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ABSTRACT

Novel bis(alkylthio)alkanes containing fluorinated substituents
in either the sulphur atoms or the bridge have been prepared by
metathetical or photochemical reactions e.g.

GF'BS + GH3SGHZGHZBI —— C.HjSCI-IZGHZSC!I*'3 + Br

2CHSK + CP,CECH — A GRS CH (5 ) CB,SCE

Photolytic reactions of GHBSS(L‘K3 and GI-I3SH are considered to
proceed via CH.S+ radicals,

Interaction of fluorinated bis(alkylthio)alkanes with [Pdclu] 2~
or [PtCl 2~ afforded 44 new complexes with the general formula
(RSR'SR'')MK,, where R and R = CH,, Oy, CgFg; B' = CH,CH,, a5 ) ca(C,),
CF,,CH,, CH(CF'B)CH(CFB), ca(ch)an; M= Pd, Pt and X= Cl, Br, I; but
not all combinations were obtained.

Iigands containing both hydrocarbon and fluorocarbon sulphur
substituents, e.g. GH3SCZHL+SCF , form 1:1 and 2:1 complexes acting as
bidentate or monodentate ligands respectively, In the last case only

the GHBS grouping is coordinated and both cis and trans isomers were

obtained. No reaction was found to take place between fluorinated
sulphides, e.g. CH,SCF, and either palladium(II) or platinum(II)
salts,

Differences in the observed chemical reactions of hydrocarbon and
fluorocarbon sulphides and dithioethers towards Pd(II) and Pt(II) are
discussed in relation to the sulphur-metal bond.

X-ray studies of (GFBSCH(CHB) GHZSGFB)Ptﬂz have shown that sulphur-
platinum bond lengths are slightly shorter than in
cis((p~CgH,C1)58);PtCL,, the most directly comparable structure known.

The results have also revealed strong non bonded sulphur-chlorine inter=-

actions between pairs of centrosymmetrically related molecules,
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In solution, all five membered chelatevring complexeg exhibit
isomerism due to inversion of configuration at sulphur. The total
number of stereoisomers depends also on the substituents in the hridge.
Thus for compound containing RSCH,CH,SR, RSCH(R)GEZSB and
RSCH(R)CH(R)SR ligands, 2, 4 and 6 isomers are possible.

N.m.r. spectra of the anti isomers of compounds containing
bis (perfluoro-alkylthio)alkanes e.g. (@3sc2343@3)nm2 show fluorine-
fluorine coupling between fluorine atoms in different sulphur substitu-
ents. This coupling is rationalized in terms of a 'through space’
mechanism., N.m.r. spectra of (CFBSQZH,*SCFB)HCJ.B:: confirm the proposed
structural assignment,

The isomeric structure of most platinum compounds have also been
tentatively assigned based on n.m.r. parameters,

The effect of variable concentration in the bromine substitution
reaction involving (GHBSCZHQSCFB)PtCIZ has been monitored by n.m.r.
spectroscopy. Substitution takes place, preferentially trans: $olthe
GFas grouping.

Variable temperature n.m.r. of (ci'jsczauscrj)maz shows that the
coalescence temperature of this compound is higher than that found for
the corresponding hydrocarbon analogue, probably due to the higher
electronegativity and larger mass of the fluorinated substituents.

Dynamic n.m.r. studies of (CHSCH (O, )CH(CF,)SCH, )PAT, found two
different intramolecular processes: at 183 K the bridge carbon-carbon
bond rotation is sufficlently slow to detect the individual resonances
arising from two diastereoisomers of a syn isomer. At high temperature

the coalescence of resonances arising from anti and syn structures is

discussed in terms of sulphur inversion taking place preferentially

at single sulphur atoms,

Platinum chemical shifts determined for several complexes have




>

been found to be dependent on both the n@u present and the struce-
ture of the compounds. The values of 5. 9Pt for different halide
complexes seem to follow additive rules, Values of platinum chemical
shift' for different stereoisomers of a given complex are qualitatively
discussed in terms of intramolecular magnetic fields,

Brief studies of reduction and ligand substitution reactions
e.g. bis(cyclo-octa-1,5-diene)platinum(0) + CF,SC,H,SCF,, were carried
out in an attempt to obtain zerovalent platinum complexes with sulphur
containing ligands.
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INTRODUCTION

Transition metal complexes of bis(alkylthio)ethanes have been
known for more than 70 years1'5 . During this time a contimuously grow=-

ing interest in these compounds has encouraged the syntheses of many

6-10 and several kineticll'lz 13-18 and

19-21

new complexes scrystallographic

spectroscopic studies have been published,

In recent years a large effort has been directed to the study of
dynamic aspects of dithioether complexes in solutionzz'zs. In 1966,
Abel and co-wo:r:ke::s22 found that instead of the single n.m.r. resonance
expected from a solution of (QiBSCZHL’SCHB)PtClZ, two such signals were
present, The explanation of this result was based on the presence
of two stereoisomers arising from the relative orientations of the methyl
substituents attached to the donor sulphur atoms. Thus one syn isomer,
in which both sulphur substituents are on the same side of the S«Pt-S
plane and one antl isomer, where substituents are in opposite sides,
were assumed to be responsible for the n.m.r. spectrum observed, An
increase in temperature produced & reversible coalescence of both methyl
resonances, In agreement with similar results obtained for sulphide
complexes‘?’7, the process observed was rationalized invoking inversion

of configuration at sulphur a.toms25 .

23,26,28 oy

Similar conclusions were reached by Cross et al.
studying a large series of dithioether complexes of platinum and palla-
dium,

By 1973, the only crystal structure known for this type of complex
was that of (PriSeczﬂ,_‘_SePri )PdCl2 for which only one, syn isomer was found

in the solid statel’. Hunter and Mssey’’

reported then that the observed
isomerism of this compound in solution involved two different conformers
of the syn structure, suggesting that the coalescence of the methylene

n.m.r. resonances in the complex was the result of total chelate ring

2



inversion rather than the result of inversion at selenium atoms.
The suggestion that alternative processes could operate for
sulphur and selenium containing compounds stimulated further studies

during which inversion of configuration at selen:i.um3 0

atoms as well as
additional examples of ring invversionjl'32 were reported,

In 1976, however, re-examination of (:E‘ri‘SeCZHL'_SeI»"ri )JPACl, and other
compounds using improved instrumentation, showed conclusively that the
coalescence Phenomenon observed in the temperature dependent n.m.r.
spectra, results from inversion of conﬁguration about the ligand atoms
and not from reversal o’f the chelate ringBB.

At the same time, other research groups studying different aspects
of the chemistry of dithioether complexes provided valuable information.
The ability of bis(alkythio)alkanes to form trans chelated compounds
was studied in relation to the characteristics of the liga.nds% . X-ray
diffraction studies showed the possibility of dithiocethers acting as
monodentate tridging two metal atoms in complexes of tungsten35 .
Examples of amti isomers in Cu(I)*C and cr(1v)Y” wers also determined
:ny crystallographic studies which also led to revision of the role of
m-bonding in these compoundsl7. Rhodium complexes afforded one of the
first exa.ﬁples of t!;e dependence of metal chemical shifts on the struc-
ture of the 1igand ®.

In contrast with the vast amount of information of hydrocarbon
complexes, and although many bis(alkylthio)ethanes containing fluorine
in either the sulphur substituents or the bridge have been prepared
and cha.ra.cterised”, nothing was known, before this work, of the
properties of such compounds as ligands38. |

Unsuccesful attempts to obtain coordination compounds with fluor-

39,40 have been rationalized by the rresence of strongly

inated sulphides
electronegative groupe which, pres_umably, reduce the availability of

the sulphur lone pairs for coordination. However, the ability of fluor-

3~



inated thiolates to form tridges between metal atoms is well k:mwnq']"'q'3 ’

suggesting that sulphur atoms are able to coordinate to metals even
when linked to strongly electronegative groupings.

In view of this situation, it was judged desirable to investigate
further the possibility of synthesizing complexes with fluorinated
dithioethers as ligands,

Having succeded in obtaining some representative examples of such
compounds the work aimed to study firstly, the effects of fluorinated
substituents on the platinum=sulphur bond as reflected by bond distances,
differences in coalescence temperatures and chemical reactions. Secondly
the identification of each sterecisomer present in solution was attempted,

N.m.r. spectroscopy provided evidence which made it possible to
identify the structures present in solutions of most compounds. In
addition, conformers arising from a rigid five membered ring were
observed for the first time and evidence suggesting that inversion of
configuration takes place preferentially at single sulphur atoms was
obtained., Finally, in view of the increasing interest on.metal chemical
shifts, a series of 1951’1: chemical shifts were measured; these values
were found to be dependent on both the ligand attached to the metal
centre and the structure of the complexes, The parameters obtained
represent one of the largest series of isomeric platinum chemical
shifts descxribed to date,

The discussion of the results obtained during the preseirt work
are presented in four chapters dealing repectively with the syntheses
of new ligands, bonding and structure of complexes, dynamic nuclear
magnetic rescnance and platinum chemical shifts,

The experimental techniques, and instrumentation are described
in the experimental part which also includes tables with all physical
data obtained,

Appendix A describe the parameters used for the solution of the ABX

=t
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system in the n.m.r. spectra of (cx-xSSGcmxzscaB)Ptxz, X=Cl, Br or I and
finally, appendix B presenmts some experimental results obtained while

attempting to synthesize zerovalent platinum complexes,
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CHAPTER I

LIGANDS

Until 1950, compounds containing the SCF., moiety were tmknownlw.

3
In that year cF331'5 was syntheslized by fluorination of carbon disulphide
with cobalt triﬂ.uoride“5 and subsequently other metal fluorides and
electrochemical methods were used to prepare a larsge varisty of fluor-
inated derivatives of sulphur oonponnds% containing S(IV) or S(VI).
The formation of CF,SSQF,, (chs ),Hg and chSH‘“’ opened the possibility
of substitution and addition reactions parallel to those of normal orga—
nic chemistry and the number of compounds contalining 0733- groups
expanded rapidlyo>°, The properties and practical applicationso =55
of these compounds encouraged the study of their chemistry which has
nerited several reviewsoo>), The first fluorinated bis(alkylthio)alkane
was reported in 1961 by Harris and Sta.oeyée as a product from the
reaction of trifluoromsthane~thiol and hexafluoropropene.

later, Sharp et al,37+&1

Peach et 31.62 using fluorinated thiolates greatly expanded the work

employing photochemical reactions and

on these compounds. A list of all fluorinated dithicethers known to
date is presented on page 26

Some fluorinated dithioethers used in this work have been reported
before; others were prepared for the first time and the discussion of
preparation and properties of these new compounds forms the content of
this section.

The preparation of hydrocarbon dithicethers is well documented®>—57
and for a large range of compounds it involves simple, stz-aightforwa.rd
reactions, Such normally standard procedures, when used to obtain
fluorinated analogues, often fail to produce the desired compounds and
alternative routes have had to bs devised. The method most frequently

7=
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used in order to obtain symmetric dithioethﬁrs involves the inter-
action of a suitable alkyl dihalide, sormally a tromide®?, with sodium
or potassium thiolates. Alternmatively, reactions involving the format-
ion of thiolates in situ68 have been succesfully used in this work,
(see page 10 ). similarly, fluorinated subetituents at the sulphur atom
have been incorporated by the reaction of the hydrocarbon halide with
suitable metal thiolates>?’52, These methods are illustrated by re-

actions I, IT and IIT in figure 1.

11 BrCH,CH,Br

L F3SCH,CH,SCF;

l V - +
BI'CF2CF2 Br +
HQ(SCF
v ¥ Fy=CFy + CF35SCF,

Figure 1. Reactions of 1,2-dibromoethane and 1,2-dibromo-1,1,2,2,~tetra~
fluoroethane,

During the course of this work, attempts were made to prepare
fluorinated dithiosthers by following a similar procedure by reacting,
for example mzcrznr or BrCF,CHFBr and Nasca3 or ng(scr3)2 in closed
systems under autogenous pressure. Under these conditions no reaction
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was observed below 80°C tut above this tonp.enturo both systems gensrated
the fluoro-clefin, crz-crz and crz-cm' respectively and the corresponding
disulphide as shown by reactions IV and V in figure 1.

Previously, similar reactions conducted in open systems have been
also unsuccesful although no attempt was made to identify the volatile
products®®, The nature of the products obtained in closed systems could
be rationalized by the following pathway.

o- S+
BrG!'zCl'z- --Br

+ — [Brcrzcrzxa~—+ BrS ]
5+ 8-

h—--S@B l -NaBr l MC'EB
CF,=CF, + t‘.'iI3:~1scl!3

I¢ must be emphasized that there is no experimental svidence for
this scheme but the sensitivity of alkyl reactivity to the nature of
the substituents is well known’C’’", Evidently the possibility of
electrophilic displacement by the fluoroalkyl group has been greatly
reduced by the fluorine substituents and according to the products
obtained, it appsars to act as a nucleophile, Reversal in the polarity
of carbon~-halogen bond, allowing initial attack on the electron deficient
halide, has been suggested boforo72'73 to explain the reactions of
flnorocarbon halides with bases and it is probably equally important in
the present reactions. It is also relevant that the participation of
clscx3 in reactions of the type

B-Cl + QiBSK—> CBBSR + 03358(133 R=alkyl

has been previously postula.ted%.
Ionic reactions involving a metallic thiolate and alkyl halides
are apparently limited to obtain dithiocethers in which fluorinated

-9=
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substituents are present on the sulphur atoms only or in cases of a low

fluorine content of the alkyl,

06!'536320825061?5 was reported by Peach et a.l.62 who prepared it

by the metathetical reaction of nrcnzcnznr and Pb(SGsls)z. An improved
rocedure was used in this work, generating in situ the pentaflucro-
benzene thiclate of sodium or potassium, by the reaction

BrCH,CH,Br + 2CgF, sg—2NacH, CgF SGL,CH,SC,E
The white s0lid produced was characterized by i.r. (tableZ6 );
n.n.r., (table 29); and mass spectrometry (tabdle 27).

