI~ 2 99(1) Si(2A)... Si(2B) (0.899)
T - c(D 2.21(A") Si(2A) C(6) 1.86(5)
Tl - C(5) 2.17@3) Si(2A) c(?) 1.85(6)
c(1)-Sid) 1.82(iM) Si(2A) C(8A) 1.87@7)
Si(DH-C(2) 1.87(6) Si1(2B) C(6) 1.87(5)
Si(D-C3) 1.82(8) Si(2B) c(?) 1.88(5)
Si(1)-C(4) 2 .09(9)

Si(2B) - C(8B) 1.86(5)

cl...CIn 3.87(2)
Ag.les™
CI-TI-GIN &1 TI-C(5)-Si(2A) 133(2)
TI-CI-TI? 90(1) TI-C(5)“Si(2B) 116 (2)
Cc(1)-T1-C1 97(1) C(5)-S1(2A)-C(6)  108(2)
C(1)-T1-C1n 92(1) C(5)-Si(2A)-C(7) 131(Q)
C(5)-T1-C1 95(1) C(6)-Si(QA)-C(7) 111(2)
c(5)-T1-C1n 91(1) C(5)-Si(2A)-C(8A) 121(2)
G(D-Si(i)-C(2)112(2) C(6)-Si(2A)-C(BA)  86@3)
c(D-Si(DH-CR)119(B3) C(7)-Si(2A)-C(8A)  91(3)
C(2)-Si(-C(3)128(3) C(5)-Si(2B)-C(6)  102(3)
c(D-8i(1-C(4) 93(3) C(5)-Si(2B)-C(7) 121(2)
c 2)-Si(D-C) 87(3) C(6)-Si(2B)-C(7) 109(2)
C)-SiI(D-CEN) 99(M) C(5)-Si(2B)-C(8B) 125(3)
C(1)-T1-C(5)  i6es(l) C(6)-Si(2B)-C(8B)  79(3)
TI-C(D-3i() 116(2) C(7)-Si(2B)-C(8B) 109(2)

~The suporscrip™t 1 rGicrs "o t;hG symmGtry ftransforma. tion —Xf-y,l1-z

E..n* iIn pai"on"fchescs. ~In S <« An al"tGma"tive modGl wi''th

QOiis trariits fixing S1(2A); Si(2B) as tGtradedra gave a rafined

Si*-C bond distance of 1.83" ~ N C1-T3.-C angla of 1?0.0 (11).
In degrees.

.>f)









coordinate thallium and a C-TI-C angle of 163°e The
C-TI-C angle i1n the polymeric (CMFM)2T10HMAN 1s 139° with
five-coordinate thallium whereas in (CgH™)2Tl diethyldithio-
carbamate thallium i1s four coordinate with a C-TI-C angle of

This evidence suggests that electronic factors may
be Important in determining the C-TI-C angle.

It has been suggested that oligomer formation in RATIX
derivatives is strongly influenced by the nature and size of
the anionic ligand X. Polymerisation usually occurs in
RATIX compounds when X i1s a small monodentate ligand, eg.

,canr ~ ~  _ For larger anionic ligands eg. PhO ,
Ph® \ p-CICKMO* 62 and[a i (CH™)""NC™NJ association i1s limited
to dimer formation.

Thus by analogy with (CHM)2T1C1l, further association of

| L(CPI™MNSICH2]2-MN}2 polymeric chains would be expected

to occur through chlorine bridges. However no evidence for

polyifierisation in Il was found and the shortest interdimer

T1....CI distances found are T1.... CI™™,1095« T1.... Cl

129111 (superscripts 11 and 111 refer to the symmetry

transformations snd -s+x,7-y,-i+z respectively ).
The shortest i1nterdimer T1....T1 distances are T1.... T111
12.99R and T1....10.97° e 1t is possible that the

bulty (CH™M”SICHp groups are preventing oligomerisation from
pi oceeding beyond the dimier stage i1n this case. Unfortunately
the exact relative orientations of the (CHM)”ASiICH2 groups in
neighbouring dimer units could not be meaningfully determined
due to the nature of the disorder i1n one of these groups. Thus
It 1s not clear vw/hether steric or electronic factors limit
ol gomer 1ormatj.ons In xhis case.

