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Le thallium est destiné 3 faire époque dans 1'histoire
de la chimie par 1'ctonnant contrasteo qui se manifeste
entrc ses caracteres chimiques ot ses propriétés phys—
ique. I1 n'y a pas d'exagération a dirc qu'on point
de vue de la classification généralement acceptéc pour
les métaux,le thallium offre une Treunion de propriétiés
contradictoires qui autoriserait b ltappeler le métal

paradoxal, 1'ornithorrhyniquc des mé toux.

J.B.A.Dumas.,

The dcsirc to oexperiment is like fire in the blood.

Lady Gregory.



ABSTRACT.

Various aspects of the proton magnetic resonance specira of
alkyl and aryl thallium compounds have becn studied.

It wes shown that in trimethyl thallium in tolueneo(—d3
solution, that the intermolecular exchange of methyl groups follows
second order kinetics and has an activation energy of 6.3 + 0.9 kocals.
A mixed tri(methyl,vinyl) thallium has been prepared in which a very
rapid exchange of the vinyl groups occurs; at low temperatures the
mixed spccies MGZViTl and MeVile wore characteriscd. It was also
possible to demonstrate the prescncc of the mixed alkyls MézEtTl and
VeEt,T1 in mixtures of trimethyl and triethyl thallium at -80° .  The
effect of trimethylamine and dimethyl cther in slowing down these
exchanges, and the corresponding cxchange of phenyl groups in triphenyl
thallium, has been studied. This effect is particularly marked with
triphenyl thallium, and a siable adduct Ph3Tl.NMe3 hes been preparcd.

203/205

A large number of Tl ,H spin-spin coupling constants
in organo~thallium compounds have a2lso been studied. It was demonst—
rated that the T1,H coupling constants vary in a similar manner to the
corresponding H,H coupling constants, but are larger by a nearly
constont factor. The variation of the T1,H coupling constants in the
scries R3T1,R2T1+ and RT12+, ean be cxplained on the basis of the
veriation in the s—character of the T1-C bond and the changes in the
offective nuclear charge of the thallium ztom. This observation, and

the similarity betwecn the T1,H and the H,H coupling constonts leads to

the conclusion that the T1,H coupling constrnts are,like the H,H coupling



constants, dominated by the Fermi contact interaction mechanism.
Some evidence is clso presented which suggests that the
compoﬁnd PthCl2 probebly has a linear spccies (PthCl)+ in the
solid state and in certain solutions.
During the study of the T1,H coupling constants some

new compounds were characterised.
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INTRODUCTION.

Orsano—thallium compounds,

Thallium forms a diveisity of orgenometallic compounds,
widely differing in properties and stabilities. The lower trialkyl
thalliums, such as He3T1 are reactive, unstable to heet and light and
spontaneously inflammable in air. They may conveniently be handled
by vacuum line techniques being either low melting solids or liquids,
with vepour pressures of a few millimeters. They are soluble in
organic solvents but recact with solvents such as dichloromethane and
carbon disulphide. These trialkyls become less stable as the size
of the alkyl chain is increased.

The triaryl thalliums arc white, crystalline and involatile
solids which are slowly oxidised in air and are more thermally stable
than the trialkyls. They are soluble in polar organic solvents.

The hydrolysis of these trialkyls and triaryls give cationic
species such as Lk211+ and Ph2T1+ s only one of the alkyl (aryl )
groups is lost. The properties of these monovalent cations are some—
what similar to those of the T1% and Ag+ cations. Their holides are
very stable (HezTICI decomposes at ca 300°C ), and are not hydrolysed
by water and dilute necidss they form white iridescent crystals which
can be crystallised from aquous ammonia or pyridine. Dinlkyl thallium
sulphates, perchlorates an? nitretes arc moderately soluble in water,
although their solubility decrecrses as the size of the alkyl is
increased. Arrain the relotive stebility of these cations decrcases
as the sizc of the 2lkyl chain increnscs. J~ray (1) and Raman (2)
measurcments support a linear confiruration ( with an sp~hybricised

+
thallium—carbon bond ) for the ions R — Tl — R, thtse arc isoclectronic



with the dialkyl nercurys.

Another aryl group may bo removed from the di-aryl thallium
cations by meens of a disproportionation recaction with thallic chloride
or bromideci an excess of thellic chloride is nceessary to push the
equilibrium over to the right hand side,

T1Cly + PhpTICl <& 2 PhTICl,.

The monoaryl cations ore morc soluble in water than the diaryl cations,
but they arc net as stoble, and their sulphates, perchlorntes and
nitrates renadily disproportionate to the corresponding diaryl cation.
They rcact with potossium iodide ( to give the aryl iodide and thallic
iodidc), and also with solvents such as acetone (where the diaryl
cations arc formed). The stability of thesc aryls scems to incrcase
as the sime of the aryl is incrcaseds for instance l-napthyl thallium
dichloridce does not recact with zcctonc. The existance of the mono-
alkyl thallium spccies such as McT12+, although reportcd by Russian
workers (3) has recently becn questioned (4); it was not possible to
detoct them in this work. Sonme of the substitutéd monoalkyls have
howover been isolated as intermcdiates in the oxidation of olefines
with thallic acctate in the abscnce of water (5).

Preparations. Di-alkyl and di-oryl thallium bromides arc formed

by rcocting thallic bromide or chloride with the corresponding
Grignard reegent in otherv(é) or tetrahydrofurans

T1Br3y + Rolig.MgBrp, = Ro,T1Br + 2MgBr2

The frialkyl cnd triaryl thalliuns are subscquently preparced by



reaction with the corresponding lithium alkyl (7).
iR + RpTiBr = R3Tl + LilDr
Althourh the monoaryl di-cations can be prepared by disproportionation,
it is easier to obtain them free from the diaryl cation by reacting an
aryl boronic acid with *hzllic bromide or chloride in boiling water (8),
JB(OH)2 + T.C13 + Hp0 =~ HCL + B(OH)y + ¢ TC1,

However some of the boronic acids, such as <\ ~thiophene boronic acid,
give tro diaryl th-lliur. c'l-rides .

An additional method for preparing the dialkyl tholliums
is by the reaction of thallic chloride with a dialkyl mercury e.g.,

2(CHC1==CH),Hg + T1Cl, = (CHC1==CH),T1Cl + 2( CHCL =CH)1gCl

3
(cf Nesmeyanov et al (9) ).

Huclear Magnetic Resonance.

An isolated nucleus with = nuclear spin I = % may have two
orientations,as allowed by the quantum theory)when placed in a magnetic
field; these correspond tc two nuclear Zeeman energy levels. The
normal convention is that the magnetic field is token in the negative
z~direction so that when I = —5 the nucleus can be considered lined up
with the field, and when I = +3, against the field. It is convenient
to write oL for the wave function in which I, = +3, and 8 for the
wave function in which I, = % The nucleus also has an associated

magnetic moment/J y 90 that the al owed energies of the two orientations

in the field H, are +pH, nnd -uHy o

N "”JHO

£ L\E=hv=v2/u\Ho..,.......(l)

'*"‘f*Ho



é}_

The cnergy s-pavation AE of the two levels is then 2 /LI&), and the
frequency of the radiation rsquired to induce transitions between them v,
is hv =2 pHg The magnetic moment and the spin of the nucleus
can be combined in the empirical cquation
L= T(m . ... s (2)
where Y y called the magnetogyric ratio, is & constant depending uvpon
the particular nucleus, h = h/2r is the cuantisation condition, Henco
hve 2§ IhH,

Y o= l‘_/_I,IO . . . . . . . 3 (3)
2w

For magnetic fields of the oxder of 10,000 Gauss thesc transitions lie
in the redio frequency spcctvum (I - 50 Me/s){10)

In the solid state the field at 2 nucleus is differont froﬁ ‘
the field HO\ due to she megnetic fields of neighbouring miclei, and
differing nuciei will expexicnce different fields covering a range of
valucs, This causcs resonance to occur over & range of frequencics so
that only broadened spectral lines arc observed.. In a liquid or gas
these magnetic dipole interccitions are averaged to zero by the rapid
molecular motions, and the resonance lines become very much sharper.

The circulation of electrons induced about a nucleus by the
magnetic field, ceuses an induced secondary opposing ficld at the
mcleus, This is cxpresscd. as

Hueious = Ho(l - )

Where ¢ , called the screcining constant, reflects the size of this

field, and henco the amount of screening of the nucleus by its elczirons.



Thus ¢~ depends upon the chemiocal cnvironment of the nuclcus, so that
different resonenees will be observed for different chemically placed
nuclei in a nolceulec. Chemic 1 shifts were first observed for the
protons in alcohols by Arncld, Dharmatti and Packerd in 1951 (11).
Since ¢ refers to the shielding of a bare mucleus it is not normally
possible to measurc it divectly. From (3) the magnitude of the
chemical shift is directly proportional to the applied field, end a

non-dimensional unit & s Qefined es,

and measured in perts per million. H is the resonant field of the
signol being measured,.and H- is that for a reference signal. The
reference compound is either mixed with the sample as an infernal
reference, or contained in an external reference tube. In proton
resonance spectra in organic solvents, tetramethyl silanec (T.M-S.) is
used and arbitarily assigmed o chemical shift (77 ) of 10.0 pepems to
high fields in water the chemical shifts are commonly measured with
respect to the mothyl resonance of t-butancl.

The n.m.r. spectra of many molecules may show fine structure
arising from spin-spin inteoractions between uneguivalent magnetic nuclei,
It was propcsed by Gutowsky, McCell and Slichter, and by Hehn and
Maxwell (12) that these interactions were proportional to the product of
the nuclear moments. If for two muclei A and X, these arec A and/*X,

then, using equation (2),

~Eaxfa My = ¥ 1 ¥z Kyt I v Ix



The spin-spin coupling constant is defined as

© o= WV K g .
Jpx is a measure of the cnergy of interaction between A and X (with
this sign convention J,y 1is positive when anti-parallel nuclear
gpins have a greater stability then parallel spins [ See Appendix II]).
Jux is independent of the magnetic field and is usually expressoc in
cyclos/boc.. For a set cf hﬁ\cquivalont nuclei of type A and Ay
nuctel cf type X, the A signal has 2hxIx + 1 components and the X signal
2Mm 4, In + 1 components. This gives the sc-called ffirst order!
splitting, whero the relative intensities of cach group of signals arc
in the retio of the corresponding binomial coefficients. IT A and X
refer tc the same magnetic species, then these signals correspond to
the chemically shifted positions of the muclei,and the rules for
predicting the number and intensity of the lines in the spectrum apply
strictly only when the groups are wicely separaded ( T8 Y¢  When
J e § second order splittings,which depend upon the field strcngfh,
meke & simple first sight analysis of the spoctrum impossible and
mathomatical mothods must be used ( see P.L.Corio (13), and
J.h.Roberts (14) ).

Tho spectrum can be aliered by various rate procosses (10),
thus chemicel exchange betweon two species with different chemical
shifts (if the oxchange is sufficiontly rapid) effects a coalescence of
the signals and only a single resonance is observed, This arises from
an averaging of the nucleer environments and is a consequence of the

uncortainty principle,

Almah o havy & ROV & -



where /Y 1s the scparalion of the corresponding rosonances and Ty
is the smnllest tim> for which the two separate states are distingulsh-
ablc. In the samo vay chemical cxzchange may remove the spin-spin

splittings between two nuclel [ Seo fppendix I ] .

The Proton Pesonance Specliva of “he [lkyl Shallium compcunds.

Thalliun has two isctepes, both with nuclear spin 5, and
wi%h very similar nuclear rogretic momenis: MAU2(29¢52% abundant,
/A = 1'5960) and 1. 205( 70~ 48% sbundant, M = 1-6114) (10),  These
isotepes produce large spin-spin splittings in the proton resonance
spectra of the omgano-thallium compounds. Because of the groct
gimplicity of thesc spectra; duc tc the large and nearly equal
megnetic memenis of the tholllum isotopesy the (usually) large
coupling consitanis, and the lack ¢f any naturally occuring isctopes
without a spin %-(a factor which complicetes Sn, Hg and Pb 3peotra);
these compounds form an iderl scries for studying heavy me tal-proton
spin-spin ocoupling constanis.

The coupling constants for the isotopes 11203 ana m205
differ by only 1,04%, so that cxcept for large coupling constants
( > 400 cycles/sec.) it is often not possible to distinguish belween
them, It is a fair assurnsion in these cascs thet the coupling
constant which is mecesured rcfers tc “the TLQ 5 isctope sihc: this
rosonance hes the greater intensity. The chemical shifts of thesc
alkyls and aryls are characseristic of the unsubstituted hydrocarbons

of for eliphatic protons ' = 840 —» 9+5, for aromatic protons’

T=2=3 .



CHAPTER 1  AIKYI, EXCHAIGES.

Trimethyl thalliun cxchange,

In solvents such as dichlorcmothanc and benzence the proton
nagnetic rosonance spectre of trimethyl thallium show only a broed line
at roonm temperature, wheroas w> should expoet to sce a doublet fron spin-
spin coupling betwoen the thalliun isotopes and the methyl protons, T
the temperaturc of the s~mple is lowcred the obscerved line broadens and
then splits up into a dovblet, uatil at ~v - SOOC two protdn
rcsonance peaks scparatcd by 2950.4 c/soc arc obscrved ( tho scparate
leo3 rnd 1205 splitiingc ore not nroperly rosolved). This shows
that a rapid chemical cichango of the methyl groups is ogouring at
roon temporaturc, and that by lowering the temperaturc the rate of
cxchange has becen slowed dovm.

The separations of the two broad pecks were moasurcd over a
range of temporaturcs ( -+ 20C to -50°C) for two differcnt concentrations

of trimethyl thallium in toluono<y(~d3 . The oxchange rates wero

Z
I

1
2T v =V, ). (
L P \ ,/A‘ & ‘1

caleulaied from the equation,

- ——— —

Separation of peaks (1 i

Separation of penks for large T
where Ziis tho mean lifetinme of the methyl groups between oxchanges, and
(jﬁf'»%) refers to the scparation of tho spin-spin doublet in the abscnce
of cxchenge. (Sec Appondix 1.)

If the exchange is trcated 28 o typicel rate process, then the

temper.sure dependence of the rate constant k is given by tho Arrhenius



cquation
IC = kOG _.E/RT ° © ° ° . © . ° . o o .
where k, is a constant and E the netivation onergy of the exchange.

Tho specific rate constant k = 1/»]r . Fron oquation ( 2 ),

Tty My == 1ogp ko 3 P;RT

Figuro 1 shows a plot of log, 1,C?, against 1/T . The slope
of these lines gives an octivation cnergy of 6.3 * 0.5 k cals for
the intermolocular mothyl cxchange. The oquations to these lines,
calculated by the method of loast squares arc
T . = O o 3 -1
LA (3.46 lclar) 105101/7. 8.075 - 1.42, X 10° T

7.470 = 1,33, x 103 T -1

B (1.80 lolar) loglol/ﬁr

L study of this exchange wos alsc carricd out in dichloro~

methane, in this solvent an activation energy of 6 * 1 k.cals. was

9.