Metathetical reactions were also used to prepare the asymmetric

compounds chszaazscaj and cérjscﬂzcazscnj as follows

hv

CF3SCI + CH2=CH2 —_— CF3SCH2CH2CI
NaSCH3
v
CF3':'.~CH2CH25CH3
A
Hg(SCF3)2

CHBSBr + CH2=CH2 R CH3SCH2CHZBr

Preparation of cnascrzcazscaj was attempted by reacting chS" and
BrCFZCHZB:; this reaction however, gave the thioether BrCFZCHZSCH3
which was not unexpected in view of the similaxr reactions described
earlier, Two different procedures were then followed: a) a two step
preparation involving the reactions

«]l0=
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GHSEr + CF, = Ci,~———> CH,SCF,CHBr I
=
CHLSCF,GH,SCH,  II

and b) the photochemical addition of dimethyl disulphide to CF,CH, .
CHBSBL' and cnrz-caz do not react at room temperature without
catalyst, The choice of reaction condition was determined by the
specific orientation desired. FPhotochemical reactions generally give
rise to a mixturs of products’> in which the 'abtnormal’
anti-Markownikoff addition predominates; om the other hand, base
catalyzed reactions are generally more selective producing mainly a

mrkownikoff addition’ S~ 0

across the double bond. Accordingly reaction
I was carried out using sodium hydroxide as catalyst, The ]'H n.m.r.
spectrum of a reaction mixture showm in figure 3, shows the presence

of only one 1:3:1 triplet suggesting that the reactions procceds almost
quantitatively in one orientation and mass spectroscopic data confirmed

that the product obtained was mjscrzcxzzr.

C H3 SCFZC H,Br

" 4 NMR.

-

I2.97 ppm
Pigure 3, Protom n.m.T. epectrs of GLSCF,CHBr

-ll=
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Dimethyl disulphide’ ol and its mm analogus bave been
reported to act as sources of radicals by homolytic rupture of the
sulphur-sulphur bond. However under comparable conditions, the photo~
chemical, gas phase reaction of both disulphides with ethyleme follows
different routes as illustrated by reactions I°0%037 amd IT in
figure 4, Instead of adding across the double bond, dimethyl disulphide

hy R
* CF;SSCFy —gas > CF;SCF,CH,SCF, » CF,S(CF,CH,)SCF, |

CF2=C H2 3

1

CH35CF2C Hye CH3SH + Polymer
CF2=CH2* CH3SSCH
CH3SCF2CHZSCH3

Figure 4. Fhotolytic reactions of disulphides.

Produces a complex mixture of disproportionmation roducts but in no
reaction was the direct addition found to be significant, Disproportiona-
tion and carbon~-sulphur bond cleavage also occurs when the pure disul-
phide is irradiated in the gas phase; on the other hand, Snissnnel

has demostrated that im the liquid phase the Irimary process is sulphur-
sulphur bond cleavage and under such conditions diaproportionation is
reduced to a minimum, With this evidence in mind the reaction between
CF,=CH, and dimethyl disulphide was carried out in the liquid state.A

reasonable yield of the expected dithioethsr was obtained whereas only

=12~
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traces of other products wers found. A sequence of reactions leading

to the products obtained is shown below’>»S0»83,84

SCHEME I
I CHSSCH, = 2G5
I GHBS- + CF,CH, Tt CEBSGEZGFZ.
I LS + GSSGL s LA, + G
Iv 2CH,S. <= CH,SSCH,

Mass spectrometry showed also the presence of 0835052@23. The
hydrocarbon analogue has been obtained by the photochemical reaction
of CH,SSCH, and ethylene™C and it is suggested to be the product of the
following reactions

S+ Gy, == LS,y
CH,SCH,CH,* + MeSSke = CH,SCH,CH, + [&stsne]

Polymer

It is interesting that stndj.eeaj o on free radical reactions
have suggested that the abtility of different substituents to stabilise
radicals increases in the series C1> F>H and therefore on this basis,
the intermediate radical CHBSGEZG!'Z- is expected to be more stable than
cﬂjscrzcaz', which is in agreement with the results obtained, Accordingly,

reaction III in scheme I, seems to occur in two different waye:
TSy + TLFSTy = ASCR, TS, +

CH,SCH,CF,* + GH,SSCH, v== CHLS CH, CF i+ [ cazsscuB]

=13=



-

Products resulting from subsequent reactions of [GEZSSGHB] have
not, however been identified,

In the photochemical addition of GF,SSCF; to olefines ', it was
found that for partially and fully flucrinated derivatives there is a
tendency for telomerization which is absent in the hydroccarbon analogues.
In the reaction with CHBSSGHB, no telomerization was found., This result
is probably a consequence of the experimental conditions used; dimethyl
disulphide present in a large excess has more probability of taking
part in all reactions occurring during the photochemical addition and

therefors, the altermative reactions
GH3SGHZGF‘2- + GHZGFZ —_ GHBSGHZGFZGHZGFZ-

2CHS AL, QP —> CH,5CH, CF, CF, CH,SCH,

which would produce telomers, are minimized.

For the experimental conditions used in this work, (see page (63)
the course of the reaction depends strongly ox the solubility of the
olefine in dimethyl disulphide used both as solvent and reactant; times
of irradiation tend to be long but the xreaction is nevertheless convenient
for syntheses of dithiocethers with fluorinated bridges which cannot be

prepared by lonic methods,

Compared with the free radical addition of thiols to olefines S0r8991
the corresponding reactions with acetylenes have received very little
attentiongz. The thermal addition of p~thiocresol to phenylacetylene

giving a quantitative yield of a mixture of cis and trans isomers of

P=tolyl-p-styryl Emh.vh.'u.ie93 was apparently the first sexample of a freew
radical addition of a thiol to an acetylsne. Methanethiol hLas been

reported to react with acetylene and carbon monoxide under the influence

of a catalyst and pressure to glve %SCH-CHCHO and CI{3SCHZGHZSCH394;

-14=
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with HCEECGHZOH, under similar conditions, fo give CHBSCHZCH(SGHB)CHZOH95
and to react, under u.v. radiation and in the presence of a catalyst,
with 0530503 to afford GHBSGH(CHB)CHZSGHB%. No reactions have been
reported between fluorinated acetylenes and GH.BSH tut addition across
the triple bond of these compounds have been studied for several systems

739 including stloo, aloohollel, phosphin38103 , 104 104,105

and a.minesml. In this work, it was found that on u,v. irradiation in

, arsines

quartz apparatus in the presence of acetylenes, CHBSH undergoes the
addition reactions shown below, U.v. irradiation of GHBSH has been
shownlo2 to mroduce mainly CBBS' and He radicails although the carbon-
sulphur bond is also cleaved in a small proportion of the reaction.

The reaction of GHBSH with acetylenes is probebly a free radical reaction

since there 1s no reaction at room temperature in the absence of

irradiation., Results are summarized in table 1.

tH3
CH3CECH CHBSCHCHZSCH3 [
: CHy
CH3CECCH3 CH3SCH(,ZHSCH3 I1
CH3
+ 2 CH,SH he
3 gas -
%K
CF3C§CH CH3SCHCHZSCH3 I
53
CF3C=CCF3 CH3SCHC1HSCH3 v
CF3 _
Figure 5. Fhotochemical addition of C.RBSH to acetylenes,

-15-
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The reaction can be conveniently described in terms of the follow=
ing scheme II showing the reactions ‘between methylthiyl and hydrogen

radicals with the a.cetylenesloz.

SCHEME IT
CEBSH ‘.-—h;—‘ GHBSo + He
Re + AC=CB === RAC=(B
R* = GHBS- or He’
_RAc-gB+GH3SH === RAC=CER + R-
RAC=CBR + R* T=—= RRAC - (BR
BRAC-CBR + CH.SH === RRAC-CBRR + R*
R* + R» = BR
It should be emphasized that the evidence for the succesive steps
in this scheme is based on the observed producte rather than kinetic
data., The sequence is an extension of similar reaction schemes for the

addition of thiols to olei’ines88

and radical combination or radical
displacement could not be distinguished from the products obtained since
both processes would produce similar combinations,

In contrast with other reactions involving addition across a
triple bond " D3, in the reactions described here, the relative proportion
of reactants had no major effect on the observed products. They were
all saturated compoumss and no olefinic products, as expected from one
to one addition reactions, were found even though experiments with a
large excess of acetylene wers carried out. These results could arise
from a fast reaction of thes unsaturated mono-adducts with the thiol since
a high reactivity of olefinic sulphides towards methanethiol has been

previously observedloo'los. EZxcess of methanethiol increased the

Production of hydrogen and dimethyl disulphide92»106

-17-
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According to scheme II, § or 9 different saturated products are
possible depending om whether the acetylene ACSCB is symmetric (A=B)

or asymmetric (A#B) respectively, For example, if A=B=CF the follow-
ing six products are possible

?R ?R SIB SIR SRk SR
| |
R R N R L B AL AL
SR SR SR H H H
SR H SR H H H
| I | | | |
CP, =C =« C= - - - - - -
371 s T Tl ‘,’ T -0 - -
H SR H H H H

Experimentally products with four equal R=substituents,
i.e. (cajs)zc(cFB)c(m's)(scaB)z and GFBCHzCHZC!F'B, were not detected.
Mass spectra of the reaction mixtures from the reactions of
05383 with C!HBCEGC!H3 and CEBCECH show the highest molecular weights at
n/e = 150 and 136, corresponding to the molecular ions

GH3SCH(GHB)CE(GHB)SCH3+ and m33ca(m3)m2sm3* respectively; the
products from the reactions with (215'3'3‘1‘!201*‘3 and CPBCECH however produced
mass spectra in which the highest peaks occured at m/e =304 and 236
corresponding to the ions (mBS)ZC(CFB)GH(CFB)+, I and
(cajs)zcaca(ch)scx;, II. Compound I has only one oriemtation of
substituents but compound II has two possible alternatives. Formmlation
II is suggested by the appearance of the fragment (CHBS)ZCH+ r/e=107.
No peak for C(CF3)(S°H3)2+ n/e = 175 assignable to the altermative
0{330112(1(0!7‘3)(801{3)2 was found,

The proportion of the compounds just described is very small and
although no attempt was made to isolate them they probably account for

less than 1% of the total products. The proportion of the symmetric

-18=
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double addition product was always greater ihan 95X.

All the methylthio derivatives show a relatively strong parenmt
ion. For asymmetric compounds p-fiasionlog rroduces two segments of
different and characteristic m/e ratio, whereas symmetric dithioethers
give rise to one peak from two similar fragments. One mode of breakdown
appears to be loass of GHBS group from the end of the molecule at which
the carbon has a substituent other than hydrogen. Further treakdown
appears to occur mainly (in terms of intemsities) by succesive loss of
groupe from this end of the melecule. An example is shown in the next
diagram in which relative intensities are indicated below each observed
fragment.

G!‘3 EII
|
cnjs - f - (l: - SGH3
H H
(T = 51)
-(ca,3aa(ar,)) -(-s,)
(T =5) (I= 12)
; T
- - & - C - C = 8
@ - ¢ - ¢ - s
H -(chcx) ) § H
(I = 100) (x<1)
T v
GHBS | € GEBS I :
" -(a,) H H
(I=5) (1= 1) (T = 20)

X.m.r, spectra of GHBSCH(R)GHZSCHB, R= GH3 or CFB' correspond to
those expected for a rapid interconversion of rota.mersuo. The

experimental spectra arises from (ZA3 + D3""2)' B~ CH, and
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(ZA3 + x31mz), R= CFB' systems. The spin-spin coupling along the
chain, i.e, xjxm_,_ and D3NH2 produce complex spectra and the fine

structure could not be interpreted in all cases, lH apd 191? n.a.r.

data are shown in table 2,

Table 2

N.m.r. paraneters of CH,SCH(R)CH(R)SCH,;, R= H, G, or CF;.
Chemical shifts®.

5 QL3 8 PCH=CH_ -4 5 CFy
CH(CH,)CH,S 2.52(1) 3.12 1.77 -
el T <6
clzz,}scn(ch)cazsgaj gggg 3.60 - -76.25
caj,scn(clg)C:B(C!H:,)SGH3 l(w;c; ‘3:33 3.00 %ig -
g0 2.88 L, - =73.
cstscﬂ(cxi'B)cr:(<:11'3)scxi3 ?e:‘; 3.83 17 -;382

a) Values of ]'H in ppm from external TMS. Values of 19p in ppm positive

to low field of externmal CGlBF.
b) Approximate shift of the mmltiplet.

cajscx(n)ca(a)scaj, B= CHy or CF,, having two asymmetric carbon atoms

can adopt the meso and (<) isomeric structures shown in figure 6.

SCH, SCH, ! SCH,
H CF, EC H E H CF,
Ffﬁ“ gch SR
SCH, SCH. i SCH,
MESO (%)

Figure 6. Meso and (1) isomers of cxjsm(cr3)cxa(93)scﬂ3.
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A1l groups attached to the central carbon atoms in the (¥) isomer
are magnetically equivalent in any rotamer and therefore form a
2A3+ 2(¥ x3) system where A= scxj, N= H and x-cu3 or GFB. Groups in
the meso isomer are magnetically non equivalent in two possible gauche
conformations and equivalent in the trans rotamer; equivalence of these
groupe is not achieved by rapid rotation about the carbon-carbon bond
and for the proton, taken as example, an A2 + 2AB system is expected.

The experimental spectra are shown in figures 7, 38 and 9.

i
SCHCHSCH, l
i |
CH,y f

CH H NMR

3

J

' 2.31ppm

Figure 7, Proton n.m.r. spectrum of Cqﬂ_jsc}{(cﬂj)cg(cn,_j)smj
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O—0
wn I

1
CH3S SCH3 H NMR

s

12.88 ppm
cnjscﬂ(ch)cx(ch)s%.