Althouglt X-ray crystal structures of several trancition

motal derivatives of the trimethylsilylmethyl group have boon

29S
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(Received July 3rd, 1978)

Summary

Cyclopiopylbis(isobutyrato)tl'.allium(l11) has been synthesised and its crystal
sliucture determined. The compound tr>*stallises in the ortliorhombic space
group with @ 7.316, D 12.079, ¢ 16.19 A. Linear polymers i\re present
in which ihallium is «moven-coordinate. Two types of carboxylatc ligands are
present; one weakly chelating and the otimr both chelating and bridging.

This structure allows clarification of infriured spectroscopic data, presented
for mono- and diorganothallium(l11) carbo.xylates, in the solid state and in solu-
tion.

li'tluodaction

Synthetic procedures are now availabb: for several types of monoorganothal-
hum species, RTIX, (R =aryl {!]; vinyl [2}; norbornane derivatives 13J; and
groups of the types*CICH; (‘{],(CHAXICH, [5], (pyircr)CIL [6], PhCH-
(OCIi3)ClI27j; X - anionic species). In contrast to this wide range of stable
derivatives, monoalkylthaHium(lin (Compounds appear to have boon reported
viih only four tyios of alkyl group; R- Cil3(8—16J, tXUs (8,9,12,13,16),

(12] ami (Cil3CC[I1/(l.]. A variety of potentially bidentalo (8,9),
cjuadridonlato (15J and tjuiiupuicuTitati.’ (16] anionic ligands has boon u.scd to
stnhili.'ui these mom*alkyl ccnujinunds but the precursor compounds (8,1 d]
(wiu're X ~carboxylalo for R - 0113, Colic, n-C317) and ([CI1j);CC 112]2 lIBr
(171 are apparently less stabli* in solution and in the solid jtale. As part of an
inv-aigation of mono.".!";)) llhalliumnil) compounds we hav< isolated the cyclo-
i>ro))vl dc'iivative, C»! liTHOCOCI I(Cl13)2]2 (1), which appears to be remarkably
S»table.

Little is known about the structures of monoorganothallium(lll) com-
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ooiindr.. TI".0 t".vo avuilablo .strucliiro flolrri-iin.Uion.". aro of coiiipU'NGs of
CH:.'rr"" wilti gwadii- [15] and (Jvnn(iui-d('nUiU: [Id] lijiands rosin”clivoly."I'hc
structuros irivolvin;: llicso nuillidonlaio lijiamis pdvo liiilo imlica.lioii of tlic pro-
fcrrod co-ordination around thallium in tho protair.n'r niono;ilkylthal!lum(Hi)
carbo-vylatcs. Our previous attempts to isolate eiysia.llino .~anphes of (alkyl)-
TiXj 1x. “ OCOCII3 0COC1I(C1 Idi) failed due to ciy.slal di>'utt";vafion on
removal of solvent durin, isolation of the products, 'i'iu’ cva-lopropyl derivative,
I, proved c.vooptional in this respect, and an X-ray crystal structure determina-
tion was (lu'voforc undertaken.

Experimental

Prci'.iration of dicyclopropylbromolhcHiumflil). Cyclopropylmaynosium
brotnide [IS] (0.13 mol) in THE (IUO cnE) was added slowly (do tnin) with
siirrir.” to a cooled (—20'C) freshly prepared solmion 01 thallium(l11) bromide
[2a] (OQOG mol) in THE (100 cm™ under dry nitrogen. Stinin't was contin-
ued for a further 20 min at —20°C and then, after bein”™ allowed to warm to
room temperautre, tb,e mixture was hydrolysed with agueous animoitium bro-
mide solution (3'ic). The critde product was collecied by filtration., washed with
water and ctlier and dried over P-Os- Extraction of liiis material (14.5 g) with
pyridine (500 cm’) at and concentration to ca. 25 cm’, followed by addi-
tior- of jiotroloum etlier, gave the product as a white solid. (Found: C, 20.2;

H, 2.8. CVlioTIBrcalc.: C, 10.7; Il, 2.7%.)