(2)

obtained. Howevor, cven at low temperatures the solutions decomposed
’ D

rapidly to give dimethyl thallium chloridc. This could have influcncecd

the activation encrgy by the formation of catnlytic impurities. The

very similar values for the nctivation energy in toluenc and dichloro-

nethene, indicate that this was not the case.

If thoe rete of methyl exchange is r , and thc concentration

is ¢, then
= n
r = kyC
whore k, is thc velocity constant for tho czchange. For two
concentrations ¢; and ¢, , whose respective ratos arc r; and rp

(at the same temperature), the order of renction

1og 0 (I'l/TZ) . 106[0 (’E/’rf)
log,, (e1/c2) log,, (c1 / c2)
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For the solutions of trimethyl thellium in tolueneoL—d3 n = 2.0.
In order to check this value the spectra of four sclutions of
different concentrations of trimethyl thellium in benzene—d6 were

observed at 26°C. The experimental line shapes were compared with

the theoretical shapes calculated from the shape function (Appendix 1 )

N( \_yz
g(Y) = K. T ) (3)

[Bv, -vy -V1® + 4Py, -v)¥vy v )7

where X is a normalising constant. The rosults arc shown in Table 1.
From the plot of 1og10’r against loglo(ﬂb31ﬂ), o value of 1.841 0.3 is
derived for the order of reaction. (The concentration of trimethyl
thallium is represented:(Me3T1) ).  Thus, within the limits of the

experimental error, the exchange is second order in both tolueneg —d

3
and in benzene—ds. The exchange can be represented,
2
b -k (1%
(1(1..;93':['1) = k2.(“ 3T1) . . . . . (4)
at
The second order rate constent is related to ™ by the equation,
k 6
(See Appondix I.) 2 = AT
3
3

At 26°, k,= 3,43 £ 0.06 x 10
3

litre, mole_l.sec_l in tolueneo{—d3 3
and 9.4 % 0.6%10 1itre.mole_l.sec-1 in benzone—d6.

It is likely that a dimeric transition state is involved, this can be

represented,
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This methyl bridged dimer is analagous to the stable trimethyl .
aluminium dimer (15). It is significant that in trimethyl indium,
weak bridge bonds give a tetrameric structure (16), and that this
alkyl exchanges rapidly with trimethyl and triethyl thallium.
Trimethyl thallium is howcver monomeric in benzene by freezing point
experiments (17).

Table 2. shows results for trime-<hyl thallium in dimethyl
ether and trimethyleiinc. In both cascs the exchange rates have
been slowed dovm compared to that in benzenc-dg. This can
rcasonably be atiributed to weck complex formation between the two
components, and an unstable complex MO3T§.§M€31D.p.ﬁuODC is known(17).
The exchange of methyl groups between dimethyl zinc and dime thyl
cadmium in various solvents has recently heen studied.by McCoy and
Allred (18); no comparable effect of donor solvents was observed

with these, this is consistent with the cven lower tendancy of

these alkyls to form complcxas.

Triphenyl thellium exchange.

The spectrum of triphenyl thallium in dichloromethane is
shown in Fig 2 (a). No thallium splitting is observed and the
spectrum resembles that of a phenyl group in cbmpounds such as nitro-
benzene ( an AoB2C - type spectrun (10», indicating that a rapid
intermolecular exchange of phenyl groups is occuring., In tri-
methylamine solution, Fig 2.(b), the exchange has been very
considerably slowed down, and the ortho-, meta- and para-Tl,H

coupling constants can be determined (Table 6{a) )Because of the
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overlap of groups 3t and Cl, only approximate values for the meta-
and para-Tl,H coupling constants could be obtaiuned. Intermediate
rates of exchange, giving broad featurcless specira, were observed
in dimethyl ether and benzmenc-dg solutions of ftriphenyl thallium,
From the valuss of the couplings constants in Table 6, it can be
deduced that the average lifetime 'T’of the phenyl groups is

j>0.05 sec. for the trimecthylarinc solutior, and << 3 X 10_4590 for
the other solutions. It is possible that the rates of phenyl
exchange in these solutions may have been cffected by catalytic
impurities. Howover, the very large effcct of trimethylamine as
a solvent suggests that the triphenyl thallium complexes more strongly
with trimethylamine than docs trimethyl thallium. In agrecment with
this a stable corplex Ph3Eﬁ.§MG3 was rcadily obtained on ovaporation

of a solution of triphenyl thallium in trimethylaminc.

Triethyl Thallium cxchange.

At room temperaturc a broad doublc line is observed in a
toluenc solution, on lowcring the temperature to-6OOC, this splits
up into 2 double, triplet—quarict spectrum resembling that of the
Et2T1+ cation (Fig.10).  The T1,H coupling constants arc given im
Table 6(a) . Ho kinectic measurencnts were carried out on this

specics.



Solution B. Solution A.

Yrxio?
2:3 . | | | 1 | | |»

33 35 37 3-9
FIG |, Temperature dependence of the exchange rates for solutions of

Me3Tl in toluene &£~ d3.

£l
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Table 1.

Sacond-order ratc constanis, k2 and T valucs for solutions

of trimethyl thallium in douterobenzene at 26°C

1

. 23 1 -
(Mley) mols/litre T =z 10” sec. k, litre mole™ sec.

0.31 1.85 104 x 10
0. 46 1.30 10.1 e
0.96 0.78 8.0 b

1.22 0.54 é.l ot

Table 2.

Trimethyl thallium oxchange in dimethylether

and trimethylamine

205

3 1
Solvent 7’*1 107 sce. [TlMe3] mole litre™  J( ~Ti-H) c./sec.%

Me3N 3.86 0«74 271+5

Mo 0 3.25 1.65 269.5

¥ Calculated using equation (1); =2t 26%¢

£ At -60°¢C.
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CHAPTER 11.
The Formation of lMixed Alkyls.

In 1934 Birch succeeded in preparing diethyl isobutyl
thallium (19), but he was unable to characterise it adequately.
The exchange of alkyl groups betwcén two monomeric triaslkyl thallium
molecules should enable mixed alkyls to be prepared, it ascemed
probable that the mixced alkyls might give differing proton magnetic

resonanco spectrer.

Trimethyl thallium / Triethyl thalliumn.

Mixturcs of these alkyls in dichloromethane, when cooled
to ~85°C, give proton resonance lines additional to those due to tho
pure trialkyls. By varying the relative initial concentrations of
the alkyls; it was possible to detect thc prosence of MeoEtT1 in a
solution rich in MG3T1, and MoEtoT1 in o solution rich in Et3Tl.

This is in agreement with the redistribution laws of Calingaert (20).
An exemple of a typical spectrum is shown in Fig 3, and the spin—
gpin coupling constants and chemical shifts for all the four tri-
alkyls MeyTl, MeyEtTl , MeEtpT1 and E¥3T1 are shown in Table (3).

It is seen that the detoction of the mixed species relies on smeall
changes in the T1,H coupling constants, these will be discussed
later. Chemical evidence for the formation of mixed alkyls was
obtained by hydrolysing o mixture of trimethyl and triethyl thallium,
This gave a2 solution containing the unsymmetrical cation MeEtTLY

in rddition to the Mo,Tl'and Bt M " coticns, This mixed spocics
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was also detected by its prcton resonance spectrum Fig 3b , the

coupling constants are shown in Table 10 .

&

Trimethyl thallium / Trivinyl thalliunm.

Trivinyl thallium has not yet becn prepared, and although
a2ll of the attempts to prepare this compcund were unsuccessful, it
was found that the reaction of methyl lithium with divinyl thallium
chloride gave a mixed tri-(methyl,vinyl) thallium.  The proton
resonance spectra of solutions c¢f this specics are shown in Pig. 4.
In the benzene-d, solution at 26°C, the methyl peak is broad, but
the characteristic vinyl spectrum is extremely sharp and shows no
cvidence of spin-spin splitting by the thallium isotcpes (Fig 4a);
this is presumably due to 2 very repid exchange of vinyl groups.
However, in trimethylaminc at 26°C the vinyl spectrum has started to
broaden (Fig 4b) and the mothyl peak splits into a broad dcublet
(not shown), the low ficld component being obscured by the trimothyl-
amine resonance, showing thet the exchange of both the methyl and the
vinyl groups has becn slowed downe. In the vinyl part of the spectrum,
lines 5,6,7,8, which show the createst collapse, belong to the proton
trans to the thallium, which by analogy with the coupling constants
in V12T1+(seo Teble 62) is expected to have the largest Tl,H coupling
ccnstant. This group will collapse beforc the others, since if the
multiplet splitting JTl,H is (W@-»WQchen it will start to reappecr
when T = ffﬁ?%iTTQE)

At —-6400 in trimethylamine, tlke vinyl spectrum connot be

detected, probably because the pecks have become too broad. However
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the methyl part of thoe spectrum (Fig 40) shows three woell defined
doublevs, which, by analogy with the mixed (Le,Et)BTl systen, will
corrcspond to the species MeaTl, 1b2ViT1 and MeVi2T1. Similer offects
wers obsorved for dimethyl othor soiuticns of tri-(methyl,vinyl)
vhallium,. The H,H coupling constants for the (exchanging) vinyl

.,
rd

proups, making the assumn®ion that in vinyl derivatives J trans
D3y L /

J cis;> J pon (10) arc shown in Table 3xaloasgside these for Gfi)4Sn
(Vi)zﬁs and (Vi)4Pb. (IIz, Sn ond Pb have nearly the same clectro-
negativities as T so that their ILH coupling constants might be
expached to havs the same mognitudes. (21)  )s

The chemical shifts of the vinyl protons are concentration
and solvent devendant, bus for a 1-0 1I solution ( with reepect to

[+

thallium) at 25°C ave Hy = 7<53; H, = 6°63; I3 = 4°13; %o low field

of T.M.S. (The vinyl protons gave
ilo ,HI
\\\‘C o C//// an AMX type of spectrum
H3,-/ \'\.Tl (14)' )

The 41,H(mabhyl) coupling cunstants at —64°¢  arc shown
in Table { 4 ).

gchaeffor (21) ond Bamvell and Shoppard (22) have corrclatod
the sum of tho ethylenic ILH coupling constants (J gem + J cis + J trans)
in o series of vinyl compeunds, with the clectronogativity of the
substituent. Using their data, ~n electronepativity of 1495 is
obtained for thalliumg this comparcs with a valuc of 2.05 for
thallium in triethyl thallinm, calculatod using the Dailey~Schoolery

cquation (23).
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It was cestimated that the rate of methyl exchange for the
1.0.M solution of tri-(methyl,vinyl) thallium in benzene-dg at 26°C
was approximately thirty times faster than for a solution of trimethyl
thallium of the same concentration. The Tl,H coupling constants for
the vinyl protons could not be dotermined, but frem the values obtained
for the divinyl thalliunm cation (Table G(a) ), and by analogy with
the ratics obscrved betwoen the ecoupling constants in the other organo—
thallium compounds prescnied later, it can be estimated that the
largest coupling constan’ JTl,H(trans) is z\{ 1000 c/sec. Hence the
vinyl exchange rate must be much morc rapid even than the methyl
exchange rate. This very rapid exchaenge of vinyl groups is at first
sight rather surprising, since gﬁ.—pﬁ bending (as postulated in
the vinyl boranes (24) might be expceted tec slow down the rate of
exchange. However, tho transition state may be stabilized by the

contribution of structures such aos

+
Cllp
!
CH3‘ P CH\\ .,-“"CH3
-— e - - \\\\ —-— .ot !
g p Tl’\
4_—7” = - R /’ el \,\\:\

’ﬁ"-’{/ ™~ N /’// \‘:'\“*\‘
CH3*’ "CH "CH3
y
+(>Jiz

to the resonance hybrid. Al ternatively, donation of the 7V -celoctrons
of the double bond into the vacent p-orbital of the thallium may occur.
It is significent that very recontly Oliver and Stcvens (25) have

shown that Vi3Ga is dimerie in cyclohexane solution, whereas Et.Ga is

3

monomeric.
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Thus 2 vinyl group may facilitate exchange by acting as & bridging
group for the transiticn state, this would lower the activation energy
and make cxchange casier.

Tho possibilit; that the exchange involves free radicals
was considered, however a sampic of tri(methyl,vinyl) thallium @id
not initiate the polymerisatisn of styrenc.  The tri(mecthyl,vinyl)
sd2lutions slowly dopocit thellium metel at room temperaturc, the
proton reconance of the decomosed alkyl shows that 1t contains
olefinie spccies of uncertain type with chemical shifts of 4.91 ard

7.1 ppm.tc low field of T.M.S, , and some saturated hydrocarbon togother

3
with Me3T1.

Thz hydrolysis of ﬁri,(mothyl,vinyl) thalliuvm gave only the
MepTlt cation, there vas no evidence from the n.m.r. spoctrum that
the mixcd specics lﬂ.iio\f':iifl"L was formed. The vinyl groups in tri-
(methyl,vinyl) thalliun arc probably hydrolysed faster than the methyl

groups; alsc the M92T1+ cation is much nmore stable than the V12T1+

cation.

Trimethyl thellium / Triphenyl thellium.

It was 1ot peszible tn detect mizoed specics from the
specira of mixlures of triphenyl thallium and trimethyl thalliun in
dichloromethane or tolucnc, since triphenyl thallium crysialisecs,
even from dilute solutions)on lowering the temperature of the sample.
Neithcr was it possible to obtain the caticn MePhm ¥ by ‘hydrolysing

a mixturc of triphenyl thellium and trimethyl thallium (only a nixture

of M., and PhoTI vas obiained B An attenmpt to preparec MéPhqﬂ*'by
2 2
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the recction of a mixture of phenyl and mcthyl magnesium bromides

on thallic bromide gave only a mixture of MeleBr and thTlBr. The
reaction of phenyl thallium cdichloride with cthyl magnesium bromide
gave a mixture of Et2T1+ and Ph2T1+ halides. The species PhMe'I‘l+
is probably unstable and nay disproportionate casily. ( The mixedl

alkyl, aryl mercury compounds can only be prepared in the absence of

alkyl mercuric halides which act as disproportionation catalysts (17). )

Alkvyl Exchenge amongst Group 111 Trialkyls.

The rate of cxchange of the alkyl groups amongst these alkyls
secems to depend upon their alkyl bridging properties. Thus it has becn
found (26) that the cxchange retes decrcase in the order

In/in In/T1 T/ T1/B B/B
The trialkyl borons, unlike the trialkyl aluminiums, do not associate,
and the exchange of alkyl groups does not take place helow 100°c¢.
However, if the alkyl is o{ -branched (eg. tri-isopropyl boron, tri-
scec.butyl boron) the 2lkyl exchange ocecurs at a lower temperature,
since these groups form bridsed intermediates more casily than the
straight-chain hydrocarbon trialkyl borons (27). The exchange of
alkyl groups in the trialkyl borons is also strongly cetalysed by
traces of trialkyl sluminiums through the formation of bridged
intermediates (17).