Figure 8. Proton n.m.r. spectrum of CHBSGH(CFB)CH(CFB)SCHB.

In different experiments the relative proportion of meso to (;)
was always approximately 2:1 as determined by the intemsities of their
n.a.r, resonancés, All reactions were conducted at room temperature
and therefore 1little information on the factors affecting the addition
are established, Base-induced and more significamtly, free radical
addition to acetylemes produce predominantly the trans ethylenic
compound 1117115, Assuming that simtlar formation of the trens derivatives

occurs in the reactions described here, the second additiom could



3
CH3SCHEHSCH, e UMR

H

.,

[-78 2 ppm

-Figure 9, Fluorine n.am.r. spectrum of EE%ESESE?%BEEEEF%ZESE%:
proceed by two paths, both leading to a larger proportion of meso isomer.
The first model, is shown in figure 10.

The alternative mechanisam requires that the radical attack on the
Primary olefinic adduct produces an intermediate capable of undergoing
carbon-carbon bond rotation, which is normally assumed in photochemical
mechanisn'’®, and the final product will then be established via the
most stable, probably the least crowded intermediate as shown in figure

1.
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CF?»\c/iCHl? CF :
[ e, — ST
P Ch H
cr” H
SCH,6
CIS (2)
H
3 / 3 H
oy Ch
| e
T, H CFy
SCH4
TRANS MESO

Figgzg 10, Reaction of CHBSH with olefinic sulphides,
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CF, SCH,
CE. __SCH e
3¢ 3 }IQ/ N C% H
H CF, R
H/C\C% 3 3
TRANS ('3)
\” rotation B
CE SCH
a5t e HoC CE 3H
" R QC// \SCH3 R 3
|
C
CK” H R R [ CE
c1s MESO
R=SCH3 or H

Figure 11, Free-radical of CH,SCH to CH,SC(CF,)=CH(CF)
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Table 3

Fluorinated compounds with the gemeral formula RSR'SR"

No of Fluorine Compound Preparation Reference
atoms

2 <.:}13scli'2<mzscx13 A, B this work

3 chScaquzscxj E this work
cﬂjscﬁ(crj)cﬂzscn3 B this work

L CBBSCFZCFZSCHB F 117
Bs?-tl:aa B= C\Hg c 4o
P,C-CF, = CH,COOH

- z-cmn?

5 RSCH-CFSR R 04H9 c Lo
F,C -CF,
c:61v'5s<:1:12c:xizscu3 E this work

6 c:xr'Bscazanscm'3 A, B 37, 39
cn'Bscla(caj)cmzscﬁ'3 A 37
cxxBSc(cll'j)-c(cxi'3)scxi3 E 118
('.'H3SCH(C!F'3)CH(CII“B)S-CH3 B this work
(c:xv'Bs)zcﬂcx3 E 39
cp'as(cfxzcﬂz)nscw3 n=1, 2 apd 3 E 39
CFBSGEBrCHzSCFB F 39
GFBSGHBer‘SCFB F 39
crl'jscnz-zcxizscw3 F 39
CFBSGH-CHZSCFB F 39
cr3sc c'.szczvz'3 F 39
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table 3, continued,

No of Fluorine €ompound Preparation Reference
atoms
8 CF ;S CF, CH,SCF 5 A 37
cﬂas(crzcrz)zscna F 73
9 c!'BSc.zfzcxm'scn'3 A 37
crjscrzcrmsch A 37
(GF3S)ZGHCHZSGF3 B 39
10 c:l-Bs(cxé'zcxz)zscm"3 A 37, &
CF JSCF,CF,SCF, A 82
06F5sc32cazscsr5 E this work, &
12 GFBS(CFZCHZ)BSCF3 A 37
cxv3s(cu!':,_cm')zscu!'3 A 37
GFBSGP(C!B)CFZSCFB A, P 37, &, 120
c:1|'33(c:",_c:lvcl)zscll'3 A 37, &
CFBS(CFZGFBL‘)ZSCF‘B A 82
14 cn'3$(c:zt';,_caz)qsm?3 A 37
GFjS(CFZGFZ)ZSCFB A 37, &
15 (:1’35(cxi'zcmi')Bscw3 A 37
chs(cFZcra)jsch A 37, &
CFBS(GFZCF’Br)BSGFB A 82
18 chS ( CF,CH, ) 5sc1?3 A 37
18 crjs(crzmz)ésch A 37
chS(c?Zcxw)uscFB A 37
CFBS(CF(CFB)CFZ)ZSCFB A, F 37, 60
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table 3, continmed,

No of Fluorine Compound Preparation Reference
atoms
18 crjs(cx'zcrcl)usch A 37, 8
21 crjs (crzcar) 53@3 A 37
24 cn'3.s(cr'zczﬂ')‘ssms'3 A 37
27 cm'3s (cvzcxl?)7scr3 A 37
40 cﬂjs(crzcrz)ldsch D 119
undetermined aFS (cF,CF, )nscrj n <2 A 37
CF.3 (crzcrm)nscr3 n {4 A 37
CH48 (cr,Cr, )uscx:x3 n {4 D 119

A Thotochemical addition to olefine; B Fhotochemical addition to acetylene

C Base catalysed addition to olefin; D Thermal addition to olefine;

E Metathetical reaction; F other reactions,
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BONDING AND STRUCTURE
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CHAPTER IT

BONDING AND STRUCTURE

Introduction

Platinum and palladium have a very rich and extensive chemistry
which consists almost entirely of coordination compounds, Like the
heavy metals that are at both sides of them in the periodic table, Pd

and Pt have been classiﬁedlZl

as 'class b' metals, i.e,, 'soft acids’,
according to Pearson's theorylzz.

In the series Ni, Fd, Pt the usual trends towards higher oxidation
number are observed. Thus Ni(IV) is only stabilised by the use of
ligands such as oxide or fluoridolz3
chloride ligands in #dCl6]2'- 124

to PA(IV)125, see table 4, oxidation states +2 and +4 of platinum are

, while PA(IV) is stabilised by

. Pd(II) is however more stable relative

about equally stable,

Tabls 4
Oxidation potentials of Pt and P12,
Oxidation Equilibrium Oxidation Potential
state change (Volts)
- Pt A
M(0)=2M(II) MCl = HC142'+29 -0.75 ~0.59
M(II)=M(IV) MCL, P21 "2 Ma1 2426 -0.77 -1.26

Other oxidation states found for both Pd and Pt are +1 and zero]z?"l%.

135.136
T™wo types of coordination are observed in Pt(0) compounds, tetrahedral

as in (PhBP)BPtCO, and trigonal plapar as in (PhBP)BPtly'MI. Although
reports of compounds with metal in +3 oxidation state have appea.redlBe,

for example Pt:(l!HB)I(SCII)2 Pt(III), these have not been authenticated yet.
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Unlike complexes of Ni(II) which may be octahedral, tetrahedral
or square planar, almost all those of Pd(II) and Pt(II) are square planar,
This preferred stereochemistry is attributed to the increased value of
the crystal-field spiitting, 10Dq, that accompanies the larger effective
nuclear charge of the heavier atoms. The stability of the squars planar
complexes relative to tetrahedral depends on the high crystal field
stabilisation energy of the d8 systensluz. In the square planar geometry
the destabilisation of the 4 a2 orbital is so great that the 8
d-electrons are paired in the four low-energy d-orblitals making the
complexes diamagnetic,

In terms of valence bond theory, square planar geometry can be

described as follows

Pt =Xe] 5 652 6p° Ground state
0 =Xe] 58 60 60  Ground state
R LL ion
Pt L42- =[xe] Excited state
VAL Ly on
dsp2 Dybrid =square planar

. 1
NN A 11 1ML

—

-

Donated by 4 ligands
Thus valence bond theory assumes that ligand-metal bomds are

purely dative, sigma bonds, This simplified view leads to an increase
in the formal negative charge of the metal, In order to explain how
43 suggested a partial

mltiple bond resonance which can be exemplified by the canonical forms

electron density could be reduced, Pa.nlingl

I and II

M « CE=E Q “—— M = C = 0
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In form II, electron density will be shifted from the metal to
the oxygen through the overlap of a d-orbital on the metal with the
p-orbital of the carbon, Interpretations in terms of molecular
orbital theory assume that delocalization of metal electrcn demsity
occurs via the d-orbitals of the metal and vacant orbitals in the ligands,.
If the formal charge at the metal is reduced, sigmm bonding can be
increased in a synergic mechanism,

Since the 1950's when the concept of synergic bonding in tramsition
metal complexes was proposedlu*'ma, the role of c and m bonding has been
continudkly studied and debatedl!o~152,

In terms of the t:hal.t1>-Dunca.nson-‘leml.nzill'l'5

model, Pt or Fd will
have nine orbitals available for forming bonds, i.e., 5X5d, 1X6s and
X6ép in the case of platinum,

Two basic criteria have to be kept in mind when allocating these
electronic orbitals to any particular type of‘ bonding, The first
cordition refers to compatible symmetry of the bond-forming ortdtals.
In a square plapar platimum complex, for example, sigma bonds require
the use of 5dx2-yz' A2, 6px, 6py and 66153. The remaining atomic

xz'
form a different bond in a system of m molecular orbitals with ligand

orbitals, namely the 5dxy' 5 jdyz and 6pz, will be available to
orbitals of corresponding symmetry.

The second consideration regarding the atomic orbitals ability
for bond formation is related to the orbital energies, usually indirectly
referresd to as orbital overlap, which also have to be comparable if
strong bonds are to be formed., It must be noted that whereas orbital
symmetry requirements will be invariant within the series N1, Pd, and
Pt, the energy factors will depend on the particular element considered.
One of the comsequences derived from the orbital energy requirements
for m bond formation is that overlap of orbitals is less effective

with lighter elements than with the heavier ones due to tha larger
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contraction of 3d-orbitals compared with t&t of 5d-orbitals. Accordingly,
the observed tendency towards formation of m bonding is greater for
Platinum than it is for palladium. On the other hand strongest o bonds
should be formed between elements of the same row in the periodic table.

A pictoral = representation of a ligand-metal bond is given in figure 12,

Y N
A%

Empty S Filled Pt
d orbital d orbital

Figure 12, Postulated dy - dr bonding.

If both symmetry and energy requirements are met, the ligand donox
atom is assumed to donmate a pair of electrons to the metal through the
sigma system; simultanecusly the metal can direct part of its electron
density to the empty orbitals of the ligand in what has been called
'back donation®' or ‘back bonding’.

In theory, the c=bond may range from a strong bond with complete
sharing of the lone pair and tramsfer of one negative electronic charge
to the acceptor metal atom, to a weak bond with little transfer of
charge and, trivially, to a non-bonding situation with no charge transfert',
On the other hand, the transfer of charge involved in m-bonding can bave
a lower limit of zero if, for exaample, the metal is bonded to am atom
which has no vacant ortitals in its valency shell for 'back bording'
formationl>0, The upper theoretical limit will also be the transfer of

one electronic charge, the attainment of which has been suggested in
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such bonds as Pt-PF'3 and Pt=CO.

In valence bond terms, coordination compounds of sulphur, with
an outer electronic configuration of 382, 3p', are formed by the
donation of one or two of the sulphur sp3 hytrid orbitals containing
a lone pair of electrons,

In addition, sulphur has vacant d-orbitals which, if energetically
compatible, could accept electron demsity from filled d-orbitals on the
metal in a dq~dy bonding.

Several reports on the role ofm bonding in sulphur-containing
compounds have reached what are apparenmtly opposite conclusionss i.r.
studies on mercapto derivatives of transition metal carbonyls have
assumed that increased CO stretching frequencies can be exphinad by

a significant m character of the M-SR bopd 00159,

160

However, mass spectral
studies of the ionisation potential of ligands in (re(co)jx )a X=FR,, SR,
have suggested that sulphur ligamds are less efficient o donors and,
surprisingly, more efficient m acceptors than phosphorus ligands, on

the other hand, the relative m acceptor ability of sulphides has been
reported to be less effective than that of phosphines Ol, X-ray
diffraction studies for complexes containing btridging-SR groups indicated
sone62:163 145016 bond character although it has been judged to be
totally absent in some metal(II)-sulphur bondsioF,

This situation is not neceesarily a problem however, since neither
the bond strength nor the relative participation of o and m bonding are
invariable properties of the sulphur-metal bond. The characteristics
of a M=S bond will alsoc depend on the pature of other ligands attached
to the metal and substituents bonded to sulphur.

Relsvant to the work descrided in this thesis is the effect on
the sulphur-metal bond of highly electronegative substituents attached
to the sulphur atom, Two effects can be expected: firstly the electron

withdrawing properties of the substituent will reduce the availability
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of the sulphur lone pair by conmtracting the 'hy‘urid lone pair orbitals
closer to the sulphur atom'>J, Indicative of this fact are the marked
tendency for fluorinated thiolates of transition metals to form stable
monomers, In contrast, sulphur atoms in their hydrocarbon analogues
form readily a coordination bond with additional molecules producing

5166'168 and polymerslég. Secondly the electronegative group will

dime
promote transfer of electron demsity into the vacant sulphur 3d-orbitals
from metal d-ortitals of appropriate energy. Therefore, if the sulphur-
metal bond is considered purely in terms of the o bonding, the effect
of the electronegative substituents at the donor atom will be a weaken-
ing of the bond; on the other hand, if the complementary m bomding is
also considered, the result would probably be the restoration of part

of the bond strength, The overall effect however is far from predictable.

Trans effect and trans influence,

The intensive studies developed in the USSR on cocrdination
compounds of platinum, led to the discover of the first stereospecific

displacement reaction in 1926, In that year, Chernyaev.’C

found that
Pt(II) compounds underwent subetitution reactions in which the position
adopted by the entering ligands depended on the ligands already present
in the complexes, It was noted in particular, that different ligands
had different effect on the substitution of the trans ligands. The
concept of trans effect was used to designate the labilization of ligands
trans to other, trans directing ligands, since substitution reactions
did not always give the thermodynmamically most stable prodnctln.