Preparation of dicyclopropylisobutyratothalUiirn(lli*. Dicyclopropylbromo-
th.allium. Ifl) (5.0 mmol) anrl jsobulyratosilvcr(n ( «0 mmol) were mixed in
mete.anol solution. Silver bromide was removed by filtration, and evaporation
of the solvent ga"&the product as a v/hite solid (75fc), wliich was used without
further jnirification.

Preparation cf cyclopropylbis(isobutyrato)lhalliiim([if), 7. A solution of
dioyclopropylisobutyratothalliumf 111) (O.S g; 0.002 mol) and bis(isobutyr.'ito)*
mercury(H) (0.8 g; 0.002 mol) in luellianol (100 cm’) was stirred for 4 h. The
mixture was filtered and evaporaiion of the filtrate at GO™C under reduced
pressure gave a while solid. I he mercury sall.s were removed by washing with
bcir/one (50 cm’), decry. U'-liisalion from mcllIKmol gave 1 (0.4 g; 4-170) as
colomloss noed'r.'i. (Eouivl: C, 31.G H, 4.G. Cjilli90.iri calc.: C, 31.5; 1,
4.9).

D I%_ethylacctato'l'ald'.n:(lJI) a*.d rnetliyibisfaectato)thallium(I1F) were pre-
pared it previously roj (i ixi (o].

Pliysici.l mcai:uremefi is

croati.jlvr.(emwe. 'unii‘d otit by th(> HuKerworih Mieroanalylical Service,
I.oiulon. )R sp. etc'. "V-rc recorded on a Pyo Unicam .SP2000 spectrophotom-
eter as mulls ili Nuiol and liCH, and in chlorofiirm solution.

Cry oy o o |
\V'c Si‘cibet j; pheb'graplis of lindicated ovtlioihomnic symmof ly. lho .sy.stciu-
utically al'.venl r*'th clions were tlucie najuired f<t oitiier the space group

»



[lYPnina. "llio non-ci nlrosynunctric sp.c> »noup, \va.” found lobo
thc c-'TfecLotu\

I'nii ci’ll curil-i .Gon wa;; t5\v,c'd uu( for thi* sainpl(* hy a Km.I sipiaros fit of
tlio i;;i}:u'ar pavami'l-.n;: for li.'j roikctions with '?.') ca tU' on a I'WL IO
auto..jafin four i'irclt' diffraclonu’lor usin:( jMVphiLo n'.ontn'hroraatisncl M>-ZC*
r;uiiz".iion (7 0.7 LOT A). A0 -* 2 S an niodo was us('d for data colioclion and
la'fli otions wiili 3.0 J < 20.0* wore ONamined. Waaic rofli etion.s which ;:avo
it —2(L. y* < fl, on th< firit. scan wore not further exatninrd. {l, is the intensity
at the toj) of the reflection }K\ik aiul f,] is the moan of two jMvliminaiy 5 s
background ine.ismcinents on cilhv'r side of the peak.) Of Iho remaining reflec-
tions, those fijr whicit the total inlen.sity recorded in the fi’st scan of the peak
(/,) was <500 counts were scanned iv/ice to increase their iu‘curacy. A constant
scan spaced of 0.0.5" s~ and a variable scan width of (0.70 0 05 tan Of was
used, witli a background nieasuring time proportional to Three standard
If flections were measured every Gh. Tiieso showed a decrease of ca. 2Kc. dur-
ing data collectiori and were used to scale the data to a common level. Sec
‘fable 1 for jx’iiinent crystal information and details of data collection.

Ronéotions in an oct.ant (7G1) were measured after tlic preliminary test (see
above). The reflection intensities were calculated from tlie peak and ba.ck-
ground measurements using a program v/ritten for the PWHOO diffractometer
[Id]. 'I'he variance of the intensity. /, was calculated as the sum of the vniiance
due to counting statistics and (0.0 tf), where the term in /4 was introduced to
allow for other sources of error [20]. /and 0(|) w'cre corrected for Lorenlz and
polarisation factor.s and reflections for w'hich /< 30(7) were rejected. The
tnmsiiiission factors estimated for the crystal along the non-equivalent edge
length.s were (0.33i5) and (0.005). No absori)tion corrections were applied.
Equivalents were a\eraged to give 749 unique reflections of which 51 were con-
sidered to bo unobsoivea. The structure was solved by the heavy atom method
and refined by full matrix Icast-s({uares.