A mixture of tricthyl boron and trimethyl thallium at low
temperature (=100°C ) does not exchange, however at room temperature

the colourless solution repidly turns yellow duc to the formation of
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triethyl thallium, and mixed tri-(methyl,ethyl) thalliums can then be

observed at low temperatures.

The exchange of alkyl groups between

trimethyl and triethyl, indium and thallium, is rapid even at ~100°.

In dimethyl zinc and dimethyl cadmium the rates of exchange

of the methyl groups are slower than those for the CGroup III trialkyls

(18)s this is consistent with the even lower tendancy of the Group II

alkyls to form bridging dimers.

Table 3Ix.

H,H coupling constuants in some metal-vinyl compounds.

Compound. I i g ¢/sec. Ty rans. ¢/sec. T gom ¢/sec. 2:;. ngég%§$g%y(21)
( Vi,le) T 12.8 X 0.2 20.0 * 0.2 4.3 £ 0.2 37.1 2.0

Vi4Pb 12.1 19.6 2.0 33.7 1.9

Vi Hg  13.1 21.0 3.5 37.6 2.0

Vi4Sn 14.1 2043 2.8 37.2 2.0

See Table 9 (b).
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Tablie 3.
Coupling constants and chemical shifts for trialkyl thalliums

in dichloromethane at ca. -85°¢C.

T T Msthyl group ; 7 Bthyl sroup
Compound.  Jy y T Tm,u(cnp)  Temy m,u(cny) Vom,
c/sect  (pepem.) ! 2/sect (pepems) c¢/scce (pepemn
ToqTL 250+ g 9+48 - - - _
MezEtTl 223'0 9+ 58 242’4 8+ 66 472'7 820
I\;IeEtz'I'l 186‘9 Qe 73 218'8 871 441'5 8.18
Et3TL - - 198 871 396 821
3 2 1

. " .
The H(CH2)’H(CH3) coupling constant was 7¢7 = 0°3 c/sec. in all the
othyl cderivotives.

# These values will be slightly low (by 1~c/sec.) since the 5131205/'1?1203

splitting was not resolved.

Table 4.
Tl?H(Methyl) coupling constanss for solutions of tri-(methyl,vinyl)
thallium.
Compound Solwvent
Hen0 o 30
e, 269+ 270¢ 5
oo ViTl 294%¢ 2955

leVi,T1 316“8 317'4




FIG 3a Mixture of Me TiI & EtTt in CH.CL, at ~-85°
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CHAPTER IIT
Spin—-Spin Coupling Constants.
Introductory. The general theory of nuclear spin-spin interactions

was developed by Ramsey and others (28)s it was shown that these
interactions arise from an indirect coupling mechanism, via the bonding
electroné in the molecule. The Hamiltonian describing the total
coupling energy was derived by considering the contributions from three
separaie mechanisms:

Moo= M+ Hy+ M,
}(’- the magnetic field of the nucleus interacts with the orbital
motions of the electrons. The nmaclsar magnetic moment induces currents
in the molecule setting up a secondary magnetic field Wﬁich is experienced
by the other nuclei. Thus the contribution from ){' is analagous to the
chemical shift g , and it can be related to the anisotropy of the
screening consitant. In H,H coupling constants the contribution from }{‘
is practically negligable, and in the coupling constants of other nuclei
it has been shown to amount to only a few cycles/sec.(29).
}(af- the nuclear magnetic moments interact with the electronic magnetic
moments in a dipole-dipole coupling. With H,H coupling constants this
interaction has been shown to be relatively unimportant (10), since, like
the coupling via the elecctron orbital motion ){‘, it involves p-,d-,and
f-type atomic orbitals, whereas.the electrons on a hydrogen atom are in
a predominantly ls—type atomic orbital. licConnell (30), found that}{'
could be divided into two contributions, which arise from one and two
electron parts in the molsculer orbital equations. The one electron

parts correspond to the nuclecus perturbing its local electron cloud, so



21

causing a magnetic field which acts through gpace on the sccond nucleus.
In the two electron parts the perturbation is passed through the bonds
between thc two nuelei, Thus the perturbation of the local elecctron
cloud by the first nueleus affcets the distribution of = second electron
of a bonded atom, which in turn affects thc clectron distribution of
another atom and so on to the second nucleus, In totrafiunroethylene,
Mc Connell found that onc cleeiron T\ —orbital contributions, proportional
to the 77 -clectron dencitics at the fluonines, can give a significant
contribution to the coupling coﬁstant. However, the two electron
intergreals, which arc prOpnrtioﬁal to the T{ -bond order betwecn these
atoms probably make a ncgligiblIn contribution to the coupling. Theso,
and caleculations of ¢ -bondcd contributions from these terms, arc
difficult beceausc of the unkucvin bond orders and amounts of sp-hybrid-
isation in the system. Siinilar troubles beset all calculations of
coupling constants.

)—(S . An clectron in an u--type atomic orbital has a finité probability
of being at the mueleus; this gives risc to the Fermi' contact interaction
(31). Since p-,d- and f-typc atomic orbitals have zero probability of
being found at the nucleus they cannot contribute to '}{3 . The Fermi
contnct interaction provides most of the coupling cnergy ih H,H ecoupling
constents, and on this basis both velence bond (32) cnd‘molecular
orbital (30) methods have been used to calculate these coupling constonts
Simple valcnce bond theory supposes %hot the pairing together of'any two
eloctrons in ntoms A and B is sufficiently uniqueé to render alll other

possible prirings irrelevent(33)s were this strietly true, therc would
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be no msans of interaction beiwoon magnetlic nuclei of non-bonded
atoms, and *those coupling constants would be Zero (34).  However,
the observation of thesce couplings is good gvidence that thers arc
(very small) deviations fr-m perfect nairing.  The valence bond
method is particularly sulted to calculations of the extent of non-
perfect pairing of the bonding cloctrons, since the relative contrib-
utions from different vel.unce bond siructures can be considered.

Even in the simplest ceso, HD, wherce Ramsey (28) has shown
that the predominant contribution is from the Fermi contact inter-
action, tho agreement beiwezn sxperiment and theory, zlthough apparently
good, is bascd on an assumed valuc for the mean singlet-triplet
cxcitation encrgy. This encyvgy enters all the calculations of‘){w 3)"(2
and.){a, and bcceause of the lack of knowledge of cxcited energy levels
we can only moke an intelligent guzss as to its valuc.

Reecently, saveral workers (35,36,37,38) have been able to
corrclate the amount of s-chrrncier on the carbon with the ' directly

13

bonded ' C 7,H coupling constants in various substituted methanes,
ethylcnes and aceuwylensac. Theec couplinrgs were also found %o depend
upon the polarity and the lcngth of the C-H bond. There is also
rersonable egrecment batween the obsorved 013,H coupling constants and
those calculated on the basis of the Fermi contact intoraction-(39,40).
The theoreticel work for H,H coupling constants over more than
onc bond has met with mixcd sucszess; thus the valence bond calculgtions

for vicinal H,H couplings through threoe bonds, in both saturcated and

unsaturated systems, assuring o Fermi contect interaction mechanism,
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corrclates well with the obuerved couplings and the observed change in

the dihedral h\\ /)H angle (41). However, 2 similar calculation

¢—C
of the geminal H,H couplirg over two bonds (41), although sgreeing with
the experimentsl magnitudc of J bas the wrong sign (42); it is possible
that this situntion might be eltered by = better choice of the
appropriaste cxchange intggrzlg, cspecially sincce thoe theoretical value
for Jgem involves two laige, ard rlmost sclf cancclling values for these
exchange intogrole,

In rceent years there hes becon considercble interest in the
coupling constants between protons and heavier magnetic nuclei of Spin‘%,
these erc normally much larger than H,H coupling constants. Thus

Noresimban and Rogers (43) have found that in compounds of the type

is greater

; 31 117/119 . 199 207
(cayCH,) X (X =P7, Sn , Bg™77 end PO70 ), Jx,cH3>

than JX CHo and that these have oppoxite signs. The larger coupling
H

to the more distant protons scems curiouss this observation also
providced the spur for the work presented here. Narasimhan and Rogers
interproted their resulis oualitatively in terms of McConnell's one
clectron terms, ond 2lso concluded that there was a large contribution

from the Fermi contact interaction to J s but that for JX other

X,CHy s CHo

terms predominanted. The coupling constants in some(CHSCHz)n X compounds
are shown in Table 5. ., On the othor hand Stafford and Baldeschwieler (44)
consider that the d-elecirons, which may be involved in the bonding of
these compounds, can cause changes in the magnitude and sign of tho

Formi contact interaction, and may elso provide another mochanism for

the coupling.. This contribution could be opposite in sign to the
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contribution through the & -bonds. Klose (45), in some recent
valence bond calculations, based upon those of Karplus, for the

vicinal H,H coupling constants, has shown that the megnitudes and

signs of the Z,H coupling constants can be accounted for on the basis
of a Fermi contact interaction. It was found that the larger coupling
over three bonds compared to that over two bonds could be explained
theoretically by the choice of appropriate exchange integials.

13

As with the C 7H coupling constents, a correlation between
the s—charncter of the magnetic isotope X, and the X;H coupling
constant is expected if this involves mainly the contact interaction.

From Table 5 it is seen that J )//A 7 decreases in the series
2 L3

Z,B(cH

EtzHg, EtBTl, Et4Pb, wherce there is decrcasing s~character in the

me tal—-carbon bonds however, J

X,H(CHs)//A X does not change very much.

Holmes and Kacsz , on the basis of somewhnt flimsy cvidence, find a
corrclation between the perccnings s-character in the Sn~C bond and
the Sn119,H coupling constent in o series of methyl tin compounds (46).
In the work now presented the focus of attontion is the great
similarity between the H;H and the T1,H coupling constants; thus the
T1,H coupling consionts vary in the same manner as the H,H coupling
constants but are larger by a nearly constant factor. Since the
absolutc signs of the coup’ing constants cannot be obtained, a positive
sign is adopted for the vicinal T1,H coupling constant, and, after
Banwell and Sheppard (42), the same convention is used for the vicinel

H,H coupling constants (sec Appendix II).

* * : * *
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Coupling constants and other data for some methyl and ethyl compounds

of magnetic isotopes with a nuclear spin of %;

r

\ .
{ Isotope |. fi X(IO’ (cy) X +pt (C2H5)nX  [Pese.
Ix,u(cn,) M= Jx,H(CH3) TPl (45)
- . : i
2.793 12.4 § 4.5 Li3.2 | —£.4 | +6.0 8.0142.5 | 1.0
‘ { !
c*3 0,702 |41 = 5.6 6.8 | —4.5 | -6.4 | +3.8 5.846.8 | 3.25
; A |
W 20,283 [5.2 | 0.4 - oo - |30
it 2.627 11.0 | 4.2 [+ 46,7 [£17.7 | £ 25.2 ;d:9.6 5.2
|
5129 04555 6.8 12.4 - - - : - 4.15
P31 1131 2 24| 0.5 | 0.5 | 4137 21| 4.8
- ; |
sel ! 0.533 1.2} 21.0| - i - - - ]6.95
et 113|092 s0.2 ' 837 |450.3 1 -84 58,5 49T | 435
sit1l119 "1”33’ }53.1 © 5201 |+3008 | -31.0 | ~68.1 1+68.5| 5.65
~1.041 ; 2,2 ~T1.2 !
- '1'2-5--’—"——"-" | +3. 7' ; H
Te ~0.882 20.7 « 23.5 - - - | - 16.95
n i !
g7 0,499 102.0 204 |-§7.6 | <175 | +115.2 [+221 | 435
_______ . |
1207203 i‘gfi }250.8 156  +198 | 123 | 4396  |+246 | 5.00
SRR S ! !
20T lo.584 60.5 101 #|-a1.0 | =70 a25  hLaig | 5.65

If fo has a negative sign then there will be an apparent rcversal of sign

in columns 5 and 6.

The sources of this data are (43), (44), (45), *(14) Page 21, %(98).

Table 5(b)

Coupling constants in somo vinyl compounds. (97).
Compound T, B trans TI,E cis TM,H gom
ViZHg 295.5 159.6 128.5

*
Vi3T1 950 475 495
Vi, Sn 183.1 90.6 98,3

'

*
Valucs for the coupling constants in V12T1+ divided

by 1.7 (sce page 32).
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The Variation of the coupling constants in the species R.T1, szli
3

and RTLST,

The uniform incroasc in the magnitude of the coupling constants

through the series R.T1, R2T1+ and RT12+ is a2 general feature for all the

3
organo-thallium compounds. This is shown in Table 6(a). If the pre-
dominant contribution to these coupling constants is from the Fermi
contact interaction, then it might be exzpected that the coupling constants
would be proportional to the s-character in the T1-C bond. In addition,

) (33),

ig the effective nucloar charges; Zeff will be incrcased for

the wave function for an s-cloctron is proportional to (Zeff
where Zcff

each positive charge on the atom.

The effective nuclear charge is calculated from the equation

ol

Z = (ZOZ) 3 where, for thallium Z = 81, is the real nuclear charge,

and ZO ( = 5 for thallium in T1ZX ) is the Slater screcned nuclcar charge

3
(47), ZO will incrcase by 0.65 units for cach positive cherge on the
thallium. On this basis it would be expected that the coupling constants
would be proportional to (zoz)%éls, where S is the amount of s-character
in the T1-C hond. Assuming that S veries according to the ratios

RyT1 s R,M° RmZ* :: 0.33 : 0.5 & 1.0
the corresponding ratios obtained are

1 2 1.8 s 4.3 (or 0,55 2 1.0 & 2.4 )

The average experimentel rotios for the phonyl, vinyl, ethyl and methyl
thalliums are shown in Table 6(b).

Such o calculation should not be taken toc seriously since it

docs not take into account any changes in bond angles, bond distances,

or possible changes in conitributions from other terms to these coupling
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Showing the variations in the T1,H coupling constants between the
three classes of alkyl thalliums, R,TI, R,T1" and RT1Z,
R Position  R,TI RQT1+ R 2T
; e g
ortho + 259 + 451 + 948 ¢/sac.
Phenyl meta + 80%5 + 139 + 365 "
para + 3515 + 51.7 + 123 "
R = .
trans - + 1618] + 3750 ) 1
Vinyl cis - + 805 X5 + 1806 f10 »
gem - + 842 J + 2004 j "
— - —
CH2 —198.2 - 340.4 - 1"
Ethyl
CH3 +396.1 + 62800 e 1t
0 *
Me thyl CH3 —250.8 - 402.7 - "
*
as the perchlorate in D20 o
T in trimethylamine.
© in dichloromecthane.
Table 6(b)
The average ratios between the T1,H coupling constents in Table 6(a).
+ 2+
R R3T1 ReTl RT1
Phenyl 1.7 4.0
Vinyl - 1 (1.7) 2.3 (3.9)
Ethyl ! 1.6 -
Mo thyl 1 1.65 -
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constants, The ealculation nlso mnkes the highly arbitary
assumption that in RT1%" the TI-C bond has ~v 10 % s—character ( sce
page 63). However os is scen from Tables 6(a) and (b), the agreement
between the calculated and experimental ratios is very good, and does
seem to indicate that the predomincnt contribution to all of these
couplings comes from a Ferml contact interaction (){~3).