The property of a ligand of being a irans-director can originmate
in two ways. A ligand can be a trans-director if it weakens the bond
trans to itself or if the ligand stabilises the transition state of
a substitution reaction’’Z,

In order to differentiate between these two situations the term
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trans effect was later restricted specificaily to the kinetic effect

and was defined as: 'the effect of a coordinated group on the rate of

substitution reactions of liga& opposite to it'173. A pew term, trans

influence, was defined ass: 'the extent to which the ligand weakens the

bond trams to itself'”’, Trams effect and trans influence are therefors

different, well-defined, phenomena and although they are often reslated

by postulating trans influence as an operative mechanism of trans effectl75

other pathways to explain trans effect have been suggested],‘%"l?a.
Recently, great attemtion has been given to the particular type

of metal and ligand orbitals used in bonding in an effort to ratiomalize

both concepts., A large m character has often been asscociated with a

large trans inﬂuenee179' 180

but the inverse statement (i.e., large trans
influence indicating large m bonding) is not necessarily correct, since
it is known that hydride and alkyl groups which are exceptionmally good

trans directors181 cannot m bond, Although most authors approach the

interpretation of trans influence from a sigma bond onlylowr 7,182,186
point of view, a more complete explanation will probably have to include
both o and ™ bonding o3t 1,

The simpleat representation of trans influence with a sigma bond
approach is th‘e polarization theory of Grinberg185 .

Grinberg suggested that in a symmetrical complex such as l%lez_ ,
rerresented by A in figure 13, since all bonds are equivalent the
metal-ligand dipoles will all be identical and cancel each other. On
the other hand if one ligand is substituted by a more polarizing one
it will induce & non compensated dipole at the metal,

The dipoles of the polarizing ligand pL and the metal will attract
each other strengthening the pL -metal bond and simultaneously, the
dipoles of the trans ligand and the metal will repel each other
weakening the trans L-metal bond.

Modern views of Grinberg's theory in terms of molecular ortdtal
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Figurs 13. Grinberg model of trans influence

theory assume a similar situation but replace the purely electrostatic
interactions by an unequal overlap of the ligand orbitals with the

metal orbitals along the pl=-M-L ‘nomdsl?6

or with the dxz-yz orbitals
The polarization theory indicates that large and polarizable metal atoms
will show greatest trans influence. Accordingly, for Ni, Fd and Pt the
order of polarizatility’l’ and that of trans influence are idemtical
being Pt(II)) Pd(II)> NL(II). It also must be noted that the polarization
theory emphasizes the role of inductive effects which can be very
important in fluorinated compounds (see page 9)

The second approach to trans influence involving m bonding, is
shown in figure 14, It assumes that two trans ligands competing for
the d electrons of the metal, will arrive at the situation in which
the stronger m bonder will dominate the m bonding, weakening the
bonding of the trams group, It is assumed that cie groupd do not compete
in this manner since they each use a different d-orbitalla7. Both models
attempt to explain the same fact, namely the extent to which the ligand
weakens the bond trans to itself. In this sense its measure should
ideally rely on bond energies or altermatively on bond lengths perameters
which are unfortunately very seldom available, Other parameters often

related to trans influence are spin-spin coupling constantslaa'lgo and
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i.r. frequem:iee;lgl'l93 .

Tz Trans Director Ligand

Figure 14, Postulated effect of a irans director ligand cn the
dr=drr bonding.

Chelate effect.

Finally, use will be made of the term 'chelate effect' and there-
fore a short discussion of this effect is included in this section.

In 1952 Schwarzembachl®™19 showed that the stability of a metal
chelated compound is comnsiderably greater than that of an analogous
compound which contains fewer or no chelate rings. This extra stability
is termed the chelate effect, There is no unique explanation for the
effect; in fact the enhanced stability of complexes containing chelated

rings has been affributed to a large variety of factors. Resonance
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stabilization is thoughtto be responsible fo-r the formation of the

six membered rings:of acetylacetonate conplexe.slg?, rigid chelated
ligands like olefinic diphosphines form more stable complexes than their
saturated diphosphines analogues presumably because the greater rotational
freedom of the latter ligands encourages partial diasociationt 8’199,

It bas also been pointed out°C that the more favorable heat of reaction
which occurs in the formation of metal chelate compounds compared to

the heats observed in similar complexes containing no chelate rings can
be interpreted as the result of repulsive forces between the polar
groups bound to the metal; in simple complexes interligand repulsions
can be of great importance whereas in chelating ligands the bridge bet-
ween these dipoles holds the donor groups together in opposition to the
repulsive forces, Thus the formation of a metal chelate involves a more
favorable heat of reaction because it is not necessary to bring toge-
ther ions or dipoles with like charges.

The effects just described depend on the specific system studied;
in addition to these effects there is an entropy factor common to all
chelate compounds which is normally regarded as the origin of the
chelate effectzol.

Considering the differences in the dissociation processes of the
mono and bidentate ligands shown in figure 15 it is clear that if a
metal ligand bond is broken in a chelated and a non-chelated compound
the probability of the now free monodentate ligand to reforming the
bond is less than that of the dissociated domor atom in the chelating
ligand atom which has been retained near the metal atom bonding the
other end of the molecule, |

Experimentally the equilibrium

L
ML +n/2 g)‘-—vH{I)L/Z + oL I
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Figure 15, Dissoclation of monodentate and bidentate ligands.

has been studied with a large variety of ligands
203,204

with ammonia and amines

11'202, particularly

. The change in entropy for the reaction I

will be proportional to the difference in the number of moclecules [resent

in the systen.

Entropy favours the formation of the chelate complex

and the reaction proceeds to the right as observed experimentally.

Discussion of results

The chelated complexes prepared during the course of thie work

are indicated in table 5 together with their colours.

All syntheses were carried out in a very similar way by reaction

of the ligand with a suitable metallic salt (genmerally N,MX,, where

N=K or Na; M=Pd or Pt; and X=Cl, Br or I) in a solvent system which

depended on the relative solubilitlies of Yotk 1ligarnd and metal salt.

L0



Table 5

Chelated PA(II) and Pt(II) complexes with fluorinated
dithioethers.(lieand)nxz M=Fd, Pt; X=Cl, Br, I.

Iigand Platinum Palladium

ZNIENNNNNNN
NI

CF S CH (CH ) CH, SCF, yellow yellow \\\\\
AN

CépjscHZCHZSCjFS yellow yellow trown \

CHBSGIPZGHZSCH3 yellow ysllow Trown yellow orange violet

('IFIBSCH(CJ"B)CMZSCK3 yellow yellow trown yellow orange violet

CEBSCH( (115'3 lo:: (¢ CII"3 )SC:H3 yellow yellow trown  yellow orange violet

Most complexes were obtained from agueous-acetone solutions from
which the complexes crystallized on standing for variable periods, By
this procedure no reaction was found to take place between (IFBSK:I‘ZC:EIZSGF'3
and either platinum or palladium salts, None of the ligands contain-

ing the CF, moiety produced the expected complexes with palladjum, as

3
shown in table 5 by the shaded spaces, It has already been mentioned
that unsuccesful attempts to prepare metal complaxes with C.'I“BSCHZCH3
and CHCIF,SC,H,OH have been published?%+™ and during the course of

this work attempts to prepare compounds with 0}1350?3 and CJ.F‘BSGF3 also
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failed. Because the reaction conditions were all very similar it is
clear that there is a marked difference between the reactivity of
Platinum(II) and palladium(II) towards fluorinated ligands,

The following reactions summarize the above information.

2=
fluorinated sulphides + I;deb, ]” e II
pex, |74 IIT

fluorinated dithiosthers + - e
Ph)%] — COMPIEXES v

The discussion that follows {s focussed firstly, on the different
results obtained with fluorinated dithiocethers and fluorinated sulphides
and secondly, on the different results from the reactions of fluorinated
dithioetheras with palladium(II) and platinum(II).

If a fluorinated sulphide is represented by the general formula
SRR', I, where one or both R substituents are fluorinated groupe, a
dithioether is a specific sulphide in which one substituent is also a
sulphide,

The sulphur atom in I will probably have similar electronic
Properties in any series of sulphides as long as the nature of the groups
directly attached to it do not change substantially, FPFor example, it
is reasonable to assume that bonding properties of sulrhur in GFﬁCHB,
GF3§CHZCH3 and CF}§CH2CHZSGF3 are all similar; yet, under the conditions
used in this work, only the last compound formed platirum(II) complexes.
If the assumption of invariant electronic properties in the mentioned
series of compounds is correct, the different results obtained for
sulphides and dithiocethers could be rationalized by their different
coordination possibilities, In contrast to the monodentate sulphides,

the potentially chelating dithioethers could form metal complexes if
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additional stabilization is gained by chelate ring formation.
@3302345(:83 has been found to act either as hidentate or mono-
dentate ligand. In complexes where this ligand is monodentate, the
prefered coordination site 1a the cujs" group; no evidence was found
for the ocurrence of monodentate complexes in which coordination occured
through the CF3S~‘ end of the ligand and indeed, there is no unambigous

any

example known of GI'BSR compound acting as monodentate ligand., Hydro=

205,206 ;13 diphosphines>"” with the general formala

carbon dithioethers
RPR'PR", are known to form both chelate complexes or binuclear compounds

in which the ligand is bonded to both metal centres as a monodentate

ligand; none of the ligands in this work produce complexes having a
CFBS-Pt bond, other than chelate complexes. It is also interesting

that CF;SCF,CH,SCF; does not react with either palladium(II) or platinum(II)
under the conditions used in this work. The increased fluorine substitution
around one of the donor atoms in this ligand appears to diminish still
further the donor ability of sulphur and the observed lack of reactivity
would suggest that, in this case, the increased stabtdlity gained by the
chelate effect is insufficlient to compensate the electromic effect. Much
more information on the coordination chemistry of flmorinated dithioethers
and related ligands is needed before final comclusions can be reached

but apparently, GFBSGZHL'_SGFB is very near the border-line as a ligand

just capable of forming stable complexes with palladium(II) or
platinmm(II). This fact is also apparent from the results of halide
substitution reactions. The order of increasing trans influence for
halides is I>Br> 01183; correspondingly a succesive weakening of the
sulphur-platinum bond is expected on a step-wise substitution of

chlorine by tromine or iodine, Experimentally, btromide substitution

in (GI"BSmzc.lizs(‘:1"3)191;0212 is easily carried out, but a similar reaction

with iodide produces decomposition of the complex giving the free

ligand and P!:I2 as products., As expected no reaction takes place
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between (.‘.li'BSCsz,SGI"3 and KthIQ. Interestingly, when the electro-
negativity of the sulphur substituents iz decrsased, as in the substitut-
ion of CFB by 06F5 groups, i.e, CéFstHZGHZS(IsF , the iodine complex

of platimum(II) is obtained although still no reaction take place

with palladium(II). These results contrast with the existencs of iodide
derivatives for all complexes of hydrocarbon dithiocethers. Variations

of spin-spin coupling constants in series of similar compounds are
commonly related to the bond strength’°®'2%% and on this basis the
results shown in table 6, could reflect alsc a weakening of the sulphur
metal bond in the tromide complex as compared with the chloride compound.:

Table 6,

Differences of platinum-fluorine coupling constants in
chlorine and tromide complexes,

. a
Compound J (Pt-F) AJ (Pt-F)
X=Cl X=Br
(CF35C234SCF3)RX2
Isomer A 60.0 57.7 2.3
Isomer B 57.7 55.0 2.7
(Gl"Bscxa(caj)c:xazsczxa'3)1>t,x2
Isomer A 68.7 66.0 2.7
4.0 52.8 1.2
Isomer B 65.5 - -
4.0 - -
Isomer C 53.0 - -
62,0 60.1 1.9
Isomer D 59.0 57.2 1.8
5900 57.2 1.8
a) In Hz.

Thermal decomposition of complexes with ligands containig the CFBS
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moiety occur at higher temperatures than for hydrocarbon analogues as
shown in table 7,

Table 7

Decomposition temperatures, °c.

I (CF 45 CHL, QLS QP4 )PECL, 248
II (IS QP CH, S i ) PL L, 241
IIT (Gﬂjscﬁzcﬂ’zscgj)nclzzj 235
IV ( CFBSQ-IZGHZSGF'j )PtB:r:z 234
v (cr'jscxi(czﬂj)<:stc:r'3)1>t;cl2 247

Thermal decomposition takes place depositing I?!;cl2 with liberation
of the ligand,

210 4hat in 1 bonded compounds the

Although it has been suggested
energy required to produce decomposition 1s increased compared with a
non-1T bonded compound, the increase in the decomposition temperature
of compound I relative to II, i= more likely to reflect larger packing
energies than bonding parameters since, as discussed later, (page 53)
X-ray data of compound V suggest the presence of strong intermolecular
interactions in the solid state, This electrostatic interaction between
sulphur and chlorine of neighboring molecules is attributed to the
electron-withdrawing character of the fluorinated substituents at sulphur
and therefore a similar situation is likely to be present for compound I.

The second part of this discussion concerns the reactions IV and
Vv which suggest a different reactivity between palladium(II) and
platimum(II) towards fluorinated dithioethers.

Since a more effective sigma bording is expected between atoms
of the same or of the nearest row in the periodic tablezn, the

preparation of platinum(II) complexes but failurs to synthesize the
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corresponding palladium(II) compounds indicates that other factors are
also involved.

One of these factors is presumably the participation of m bonding.
The greater ability of platinmum as compered with palladium to form m
bonds is well known> ’, Furthermore, the presence of fluorinated subs-
tituents at the sulphur donor atoms, is assumed to enhance the partici-
ration of m bonding in the sulphur metal bond.