1iie Patterson function and an ir.itial difference map worc solved in the
conliosymmciric space group Piuna and s'towed peaks con espijnding to an iso-.
bu.tyrate ligand lying on a mirror plane and a .second isobutyratc ligand oblique
to II'e mirror plane, ir.consistcnt hh the s)™ace group .symmetry elements. Sub-

9 (luenl t.lifference maps with the non-cenfro.synunctric space group /Z?to2i rcvoalcG

all “iu atom f)osilion.s and the jir'. “N'uce oi c'iso.-der both in the methyl groupi. of the
i.w.hu(vraie liiguuis and m one at'cn of the cyclopropane ring. V&c Fig. 1 for the
atoiii labelling sebiea’o, 'two pos:.for C(2) [C52a), C(bi))] and for (J(/)

VALl

<'wUjAtaY or CUV:, iai. u\ta axu u'i -SI1I'Y COU.KCIION FOR CYCUOI'ROrYUnS(USOI»UIY-

®.nj)t IIAU.U).'UUI)

U >4 4
1 it *(000) 702
7.U»; Ciy.lj! iliuiensioiis (nmt) 0.1 X 0. X 0.20
r>.07v a (e 10S.00
1 110 Fi’l 1nfi. oi Vtiri.ihli--! 82
1 13 I.'nic.uc (lLitn used, 605

/> 30(/)

o= D
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Vig. 1. The sfv.ictne of showinc tliedisorderinatons C(2), C(7), and C(10>.

[C(7a), C(7'})I wore found, tof;othcr with a three-fold disorder for the atoms
C(10) and C(11) [C(I0a), C(IOb), C(IOc)]. It was necessary to constrain isotrop-
ic thermal parameters to bo equal for the disordered sets of atoms. Based on
those restrictions R “ lill/’o1 — | was 0.0 Ib. However, the bond
Icnfilhs obtuiiK'd from this model were not chemically reasonable witliin the

TABLE 2

DAL, R ACTION AL COORDINATES (TIX 10%;C.0 % 10) AN D ISOTi"GPiC THER.UAL PARAN-
KT KBS (X n3) r0p I»

Aton ! y z u (\h 5.0.f.
S1130 - 6250 2.5000 c- 1
591(25) 071(11) 1001(10) BO(10) 1
231(19) 710(9) £001(3T) 5(7) 1
S199 1(is) S1510(1 1) 2333(5%) 95(8) 1
S1TLL(L5) -1 5(12) 215 1(118) BO(5) 1
11 17(23) 1275(21) 2707(102) 107(10) 1
2111(2i5) 821(20) 2209(75) 117(15) 1
*513(21) L1/ (1) 2522(11) T4(0) 1
703(23) 20 17(iV) 2230(91) Lo0(L 1) 1
2023(21)) 21 L.ti. >0) 2301(137) 145(18) L
2.30:;(23) $3 % 1) 2257(220) 93(1 1) 1
S36EV0(27) - £.00(10) 2112(53) 151(1») t
2:);5.(pr) S1T2L( tr) £050(80) 72(15) 12
2117(55) - 152;.(357) 1220(102) 72(15) 12
2T0(50) 2 1.11i(0.5) 368 5(105) 110(20) )
31 ((10) 21570 7) 185(101) i0(20) 1
S121 i (-0) - 1290,23) 313L(5" ") L02(10) 213
3ina.(17) S123(21) 511.(12) 102(10) 213
Soubild) 120(22) L 3097(03) Loz(10) L3

Viunof ¢.%;.'i.in piFiilhreys ABir  vijMiou ~ AiPsotropit thaiin-1 iJnvaniolcts (X 16Y (or 1%+
i V25, ki) (Ut T(0); Lo, 0(U). LUHjL i) Lt -l .
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(li'iordi'H'd pnrls of the molt\'ul<', with (‘lu'inu‘ally rciuivali*iU lioiulr. i;!'u)\vinjf
a paLtorn with avoratjo values al (fic oxixvied values.