The Phenyl Thalliums. (Teble 6(a); Figs 2, 5 and 6.)

In substituted benzencs the ortho-, meta- and para- H,H-

H,H ortho +6 to 49, JH,H meta = 1 to +3,

. . 2+
JH,H para = 0 to +1 cofscc. (42). If the T1,H couplings in PhT1 ™,

Ph2T1+ and Ph

coupling constants are,J

3Tl arc divided respectively by ~130, ~55 and ~35, then
the values obtained are very similar in both magnitude and sign, to the
corrcsponding H,H coupling constants for the substituted benzenes.
Schneider and Buckingham (48) have pointed out that the
contributions to the coupling constants from bothﬁ}{z and '}{3 are

approximately proportional to

(Zogs ) {Zeff}‘% J Ii Yli*
1 n Jﬁ‘ n x* \5,2
H

for two different nuclei N and N* § on this scale an H,H coupling
constant = 1, n is the mein quantum number (6s for thallium) and

}{N’ 5’n* and 2(H arc the respective magnetogyric ratios. From this
very simple approach we would expect the T1,H couplings to be ~~ 50 times
the H,H couplings. This is an cxtreme approximation which ignores
differcences in hybridisation, bond lengths, bond angles, and ionisation

potentials, among other terms; it does, however, indicate that the greater
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magnitude of the T1,H couplings is largely accounted for by tho
larger effective nuclear charge of the thellium etom when compered to
that of the hydrogen atom.

Mono-tolyl thallium di-cations. ( Table 7, Pig 6 ).

In the cations n—Pr2T1+ and i—Bu2T1+ the couplings through

four bonds to the f{ —~CH, are respectively 20.4 and 16.0 c/sec.(Table 10).

3
In comparison with these couplings, both the meta and the para Tl,H

couplings in Ph m”* zppeer unusually lerge. It is possible that this

2
is in part duc to the geometry of the aryl system, but it might also

come from a T\ -contribution to the coupling constant, as has been
suggested by Hoffman to account for long range H,H couplings in various
olefines snd acctylenos (49). Previous to Hoffman's cxperimental work
both McConnell (50) and Karplus (41) calculated the Fermi contact
contribution from the TV —clcectrons to the H,H couplings in unsaturatcd
sysiems. Thus lMeConngll in a moleccular orbital calculation used the
proton hyperfine splitting constant Q, from the hyperfinec structure of
aromatic free radicals to cnlculate the contribution of the TV ~electrons
to the inter-proton couplings in benzcne and napthalcncy he found a
small coupling which was not rapidly ~ttenuated with inercasing bond
distance between the protons. Karplus's valence bond method, which

is based on = - 77 configuration interaction, rcquires that the
substitution of a methyl group for an ethylenic proton will alter tho
sign but not the magnitude of the TV -contribution. This is becausc

, but has an oppositc sign. Morc recently, Acrivos has

g SocH,y

oxtended these calculetions (51), he found that the experimental and
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theoretical H,H coupling constants in mesitylene comparcd well.

In the threce mono-tolyl thallium di-cations, the T1,H( CH3)
coupling constants are respcetively 104.2, 50.1 and 60.0 * o.5 c/sec.
for the ortho-, meta- and pare substituted mcthyl groups. In
mesitylene the ortho and pera H,H(CH3) coupling constants are rcspectively
0.89 end 0.45 c/soc, and ~gain the T1,H couplings are ~, 130 timos the H,H
couplings., That the T1,H(para) coupling constant is larger than the
T ,H(meta) coupling constant is consistent with Acrivos's calculations
of the T -contribution to the H,H coupling constnnt (51) in mesitylene.

There is as yet no oxperimental H,H(mct~~CH,) coupling constant available

3)

for comparisons however, in mesitylenc Acrivos finds that . JZH(CHS),

H(mcta-CHS) is lgss than 0. 35 c/soc, thus the upper limit of the H,H
(meta—CHS) coupling can be assumcd to be
QCH 2.25
3 % 0.3% %0.35 = 0.29 c/sec.
QCCH3 21

It is not possiblc to test the signs of the Tl,H(CH3) couplings in any of
these cations since therc is no visible coupling between the ring protons
and the mcthyl groups.

Thus the results suggest that as for the corresponding H,H
coupling constents, tho thallium coupling to the ortho and meta positions
is transmittcd mrinly vie the ¢~ -bonds of the phenyl ring, but that for
the pars coupling there is =2 large contribution from the TV —electron
systom (probably > 50%)s  In addition to this, the Ti1,H(metz) coupling
constant, in the same manner as the H,H(mota) coupling constant appcars

anomalously large when compared to the anslagous couplings over four bonds
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TABLE 7
123 . : 121
365 327 492
948 968 Mf
O4-4
Ti a2+ leo-
61
| Me
397 M9 339
942, 986 | 927.
2+ 4 2%

Tl Ti

J}[,H in ortho-, meta- & para- tolyl thallium
di-cations




TABLE 8.
. 4 l:-u-
~ 287 - 77
: 209 Hy
1077
994
I 90 _ 2
2+ No coupling to
far rings.
720
+

Tl.H in some aryl thallium dichlorides
and di-p-styryl thallivm chloride
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in saturated systoms. Both of thesc couplings sre at variance with
the prediction, based on the Dirac vector model (50), that in a hydro-
carbon chain the signs of the couplings should elterncte along the chain.

The variations of the ring proton coupling constants with the
different positions of the methyl groups in the phenyl ring (Table T )
do not seem to follow ony definite pattern, except perhaps that the
Tl,H(para) coupling remains more constant than the others, and that
the T1,H(meta) coupling varics most. Thoe changes may reflect
difforences in the clectron densities arising from an inductive effect
for the methyl group compeiing with a mosomeric effcct from the
positively charged thallium.

The observation of the long range Tl,H(para) coupling made it
conceivable that other longer range couplings would be observablc over
even greater numbers of bonds. However, no coupling was observable to
the more distant phenyl ring in p—C6H5.C6H4’I‘1012 (Table 8 ). No inter-
ring H,H coupling is observed in Cl—é{i:j>-é:;;§>—01 (52).

1-Napthyl thalliums. (Table 8, Figs. J and 8).

Al though no H,H coupling has yet been detected betwecen the
rings in Napthalenes (53) it might be possible with T1,H couplings
(sinco these are very much larger than the H,H couplings) to demonstrate
the prosence of inter—ring‘coﬁpling, and then by dividing by ~ 130 (as
for 79112+ ) to infer a possible megnitude for any inter-ring H,H
coupling.

1.Napthyl thallium dichloride (15.7% by weight solution in dimethyl

sulphoxide). This very amusing spectrum is shown in Fig 7 § the
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T1,H coupling constants in the ring to which the thallium is attached
mey be assigned from the known couplings in mono-phenyl thellium di-
chloride, from their H,H coupling fine structure, and their intensities.
They vary between the ortho—, meta— and para— positions in the same way
as for mono-phenyl thallium dichloridc. Begides these couplings, two
other couplings appear ( one component of these is hidden under the
centre group(8) ), and sincc thesc are both doublets from the H,H
couplings they must correspond to the thallium coupling to H(5) and
H(8). It is not possible on the basis of this spectrum alone to assign
which is whichj however from the speectrum of 4.7 dimethyl, l-napthyl
thallium dichloride (Fig 8b ) they arc assigned as JTl,H(S) = 181.4,
JTl,H(B) = 50 c/sec. The coupling to H(5) is even larger than that to
H(4), althéugh these are both separated frem the thallium by 5-bonds.
Anomalously large H,H coupling constants have been found by scvereal
workers for protons which are connected by z similar "straight" bond
path (42). Thus in quinolinec Anc%(54) found a coupling of 0.8 c/sec.
between the 4- and 8- aromatic hydrogens; in various mono-methyl indenes
a coupling of 0.7 c/seo. was found betwecen the approximately trans—
disposed 3—~ and 7- protons, and a similar coupling of 0.9 c/seo. was
observed in benzofuran (55). The theorcticel calculations of the TV -
contribution to the 1¢5 and 4:5 H,H couplings in napthalene by McConnecll
(50) predict very much smaller coupling betwecn thesc protons (ﬁv 0.02
c/sec). Gutowsky and Porte have suggested that certain resonance
structures, stabilised by the hetero-atom, are rcsponsible for these

couplings (56).  That the H,H coupling is passed through the ¢~ -bend
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system in these compounds is supported by Elvidge and Foster's work on
indcncs (55), where, in agrcement with Hoffmen and Gronowitz's
C=C-H—> C=C~CH, Toplacement criterion (49), the 3:7 H,H coupling
disappears on substituting o methyl group in either the 3 or 7
positions. There are theoreticel reasons (57) for believing thet
"straight" bond path configurations may be of particular stability, this
could increase the G -bonded coupling.

(It would be possible to check this for the 1,Napthyl thalliuﬁs
by measuring the spectrum of 5,methyl,l-napthyl thailium dichlorides if

the coupling is transmitted by the ¢~ -bonds the T1,H(5-CH,) couplings

3
will be vory smell compared to the (T1,H(5) coupling. This work is
in hand.)

The coupling %o H(8) (which is separated from the thallium
by the same number of bonds as the meta~pr0ton), may have a large
"through space! contribution ( cf McConncll's one clectron parts) as it

is particularly close to the thallium ( ~v 2.8 2 ).

A-Methyl,l-napthyl thallium dichloride (Fig 8= ). (19.6% by weight,

solution in dimethyl sulphoxide). The spectrum of this compound confirms
the assignment of the Tl,H(4) coupling made for the spectrum of l-napthyl
thellium dichloride.  The T1,H(5) and T1,H(8) couplings have ncarly the
same valucs as in l-nepthyl theallium dichloride.

4,7,dimethyl l-napthyl thollium dichloride (Fig 8b ). (15.3% by weight

solution in dimethyl sulphoxide). This spectrum indicntes, that in
addition to the T1,H(5) and T1,H(8) couplings, there is = very small

coupling of ~~ 15 ¢/scc. to H(6)s This mey be represcentative of the
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g~ —contribution to the coupling to this ring.

The Tl,H(CH3) couplings in these compounds werc ndt measurable since
they are obscured by the dimethyl sulphoxide signal. The spectra
will be measured in dimethyl sulphoxidc-—d6 and reported clsewhere.

9-Phenanthryl thallium dichloride (Fig 8c ) ( 8.3% by weight,solution

in dimethyl sulphoxide,) In this substance, a2lthough there is plainly
coupling to either H(S5) or H(8), the couplings are hidden under the
centre broad resonancc. It is azlso possible, though less probable,
that H(1) and H(Z) could couple to the thelliwm, thesce would also show
a doublet H,H splitting. The Tl,H(ortho) coupling is the lergest yet
observed in these systcms.

It is interesting that the Tl,H(ortho) coupling, like the
corresponding H,H(ortho) couplings in benzene, mapthalene and
phenanthrene, increases from phenyl thallium dichloride (875 c/sec,),
to l-napthyl thallium dichloridc (948 c/sec.), to 9—phenanthryl thallium
dichloride (1077 c/sec.). In H,H coupling constanis the corresponding
increasc parallels the increcase in 77 ~bond order calculated from simple
molecular orbital theory, but is probably also accompanied by & change
in the H,H distance (58).

Di~( &L ~thiophenyl) thallium sulphate. (¥ig. 5 ).  The coupling

constants for this compound may be assigned using the fine structure
from the H,H coupling constants in substituted thiophenes (49), these are

3 J

] ’
5L M2 Ty =+ 304 to 4 8.3 " Tos

+ 4.9 to + 5.8 ¢/sec. 5§ J

i
1}

op =t 1.2 to + le7 c/sec.
A ‘

I
I

+ 3.2 to + 3.7 LU

~e



43
The T1(2), H coupling constants arc:-
JTI’H(3) = + 303.9 JTl,H(4) = + 104.6 JTl’H(B) = + 196.5 c/sec.
Again, 211 of the Tl,H coupling constants have the same sign and arc
approximately 55 times the corresponding H,H coupling constants. It
is of particular interest to find that the coupling through the hetero-

atom (J s is greoter than the ccupling through the ring carbon

m,1(5))

(J )), in the samc manncr as the corresponding H,H coupling constants

TL,H(4

in thiophcnc.

Vinyl thalliums.(Tables 5(a), 9(a); Figs. 9,11,12.)

In vinyl compounds CH2

constants, which depend upon the elccironegativity (Ex) of X are (21,42),

= CHX, the respective H,H coupling

J = +19(1 - 0.17Ex) . . « =« A

cis =% 12.7( 1~ 0,34 Bx) « « o+ B
The ratios between the T1,H and the H,H coupling constants for the cis
and trans positions, are slightly larger then the ratios previously
found between the T1,H and the H,H coupling constants for the phenyl

X . . + .

thalliums ( thus in Vi, T17 JleII ~ 75><JH’H). The geminal H,H
coupling constant in vinyl compounds varies greatly and depends upon
the clectronegativity of X, decreasing with incrcasing electronegativity.
Thus for X = Li, Jgem = + 7.1 c/scc.(58)s X = F, Jgem = - 3.2 ¢/sec.(59)
The coupling can have either positive or negative valucs. When compared
to the positive geminal H,H coupling constants, the geminal T1,H coupling

constant eppears anomalously large ( thus in VieTi H ~ 200 xJ

Tm,m H,H )y

this is probably connccted with the geometry of the system and will be

discussed later. A11 of the T1,H coupling constants have the same positive
sign
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which is consistent with the pesitive H,H couplings observed in vinyl
compounds where X is 2 more electreopositive elcment. Similar large
positive values for the geminal M,H coupling constants appear in
VizHg and Vi4Sn, these arc shown in Table 5(b).

In the H,H coupling constants of various methyl substituted

vinyls it is found that (49, 10),

JH,H(CH3cis) =~ 1.7 to - 1.9 ¢/sec.; JH,H(CH3trans),= ~ 1.2 to - 1.3 ¢/scc.
hilst 6 / ’__ A A J
whilst J . =+ 6,0 ¢/sec. 4= C=¢C }-
H,H(CH3 Vlclnal) {:—- / \CH3

Electronegative substituents decrease these coupling constants slightly.
Againg if the T1,H couplings ( shown in Table 9(=2) ) are diviled by ~ 55
(as in(eQTl+ ), they give valucs which vary in magnitude and sign in the
game manner as the H;H couplings. Whercas the cis and trans Tl,H(CH3)
couplings have negative signs, the T1,H couplings in the vinyl thalliums
are positive. ( It was not possible to test the sign of the T1,H(CH3)
vicinal coupling, but this is probably positive.) The change of sign

cn substituting 2 vinyl prcton by 2 methyl group is required by Karplust's
theory (41) for the U —contribution to the H,H coupling constants.