If fluorinated dithioethers of platinum(II) are indeed stabilized
by ™ bonding, the parameters related to the metal sulphur bond are
expected to reflect this situation by comparison with corresponding
parameters of hydrocarbon analogues. Speclally relevant to this point
are the results of the X-ray diffraction study of (thJPCIIZCHZP(C:I-‘3 )Z)RCl;B

shown in figure 16,

Figure 16. Structure of ((cF3)2Pcznur(csF5)2) PtCl,

The Pt-P bond lengths are greatly affected by the nature of the
substituents attached to the donor atom; the Pt-Pth bond is comparable

with those found in other phosphines but the significantly shorter
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1=‘!'.-P(Cni’3)2 bond distance is attributed to the larger electron-withdrawing
ability of the trifluoromethyl groups enhancing the metal-phosphorus m
bonding.

In order to obtain precise information on the metal-sulphur bord,
an X-ray diffraction study of (CFBSCH(CHB)GHZSGFB)Rch was carried out
(see page 5| ), S-Pt and Cl-Pt bond lengths are listed in table 8
together with corresponding data for compounds containing the S-Pt—Cl
skeleton.,

Unfortunately comparisons with other dithiocether complexes of
platinum(II) cannot be made since thers is no structural information
available. This fact makes it difficult to assess the influence of the
electron=withdrawing trifluoromethyl groups on the metal ligand bond.

The most directly comparable structure is that of cis ((01061{4)23 )2_1"‘1'.c12
123 since compounds IT and IIT have two different (sulphur and nitrogen)
donor atoms and their structural parameters are less accurately determ~:
ined215 .

The mean Pt-Cl bond lengths in IV of 2.293(5)2 is shorter than
in I, 2.300(5)2, and it is at the lower end of the range of terminal
Pt(II)-Cl distances which spans from 2.26a to 2.45A210, The Pt-s
distances of 2,239(3) and 2.260(3) in IV are also shorter than the
mean Pt-S distance of 2.285(7) in I. Therefore, crystallographic data
suggest that trans influences of ligands in compounds I and IV are very
similar both being relatively weak and that trifluoromethyl groups in
(CF'BSK.".H(CI:IB)('JHZSGF':,')Pt'.Cl2 induce a contraction of the Pt-S bond length,

)
compared with I, of 0.03-0.05A. Although the informatlon is insufficient
to confirm that m bonding is respomsible for the contraction of the
Platinum-sulphur bond in IV, it supports this suggestion. In relation
to this point it is important to consid'er that in terms of o bonding
only, the presence of elsctron-withdrawing substituents at sulphur is

expected to weaken the Pt-S bond, contrary to the experimental results,
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Table 8

Interatomic  Distances (A)

1 1
S\ /Cl
Pt

2 N2

COMPOUND s—pt  sipt  cEpPt  cl—pt

(p C,:GHACDZ

| s C

[ o 2292(6) 2278(7) 2.298(7)  2.301(8)
s

( p CIGHACl)z

NS 2.26 — 2.31 —
11 P

2.25 — 2.30 —

3
s Cl
v \[ o 2260(3) 2239(3) 2290(4)  2295(3)
?/ ¢
CF

Therefore the different behaviour of Pt(II) andPt(II) towards

fluorinated dithioethers can be rationalized by the greater tendency

of platinum (II) than palladium (II) to form m bonds. In addition the
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larger polarizability of Pt(II), is likely to add an electrostatic com=
ponent to the sulphur-platinum bonding system217. Electrostatic inter-
actions between electron-deficient sulphur atoms and negatively charged
chloro ligands are assumed to be responsable for the strong interactions
between pairs of centrosymmetrically related molecules of
(CFBSGH(GRB)GHZSCF3)RC12 in the solid state (see page 53 ). The
inductive effect, represented in figure 17, is also compatible with the

relatively short Pt-Cl distance observed since all electric charges on

EOTO

Fl 17. E1 lat
gure 17 gr::g::atic interaction between platinum and the CF3S

this model (unlike the three-dipole system in figure 13) would produce
attractive interactions.

The evidence available is consistent with the participation of
the chelate effect on the stabllization of complexes containing
bis(perfluoro-alkythio)alkanss, It also suggests that the m bonding
component in the Pt=S bond is increased from B= p-céxucl to BR= CF

3
although the difference is probably small,

Structure.

In 1966 Abel 2_11;.22 reported the proton n.m.r. of
(HeSGZHQSHe)PtClZ showing the presence of two resonances, interpreted
as arising from two distinct pairs of equivalent methyl substituents

which, on increasing the temperature, converged and eventually
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coalesced to a sharp signal in a reversibleApm'ocess. These results
were explained by the presence, in solution, of two different isomers

shown in figure 18,

Me Me

I
S
i \
Pt

Cl S Pt Cl

Me
Cl Cl

I I
SYN ANTI

Figure 18, Stereoisomers of (MeS(Iqu_S!‘le)Pl'-tl‘l2

In structures I and IT a different molecular envirchent around
the methyl groups is produced and two absortions are generated, At the
same time, the chemical equivalenoce of substituents within each isomer
is maintained and both absorptions appear as singlets, The dynamic
process observed was explained by the interconversion of isomers which
at and above the coalescence temperature is faster than the n.m.r. time
scale producing an averaged signal.

Since this first report, several studies on the pessible mechanisms
for isomeric interconversion and to measure barriers of inversion have

been carried out for a largs series of closely related dithio 23-26

,32,218,219

and
diselencether complaxes. By far the major part of these
studies are conducted with solutions where, generally, mixtures in

equilibrium of both isomers are obtained; surprisingly however, very

little is known about which specific structures are the origin of a
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given set of spectroscopic parameters obtained from those solutions.
The following discussion presents the results of the first X-ray
crystallographic study of a platinum dithiocether complex, corresponde-
ing to (CI«‘BSCI-I(C!HB)GHZSGI"B)1“*;(:12 and it also includes the n.m.r,
parameters of the complexes réported which are discussed in relation
to the structure adopted by the compounds in solution.

X-ray crystallographic studies of (Pr'SeC,H,SePrl)Mcl,, 1%,
(1-(1, Ldi-tort-butyl.tmmom)mm”yl)(cajsczxuscaj)mciz, s
and [:(GH3SC2348033)2011]+2, III18 have shown the rresence of only one
8yn isomer whereas the amti structure has beenestablished for the
complexes cis~dichloro-(1,1l0-diaza~l,?,13,1é~tetracxa~21,24=dithia-
bicyelo [8,8,8] hexacosane)palladium(II), IVZZO; [(QiBSCZHL’SCEj)ZCu] +l,
V'8 and (C,H SCH,SCH )ar(co),, vit?,

Figure 19, Structure of (crjsaa(%)cnzsw3)nc12

The single crystal X-ray diffraction study of the complex
(crjscn(cr%)cﬁzscs‘j)mclz, carried out by Drs K.W. Muir, L3j.Monojlovic-Muir
and T, Solmmn16 of this department, showed that the complex crystallises

with the syn structure. The molecular structure of the complex is
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illustrated in figures 19 and 20 and structural parameters are listed
in table 9o,

The compound crystallises in the monoclinic system, space group
le/z, with four molecules in a unit cell of dimemsions a= 7.557(2),
be 12,962(2), c= 12.340(2)4, B= 91.42(2)°.

As expected, molecules of (cr3scn(c33)c3230F3)Ptclz exhibit

cis-square plapnar coordination at the platinum atoms. The methyl group
is pseudo-equatorial with respect to the chelate ring. The crystal

packing involves strong interactions between pairs of centrosymmetrical

Cl

!
|
i
]
'
i
1
t
v
'

- - - = - -2

)
A

Figure 20. Interactions between centrosymmetrical molecules.

molecules, ' In each pair, the metal ligand bonds are eclipeed,the metale
sulphur bonds of one molecule being parallel to the metal chlorine bonds
of the other. This orientation leads to Cl-==3 separations of 3.38 and
3.35?\. On the other hand the Pt——-Pt separation is 3.423. The platinum
atoms are displaced 0.0023 from the PtSZCl2 plane, away from each other
whereas the displacement of the atoms S(1), S(2), C1(1) and C1(2) are
respectively 0,028, 0.012, 0.035 and 0.016A in the opposite direction.
Therefore this suggests an electrostatic interaction between electron
deficient sulphur atoms and chloro ligands.

(o]
The Pt--—-Pt distance (3.42A) is longer than the typical lengths

221,222

(¢}
of Pt-Pt single bonds in platinum(II) (2.77-2.87A) It is also
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longer than the corresponding distance in [:1>£(m13)4] Clu] (Magnus's
green salt) (3.25?\)223 for which a semi-empirical M.0. calculation
indicated that the order of the covalent Pt-Pt bond is about 0.04224.
Therefore, bonding between platinum atoms in the crystal of
(Cli‘BSCH(C:Hj)CHZS(.‘.F‘3)Pf.c}.2 appears to be, if any, very small.

Other features of interest in the molecular structure of
( CFBSGH(CH})CHZSCFB )PtCl, include the oriemtation of the carbon-fluorine
bonds involving the atoms F(3) and F(6). These atoms point inwards
and almost towards each other with a resulting non bonded distance of
2.822. This distance is larger than the van der Waals diameter of
fluorine (2.70A). The S-C.F angles involving the atoms F(3) and F(6)
are both ca 5° larger than the others S-C-F angles, These parameters
are probably significant in relation to the fluorine-fluori‘no coupling

constants between adjacent CF3 groups as discussed in page 56

Kuclear magnetic resonance is a powerful tool in stereochemical
studies and has been successfully used in configurational and conformae

225, 226. Previous configurational

tional analysis of metal complexes
studies of dithio and diseleno ether complexes have been based
predominantly on this technique and it is therefore surprising that
very little has been achieved in correlating specific structures with
the spectroscopic parameters that these structures produce,

It appears that the only cases where such an assignment has been
established, correspond to the chelate complexes (PrSeC,H,SePr' )M,
M=Fd, X=Clj,M=Cr, Mo and W, X=(C0), and (PhCH,SC,H,SCH,Ph )M(CO),,
M=Cr, Mo and W, reported during the course of this work26'33.

The assignment is based on the detection of spin-spin coupling
constants indicative of a preference for axial or equatorial positions
of the methylene bridge protons, which indicates that the obeerved signal

is generated by an anti isomer. Similar studies have been carried out
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before on the conformational preferences of' some diphosphines and
diarsine metal conplexeszz7.2’3o. In general an accurate method of
spectral simulation is needed to obtain the relevant parameters. 1In
a more direct way, the spectrum of (GFBSGZHL’SGFB)RCIZ provided the
same evidence.

Figure 21 shows the 94,1 MHz proton decoupled, fluorine n.m.r. spectrum

i‘%
/ Cl
Pe NMR HaC Nl
CE N 3 3
3 CF,
.-_S\
CE
J

I N

"“44.1 ppm from CClyF

|

Figme 21. 1% n,n.r. spectrum of (GF,SC,H,SCF,)PLCL, showing B¢
satellites.

of (CFBSCZH“SGEB)RCIZ,,at room temperature. The central part of the
spectrum consists of two triplets in which the resonances have a li4:l

ratio, Each central a.bsor?bion arises from species containing non-magnetically
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active platinum and both signals have a pair of satellites produced by
coupling between fluorine and 1951’1'. (I=%, 33% abundance). A triplet

is present for each syn and anti isomer in which the triflucromethyl
groups are equivalent. Since the relative intensities of these triplets
are different the population of each isomer is not equal, showing that
one configuration is favoured over the other.

In general fluorine chemical shifts are distributed over a wider
range of values than corresponding proton chemical shifts are, but
otherwise the spectrum in figures 21 is quite similar to those obtained
for protons at the donor atom substituents, in complexes with the general
formula (RE’R’I«:R)PtX2 where E=S or Se, and R and R' are hydrocarbon groups23.

Unlike their hydrocarbon analogues, (CF3SCZHL;.SCF3)RCIZ - and other
fluorinated complexes as well, vide infra - display a different multi-
plicity for the 170 satellites of each isomer- >, As shown in figurs
21 the 3¢ satellites (enlarged a hundred times at each side of the
normal apectrum) show a doublet of quartets for the high field signal.
Effectively the 12C can be thought of, as an element of asymmetry and
the resultant effect is the obeervation of only one substituent of
each isomer., This effect allows spin-spin coupling between fluorine
atoms in different CF

3
whereas it was found to be abeent in the other.

groups to be observed for one configurationm,

The trasmission of spin-spin coupling is curremtly explained in
terms of two different mechanisms, namely 'through bonds'>-% which
depends on the electronic characteristics of the chemical bonds between
the spin-spin coupled atoms, and 'through spuoe'233 in which atoms which are
at the extremes of a relatively large number of bonds but are, physically
relatively close to one anothex, display a spin-spin coupling larger than
that expected if it were trasmited through the electronic systom?‘?o.

The experimental spectrum described, shows that spin-spin

coupling between the sulphur substituents is present oniy for a specific

=56=



-

structure. Since it is unlikely that the differemt spatial arrangement
of the trifluoromethyl groups would modify the electronic distribution
to the extent of producing spin-spin coupling only in one orientation,
preventing it completely in the other, the origin of such coupling is
more adequately explained in terms of a 'through space' mechanism .
involving only the geometric arrangement of the coupled atomszBa. By
invoking this mechanism, it is evident that only the isomer in which
substituents are orientated on the same side of the S-Pt-S plane has
the necessary spatial requirements to display fluorine-~-fluorine coupling.
It is therefors possible to assign the low field resonance to the anti
isomer, in which the substituents are too far apart to show aay 19?-19F
coupling, whereas the resonance at higher field is assigned to the sym
isomer as shown in figure 21,

A more direct method of introducing an element of asymmetry to
detect, directly, the spin-spin coupling between CF3 groups, is the
substitution of one of the ligands trans to the donor atoms. This has
been achieved by preparing the mixed chloride-tromide complex.