The clicjui».;ally ouuivah'nL distance's in tI'a? di*ordi'ii'd par'i&of tlu? molecule
wore then constrained to be o(]iial within an o.s.d. of 0.005 A\by tlu? addition
of extra observatiomd Ciinalions to the least-square matrix (21J. 'I'lio bond
lon'iths were initially set at the average va.lues obtained from t!u’ previous
moi‘lel and accej)t;ible values were tlien obtained! at cunii)!etion of refinement.
In the final cycle of refinement the mean and maxinu.m shift/a wi're (0.33)
and (1.58) resiiectively. The final R was 0.045 and A,,~0.050 wliere: =

- 1/,)) /I'udAJ -]*'*; with m - O.S217(0'!>J +2.015 X.10"™1&JN)-*.
NTutnvl atom scattering factors were \ised [22], and tho.se for Tl were corrected
for anomalous dis]mrsion ejTects (A7, ") [23]. Computation was carried out
using the SHKLX [21] sy.st<mand OUNIP2 [24]. A list of the ol)servcd and
calculated structure ainplitudos for the da.ia used in the refinements is available
from the authors. The final atomic positional and thermal parameters arc listed
in 'I'able 2.

Re.sults and discussion

Cyclopro])ylbi.'(isobutyrato)thalliuni(11T), I, was obtained as colourless crys-
tals from dicyclopropylisobuiyratolhallium(l11) by an exchange reaction with
bis(isobutyralo)mercury(il) in a »nanner similar to tlvit described for the prep-
aration of other monoalkylthallium(ll1) oarboxylates [8,12]. Tlie crystals
were suilU'.ble foi X-ray crystal structure analysis and the K'sults obtained repre-
sent the first available for a monoorganothallium(lil) derivative with a simple
aiuonic li'iand. Structural details for only one other cyclopropyl—metal deriva-
tive AU(C3Hs)(., ai)pcar to have been publislied [25],

A view of 1illustrating tlie disorder ol)served and tim atomic numbering
scliome is sliown in Fig. 1. The principal bond lengths and angles are listed in
Table 3 and the co-ordination geometry around thallium is shown in Kig. 2.
The CXI5T!(OTJ,;lI7)j units exist in the crystal as infinite linear polymer.s in
which one of the isobutyrate groups, wh.ile chelating tiie Tl atom, also forms .
oxygc'n britlges to the Tl atoms of adjacent units. A section of the polymer
chain is .shown in Fig. 3.

In the CXI1/rh.OA-1JOI unit (Fig. 1) Uio thallium atom is five co-ordinate.
Tolynierisation via the bridging o\y;en atoms, however, increases the co-ordi-
nation to .'seven (Fig. 2). Th ' co-ordination {geometry of the Tl atom is irregular
bv:t may be derived from a j."eniagona! l)ip>'ramid I»y bending the eciuatorial
atom 0(3) tosvavds the 0{1) axial jiosilion. Seven co-ord.inatc thallium is
unusual but has been foum! nrnv; nssly iti climethyl.xanthegenalothallium(111) [2G],
;tlilioii;;h bridging S-'i*l di.st-.iiuv.s of 3.1b to 3.35 A were found comi)arcd to
S—1 (li.slruices of 2.33  “.viilun ilio planar TIS;C unit. In the caxi of [C3II5[-
(OTIdlI:)."!,! the btioging O i.suincc.s are not overly long (2.57 to 2.67
comparetl tQ.tlu' chelaging Q--T1 distn.ma'.s of 2.50 N\ within the .sane isobtﬂ*
re.te j;;ouj). Jdbe 'FI-'i Xn”tanec between adjacent monomer iinil.s is 4.187