Al though the T1,H couplings undoubtedly involve large Ty —contributions
those are probably of similar magnitude to the g~ ~contributions ovor

four bonds. It is also noticcable that the I&,H(CHB) vicinal coupling

in (CHyOH = C.CH % is much less than the ‘3-4xmpling in Bt M

3)2 2
(Table 6(a)l, and that, whereas in the Tl,Hgem couplings with the vinyls

there is little correspondence with the H,H gem couplings; in this
case the ratio of ~ 55 again holds.

The small decreases found for the Tl,H couplings as a consequence
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of the substitution of methyl groups for protons, may be a result of
the different effective electronegativities c¢f these groups, of changes
in bond angles, or of changes in bond distances. The T1l,H coupling
constants are evidently highly sensitive to all of these factors.

The dependence of the Tl,H coupling constants on the
electronegativity of the attached group is illustrated by the spectrum
of trans-(CHC1 = CH)2T1+ (Fig.32 Yo The substitution of another
clectronegative group (such as a chlorine) in vinyl compounds, causes
a decroase in the H,H coupling constantss +this is seen from equations
A and B. It was not possible to assign coupling constants from the
spectrum of trans(CHCL = CH), T ; however they are either 486.3 and

2

476.7 c/sec, or 510.. and 452.5 c/sec..for either the geminal or the

>
cis Tl,H ccupling constants. The spectrum shows immediately that
both of these couplings have the same sign. Whichever of the values
are chosen it is noticcable thet the T1,H(cis) coupling is about 60

times the H,H(cis)coupling (cf. J = + 7.3 ¢/sec. in vinyl

H,H(cis)
chloride). The c¢is and geminal T1,H couplings have about the same
relative magnitﬁdes as in the unsubstituted vinyl thalliums. The
chlorine decreases both of these couplings by about the same amount,
and the T1,H (gem) coupling again eppears ancmalously large in
comparison to the H,H(gsm)‘coupling. A compgrable effect is

observable for the couplings in trans(CHCl = CH) Hg and trans—

2
(cHCL = CH)HgCl (Fig.12, Teble: 11.)
The H,H coupling constants for the vinyl thalliums are

shown in Table 9(c).



TABLE 9a.
+16 +842 +1346 cr3?8a
H
H /M I, /s
C=C C=C
/ \Tl* CI-/ \Tl'r
+805 N - 93.: N
+148 637 &7 ~640
H
§1\\ Ii C}ﬁx\ //
C C;\\ //C?-C;\\

CH/ T+ H TI+
P S N . T BN
J—'-I‘L,H in some methyl-substituted divinyl

thallium cations.

Table 9 (b). H,H coupling constants in the vinyl thalliums.

Compound. Jcis.efsec. JTrans.c/sec. JGem.c/sec. E}T. ngég%§$9%nyJ)
(Vi,Me)3T.l 12,8 £ 0.2 20.0 % 0.2 403 % 0.2 37.1 2.0

vi,m"  11.6 2 0.5 19.4 % 0.5 <1 31 2.4

yim 2 9.0 "  17.0 ™ <1 26 2.8

In the propenyl thalliums J ) = 6,0 1 0.3 c/sec.

H, H( CH3gem

For both the chloro-vinyl mercury and thallium compounds,

= +
JH,H trans = 15.C Z 0.5 G/sec.
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Alkyl thalliums. (Tobles 6 & 10. Pigs. 3,10 & 11.)

The vicinal H,H couplings in substituted hydrocarbons are
normally ~ + 8 c/sec; they are very dependent upon the conformation

of the alkyl chain, For substituted ethyl compounds CH CHZX, the

3
vicinal H,H coupling depends slightly on the clectronegativity of X, i.e.
= -— ] E = —
Joio =+ 19 = 0-TAE (AE = B, - B, ),
(42,60). Compared to these couplings, the Tl,H(‘3CH) couplings in

the dialkyl thallium cations (Table 10), are ~ 65 times greater; this
ratio compares favourably with those previously obtained for the di-
phenyl and divinyl thallium cations.

In substituted methanes the geminal H,H couplings fall between

~9.5 and ~ 15.5 c¢/sec. (42) ( in methane J - 12.4 c/sec.); thus the

H,H
geminal Tl1,Hycouplings in the dialkyl thallium cations are ~25 times
greater than the corresponding geminal H,H couplings. Both have
negative signs. The magnitude of the gominal Tl,H,coupling appears
mich smaller (less negative), than would be expected from the ratios
obtained in the other comparisons between the T1,H and H,H couplings.
This will be commonted on later.

The T1,H couplings shown in Table 10, although variable, do
follow some gencral patterns. Thus the <yéCH coupling decreases in tho

series e, T1¥, Bt T1+,i—Pr T1+, with increasing methyl—substitution on

2 2 2

the ' —~position. This change may be connectod with changes in the
T1-C-H bond angle, but it may also be a result of hyperconjugationj the
substitution of a methyl group for a proton would decrease the amount of

hyperconjugation, which could change the contribution to the coupling from
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valonce bond structures invelving a direct Tl-H bond.

In the scries Et,T1%, n-Pr

» m*, i-Bu, M and n-Bu,M" the

2 2

o(—-CH2 coupling remains approximately constant; since the environment
of theci,-CH2 group does not change very much, this situation is not

unexpected, The small differences which are observed in thco[—CH2

coupling can probably be attributed to small confarmational changos
in the hydrocarbon chains,

At the (3 —carbon, the coupling to a /3—CH3 is mach grocter
then to a 3 ~CH,, but increases again for a 3 —CH (cf. i—Bu2T1+);
again, thesc variations could reflect the conformational differences of
the aikyl chains.

In ethanc, the vicinal H,H coupling (8.0 c¢/sec. (38) ), is
the mean of the trans 2nd gauche couplings (%;Jt + é%Jg). The ratio
Jt/Jg = 5 (61), is in good agrecment with the theoretical value of
5.4 (41). The spectrum of the (cyclopentyl)2T1+ cation provides e
nice illustration of the effect of the stercochemistry of the alkyl
chain on the couplings. Thus the o —~CH and one of sach of the(Q—CHZ
protons (zssigned to{g—CH(cis) by anslogy with the H,H couplings).have
T1,H couplings of roughly the same magnitudes, whilst the (B—CH(trans)
protons show a greater Tl,H coupling than cither of these, This
agssignment is a tentative one and is bascd on the relative areas of the
individual signalé ( shown in Fig.1Y €). A further point of interest
are the broad featurcless lines, which show no fine structure from the
H,H coupling. This effcet is probably due to a rapid intramolecular

interchange between two conformational isomers (cf. the rapid ring
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T1,H coupling constants in various dialkyl thallium cations.

Compound I J-cH c/sec. J@-CH ¢/sec. Jﬁ-CH ¢/sec.
- L
Mele 4020 7 -
+
Et2T1 -340.4 +628.0 -
. o+ - _
i~Pr, Tl 258.9 5144
+
n-pr, Tl ~34O.7 +468.9 +20.5
. +
1-Bu2Tl —356.0 +493-7 +l6.4
: +
(Bt-T1-1e)*
Me 359.0 - -
t . 6 3 -
E 399 3 79 5
(cyclopentyl)2T1+ 214 214/466 ?
Table 11.
Hg199,H coupling constants in various organo-mercury compounds.
R R, Hg ¢/sec. c¢/sec.
Me thyl 102. 260.,
"CH 871.
Ethyl { 6 2
CH 115.2 9
- -— [~
clcH CH 5).0 3
cis or trans. J 89.8 o

Tolyl mercuric acetates:

JBg,H(CH3 ortho)

J

J

Hg,H(CH3 meta)

Hg,H(CH3 para)

21.O ¢/sec.

1"t

5
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inversion of the 'chair' conformation of cyclohexanc (62) ). The
spcetrum of (cyclopenty1)2T1+ did not change on lowering the temperature
of the sample to ~v Ooe

There arc o fow instances of H,H coupling over four bonds in
substituted hydrocarbons (42) 5 +these arc usuelly <:O.8 c/sec., and may
have cither a positive or & negative sign. Such couplings have been
found to be very stereospecific, and their values are greatest when all
H

/7 (63). The small Tl,H(ﬁ —CH3)
couplings in the n—-Pr2T1+ and the i—Bu2T1+ cations are consistent with the

greater magnitudes of the T1,H couplings when compared to the H,H couplings.

. H
five atoms are co-planar NeZ oG

Brovmstein (64) has found couplings of similar megnitudes, JHgl99,H(XLCH)
in various compounds of the Type CHBOR.HgX, where R is an organic radical
and X a halide or acetate. The Hg,H(K.~CH) couplings were usually

~ 20 c/sec, and very depcendent upon R. Brownstein concluded that the

differences were duc to different preferred conformations.

The Mixed Trialkyl Thalliums. (Figs.3 & 4, Tablos 3 & 4.)

In theso alkyls the regular changes observed in the T1,H couplings
are probably due to differences in the electronegativities of the attached
groups. The more clcetronegative group will attract more p-character
into its T1~-C bond, so lowering its own coupling(s) ( a feature
consistent with a predominant contribution from the Fermi contact inter~
action). At the samec time there will be a decrease in the relative
p-character, and an increasc in the relative s—cheracter,in the T1-C bond
of the other 1less elecironegative group, which will increase its!

coupling(s). 4 similar effect is observablc for the couplings for the
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(Me—'l‘l—-Et)+ cation. Malinowski(65) has shown that to a good approx-

13

imation the C ~,H couplings in various substituted methanes CHXYZ, are

an additive property of the subbtituent, this mey be written (37),

I cB( cHxYZ) ~ J011(0}14) + §y SY * gz

.
vhere d x = Jog( i) 7 om( CH,).

thus each subsfituent X contributeé a charecteristic term <§ X to
JCH(CHXYZ) which is independent of the other subsiituents. Likewise
Y and Z., Gutowsky and Juan (37) found that this rclation can be
derived by assuming that the substituent changes the hybridisation of
the carbon 28 orbital, so changing the. Fermi contact contribution.

The T1,H(methyl) couplings are consistent with an order of
gffective electronegativity of

CH, = CB- ) CHy- > C - -

This is the order we should expect from the relative inductive effects
of these groups observed in organic compounds. Some of the changes in
the T1,H couplings show a roughly linear substituent effect; however the
changes in the ethyl group TI,H(CHB) couplings on substituting methyl
groups arc dcfinitely non-lincar. Gutowsky and Juan ascribe deviations
from the additivity relation to the inductive effect of the electro-
negative substituents on an easily polarisable atom. Non-additive
substituent effects in C13,H tdirectly bonded'! couplings have recently
been noted by Muller and Rose (66).

The T ,H coupling for solutions of Me,T in trimethylamine and

3

¢imethyl ether is greater than that for solutions of Me3T1 in dichloro-

methane or toluenc (Tables 2 and 6); this is unexpeciad. The
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The coordination of a trimethylamine molecule in Mb3ﬁ-9EiMb3, both
decreases the amount of s-character in the T1-C bond (spg—; sp3) ancd
increases the negative charge on the thalliums for both of these
reasons we expect the T1l,H coupling to decrcase. It is possible that
this decrease is cancelled out by another factor, for instance a

decrease in the T1-C-H bond angle might increase the T1,H coupling (45).

Scholium,

The resemblances found between the Ti,H and the H,H coupling
constants are good evidence that the coupling mechanisms for both of
these are similar, Thus the T1,H couplings like the H,H couplings are
probably dominated by the Fermi contact interaction. The contributions

aﬁ?" : :
fronx}(l and.}(z are probably;lncreased in proportion to the greater
magnitude of the T1,H couplings. A predonminantly Fermi contact inter--
action mechanism is supported by Klose's calculations (45), and by the
agrecment betwesn the experimental and the theoretical ratios for the

Tl ,H coupling constants in the series R Tl:R2T1+:RT12+.

3
However, when comparing the Tl,H and H,H coupling constantis
the geminal T1,H coupling constants have a different, apparently
anomalous, behaviour. The variation in the geminal T1,H coupling
constant being between =350 c/soc. in R2¢ﬂ+, and +840 c/sec. in Vi2T1+:
compared with the geminal H,H coupling constants of -12.4 c¢/sec. in
methane, and +2.5 c/sec. in ethylenc. Thus although the T ,H and H,H

coupling constants vary in the same way, the variation is in a more

bositive sensg for the Tl,H coupling constants. If the total
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variations of the T1,H and H,H coupling constants arc compared,

( ~1200 c¢/scc. in I gt ~15 ¢/sec. in J (methane to ethylene) ),
2

H,H
the T1,H coupling constant variations are secn to be larger by about the

expected factor ( i.c.F ~ 15X T

m,H H,H )-

In his calculation, Klose (45), finds that in cthyl compounds
C2H5X, fo: light isotopes X with a positive sign relation between the X
X,H( o4 -CH) and the X,H( p-CH) coupling constants, the XH(o{ —CH)
coupling constant decreases with increesing Xgﬁ, goes through zero and
tekes on increasing negative valuocs. However for hecavy isotopes, in
which the X,H(o{ ~CH) coupling constant is negative, the XH(e( ~CH)
coupling constant increases with increasing ﬁgﬁ and goes through zero
with increasing positive values. A large positive incroase is
observed for the geminal T1,H coupling constants when the bond angle,
TICH, is increasod (cf.in Et2T1+,chn ~109°(tetrahedral), and in V12T1+,
T{EHrv 120°(trigonal) ). However, Klose's predictions are at variance
with the experimental values for the H,H coupling constents where the
same increcase on increasing the bond angle ﬁﬁh, cceurs. Thus the agree-~
ment between Klose's calculations, and the author's cxperimental
findings may be fortultous.

Further evideﬁce that heavy—metal,proton coupling constanis
are dominated by the Fermi contact interaction could be obtained by

studying the Hg199

LH and Pb207,H coupling constants. Some Hg,H
coupling constants where they are available, have alrcady been compared

with the T ,H coupling constants, and these so far seem to follow the

same type of patiern. The ratio botween the coupling constants in
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RHg+ and R2Hg compounds (Table 11), is abcut the same as the ratio
botween the coupling constants in RTIZT and 32m+ (using Z_= 5 for Hg
Hg and RHg+ is

in HgX,, the calculated ratioc between the couplings in R

2? 2

1:2.4). Also in the tolyl mercuric acctates, the coupling follows the

samc pattern as for the tolyl thalliums. The greater magnitude of

the T1,H couplings as compared to the kg,H couplings, is mainly

accounted for by the: larger magnetic moment of the thallium (Table 5(a) ).
Teble 5(a) indicates that the similarities between the X,H

and the H,H coupling constants become less‘as we go across the Teriodic

Table. This would parallel an increase in the importance of p~ and

d-orbitals to the bonding, so making the contributions from }{1 and }{2

relatively more important (cf. the coupling constants for Et,P and EtF).