The corresponding fluorine n.m.r. spectrum (figure 22) shows
the expected doublet of singlets of equal intensity corresponding to

each of the now distinct CF, groups of the anti isomer and, in additionm,

3
twc quartets again with the same intensity, originated by the coupled
trifluoromethyl groupe of the syn isomer,

It is very difficult to generalize these structural assignments
to compounds for which no direct evidence i1s available; nevertheless
the similarity between the ratios of isomeric population of complexes
listed in table 10 could be taken as an indicatiocn that a specific struc-
ture is always predominant, From molecular models it can be seen that
an anti isomer minimizes the steric and electrostatic interactions
between the sulphur substituents - or between the lone pairs - the EEEE

form being indeed the predominant isomer in the complexes for which
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direct evidence is available,

Table 10

Relative population of isomers

Compound/Isomer rel;iivo

(CFﬁSCZHL’SCFB )PtCl,

syn 35

anti 65
(chsczﬂuscr3)PtCIBr

syn 35

anti 65
(cF35c2H4s s )PtEr,

syn 28

anti 72
( c:r'Bsc.zauscHB)Ptcl2

A 70

B 30
(GHBSCFZCHQSCHj)PtGlz

A 58

B 42
((:H3:3c:5‘2cﬂzsc:1=13)Pt.I2

A 4

B 46

a) from integration of n.m.r. resonances.

Therefore it seems reasonable to suggest tentatively, that the
relative population of iscmers, for compounds of the type described in
this section, can be used to assign the anti structure to the more
abundant isomer,

A complete description of the proton n.m.r. of (CF‘BSC.'H2C1HZSCF3)Pi:(.':l2
would be given by the superposition of two (AA'BB'XjYBZ + M'BB‘X3Y3)

systems, where A=B="H, X=Y='F and Z=15Pt, The first term in these



systems correspondsto compounds containing 195Pt and each sy=stenm
correspond to a different isomsr.
In the free ligand no detectable proton-fluorine coupling is found

but in the complex, the anti isomer shows 4.1 (H=-F)=iHz; therefore, as

273K
i% al
Qﬁ; ~p
¢H
2 7 ™S
263K %
CH
243K VARIABLE
TEMPERATURE
"W NMR

"J N 223

/J 203K

3.94 ppm

Figure 23, Iow temperature proton n.m.r. spectra of (CFBSCZH48@3)RQZ
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far as the proton n.m.r., is concermed, the magnetic systems in the
complexes can be defined as (AA'BB'X3Y3Z + AA'BB'XBYB), (anti) plus
(AA'EB'Z + AA'EB')(sym).

In practice, the experimental 60Miz proton spectrum shows an une-
resolved multiplet (figure 23) which is basically unchanged after decreas-
ing the temperature down to 203K, showing that at this temperature ring
fluxion is still very rapid in the n.m.r. time scale,

In general all lH n.m.r., results found for the compounds reported
here show the same poor resolution giving very little op%rtunity of
detailed analysis and therefore they will not be discussed further.

{

!

T
441 ppm from CCI3F

S

Figme 24, F n.n.r. spectrum of (CF,5C,H,SCF,)PECL,,
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Spin-spin coupling between fluorine and hridge protons is informe
ative with regaxrd to the conformational bshaviour of the 5 membered ring.

1% n.a.z. spectrum of (CFBSCZHQSCP‘j)PtClz, shown

From the nonedecoupled
in figure 24, it is seen that only the anti isomer shows ].5_191:, coupling.
The absence of a similar spin-spin coupling in the 8yn form can be

rationalized by the fact that both of its possible conformers are identical,

CF
[ 3 iF3 ¢k 3
S S = S S

and a rapld exchange of sites in the tridge effectively averages the
molecular enviroment precluding the observation of spin-spin eoupling.

For the anti isomer however, two distinct conformers are possible

CF

CE

(3 13
P03 P
CE CF3

A situation of fast exchange would alsc average the relative
Positions of the bridge; in this case however the energy and therefore
the population of each conformer will probably be different and an :
increased population of one conformer would have the net effect of

increasing the relative contribution of those spin~-spin coupling constants
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characteristic of a particular conformation. Unfortunately very little
information is available>>” regarding the angular dependence of
uJ (P=C~S=C-H) and therefore there is no real basis to suggest which
conformer is likely to be present in a larger proportion. Nevertheless
the detection of this conformational equilibrium confirms the original
structural assignment btesed on 1°F-1%F coupling constants.

A different case where syn and anti isomers are expected to be
fresent is represemted by the complexes (CHBSCFZCEZSCHB)PT.XZ, X=Cl, Br
or I, |

Newman diagrams along the carbon-carbon bond for the syn and anmti

isomers and the corresponding conformers of (MGSGFZGHzSMe)PtXZ are

shown in figure 25.

SYN
ol H
1 1
S S H
H F
- ’
| 1
-5 H -5 F
s F g H
i H i
ANTI F

Figure 25, Newman projection along the tridge.

Restricted rotation about the carbon-carbon bond produces a pair
of chemically non-equivalent fluorine atoms on each static conformer.
Bapid oscillation of the bridge between the more stable’0

staggered conformations would simplify the expected n.m.r. system by
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averaging the resonances of each fluorine between axial and pseudo-
equatorial positions, making rotamers of each isomer indistinguishable,:

but, as shown in figure 26, the non equivalence of fluorine atoms will

prevail,
Me Me
[ & [
/ /
i
~ ~—~
- B
b Me b
SYN _ ANTI
Figure 26, Averaged conformations of the bridge.
J(F-F)- 206 Hz
CH, < >
A
F,C \\\ e
| Pt L JFF)- 222Hz
qu\s/// a . >|
|
CH
3 A
9 NMR B

ll A:82.5 ppm f]rlom CCI3F

Figure 27, 1F n.m.r. spectrum of (CH,SCF, CH,SCH;PLC1, showing two AB systems.
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Assuming that coupling between methyl protons and the rest of the
nuclei is zero the expected n.m.r. spectra would contain two
(ABMMX + ABMN) superimposed patterns, - syn and anti isomers - where

A-B-]'H; M-N-lgF and X-195Pt. Figure 27 shows the 94,1 MHz, 19F n.m.T.
of (MeSGFZCHzSMo)PtGlZ. By heteronuclear proton decoupling, the system
has been further simplified to a (ABX + AB) pattern for each isomer.
The solution of an ABX system is not trivial although it can be easily
resolved by a:lytica.l expressions237'238. The solutions for all but
the isomer B of the bromide conplex-a.re given in appendix A and the re-

levant n.m.r. parameters are shown in table 11.

Table 11
N.m.r. parameters for (HeSGFZGHZSMa)PtXZ compounds,
19.2 gsm b b
Compound 5 J(F=F) J(Pt-F)
(MOSCFZGHZSMe)PtClz
Isomer A -84.6 222 114.0
-82,2 60.0
Isomer B -83.5 206 29.0
-&.2 181+¢0
(Mescrzcazsm)marz
Isomer A -85,1 223 118.0
' -8104 43.0
Isomer B 205.5
(Mescyzcnzsne)mlz
Isomer A -86.3 225 13.5
-79o9 22.5
Isomer B -84.5 206 155.5
-82.8 27.5

a) p.p.m, positive to low field of extermal CCl3F.
b) Hz, R
¢) see apendix A.

As expected, fluorine atoms in each compound show relatively well

serarated chemical shifts, their coupling constants being in agreement
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with other geminal "7F-1%F couplings reportea?’9:2%0,

On halide substitution, the magnitude of platinum=-fluorine coupling
constants reflect the increased halide trans influence on going from
Cl to I. Simultaneously, geminal fluorine-fluorine coupling constants
increase. Although these changes are not unexpected, since both para-
meters are presumably affected by the same electronic system, the
mechanism leading to increments in J(F-F) is not clear., The differences
in J(Pt=F) coupling constants between fluorine atoms of a given isomer
depend on their relative position with respect to the sulphur subetituents.
In addition the differences in J(Pt-F) can reflect conformational varia-
tions; Cullen M_'ZZB have studied the conformational equilibrium,

shown in figure 28, for several diarsine complexes,

A i F X A H
e Wk
—M
M\As /yLH “As

= H

Figure 28, Conformations of a diarsine complex,

Although n.m.r. parameters were insufficient to ldentify a
favoured conformer, the equilibrium was found to be dependent on
solvent and temperature thus indicating that different populations of
rotamers can be induced., It is probable that a similar situation is
Present for the present complexes and therefore J(Pt-F) can be consi-
dered to be affected by both ring fluxion and inversion, although at
room temperature probably the predominant contribution would be that

associated with the relative positions of the methyl and fluorine
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substituents. An important difference between systems such as
(CH3SCFZGRZSCHB)P1:X2, I, and those discussed previously is that for
both syn and anti isomers of I, each rotamer is chemically distinct as

shown in figure 29,

F
C CH CH CH
1H3 | 3 | |3
S F s = S F S
F
F
s ¥
S F ?5 + s~ F %5
CH CH
3
L 3

Figure 29, Rotamers of (GHBSGFZCHZSCHJ)MZ

Unfortunately no a.greciablo changes in the spectra of these
compounds were found when the temperature was reduced to -90°C, indicating
that carbon-carbon bond rotation at this temperature is still very
rapid, thus precluding the distinction between each isomer. Furthermore,
since both isomers can have a preferentially populated rotamer, there
is no possibility of a structural assignment based on either 45 (H=S~C-F)

or Jﬂc(F-F) at room temperature,

In order to determine the configurational distribution of

asymmetric compounds in solution, the following compounds were studied:
(BSCH(R')CstR)PtXZ, R=CF, R'-CHB, X=Cl, Br; R=Cl,, R'=CF4, X=Cl, Br, I

ReR'=CH,, X=Cl, Br, I.

-67-



-

Although some complexes with asymmetric chelating diphosrthines

and diarsines are km»mzl'*l"zl"'3

no dithiocether anmalogues have been reported
Irior to this work, For five membered ring complexes with group V donor
atoms, the btridge substituent seems to determine the favoured conformer
adopted by these compounds in solution’29'2*2, Dithicethers differ from
diphosphines and diarsines in that in the latter compounds, there is neo
change in the mumber of isomers regardless on whether the ridge is
symmetric or asymmetric, whereas for dithioether ligands disimilar subs~
tituents on the txridge change the possible number of isomers in solution.

Figure 30 shows the possible stersoisomers of (CFBSGH(CHB)CHZSGFB)RClZ.

G IR P
e —b
ey
e

Mgure 30, Four pairs of diastereoisomers of (GF3SGH(033)CH{ZSGF3)RC12

In order to identify each arrangement with a simple nomenclature,

the relative orientation of the bridge substituent and the adjacent
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sulphur substituent will be referred to as 8yn or amti, followed by
the reference to the relative orientation between both sulphur substi-

tuents, also as syn or anti, as illustrated in figure 31,

F3 FF'3 CH3

CH
| S ?

(ReHy €
S S

SYN-SYN SYN-ANTI

Figure 31, Nomenclature for complexes containing a hridge substituent.

N.m.r. spectra on acetone solution of (CFBSCH(GHB)GHZSCFB)RCIZ
showed the presence of four isomers as expected from the above discussion;

9F B.n.r, spectrum, shown in figure

thus the 94,1 MHz, proton decoupled, 1
32 has four pairs of resonances with platinum satellites. Components
of each pair have the same relative intemsity but it is different from
rair to pair, Two of the pairs are singlets whereas the other two are
quartets due to lc”F‘-lgF' coupling between fluorine atoms in non-equivalent
trifluoromethyl groups.

The presence of the methyl substituent in the Iridge causes the
('.:F‘3 groups in CF'BSC'F[(CIHB)CHZSCF‘3 to be chemically distinct and, as in
the case of (GFBSczﬁusCF‘B)PtCIBr, their resonances occur at well separated

frequencies, 1In agreement with the data from the symmetric

(@‘3SC2H430F3)HGJ.2, through space coupling between trifluoromethyl
groups is observed for two isomers as expected for the syn-syn and
anti-syn configurations. J(F-F) is however, only useful in determining
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which pair of resonances originates from a 8yn or from an anti

structure, but it is not possible to decide which syn (or anti) resonan-

ce arises from which syn (or amti) structure.

'
S
/S \ cl
HC~CH /
| Pt
H \
|
Ch
DD
19 NMR
A
C
B
_L—Mu. VAJ._ A
1
-~ -37.9 ppm from CC13F

Figure 32. '9F n.n.r. spectrum of (P S (CH, ) WS TP, JPECL,.

If molecular models are constructed using the bond lengths from
table 9, it is found that the non bonded distances between the methyl
group and trifluoromethyl substituents is less than the sum of the
van der Waals radii (SWR) in several orientations, Examining the
extreme axial and pseudo-equatorial positions allowed for the methyl
group and according to the next diagram, for an axial orientation of
the methyl group all but the anti-syn isomers show CFB-CH3 distances
shorter than SVWR. Similarly, when the distances between the equatorial

methyl group and sulphur substituents are compared to their SVWR, they
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i (M 55
S S
Diagram I

are found to be shorter for both syn-eyn and anti-syn isomers whereas

in the case of anti-syn and anti-anti structures these distances are

larger. Table 12 gives the distances found to be less than the SVWR.

Table 12
Non-bonded distances less than the sum of van der Waals radii in
(CFBSGH(GBB)GHzSGFB)PtClZ!
Isomer cﬂj-a.xia.l GHB-equa.toria.l Interactions
syn-syn CH3-0F3(I) 053-05'3(1) 3
CBLy~CF5(11)
syn-anti CHB-(III‘3 (1) GEB-CIF'3 (1) 2
anti-anti GBB-CFB(II) none 1
anti-syn none none 0

* Roman numeral refer to Diagram I.

The information summarized in table 12 must be approached with
caution because of the manner in which it has been obtained., It is
interesting to note, however, that in contrast with the results found
for symetric compounds, e.g. (CF;SC,H,SQF;)PtCl,, for which the anti
form predominates, the n.m.r. results for (cFBsca(ca3)cnzscF3)Ptc12
show that an isomer with both cli'3 groups syn relative to each other
is by far - 78% vs, 12%, &% and 4% - the more abundant isomer. In the
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solid state the compound studied has the anti-syn structure described
and from table 12, as an indication of the sort of steric interactions
that can be expected, the a_nt_i_-gzr_x configuration minimizes all inter-
actions between bridge and sulphur substituents. On these bases, it
seems likely that the predominant form in solution is the anti-syn
structure found in the solid state. N.m.r. parameters are consistent
with thlis assignment.