The m<n L.'iidging istiljinyraie liganid acts as a woalc cholah® to [Im thallium
atom, sho\. ing cfui.;idcralile g.ster-lype ch.uacier with two very different O -1l
distances of 2.12 and 2.7.1 /Ato oxygen atoms 0(4) and 0(3) ro.spi'ctively. 1ho
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shorter of these two bonds makes an ani;le of IGS¥ with the TI—C bond to the
cydojirepyl rin" anrl r,!'rikin;.;ly demonstrates that the dominant characteristic
of dia]!;yUlialliun)(in) cheinistry whcrdiy thallium tend.s to form a near-
linear arranycmenl wila Iv/o .stron-dy bonded i;iou[).7 [la, 20- 28] porsisLs into
monoalkyliha!liu;u(lli) .systems. Indeed, tiic polyim'ric pattern of I is very
similar to th.al foui'd hu (liini.iliylr.ccLatothalhum(lin, (Cli)Z2riO;CCII3[28],
and (he stvuciural ;nTaM5 incnl of i can be considered to bo florived from the
Latter by rtedaciu’; t)iNo of the a:l.vl e.ronps v.itli the lion-hridpin;i i.sobiityrato
nroup. The C- |1 I' C anule in (Cli3),T10,CCil, is 172(2)” [28] (cf. C(1)-T1-
O(-) in 11 GP, The least sciiiaiv.s plane liirou-li 0(1), 0(2), 0(1), C(5),T1
of the bridyinj: lijtnKl and ih.il tliroii;;!) 0 (8), 0 (t), (8), ("(9)/H *“¥ the non-
bri(!;du;i liji;md inlitr.secl at an i'n<d” of B>" (see T.ibkt -1). Tliis is close to the
ani;le (S(;”) made lieLween tlie Ti-(21,, bond and llie TICMO; plane of the
chekit in[i and brid;,in;i a\'clate lipand in dimt!thyl:i(T"(:’tothailium( 111).

'I'lie Tl Ol-:ond !eli:.".In of 2.100 A i; similar to that found in the two other
reported slrudiirc.'. of inonoalkylt!ia!'lium(lli) coni['ounds (TIl- C - 21*17 A in
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I'jp. 2. Cooiiihi.ition ccoinclry nro'intl T1 in t showint', bond lonulhs (A) with c.s.d.s, in i>arcn(bcso». (See
iootnotc to Tsblc 3 ior definitions of s'lpcrscripts i and ii.)

mothyl-5,10,15,20-tetraphonylpoiphinatothallium(lll) [15J;T1—€ 2.073 A
in a in(Hhylihalliun)(IH) complex of 2,G-bis(2-methyl-2-bitiizotliigzolinyl)pyri-
dinc [IG]). The TI-C distance in I also in the riuigc (2.01—2.20 found

I if. .1 A s ctio- of llu- i.olym. r cb.dii in I. For ri.nity, only one position for r.ult disordennl iiloin U
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TAIUK t

LJ'AST IJQUAUKS I'LANTS OKFINICD nV 1x tmy + - p

riaiic Atoms (Irftiiinu plane |

1 021;. OE; C} I;. C((S).'fl NGHA 0.227 - Qlr> 0.522
) 013} (1) C1s). C(9) ™ 0020 0127 -0992 1983
Ocvialions from planes (A)

1 0(2).-0.()IM; 0(2). -0.051; C( 1). 0.023; C(5). 0.07.1, TI. 0.005

2 0(3), -(».070. t)EI}, -0.0S8; c?sf.o.m; CE9§.0.0 7:'11,0.038

AniJe hel.vicn planes 78.

for T1 -C bonds in neutral dialkyUialliurn(l1i) spejies [26—28].

The »hort C—C di.stanccs found in the cyclojncpyl proup (1.-11 A) are a
result of tlie cr>'slallogr.iphic treatment of the dkordcr anti are not compai-ahlo
to the v;".lucs found in other monosubstitutod oydopropyl derivatives.

Infrared oectra

The role of the carboxylate anions (bridging nnd/or chelating) in organothal-
liuni(I'l) carboxylates has previously been suggo.sted from a.ssignnicnts of their
IR spectra [S,H ,29—31]. Consideration of the structure of I, togotlier with
that of (Cil3)/n02C2Hj [28] allows clarification of tiiese interpretations.

Tile IR spectra in the region 1350—1650 cm** for I and other alkylthab
lium(l fI) cmboxylatcs arc compared in Tables 5 and 6, and the bands are
assign-'d as i’(C02) asymmetric or symmetvio stretching frequencies. The spec-
tra indicate that the monoalkylthalliumflll) compoui.ds have similar structures
In the solid state. Likewise, the solid state structures of (CTI3)Z2nO;Cill3and
(C3l1$)Zn03C4H7 appear to be similar. The crystal structure of (CHj)3T102C2H3
siiows only one type- of acetate ttroiq) [28], and liiis is both chelating and bridg-

TAIILK S

IU AICSORPTION' BANDS IN TIiK RCGION 1350-1U50 ¢cm"» OF AU<YLT1»AM.IUM(1I1) CARBOXY-
LATL.S 1:, Tin-: SOLID STATF  ~

CHITIX2() (CsUsi:ri": C11311X3~ CIC3TIY2~ (C1l3)2T1Y *  Assitnment A
*
1015s ICIOs ICI0s _
BIAE 152C-. 15105 1539$ 1540vs(br) +J(COj)asym.
1505vs(sh) 1518<:(sh)
ISOvv
1471V/ 14G8w [IGSm 1
1428s 1411s 11255 142Svs(br) ! _
1420-1380s(I»r) I'(Co2)iym.