3
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CHAPTER 1V.

The Constitution of monophenyl and monovinyl thallium dichloride.

The far infra red spectrum of a solid mull of phenyl
thallium dichloride shows one narrow absorption, which is assigned
to a Tl-Cl stretching mode (y = 313 cnrl; in T1C14_ the assymetric
T1-C1 stretch ocours at ~ 300 cm * (67) ). The spectrum also -
shows an unspecified phenyl peak at 229 cmnl. This indicates that

in the solid state this compound exists as (Ph-Ti-C1)"Cl™ , since if

it had a trigonal form viz,
Cl

Ve
Ph - T1
N
Cl
two absorptions; corresponding to a symmetric and an antisymmetric
T1-Cl stretching mode would be expected.
Phenyl thallium dichloride is slightly soluble (~ 0.5%) in
water, and very soluble in dimethyl sulphoxide. Conductivity
measurements of the ‘ion in water indicated that it is almost
24 - 25° 1,2
completely dissociated to PhT1“" and 2 €1 at M/1000 ( A\°7 = 218 ohms cm.),
but that with lower concentrations there is considerable hydrolysis.
o
j\?s decreases slightly for solutions stronger than M/lOOO indicating
the presence of some(Ph—Tl—Cl)_ . A study of PthSO1 showed that
there 18 .vory considerable hydrolysiss Pth(NO3)2 disproportionated
very rapidly to give the Ph211+'f9n»
The coupling constants for solutions of PthCl2 in

dimethyl sulphoxide, and PhT1(CIO in water are compared in Table 12.

4)2
They are concentration independent for the fairly concentrated solutions

studied (n»lo%). In water, the T1,H coupling constants for the PhT12+
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cation were not affected by the presence of perchloric acid. The
differences between the Tl,H coupling constants for these compounds
are probably attributable to the different stetes of the ions in
solutions the coordination of a negative chloride ion will change
the hybridisation of the thallium and decrcasc its effective nuclear
charge so lowering the coupling constants.

Similar chenges erc observed for the coupling constants of

viTi(c10 and ViTlBr, in dimethyl sulphoxide solution:(ViTl(ClO4)2 )

4)2

JT1205

The larger Tl,H(trans) coupling constent of ViTl(ClO

) 3838 c¢/sec. ViTlBr,, J.,205 )=3159 c/sec. ),

,H(trans ,H(trans

4)2 in dimethyl
sulphoxide solution as compared with the coupling constant for this
compound in aguous solution (Table 6(&) ) may be due to the greater
polarity of the dimethyl sulphoxide moleculc, and hence the greater
effective electronegativity of the oxygen in dimethyl sulphoxide
as compared to the oxygen in water.

The variations in the T1,H coupling constants are similar to
the variations observed in the Hg,H(CHB) coupling constants in
CH,HgX (68) cf. X = 0104', J=260., c/sec.

3
X=201, J=202. , L
These changes may be interpreted in terms of the different acid

gtrengths of Z. The more clectronegative that X is, tho higher the

coupling constant.(69).

Table 12.
Compound Solution J’l‘l,H(ortho) JT&,H(meta) JT&,H(para).
PhT1012 D.1. 8. 875 334 : 115

PhTMb104)2 D0 948 365 123
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CHAPTER V.

Experimental.

As most of these preparations involve standerd proceedures
they will 2nly be outlined. llowever, new preparations are given in
dotail, and some rcactions which feiled to give the required compounds
are briefly described. The methods of handling the reactive and un—
stable trialkyls are described.

* * X

Thallic bromide was preparel by reacting bromine with thallous bromide

in tetrahydrofuran.

Thallic chloride could not be prepare? by passing chlorine through

a suspension of thallous chloride in tetrahydrcfuran or ether, due to
extensive chlorination of the solvent. It was prepared by passing
chlorine into an nquous suspension of thallous chloride, aftcrwards
renoving the wator in a vacuum desiccator over concentrated sulphuric
acirls

Dialkyl and Diaryl thelliun bromides ( 6 ) wore propared by reacting

thallic bromicde with the Grignerd rcarent ( o 10% exccss) in diethyl
gther. The flask was cooled in an icc/Salt bath, and the Grignerd
reagent was alded to the thallic solution over a pericd of ~. I hour.
The product was hydrolysed with I% ammonium bromide sclution, and the
solid was filterced and cxtracted with hot 1/1 aquous ammonia or warm
pyridinc. On cooling, beeutiful white glistening erystals were
deposited,

TlBr, + 2RigIr = RleDr + 2lgDr

3 2

Divinyl thallium Bromide was preparcd by reacting vinyl magnesium
prep 3

bromide with thallic bromide in tetrahydrofuran in the same mannor ( 70 ).
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t-Butyl mesnesium chloride did not give ($-Dutyl) , thellium chloride

on recaction with thallic chloride in other at 0°C. Thallous chloride
was formed,

Denzyl magnosium chloride ¢ave di-bengyl when reacted with thallic

chlorifde in ethery thellous chloride was also formed.

Allyl magncsium bromidc, on reaction with thallic bromide in T.H.F.

at 0°C, gave thallous bromidc.

(w(—thiophenyl)zthallium chloridc. {.Soc Krause and Renwanz (71 );%
"in this work this compound wzs prepared by the rcaction of

ol ~thiophenyl boronic acid with thallic chloridc in water. The
recaction takes n:%-hour on shaking et room temperature, longer re-—

action periods result in thc decomposition of the product.

Cis— and trans-(propony1)2 +hellium bromide (72 ) and (CH3,CH=C. 0113)2T113r
werc prepercd by the reaction of the organo-lithium compound (prepared

at ~v =20°C under nitrogen (73 ) ) with T1Br, at -15°C,in ether.

3°
Di-ellyl mercury (74 ) on =coction with thallic chloride in ether at

0°¢ , ¢id not give di-allyl shallium chloridey o mixture of IIQCl2 and

T1 was precipitated.

2%3
Trans-(CHCI=CH) Hz on reaction with thallic chloride in cther

solution (75 ) gave trans-(cnc31=cn)2'1*101.
Analysis. (CHB.CH=C.CH3)2TlBr requiress C,24.365 [,3.56 ¢ found;
C, 2446 3 1, 364 %

Primethyl thallium ( 7 ) was prepercd by reacting dimethyl thallium

bromide with methyl lithium ( a 10% cxcess) in ether under nitrogen
at 0°C. The bulk of ether was removod by distillation at reduced

pressure, and trimcthyl thellium was distilled under high vacuum.
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It wes purified by ropentod 'bulb 4o bulb' vacuum sublimztion.
1%2TlBr + leLi = L%BTQ + LiBr.

Triethyl thallium was prepared in the same way from diethyl thallium

bromide and ethyl lithium ( 7 ).

These alkyls were stored under vecuum in small bulbs fitted with a

high vacuunm tap and a B.14. Quickfit Socket (Figl3 "). This facilitated
the transfer of the alkyl on the vacuum system.

Preparation of tri-(methzl.vinyl)thallium. A solution of methyl

1lithiun (0.04g.mol) in 25 ml of anhydrous dicthyl ether was slowly
added, under nitrogen, to a stirred suspension of 5g (0.018 a.mol) of
divinyl thallium chloride in 25 ml of cther at ca. -5°C. After
stirring for an hour, the bulk cf the cther was pumped off, and the
residue was fractionally sublimed on a vacuum line, using asshort =a
distilletion path aos possible to reduce decomposition. A colourless,
necle-like crystalline solil was obtained, and cheracterised by its
proton megnetic resonance spectrum in solution. From the reclative
peak ercas’ in the spectrum, the moler ratic of methyl groups to vinyl
groups, in the sample on which measurcements were made, was found to be
1.75 ¢ 1. It is stable in the absence of air or light, but its
solutions at room temperaturc slowly depesit crystals of thallium.

Attempted Preparations of Trivinyl thallium.

A. An etherecl solution of vinyl lithium, preparcd from phenyl

lithium and tetravinyl tin ( 76 ),

4PHLL + Vi,Sn OPEST 4yt 4+ P ;snlb

did not rcact with divinyl thallium chloride. Moreover, no rcaction

took placc in boiling tetrahydrcfuran.
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I, In 2 mixturc of cxchanging metel alkyls it should be
possible to scprrate the more volatile components by fractional
vacuum distillation. Thus divinyl thallium chloride was reacted
with phenyl lithium in cther at 0°C. The yollow suspension blackened
and thallium metal was deposited. Distillation subsequently gave
only a colourless &olatile liquid, This was characterised by its
proton resonance spectrum and the dibremide (m.p. 7300 ), as styrenc.
C On rcaction with n—octyl lithium, divinyl thallium chloride
gave l-cecene which was characterisocd as the 2,4 dinitrobenzene
sulphenyl chloride derivative (mixed m.p. 79.5° - 81.0°C) (77 ). A
black precipitatc of thallium metal was again formed. However, no
rcaction was observed between 9,lithium anthraceno anl civinyl thallium
chloride in eother (78).
D. In the same way, an cthercal solution containing triphenyl
thallium and vinyl lithium (75 ), on removal of the cther and vacuum
distillation gave a resicduc of thellium, and styrenc was again found tc¢
be the only volatile product.

The unusual vinylation rcaction obscrved in these attempts
might be useful in prepering various organo-vinyl derivatives.

Triphenyl thellium ( 7 ) was preparcd from liphenyl thallium bromide

and phenyl lithium in cther at room temperature under nitrogen. The
cther was removed on a water bath at ~v 60°C and the residue was
extracted with hot dJdegassed benzene and filtered under nitrogen.
Triphenyl thallium was precipitated from the benzone solution by
adling degasscd 60/80 petrcleunm cthor. It was rocrystallised in the

same manner from benzene and petrol unler nitrogen (m.p.166 — 7°C,with
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some Cecomposition).  (Found €,49.98; H, 4.02: 018H15Tl roquirces
C,49.75 H,3.46.%).

Triphenyl thallium / Trimethyleminc adduct.

Triphenyl thallium (1 gm) wes dissolved in dry tri-
methylamine (ca 5 ml), and the sxcoss of trimethylamine was cvaporated
at room temperaturc in a sircam of oxygen—-free nitrogon giving a white
-erysitalline product. (Found: C,51.075 H,5.473 N,2.96: 021H24NT1
requires: C,51.03 H,4.89; ,2.83 % ).  The formulation as a 1:l
complex was confirmed from the relative peck arcas in the proton
resonance spectrum of a carbon disulphide scluticn. The crystals had
a negliggble vapour pressure of trimethylamine at room temperature
indicating that the complex is a rcasonably stable onc. In air it is
slowly oxidised to diphonyl thallium oxide.

Monovinyl thallium dibromide( 70).  Divinyl thallium bromide (2¢.)

was boiled for 1 minute with an aquous solution of thallic bromice

(4 gms). The solution was made faintly azcid with HBr to prevent
hydrolysis of the thallic bromide. On cooling a light yellow
precipitate scparated; this was recrystallised from hot water. The
broton resonance spcctrum of this compound showed that it was in fact a

mixture of Vi.T1Br and ViTlir

5 09 ViTlBr2 was never obtained purec.

Monovinyl thallium di-perchlorzcte and sulphate decompesc rapidly at
room temporaturc.

Monophenyl thallium dichloride ( 8 )  An oxcess of thallic chloride

(4.5¢ 3 mols ) was boiled in 6 — 8 il of water with phenylboronic acid
(0.65. 1 mol) for 1 minute. The precipitate was filtered, then re—

crystallised from werm water.
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A1l the other monoaryl thallium dichlorides were prepared in

the same manncr from the aryl boronic acid and thallic chloride.

Aryl boronic acids were prepare? by the reaction of tri-(n-butyl)

borate at-80°C with the corresponding aryl Grignard reagent (79 ).

Analysis.
A=Napthyl thallium dichloride: found C, 20.07 5 Hy 7,93 3 Cl, 17.68

Cyoll;TLCL, requires G, 29.85 5 M, 1.75 5 Cl, 17.62 %

9,Phcnanth:y1-thallium ¢ichlorides found C, 37.01 § H, 2,13 3
- 9 9 ’

Cl, 14.55 s 014H9T1012 requires, C,37.16 3 H, 2,05 5 Cl, 15.67 % .

l—methyl, X —-napthyl thalliun dichloridos found C, 31,89 § H, 2.36 3

€1, 17.59 : 011H9T1012 requires C, 31.71 3 H, 2.18 ; €1, 17.02 % .

Biphenyl thallium dichloride: found C, 33,59 ; H, 2.33 3 Cl, 16.51 s

C 2H

101 TICL, requires C, 33.63 ; H, 2.12 ; Cl, 16.55 %

9

The mono-methyl thallium cation.

Mixtures of Me2T1(0104) with TlCl3 s dissclved in water, and
in dimethyl sulphoxide solutions, did not show any resonances other than
those from the dimethyl thallium cation and the solvent. If the MeT12+
cetion was present it would be expected to give a spin-spin doublet with

a Tl,H(CHB) coupling constant of A~ 900 c/scc. .
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Analysis for thallium in the solutions of trimethyl thallium.

The lencth of solution in the nuclecor magnctic rcesonance
tube was measured and it was weighed and opened carcfully under dilute
nitric acid. The tube was washed out thoroughly and then rewcighod.
The volume of solution in the tube wes calculated by weighing a known
length of water in it.

The solution of dimethyl thallium nitratc was then evaporated
cn a stcam bath and destroyed by heating with ( 1 s 1 ) nitric/sulphuric
acid until 211 the nitric zcid had becen removed. The produ;t was
diluted with Aistilled water, then reduced with sodium sulphitc and
finally boiled to rcmove excess of sulphur dioxide, and reduced in
volume to ~ 10ml. The thallous solution was transferred, with
washings to a 100 ml graduated flask and made up to A 60 ml with
concentrated hylrochloric acid. 5 ml of carbon tetrachloride was
aldded and the thallium titrated with 0.025 M - potassium icdate.

( Aﬂdrows‘ conditions ( 80) ).

The preparation and handling of the solutions for proton macmctic

resonance study.