According to the data on table 12 no GH3--C.'F3 interaction is
predicted for the anti-syn isomer; one non-bonded distancé is shorter
than the SWR in the anti-anti structure, two for the syn-anti case
and three in the syn-syn isomer. Therefore after the anti-syn isomer, .
- highly populated as predicted - the next favoured structure would
correspond to the anti-antl orientation and from the n.m.r. data, the
next most intense resonance - 12% - should indeed arise from an anti
arrangement, since l91*'-191? coupling is absent.

Similarly, in terms of inter-substituent lnteractions a syn-anti
structure should be present in larger proportion than the syn-syn
form, the last isomer having maximum steric interactions. The n.m.r.
intensities are in this order, with the lowest population - 4% - for
a syn isomer, followed by &% corresponding to an anti structure,

The structural assignment described is summarized in table 13,

The next compound to be considered is (GHBSCH(CFB)CﬂzsCHB)PtGlz
which also was found by n.rm.r. spectroscopy, to form an equilibrium
mixture of four isomers in acetone solution at room temperature, The
94.1 MHz proton decoupled, 19 n.m.r., figure 33, shows four einglets
with platinum satellites, The relevant n.m.r. parameters are given in
table 14,
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Table 13

Structure and corresponding n.m.r. parameters of (GFBSCH(CHB)GHZSGFB)PtCl

Structure re];tive 5192 16X JLENNRTe 5 L
syn-syn 4 -38.5 +#*.6 +65.5
~45.1 +54.0
syn-anti 6 -37.9 0 68.7
43,9 54.0
anti-syn 78 <4, 0 ++.6 +59.0
=l 4 +59.0
anti-anti 12 42,1 0 58.0
-43.7 62.0
a.g P.P.m. positive to low field of external CClBF
b) Hz.
A B CcC D
[ l | | l ] "
vl
nE T R
e
e
3
19F NMR.
x8 JJ M
T § §— T
-62.56 -66 ppm from CCIBF

Flgure 33, 19 n.m.r. spectrum of (GHBSGH(CFB)CHZSCHB)HCIZ
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Table 14

N.m.r. parameters of (cagicxgcﬁj)cﬂzscnymz

X= cl,
Compound relative 527 J (Pt',-ll')b
%
(@R, SaL)Pec,
Isomer A 4 62,56 10.0
Isomer B 57 =66,00 6.2
Isomer C 8 =62,56 8.0
Isomer D 31 -65.96 8.4
(cﬂ3sca(cF3)cazsca3)Ptar2
Isomer A 6 82,24 9.1
Isomer B 53 -65.75 5.7
Isomer C 13 =62,19 6.9
Isomer D 28 -65,67 7.4
(CH,SCH(CP.,)CH,SCH, ) PLT,
Isomer A 5 -62,02 6.1
Isomer B 52 -65.55 3.6
Isomer G 19 -61.74% 4.4
Isomer D 24 -65.49 5,1

&;P.P.m. positive to low field of external CCI3
b)Hz,

Unlike (CF3SCH(GH3)GE1230F3)P1’.CIZ, no direct evidence for the
structure corresponding to each resonance is avallable for any of the
compounds formed by CEBSCH(GFB)GHZSCHB. The correlation between each
isomeric form and the n.m.r. parameters must therefore be made by
comparisons with pre_assigned structures. Substitation of methyl by

trifluoromethyl groups gives small changes to parameters affected only
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Table 15
Structural assignment for (Rscza(R)c112.=.m)1>t.x2

STRUCTURE

Compounds sSyn=syn syn=anti anti-syn anti-anti
(cr3scn(c33)cnzsm?3)9tc12
relative & 4 6 78 12
5195 -100.5  =154.7 -98.3 -202.3
(CHBSCH(CFB)CHZSCHB)HCIZ
relative % 4 8’ Y4 31
§195p -195.3 -165.6 -192.8 =219.4
(cﬂjsca(ch)c:zzzsc:x13)1>t'.13r2
relative % 6 13 53 28
5195p¢ -580.8 =554 =580, 4 ~618.9
(m3scn(cF3)cxzsca3)Pt12
relative ¢ 5 13 52 24
5195 -1399.3  =1371.4 -1397.9 ~1427.3
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by atomic dimensions; thus models of (CHBSCH(GFB)GHZSCH3)PtClz using

bond distances from similar CO!pOundsl5'22°

produce a similar set of
results to those given in table 12. Interatomic distances and
van der Waals radii variations and therefore changes in the relative
intensities of non-bonded interaction could be expected. The relative
population for isomers of (CH3SCH(GF3)CHZSCEB)RCIZ,(table 14) are
57, 31, 8 and 4%, For (CFBSCH(CHB)GHZSCFB)Ptclz, the order of increas-
ing population is':

anti-syn > anti-anti > syn-anti > syn-syn

Assigning this order to (caBScH(cFB)cnzsca3)Ptclz, gives the
results shown in table 15.

It should be noticed that although the structural assignments of
table 15 are based on the assumption that the relative isomeric distri-
bution is dominated by the repulsive effects, it has led to the correla-
tion of the largest value of 6195Pt to the same anti isomer in all
asymmetric compounds, and has related to a pair of syn isomers
(syn-syn and anti-syn) the only pair of platinum chemical shifts found
to occur within 3 ppm of each other. This trend of platinum chemical
shifts, consistent within a series of different compounds is considered
as indirect evidence in support of the original assignment.

Mnally, the possible structures of (Gﬂ,jsCH((.‘J"B)CH(C‘.I“B)SCHB)Pt)C2
X=Cl, Br or T will be discussed. As described in chapter I
cx3scs(cp3)cn(cr3)scx3 having two chiral carbon atoms in the tridge has

two possible isomeric forms, meso and () shown in figure .
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SCH, SCH, |  SCF

H§$1C H§$;CF §F§61$§f
F C<"H HCE | EC™7h

SCH, SCH,” | SCH

wl]

MESO -

|+

)

Figure 34, Isomers of (I.'E13.°»(I.'EI(GI-‘3)CH(CI"})SC.!EI3

Rotation about the central carbon-carbon bond will produce two
additional spatial arrangements of both isomers, These conformational
isomeric-etructures IA, IB, IIA and IIB in figures 35 and 36, represent
three pairs of mirror images., IA is identical to the mirror image of

IB and vice versa, therefore the pair IA and IB are equivalent to IA

and its mirror image. IIA and IIB ae a pair of enantiomers are however

S SCH, SCHs
CRHLSAAH  EC A -SCH
SCH3 cg

I IA IB
MESO

Figure 35. Enantiomers of the meso form.
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SCH SCH,

EC H CE
37 5eH SCH_ S
I 3

SCH SCH3
3C5}2§{CF 3 BCKSCH

SCH, SCH,
st S
AR
3 3
Ch 18 CR
(%)

Figure 36, Enantiomers of the (I) form.

W

w L 41

chemically different. In order to discuss the possible isomers of the
complexed ligand, it will be sufficient to comsider the gauche forms

of both meso and (*) isomers, since these are the only forms capable
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of forming complexes. These structures are shown in figure 37. Clearly,

C% CF3 H
SCH3 H SCH, FéC SCH3
SCH3 H SCHy EC SCH

3
H CE . H

MESO (%)

Figure 37, Gauche form of meso and (¥) isomers.

the fact that we can eliminate other ligand structures to clarify this
analysis, does not imply that conformers can exist as isolated species
at room temperature,

Since individual enantiomers are indistinguishable by n.m.r.
spectroscopy, the same results would be achieved by considering both
or only one conformer of each pair of mirror images IA, ITA and IIB.
Furthermore, if rapid rotation about the carbon-carbon bond, as found
for the free ligand, is mantained after formation of metal complexes,
the interchange between axial and peeudo-equatorial positioms of proton
and trifluoromethyl group would result in an averaged signal. The
distinction between structures ITA and IIB will no longer be possible
and, as a result, only two structures, described in figure 38, could
be detected by n.m.r. techniques,

An important difference between the magnetic properties of these
structures is that, although averaging of the meso form will make

indistinguishable each static orientation of the trifluoromethyl groups,
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"MESO (=)
Figure 38, Averaged meso and () isomers

these groups will nevertheless remain chemically non~identical one to
each other, since they are trams to a different carbon substituent,
However, CF; groups in the (%) isomer are equivalent rega.rdlesao ftl'xeir
relative orientation. Rapid rotation about the carbon-carbon bond
will therefore, produce similar n.m.r. resonances for both isomers,
Complexation imposes a restriction on the rotation of the
GI-I}S_-Q_ bond, fixing two possible orientations of the methyl substituents
in the same way found for other dithioether complexses, The relative
Position of the sulphur substituents and the meso and (*) orientations
of the bridge subetituents, involves geometrical possibilities leading
to isomerism and gives rise to three meso isomeric structures A, B and
C in figure 39 and three () isomeric structures D, E and F. In the
diagrams used in figure 39, the S=-Pt-S plane is perpendicular to the
paper plane with the platinum atom behind the diagram. The figures
represent averaged structures and therefore, in structure A for example,
triflucromethyl groupe will be rapidly changing between axjal and

Pseudo-equatorial positions.
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Figure 39, Possible isomers of (GHBSCH(CFB)N(GFB)SGHj)PtCIZ.

Each set of meso - A, Band C - and () « D, E and F - isomers
represent a non interconvertable group of isomers. Within each set,
however, each structure can undergo & change of configuration only
by inverting the orientation of the methyl substituents, This fact
gives some indication of the relative proportion of meso and (f) isomers
expected, since.their ratio will depend on the relative proportion of
meso and (¥) isomers in the ligand mixture originally used.

To ensure that both isomers of the ligand had similar opportunities
for complexation, the formation of the Pt(II) complex was followed by
n.a.r., spectroscopy. The reaction studied was:

» L(EZOH) + n Ma,PtCl, (EtoH) —22C5 n LPtGL+ m - n L + 2Racl
where L= c33sm1(cp'3)mi(cﬁ‘3)scu3 and m > n
The experiment showed that the relative proportion of meso and

(*) isomers in the pure ligand was manteined throughout the reaction
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of complex formation. The composition of the excess ligand remaining
after the reaction was complete, showed the same proportion of meso to
(%) isomers found initially for the pure lfi.ga.mi(l%eﬂ

Since the ratio was approximately 2:1 (meso:(t)), a larger popu~-
lation of meso than () complexes is expected.

It should be noticed, from the structures in figure 39, that two
different types of n.m.r. resonances will be produced, depending on the
relative positions of the sulphur and bridge substituents.
Trifluoromethyl groups are equivalent in isomers A, B, D and E and
therefore, their resonances will be distinct from those arising from
isomers C or P in which both trifluoromethyl groups are non-equivalent.

191' n.m.r. spectra were recorded, as for previous complexes, at

94.1 Miz with heter omuclear proton decoupling and are shown in figures
40, (CH,SCH(CF;)CH(CP;)SCH;)PEX,, X=Clj 41, X=Br and 42, X-I.

I I I v

/
I Il c-CH N

\
w

1
9F NMR

N\ M

| -61.25 ppm from CCLF

Figure 40, 19F n.m.r. spectrum of (GHBSGH(CFB)CH(CFB)S@{B)RGIZ
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'_6118 ppm from CCLF

K

M

D

-61.07 ppm from CCLF

Figores 41 and 42, 1% n.n,r. spectra of (GLSCH(CR;)GH(QF,)SGL,)PHK,

X=Br and I.
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The relevant n.m.r. parameters of: the complexes discussed are given

in table 16,

Table 16

N.m.r. parameters of (CHBSCB(GFB)CH(GF‘B)SGHB)MZ

X Isomer % 519 s19%pt J(F-F)® J(Bt-F)P
¢l Iv 18 =65.5 -231.2 0 6.1
1r1° 13 -64,09 -200.8 9.5 5,0
-59082 1300
I 3 =60,11 «201,2 0 10.6
v° n -64,13 ca9
-59076
111° 18 -61.51 ca9
=60.90
II 51 -61,18 -596.4 0 4,3
I 2 .590% -5%01 O 906
I Iv 13 =66,26 . 1469,.8 0 3.5
1I1° 9 =63.9 -1424.,0 9
=59.5
II 73 61,07 -1425,9 0
I 5 -59.54  -1415.7 0 7.0
a) p.p.m. positive to low fieid of external CcljF
b) Hz,
¢) Values o:&’é(:‘i‘3 for two chemically distinct GF3 groups,

The number of isomers that can be detected at rooam temperature
is not constant. For both chloride and iodide complexes, 4 isomers
vere observed, whereas the n.m.r. spectrum of the bromide complex showed
the presence of 5 different structures., There are two alternmative

reasons to explain why the number of detected isomers would be
N



different from the six structures predicted. One is that the analysis
of possible isomers failed to comsider some factor forbidding a givenm
structure or structures, It seems extremely unlike however, that
the possibilities of spatial arrangements for the bromide complex would
be different from those possible for chloride or iodide compounds., On:
the other hand, it seems more reasonable to assume that although all
six structures expected are feasible, the levels of population can be
vanishingly small for some isomers and, in consequence, undetectable
by the instrumentation used in this work,

Each 191" n.m.r. spectrum shows three singlets and a doublet of
quartets except for that corresponding to the bromide complex, in
which an additional pair of quartets is present., The presence of
three singlets confirms the assumption that rotation about the carbone
carbon bond is faster than the n.m.r. time scale at room temperature,
for it that were not the case, trifluoromethyl groups in structures
A and B would no longer be equivalent and only two - instead of three -
singlets, arising from isomers C and D, would have been observed
(see figure 39).