1390m 13905
1377w _ 1372m
13C0w 13(i0m 1359m

0iC:!!,. I~ .tn"". vsvery .stion-»s slronj;, lu L, wweakasb vbonMfr, br bro.s.l.

nr.rci'ti, MLVl tilIS. in f. f 11.* n.ml posilioii'. in ilood .aiirrcmctu Nitli llu'se in r."is. 11. 29 .and 30.
A Asiiifin.i iii> Ly i.imloi'Vv v.illi. or rsiiiven 15rofs. S, 11, 2'J)--31.
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TATKO

IK . t1SOUVRON' JIAND.S IN JIU" IUXIION 1300--1C50 ¢cm”*OK AIKY1, TMACAUTIOX Y «
LATIS-IN-SOF-UFiON * o

cqiiynxj (i) (CjUsIiTIX _cnyiiXixh CU3TIY2 (ClljiyilY Assii' jur.ciit
ir.00sy.1.sh) 1577(b0 1590s(sh o
S10Xb) 15155 (br) 12701 156051brg 1570s r(COi.syri
1 Il\éBSm Il-LSZ%v.- MGOs
110.5m m It05s 1415s(br 1J23s(br :
mDS(sb) o) 13 ®) acozspi
1375m 1375\ 1370in
13G5m 1360m

" Soc footnote a, Table 5 *Spectra obtained in CHCI3 solution, ITo wiie. +Data from ref. 8.  Assicninent
by analor.y with, or as r.iven in, ref. 8.

ing (A). A simultaneously chelating and I)ridging carboxylatc anion is also
T

<A) (n)

found in llio structure of I. This indicates that for all the alkyitlialliiim(lii) ear-
boxylatos in Table s, strong bands in the regions 1505—0 IO and 1*11- 1428
cm ' can be assigned as i’'(COi)esyNi. and K(CO¢)sym. respectively in chelating and
bridging anions of type A. The atiditional strong bands in the regions 1610—
1G15 and 13So- 1600 cm'* for the monoalkylchallium(lll) carboxylatos arc
consequently assignerl as i>(co'~)asyni. and v{co2)~ytn. respectively in cliclating
carboxylates (P) as found in tiie struclure of I. Tlie higher energies of the
i'{c02)asym. bands of structural typo B are consistent with die lack of bridg-
ing function and, as infliealed by the structure of I, with the significantly ester
typo chara, ter of this group.

On dissolution in chioroform r(CO,)esym. for ligands of type A increases
by 15— .06 cm'*, consislont witii partial disrufUion of bridging T1-O bonds as
solvotit molecules bréale up liie t)olyni; r chains. 'I'liis interj)reiation is also con-
sisteiU with the state of aggro.ratior. (ca. 2) of in CKCI3 solution
[b]. "o values of i'(("Oj)c,sym. for lig-nds of tyt.e It decrease by 20-30 cm'™*
for chloroforni solutions, and this jnay bo dut' to ostcr-like arrangement in B
being aUcred to for a more symmetrically cooj'dinated caiboxylate anion.

ibe IK spectra of other organothallium(lil) carl)o.\y'ales have been reported
(CdL;TIX,,(Cjlls).nX 181,CoH,'nX., [011,C%i[cTtY; |I1,01],(CVF5)/riY
(2)]; X * OjC.tll?; Y - (™iCdqd and the simil;iiily of t!:eir speetra (in the
legion 1350-1650 cM'*) to those in 'lI'aljN' 5 suggests tliat they contain car-
bo.xyl.tle :ini"ns of type A and, for the mono-org.auctiialliuni(lil) species, also

)™ B
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