Trimethyl, tricthyl and tri (methyl,vinyl) thallium
were transferred, in vecuo to 5 mm od. nuclecar magnetic rcesonance
tubes which had previously been baked out at cez.300°C. The
apparatus used for this distillation is shown in Fig. 13 , as
nongc of these nlkyls arc very stable ( or very volatile ) as short
a distillation path 28 possible is nccessary. After distilling

the requisite quentity of trielkyl into the tube 1~ s the solvent,
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togcther with tetramethyl silanc
rcference, was distilled from the
main vecuun line ( tap 4 ) onto
the trialkyl. The tube wns then
frozen in liquid nitrogen ond
sealed ( whilst pumping ) at ><
In preparing these solutions care
wes taken to exclude traces of
oxysen or water which could have
caused the formation of cetalytic

impurities. The solvents werc

driod over lithium aluminium hydrice

or Linde lMolecular Scives and

thoroughly degassed,

12

Triphenyl thallium, although unstable to oxygen and water

vapour can be handled for short periods in tho
flushing nitrogen over the containing vcsscls.

triphenyl thallium wes sezled with solvent and T.il Se

vacuunl in an n.n.r.

tubo.

topent' whilst
The ssmple of

, under
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The proton resonmnce spectra of the dielkyl thallium
cations were mecasurcd in DZO solution, using the sulphate or
perchloratc salts. It was establishod thet the coupling constants
were independent of concantration. Due to the insolubility of
many of these alkyls saturated solutions ha? to be used. Tho
dinlkyls gave tho samo coupling constants (X 1% ) in dimethyl
sulphoxide as they did in wator.

The tolyl end phenyl thallium dications werc alsc
studice? as sulphatcs in D20. (ﬁeta-tolyl thalliun di-perchlorate
was prepared. once, it is a whito solid, and 0.3 gm cxploded on
touching with a spatula, with sufficient violence to smash the
author's glasscs and vacuum 2ine.)  The other aryl thallium
dichlorides were studied in dimethyl sulphoxide, for the fairly sirong
solutions used (f\115% by weight) they gave coupling constants which
«7e independant of concentraiion.

Tetramethyl silane was normelly used as an internal
reforonce for the non-agquous solutions. For agquous solutions the
mavhyl siznel from t-butyl aleohol was used as an internal rcference.
The chemical shifts are accurate to ca. < 0.01 PeDPels « The coupling
constants arc usually accurate to * 2.0 c/sec., althougsh this cdepends
very much on ecach individual sample since many of the lines zare
fairly broad ( ~ 10 c/scc.); where a ruck larger error is involved it
is quotod.

Proton marnetic resonance spectra were measured 6n 2

Varian V4311 spcecirometer at 56.45 Mc/sec., or at 40 Mc/éec. using a



Varian V4340 varieble temperature probe. Decoupling experitents
were carried out on & single side band proton spin-spin decoupler

designed and built by Dr. Turner ( 81 ).



Appendix I.

The Exchange of Nuclear Spins between two sitoes.

Proton mognetic wrosonance spectira are modificd by various
ratc processcs (10). The chemical cxchange of atoms or groups of
atoms botween two enviromments in mulucules can cause the individual
rosonances of those to coilupso if the exchange rate is fast cnough.
In the same way spin multiplets aro collapsed by the cxechange of atoms
or groups of atoms betwecen identical molecules, The simplest instance
of this is the collapsc of a spin spin doublet such as is observed in
the proion resonance spectrum of trimethyl thallium.

It is assumed in the following very brief summary that the
theory for the collepsc of two chemically shifted resonances is also
epplicablc to the collapse of the spin spin doublet of trimethyl
thallium. It scems that this is truc to a good approximation for the
relatively slow ralces obrervoed hero; for fast rates, where only a
siangle narrow resonance is observed, a morc¢ comprehensive theory must
be uvsed (82, 83, 84 ).

The relation betwecsn the rate of chemical exchange and the
line--shape is bascd on a sem’-classical theory suggestod by Gutowsky,
McCall and Slichter (34), ~nd later simplificd by McConnell (85). The
Bloch oquations deccribe *he variation of the components of the total
mneroscopic nuclear magnetic moment (Mi, M&, Mz) per unit volume (10).
The equeations are describoed in terms of a ceordinate system which is

rotating with the applizd rndio frequency field. If u and v are the
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transverse components of Il along and perpendicular to the r«f field Hl

rotating with angular frecuency () . Also if H1 is not too large,
so that MZ ~ MO (i.¢., no saturation),
&l+ v Guo-wy) v = 0 . . . (1)
T2
v ~%;—(w0»w)u D § % S o (i)

whore T, is the spin-spin (transvers

is the Lzrmor procoession fragquency.

- Ul )} ¢ =

2) relexation time, and gy = Y,
A complex moment is defined as
iv

u o+

o (iii)

-iX%% .

If there arc two resonance frequenecies A and B | then there

G =
so that from (i) and (ii),
; 1
G o+ | - i(w
] T2 0
will be
so that two independent macroscopic

}-<

where c"!\ = <
£ s

T;A - 3 ((_;J L - s );

two corr~sponding Larmor proccssion frequoncies(p.A and LL)B,

moments, are given by the ecquations;

- 1Y Hi, . . . (iv)

-1y HE L . . . (v)

1

B Top

i

]

- i ((.\)B--;,u )e

Equetions (iv) and (v) -roro medified by McConnell (85) to take into

account thc axmchenge of nuelazi, nnd

from one spin site to the ovher.

hence the transfer of magnetisation

Huclear cxchenge between positions

with the same spin state will have no offoct on these macroscopic moments.

N
Thus, if a nuclcus in an A position has a probability ‘A

B position, T }

Likewise T-B’

is the meaon lifetime for =a

-1
of moving to o

nuclcus on the A sifzs.

In tho case in hand‘tho populationsof the muclei on the
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two sites are cqual, as arc the rélaxation tifes TZA ahd TZB for the

two positions.  Hence,

éA + O(Acﬂ = - i‘bf}&l{oﬁ + T;dB = ’T"'KiGA . i {vi)
éB + 'o‘(BG‘B = = i’.D/HIMOB + "Ficﬂ = ”r'];ch . (vii)
Bquations (vi) and (vii) are solved by putting 6;; = éB = 0 and
M, =Up= #M, the fotal complex moment
¢ = G+ Gp

o Ty + 3Ty (& x) (

viii)
(1 +ol,m ) (1 4k ) -1

L
- X'Hlmb .
The intensity of sbsorption at a frequenoy (W is proportionnl to the
imaginary port of G, The transition from a spectrum of two lines to
a spectrum of one lince occurs when the lifetimes 7¢A and'T’B dte of the
order (U)A - W B)—l. Equaticn (viii) wes studicd by Gutowsky #nd
Holm (86) for such exchange rates. Then if the aversge lifetime of o
group ofi either site is | s

~ - Te Ts

T?x + ?“B.‘
~1

M go if the spin-spin relsaxation time is wvery long so that T2 = 0,

the line width in the sbsence of exchange is small compered to the
separation of the two signals. { In trimethyl thallium at -60° tho

separation of the spin-gpin doublet is 250. c/aec. compared to the line

4
width of 4 c/soa.}. Gutowsky and Holm find that the intensity of

absorption is proportional o

(W, ~wy)? v (1ix)
[# (0, -wy - m]z b 2P, —w)H(wy —w)?
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In terms of frequencies (Y = W/Z'ﬂ' ), the shape function,

glv) = K LIS P YB)Z (x)

{:%—(VA - Vg) - V}z voant (v, - V)R -V )P
where K is a normalising constant. A line shape calculated using
cquation (x) is shown in combination with the experimental shape in
Fig.15.

For large T , Eq. (x) gives two lines aty , 2nd Yo, end
for small T it gives one line half-way in betweon thesc. PFig.l4 shows
how the speectrum changes between these extremes. In the study of the

trimethyl thallium exchange activation onergy,'the region of partial

collapse where the spectrum still shows two lines was considered, and

T~ calculated from, 1
3

Separation of pecks - 1 - 1 -s (Xl)
Separation of perks for largeT” 21 ZTZ(VA - VB)zi

which is obtained from eq.(x) (10).

T is the mean lifetime of = methyl group in a given spin
state. However, the mothyl groups are undergoing = chemical exchange
between thalliums in the two diffcerent spin states ;( and /’g , so that
they heve a probability of % of preserving their spin state. The
mean lifetime of 2 methyl group between exchanges is thus’r//z. In
rclating T to the sccond order rete constont k2 a furthor statistical
factor of-:ls- enters, since any one of the three equivalant methyl groups
can undergo exchange.

Thus k,n, 3.2« . . . . . . (xii)

o
'
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This is related to the second order rate equation,

a1
(LoyT) _ k2(1i03’1‘1)2
at

B %
75 1 Aa(ie,m) . (xiii)

<1 o

(1 3Tl) at

Thus k, = - 6 . e . (xiv)

2 7 (Tey11)

( See Loewenstein and Connor (87) ).

Figis TYPICAL LINE SHAPE FOR A SOLUTION OF Mca’ll.
IN BENZENE-d6.
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FIG 14 Line shapes tor different exchange rates.

T = 5%1073 T= I5x1073
e ]
T =lsx0™3 ~ Tw= 10X1073

NN

¥ = O7XI0~3 T 17\ |

Intensities not on comparabie scales.

Yy =Vg= 250 c¢/scc. : 100 ¢/sec.= 2¢cm
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LPPENDIX 11.

The Determination of Relative Signs of Spin Coupling
Constants.

fthen =z moleculc has more than onc spin-spin coupling
constant, we have the possibility that the signs of theso couplings
may be different. Although it is not possidble at present to determine
the absolute sign of any of these coupling constants experimentally¥ it
is possible to determine their relative signs, and frcem these some
infercnces can be made about the absolute signs (88 ) . The coupling
between two nuclei is said to have 2 positive sign if it mekes an anti-
parallel nuclcar spin confipuration more stable than o parallel one.

Until 1961 the only method availeble for determining signs
wos from the mathematical znalysis of complex spectra in which the
chemical shifts and coupling constants were of the same magnitudo. It
was not possible to apply this method to first order spectra since it
relics on small differconces in the intensities and line positions
which are unobservablc here.

Recently two new mothods have been developed for determining
the signs in first order and ncar first order spcciras

(a) from double quantum spectra. In 2 weakly coupled
spcetrun, if the radio frequency power at which the spectrun is
cbserved is ¢reatly increased, then the normal resonances bhecone
saturated, and other lines duc to double quantum transitions appear:
from thesc, in certain circumstances, the relative signs of the
couplings can be determincd (89 ) .

¥ See note on Page 85.
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(b) by using the method of double irradiation or spin
decoupling. The technigque of double irradiation was developed and
first applicd by Bloch an? others (91) 3 +the application of the
method to two proton miclei was first observed by Anderson (92) , and
it has since been developed te a very high degrec of refinement ( cf
Freoman (93) et seqs Turner (81)' ). In a molecule if twc groups of
nuclei are coupled together with a coupling of J c/é}and have differcnt
chemical shifts, then by applying a strong radio frequency field
(H\ :> 2 1V J ) to onc ~f these groups whilst observing the other
with a weak radio frequency field, it is possible tc remove the spin
coupling betweon them. Double irradiation causes the nucleoi of a
group in a particular set of spin states to undergo very froquont
tronsitions between the spin statesy; this effeoctively docouples the
nuclei from the rest of the system,ns the coupled nuclei can no longer
follcw these rapid transiticns.

The first application of spin decoupling to the determination
of the relative signs of coupling constants was carried out on the
Et,Tl* cation (90) 5 this is 2 particularly simple example well suited
tc explain tho method.  The signs of J T1,H(CHy) and J T1,H(CH3) in
the Et2T1+ ceticn can either be the same or opposite.

M1l tiplet spectra arise from the nuclei ‘'seeing! the nuclei to
which they are coupled in different orientations in the external magnetic

field Hy . Thus in an ethyl group tho CH3 sces the CH2 in the following

e
54
= oLl oA
Intensity 1 2

spin states

ﬁ

0D
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and the CH2 seas the CH3 as
(3l A ﬁ/go<
L A Baf

e AR elp AR
Intensity 1 3 3 1

In addition to these, each group sees the thallium nuclei in either

-~

an =L or a (i orientation, so that the triplet CH3 and quartet CH2
are split into further doublets. The spectrum is shown in Figs.10B,16,

it can be represented diagramatically as

A B C D

H,

——— =

-

Spin state of thallium: l [

|

l

|
(a) Same sign ol ’ e

(b) Opposite sign ol A < I

If JTl,H(CHg) is crbiterily tocken to have a positive sign then the
resonance A to lower field in the spectrum, corresponding to the
higher energy, has the thallium in the o spin state . If JTl,H(CHz)
also has a positive sign, then similarly, the lower field signal will
again be assigned to thallium in an o spin state (2). However, if
JTl,H(CHg) has o negative sign then the thallium in the /3 spin state
will lie to lower ficld (b). Proton double irradiation of this system
only removes the H,H couplings, and moreover only those couplings
where the protons see the thallium in the same spin state. The T1,H
couplings will, for all normal radio frequency powers, remain
unaffected. Thus if we irradiate group A, then if the signs of the
T1,H couplings are the seme, group B will collapse to a single linecs

however, if these have opposite signs then group C will collapse to a



84

single line. The latter is found to be the case, so that
JTl,H(CHg) andé JTl,H(CH3) have opposite signs. |

In the PhT12+ cation the ortho-meta-~, and para— T1,I
couplings have been found by decoupling to have the same signs.
If the low field doublet A (Figl6) from the ortho-proton is irradiated
whilst obscrving the triplet B from the meta-proton, then the triplet
B collopscs to o doublet since it still rcmains coupled to tﬂe para-
proton. Likewisc irradiation of D whilst observing the para-proton
C collapses this to o single linc ( the H,II mete coupling is not
visible).

In H,H couplings therc is both experimentel (94 ) and
theore tical cvidence ( 41 ) for supposing that the vicinal couplings
have a positive sign. [ Following a sugrestion by Karplus (88 ),
Anet (94 ) has dcmonstrated by spin dccoupling that JCl3,H and.
JH,D(gom) have opposite signs, and since J013,H has been shown
theoretically to be larpely duc to the Permi Contact term which has a

positive sign, it follows that J is necgeative. Further

H,H(sem)

experiments have demonstrated that the vicinal and geminal I,I
couplings have opposite signs (95 ) so the vicinal coupling is

is

Cps ‘o . .
probably positive J In view of this evidence JH,H(vicinal)'

teken to have a positive sipgn and J 1) a negative sign.

H,H(gemina
The same convention will be adopted with the T1,H coupling constantss

it would bc possible to check this assignment by double irradiation of

the leos resonance spectrum, whilst obscrving the Hl rcsonance spccetrum.
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NOTE.

The absolute sign of the coupling constant J.

Very recently it has been possible to show that the
ortho H,H coupling constant in para-nitrotoluene is absolutely
positive (96). This was achieved by applying a strong electric
field (24 kv/cm,) across the n.m.r. semple and observing the
effect of this field on J.

This absolﬁte positive sign for the H,H(ortho) coupling
constant is in agreement with the assumed positive H,H vicinal

coupling constant adopted hero.
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887. Proton Magnetic Resonance Spectra of Grignard Reagents’
and Related Metal Alkyls.

By D. F. Evaxs and J. P. MAHER.

The proton resonance spectra of ethereal solutions of methyl, ethyl, and
propyl Grignard reagents closely resemble those of the corresponding dialkyls,
The small differences found have been studied in detail for “ methyl-
magnesium iodide  and dimethylmagiiesium. These results support other
evidence that Grignard reagents are better represented as R,Mg,MgX, than
as RMgX. Proton resonance data are also presented for related mercury,

_ zinc, and cadmium compounds.

GRIGNARD reagents are usually formulated as RMgX. However, since their discovery
by Grignard in 1900, there has been considerable speculation about the species present
in solution; a comprehensive review of work up to 1950 has been given by Kharasch and
Reinmuth.!’  The addition of dioxan to ethereal Grignard solutions precipitates the
magnesium halide and ** RMgX " and leaves the dialkylmagnesium in solution, suggesting
the presence of an equilibrium mixture: 2RMgX === R,Mg + MgX,. However, this
Schlenk equilibrium 2 seems very much over-simplified.

More recently Dessy and his collaborators 3 measured the dielectric constants and
conductivities of Grignard solutions and of the (apparently identical) solutions prepared
by mixing compounds R,Mg with MgX,. They concluded that Grignard reagents were
better represented as R,Mg,MgX,. In agreement with this, no exchange was observed
between *MgBr, (radioactive magnesium) and diethylmagnesium in ethereal solution,*
which seems to preclude the Schlenk equilibrium.

The elegant work of Roberts and his collaborators # on the proton magnetic resonance
spectra of allyl and related Grignard reagents was mainly concerned with the structure of
the organic group. However, they noted that * dibutenylmagnesium shows the same
chemical shifts as does the ordinary Grignard. This can be taken as an argument against
the Grignard formula RMgBr since the bromine ought to have some influence on the

chemical shift of the CH, resonance.”
’ In the present work the proton magnetic resonance spectra of Grignard reagents and
related compounds has been studied in further detail.

EXPERIMENTAL

Solutions of Grignard reagents and dialkylmagnesiums were prepared i vacuo in the
apparatus shown in Fig. 1. In the preparation of the Grignard solutions, the alkyl halide and
an excess of ether were distilled on to the magnesium turnings (baked in vacuo at ~300°), and
the apparatus was scaled off at point C. A rapid reaction occurred on shaking at 0°. The
apparatus was again cvacuated, through limb Al, the break-seal (B) being broken, and the
ether and any excess of alkyl halide were thus removed. A quantity of cther containing a
small amount of tetramethylsilanc was distilled into the apparatus, which was then secaled
at point C1. A small portion of the mixture was filtered through the sinter S, and scaled off
{at C2) in the nuclear magnetic resonance tube T. In preliminary experiments, where the
Grignard solutions were prepared and transferred under oxygen-free nitrogen, irreproducible
nuclear magnetic resonance spectra were obtained.

The dialkylmagnesiums were preparcd similarly, from magnesium turnings and an ethereal
solution of the appropriate dialkylmercury, which were shaken together at room temperature
for about 3 days. For very dilute solutions, a trace of mercury was added to initiate the
reaction, '



The remaining compounds were prepared and purified by standard procedures. Measure-
ments were made at 56:45 Mc./sec. on a Varian V4311 spectrometer, tetramethylsilane being
normally used as an internal reference. The 1 values are accurate to ca. 4-0-01 p.p.m.

| 1158
Al
B
Cl
S a2} —y
J. H L 1 1 ! L x| 1 L 1 1 1 §
002 006 o110 04
Mg MgMe,/Et,0 (mol.)

Fic. 1. Apparatus used Fic. 2. Concentration-dependence for the chemical
in preparation of Grig- shift () of diethyl ether solutions of MgMe, and
nard and dialkylmag- - " MeMgL"”
nesium solutions. O Methyl Grignard solution. x MgMe,. © Grignard

solution containing 4 mol. excess of MgI,.

ResuLts aAND DiscussioN

With mercury, all three species R,Hg, RHgX, and RHg* can be observed, and the
results obtained for these species are presented in Table 1. As expected, there are very
large changes in the proton resonance spectrum in going from R,Hg to RHgX or HgR*. .
These changes can be partly attributed to the inductive effect of the electronegative
halogen atom or the (formal) positive change of the cation. However, for the ethyl-
mercuric halides the 8 values increase slightly in going from the chloride to the iodide,
which is the opposite order to that expected from electronegativity considerations. This

TasLE 1.

Compound 7CH, Compound 7CH, 7CH, 7CH,—CH, (8)
HgMe, (pure) ............ 9714 Et Hg (CH,Cl) ......... 8906 8-706 —0-291
MeHgCl (CIL,Cl,) ...... 5-908 EtHgCl (CH,Cly) ... 8-026 §-652 +0-626
MeHgCIO, (D;0) ...... §79* EtHgBr (CH,Cl) ...... 7979 8:635 +0-656

EtHgl (CH,ClL) ......... 7897 8571 +0-674
EtHgClO, (D;0) ..ove.e 771 % 869 * -+0-878

* Basced on 7CMeyOH in water = 8:69,* J(**Hg-H) are: HgMe, 102-5, MeHgCl 202:4, and
MeHgClO, 260-2 c./sec.
“effect could be explained on the basis of n-bonding between the mercury atom and the
halogen atom, but in addition there may well be long-range deshielding caused by the
magnetically anisotropic Hg-X bonds, which will be largest for ethylmercuric iodide
(cf. McConnell,? Schneider 8).

In contrast to these results the proton resonance spectra of methyl, ethyl, and n-propyl
Grignard reagents closely resemble those of the corresponding dialkylmagnesiums (see
Tables 2 and 3), indicating the absence of appreciable quantities of the species RMgX, but
consistent with the formulation R,Mg,MgX,. Small concentration-dependent differences
are observed, however, which were studied for dimethylmagnesium and ‘' MeMgl,” and
the results are plotted in Fig. 2. The = values for dimethylmagnesium in ether show an
appreciable concentration-dependence, especially at high dilutions, which can be attributed
plausibly to the dissociation of polymeric species on dilution. The concentration-
dependence for the Grignard reagent, on the other hand, is very small over a considerable



concentration range. At high dilution an apparent drop in the values was observed, but
this may be due to impurities since the reproducibility of the results was less than at
higher concentrations. (No comparable effect was observed with dimethylmagnesium
which is easier to obtain pure.) This very small concentration-dependence, together with
the fact that the curves for dimethylmagnesium and “ MeMgl "’ curves, when extrapolated,
do not afford the same = value at infinite dilution, suggests that the complex Me,Mg,MgI,
is stable. In agreement, a solution containing a large excess of magnesium iodide gave a
value which, within experimental error, fell on the Grignard curve (Fig. 2), indicating that
the equilibrium Me,Mg - MgI, == Me,Mg,Mgl, lies well to the right.

TABLE 2.
MgEt,/Et,0 ) MgEt,/Et,O
(mol.) 7CH, +CH, ~ (mol.) «CH, 7CH,
For MgEt, For * EtMgBr ”
0-376 8-793 10:620 0-148 8-849 10:674
0-103 8-801 10-640 0-085 8-836 - 10665
0-016 8-747 10:674 0-020 8-806 10-626
Satd.* 8-840 10-84 :
* In dioxan.
TABLE 3.
MgPre,/Et,O MgPro,/Et,0
(mol.) 7CH, 7CH, 7CH, (mol.) . CH, CH, 7CHy
For MgPrv,
0-111 10-566  8-500 0-087 * ProMgCl” 0-172 10-464 8:362 0-080
<0-04 10:695  8-495 9-100 “PraMgBr" 0-081 10-507 8-498 0067
Satd.* 10665  8:536 9:113 * PreMgl* 0-041 10-483 — 0-053
* In dioxan.’ :
TABLE 4.
EtZnl . ZnEt, CdEt,
SOIVGnt TCH; TCH;, TCH-:; TCHp 7CH3 TCH;
Nofie .oovviivinniininininns — —_ 0:508 8:8564 0-471 8716
Et,0 i 9-651 ~8:78 9778 8874 9-317 8736
Dioxan ..iceeeeniiiiiniiean, 9:740 8-897 — — 9-688 8:760
CHoClguiininniirirarainenneennns —_ — 9-744 887 9-528 8-728
Yo - OO — — 9-851 0-064 — —

Although the present results are in agreement with previous evidence that Grignard
reagents (in solution) should be formulated as R,Mg MgX, rather than RMgX, it may be
noted that they do not provide information about numerous finer details of Grignard
solutions, such as the extent of solvation by the ether, the bonding between R,Mg and
MgX,, the degree of polymerisation of the species, and the nature of the ions present.

The proton resonance spectrum of ethylzinc iodide in ether is very similar to that of
diethylzinc in ether, indicating that, in solution, this reagent should similarly be formulated
as Et,Zn,Znl,. The results obtained, together with those for dilute solutions of diethyl-
zinc and -cadmium in various solvents are presented in Table 4.
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coupling constants and chemical shifts for all four
trialkyls are given in the Table, and a typical
spectrum is shown in the Figure.

The 20°TI-(H)CH, coupling constants are uni-
formly greater than the *%TI-(H)CH, coupling con-
stants. This has previously been observed ior ethyl
groups attached to heavy metals such as lead? and
mercury® which have nuclei with spin . It is
dlso probable that the two coupling constants,

A

opposite signs. This technique should be useful in
obtaining rclative signs of coupling constants in
spectra where the separations between the groups are
large compared to the splittings within the:.,

Chemical evidence for mixed atkyl formation was
also obtained, since hydrolysis of a mixture of tri-
methyl- and triethyl-thallium gave a solution con-
taining the stable unsymmetrical cation TIMeEtt, in
addition to the TIMe,+ and TIEty* cations. This

1Q . 12

300 300

o0

(o] 100

Top scale = ¢ (p.p.m.). Lower scale = cycles/sec.
Proton magnetic resonance spectrum of a mixture of trimethyl- and triethyl-thallium
in dichloromethane ar —85°. Et groups: A,A’, CH; in TIMe,Et; B,B’, CH; in
TIMeEt,; C,C', CH, in TIMc,Et; D,D’, CH, in TIMeEt,. Me groups, EE,
TiMe,; F,F’, TIMe,Et; G,G’, TIMcEt,. There is considerable overlap of the lines
arising from the Et groups. Differential splitting by the two thallium isotopes is

visible for A,A' and B,B’.

X = CH,Cl,. Y = SiMe,.

WTI(H)CH, and *5TI-(H)CH,, have opposite
signs, as in the diethylthallium cation. In this cation,
as in triethylthallium itself at low temperatures, the
thallium nuclei split the proton resonances into

doublets. Together with the smaller splitting within-

each ethyl group, this gives rise to two outer CH,
triplets and two inner CH, quadruplets. By using the
proton-spin decoupling apparatus constructed by
Turner,* it was found that an inner CH, quadruplet
appearcd as a single line when the distant CHg triplet
-was simultancously subjected to an intense radio-
frequency ficld, and vice versa. This shows unam-
biguously that the two TI-H coupling constants have

3 Baker, J. Chem. Phys., 1957, 26, 960.

mixed species was also dctected by its proton-
resonance spectrum (at room temperature),

Measurements were made at 56-4 Mc. on a Varian
V4300B spectrometer, with a Varian V-4340 variable
temperature probe.
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Biosynthesis of Aromatic Substances from Acetyl- a.... Maionyl-coenzyme A
By Joun D. Bu’Lock and H. M. SMALLEY
(THE UNIVERSITY, MANCHESTER, 13)

THE appecarance of the Communication by Bentley
and Keil! on the function of malonate as a part-
precursor of penicillic acid (I) prompts us to report
our work on the biosynthesis of 6-methylsalicylic

1 Bentley and Keil, Proc. Chem. Soc., 1961, 111,
3 Mosbach, Acta Chem. Scand., 1960, 14, 457.

acid (III). Penicillic acid is one of a number of
substances demonstrably? or hypothetically derived
from *‘acetate”—presumed to be in the form of
acetyl-coenzyme A—by way of orsellinic acid (II) in



Proton Magnetic Resonance Spectra of Thallium Trialkyls;
Chemical Exchange and Formation of Mixed Alkyls

By J. P. MAHER and D. F. Evans
(IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, SoUTH KENSINGTON, LONDON, S.W.7)

THALLIUM has two isotopes, both with nuclcar spin §,
and with very similar nuclear magnctic moments:
203T] (29-5%, abundant, p = 1-5960) and 29Tl
(70-5 % abundant, & = 1-6114), These isotopes pro-
duce large spin-spin splittings in the proton reson-
ance spectra of dialkyl- and diaryl-thallium cations
in aqueous solution. The results obtained will be sub-
mitted for publication elscwhere. However, tri-
methyl- and triethyl-thallium in solvents such as

methane, the collapse of the spin multiplets due to
splitting by the thallium nuclei with increase in
temperature cnables! the activation energy for the
exchange to be estimated as 6 &= 1 keal. moie™, This
exchange, which was found to be concentration- and
solvent-dependent, presumably involves interchange
of methyl (or ethyl) groups between two monomeric
trialkylthallium molecules.

In agreement with this interpretation, mixtures of

Proton magnetic resonance results for trialky! thalliums in dichloromethane at ca. —85°.

Me group Et group
‘ 205T]-H 205T]-H(CH,) 206T]-H(CHg)

Compound coupling T coupling T coupling T

" constant (p.p.m.) constant CH, constant CHj,

(cycle/sec.*) (cyclefsec.*)  (p.p.m.) (cycle/sec.) (p.p.m.)
TIMe, 250+ 9-48 — — — —
TIMe,Et 223+ 958 242, 866 472+, 8-20
TIMeEt, 186+ 9-73 2184 871 441 818 -
TIEt, . — — 198-, 871 396+, 821

The H(CH,)-H(CH,) coupling constant was 7-7 -+ 0-3 cycle/sec. in all the ethyl derivatives.
* These values will be slightly low (by < 1 cycle/sec.) since the 3%°T1/*%3T] splitting was not resolved.

dichloromethane and toluene give only a single
broad proton-resonance line at room temperature.
At —60° to —100° the spectra resemble those for
the dimethyl- and diethyl-thallium cations, indicating
that a rapid chemical exchange is occurring at room
temperature. For trimethylthallium in dichloro-

_ trimethyl- and triethyl-thallium in dichloromethane,

when cooled to —85°, give proton-resonance lines
additional to those due to the pure trialkyls. By vary-
ing the initial concentrations of the two components,
it was possible to detect the presence of the mixed
alkyls TIMe,Et and TIMeEt,, The spin-spin

! Pople, Schneider, and Bernstein, *“High Resolution Nuclear Magnetic Resonance,” McGraw-Hill, New York, 1959;

Arnold, Pliys. Rev., 1956, 102, 136,
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