As expected for resonances of the asymmetric CF3 groups of isomers
C or P, the intensities of each quartet are equal. Therefore, for all ‘
compounds three symmetric isomers are present in a measurable proportion.
Although it is likely that the structures of these isomers are the same
for all three chloride, btromide and iodide complexes, there is no
experimental evidence supporting this suggestion. Only one asymmetric
isomer was found for both, chloride and iodide compounds, whereas two were
Present for the btromide complex. The origin of this difference is not
clear,

At this point, the information on individual structures is still
ambiguous. A more precise identification of each structure was possible

by studying the variation of n.m.r. parameters with temperature. The
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results obtained are discussed in chapter III with other dynamic

n.n.r, results,
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CHAPTER III

DYRAMIC N.M.R.
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CHAPTER III
DYNAMIC N.M.R.

Introduction.
Most studies of dithiocether and related complexes have been based
on dynamic n.m.r. spectroscopy, in which the effects of variable tempe-

rature or concentration are analysedzz'ZB'Zé.

In particular, the study
concerning the interconversion of isomexrs in solution, which is a tem-
perature dependent phenomenon, is producing an increasing amount of
information on the mechanism and energies involved in this processzb"zs.
This chapter presents the results of variable concentration n.a.r.

for the reaction of (GHBSCZHLFSCFB)RGJ.Z with KBr and those of variable
temperature for (cx.i'3sczausc!'3)Js'tcl2 and (cxascx(cx’a)cx(cr3)sc&3)?t12.

Variable concentration.

The preparation of hydrocarbon dithioether complexes of platimum(II)

and palladium(II) invariably occurs in two steps?-B,Zlm-zb,é

as shown in
figure 43,

Intermediate A is, in general, a stable speclies, easy to isolate
and has been characterized before for several differemt ligands. The
second reaction to produce the covalent 1:1l complex B, require relatively

high tenperature23 'ZM'.

In contrast, fluorinated dithioethers, where
R-CF3 or CcF., react in a different way, apparently without formation
of intermediate A as an isolable species, Thus the presence of
electron withdrawing substituents at the ligands, seems to favour the
formation of compound B rather than the production of compound A,

To obtain more information on the influence of fluorinated
sulphur substituents, the halide substitution reaction involving the

asymmetric chelate . complex (CEBSCHZGHZSGFB)RCIZ was studied . This
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2RS—SR + 2 PtCl, ‘

1,

(RS—SRLPH" PtCL)” A

H

2(RS—SR)PLCI B

2

Figure 43, Obtemtion of complexes (SR-RS )P‘I’.Cl2

3 Br
N/
Pt
C/ \Cl
e / CHy N CE
S Cl &3 Br
( \\Pt e Br ( \Pt/
/
? \Cl \ S/ \Br
o o &
S Cl
N
Pt
(/ \
S Br
EHy

Figure 44, Possible products from the subetitution reaction.
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reaction,described in the experimental part, isespecially suitable for

this experiment because three different situations can arise: halide

substitution taking place A)preferentially trans to a ca3s- group, B)

without any preferred orientation and C) preferentially trans to a

3

group, The possible stereospecific reactions are shown in figure 44,

Compound

B NMR

—JPt-F

il

S Pt-F
»J
Only one isomer
is shown

Figure 45, Predicted 191? n.n.r. resonances, Letters demote substitution

taking place preferentially A) trans to C!.'i3
Cl"3s- and B) without preference.
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Each case, A), B) or C) would, in principle, give rise to completely
characteristic sets of n:m.r. parameters as shown in figure 45,

The n.m.r. patterns expected for the cases A) and C), i.e.
substitution trams to a GBBS or to a GFBS group respectively, are
simllar and the distinction between these cases would have to rely on
differences in J(Pt-F) since, as discussed earlier, the tromide subs-
titution trans to the GFBS group gives a decrease in J(Pt~F), whereas
the reaction giving rise to a cis-Br substitution, relative to the
GFBS group, should have no effect on the Pt-F coupling constant on
the assumption that no cis effects are present.

Unexpectedly, the experiment produced a completely different set
of more definite results.

A selected set of experimental n.m.r. spectra, over the whole
range of concentration ratios used, are shown in figure 46,

The 56.4 Miz, 1OF n.m.r. spectrum of the pure complex, shown at
the top of figure 44, shows two single resonances with platinum satelli-
tes corresponding to the syn and anti isomers present in solution.

The most important feature of this sequence of spectra is the
single resonance appearing at-39.7 ppm as the concemtration of Br is
increased, The singlet arises from an uncoordinated CFBS group since
it shows no platinum=fluorine spin-spin coupling. The fluorine
chemical shift is very similar to that found for
cls~-(CF4SCH,CH,SCH, ), PtCL, (<#1.0 ppm), which has two non bonded CF,S
groups, This resonance appears at very low concentrations of KBr.

Slight broadening of the signals occurs when the amount of KBr is
increased, provably reflecting a site interchange process as the reaction
Iroceeds, There is no indication however that additional, different
halide species are present. The resonances arising from the chloride
coiplex change by decrease in intensity only, without substantial

change of shape.
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Interestingly, the relative intensities of both isomers and
therefore their concentrations, show no appreciable variation either.
The results described are conpa:f.ible with the following reactions.

CE. CE
é 3
N /
//

+ Brr Pt
/N
$ Br
CH3 - CHy
Br Cl
N_/ _ N\ /
Pt <— DBr -« /Pt
VRN A\
CF3S-—-—§ Br CF3S—‘S Br

It must be emphasized that the compound in trackets is not intended
to represent a transition state, It is used only to point out the
rupture and formation of S-Pt and Br-Pt bonds, respectively,

The mixed chloride-tromide complex could be A or B in figure 47,
The complex was not isolated, but the reaction of (IBBSC‘.HZ(L‘HZSGI"'3 and
[Pdclu]z‘ afforded a tridged species, similar to A, characterized by
analysis and molecular weight measurements and it is probable that a
similar structure is formed in the present reaction.

In any case, the results show that the concentration of the chelate
complex is undetectable by n.m.r. spectroscopy when the concentration
of KBr reaches a 1li:l ratio, clearly indicating that preferential

btromide substitution takes place trans to the GFBS group.
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Figure 47, Possible products from bromide substitution in
(cﬂfcznuscra)nclz.

When the concentration of KBr is larger than that of
(GH3SG!IZGHZSCF3)RC12, subsequent reactions do not appear to affect the
n.m.r. parameters, This is consistent with the now remote position
of the fluorine atoms in the molecule.

If these results are kinetically controlled, the course of the
reaction could be explained by assuming a larger trans effect of the
CF3S group than that of the CH.S substituent. A similar argument

3
Provide a rationale for the apparently different stability of inter-

mediate A in page 89 , since ligands in ERS-SR)ZPO]2 +[PtClU] 2~ would

G
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labilize each other, facilitating the formation of the 1l:1 complex.
Clearly however, the suggestion that trans effect increases from GHBS
to chS, can only be tentative and more evidence is required to draw

any definitive conclusion.

Variable temperature.

Because of lack of time, a full study of the dynamic n.m.r. of
all compounds reported here was not possible, Instead, two representa-
tive examples were examined, The first example is that of
(GFB:?CZHASCFB)HCIZ chosen for comparison purposes, since its correspond-
ing hydrocarbon analogue has already been atndied23'28. The second

compound examined was (casscn(cz'B)cx(cx'B)san)Puz.

The 56.4 MHz variable temperature 1911' n.m.r. spectra of
(cnra,esczn,,’scni'B)1>1~.<:12 in dimethyl digol ((caj-ocnz-cnz-)zo) solution,
are shown in figure 48,

As for other dithioether complexes the pair of resonances observed
at room temperature, arising from the presence of syn and auti isomers,
gradually became btroader as the temperature was increased until,
eventually both signals coalesced into a singlet. These experimental
results have been expla..‘n.nedz2 in terms of the process shown in figure

b9,
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Figure 49, Averaged planar structure resulting from sulphur inversion.

This process of inversion of configuration at sulphur increases
its rate with temperature until eventually it takes place very rapidly
in the n.m.r. time scale and only an averaged structure is observed,

In studies of sulphur inversion or other fluxional processes
for which an energy barrier between differemt molecular arrangements-
is presenmt, the thermodynamic parameter normally used to describe this
barrier is the free emergy of activation A GrR4, 247=245
The simplest method to determine A et requires the evaluation

of a rate constant K, equation I, at the coalescence tenperatnrezjo.

K 1s, in turn, related to AGT according to the Eyring equationZolTI,

K=1i/{2" Av,p

ln K= 1n KT/h - A /w11
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Where AvAB is the chemical shift difference between the equally
intense resonances A and B in the absence of exchange, KB and h are
Boltzman's and Planek's constants regpectively, R is the gas constant

and T the coalescence temperature (K).

Approximate methods, like the one involving equationm I incur large
en-ors252' . Therefore, unless a complete line shape analysis is perform=-
ed253, it seems more convenient to compare coalescence temperatures which
if other factors are comstant, are proportional to the energy barriers.

The coalescence tenperatuﬁ for the compound studied here is given

in table 17, together with coalescence temperatures reported for similar

compounds,
Table 17
Coalescence Temperatures., (Tc, °C)

Compound Te
I (PSR, SCF,)PECL, 119
T (ca3scznusc33)1>tc1223 100
IIT  (BtSC,H,SEL)PCL,> 80
v (er"scE,ser)ral,? 95

Prom the coalescence temperatures of the more directly comparable
compounds I, and II, it is evident that the barrier of sulphur inver-
sion is larger for the fluorinated complex I. The factors affecting
this barrier are not complete underatood, tut the information available
indicates that the rate of inversion is controlled by a) the metallic
cetrtre23’254 , the inversion barrier rising as the atomic number
increases, b) steric factors’H) 1256 and c¢) factors related with electronic
changes at the donor atom during inversion257'26o.
Sulphur inversion is sensitive to steric factors particulaliy

when bulky_groups in a molecule tend to adopt a configuration which
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minimizes steric interactions; this is not tlhe case for either compound
I or II since in each complex both isomers are highly populated. Om

the other hand, the electronic changes at the centre of inversion

depend on the substituents at the donor atom and on other ligands,

Two mechanisms have been suggested to rationalize this process. In 1967,

Haake and Turley>' suggested the mechanism depicted below.

f/C
L L R-C L
Pt S\RC—-, Pt,_STE=PES

HE 50. 'Haake e.Turley' mechanism for sulphur inversion.

The inversion process is described as an internal displacement
of one lone pair by another and in this sense, it is an intramolecular
displacement process rather than a true inversion of configuration.

In structure A, Pt, S and both carbons are coplanar and therefore
the sulphur atoms retain tetrahedral configuration during the process,

Alternatively a more widely accepted nechanisnzu'zg'm, similar to

that suggested for inversion at nitrogen261, and sr.v.lphoxideszs‘2 is

shown in figure 51, This involves the passage through a transition
state in which the lone pair has pure p-character, Inversion of
configuration occurs through a coplanar, or nearly coplanar, arrangement
of substituents around the cerntral sulphur atom in which bonds of the

donor atom represent a sp2 hy‘tn‘idizationsz.

Recently Abel and Co-workers%'zqe, have suggested that the

‘distinction- between a) both sulphur lone pairs bonding simultaneously

=30



Figure 51. Classical mechanisam for sulphur inversion.

to the metal (Haake-Turley mechanism) and b) a o bond with the remaining
lone pair in a pure p orbital at sulphur (classical mechanisam), has no
Physical significance and therefore both mechanisms could be regarded

as static representations of the same process, The equivalence of both
mechanisms is perhaps clearer if the electronic localization in the

transition state is avoided as in figure 52.

l C
t-—-Se — P = pt—sl
\c C C )
Figure 52, Mechanism for sulphur inversion.

According to this description of sulphur inversion, the larger
coalescence temperature of (CF3SCZH4SCF3)RCI2 compared with that of
the hydrocarbon compound, can be explained by the increased electro-
negativity of the sulphur substituents, which will increase the S
character of the lone pair, This situation would hinder the process

«~100=



of inversion risen the energy barrier and the coalescence temperature.
Additiona.lly and probably operating simultaneously, the

vibrational mode inveolved during inversion would be affected by the

increased mass of the sulphur substituents from which an increase in

coalescence temperature is also expected.

As discussed in chapter II, 191? n.m.r. spectra of
(%SGH(CFB)GH(CFB)SCHB)MZ, X= Cl, Br or I, are compatible with the
presence of four (X= Cl and I) or five (X= Br) isomers. The data
obtained at room temperature is, however insufficient for a precise
identification of the structures present in solution. To obtain
additional information about the origin of each signal, spectra of
(GHBSCH(GE'B)(‘.’H(Cl"B)SGH3)PtI2 were obtained at different temperatures.
The iodide complex was chosen because coalescence temperatures in other
dithiocether complexes of Pt(II) are nown>> to decrease, after halide
substitution, in the order C1> Br>I, and a process taking place at
relatively low temperature was desirable if it had to be measured in
an acetone solution of the complex. Unexpectedly two different
processes were detected. Figure 53 shows the effect of increasing
the temperature from 25311( in which three singlets, I, II and III and
a pair of quartets, IV, are present. At 29:;'Kthe changes of singlets
II and IIT show an opposite trend since signal III has troadened and
has almost disappeared, whereas resonance II has narrowed becoming
a sharp signal, Simultaneously, quartet IV and singlet I have
followed a similar process and are almost undetectable at this tempe-
rature, PFurther increase in temperature produces broadening of
singlet II and, at the same time, a more defined coalescence of signals
IIT and IV takes place until, at the temperature limit of the experiment

the coalescence is almost complete and has produced a symmetric, though
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Figure 53, High temperature 191? n,m,r, spectra.

very troad, peak. The behaviour of the spectral changes just described,
is very similar to those observed for closely related dithioether

complexes of Pt(II )22’23'28

, for which the dynamic process has been
®stablished to occur because the rate of inversion of configuration at
sulphur is directly proportional to the increment in temperature. This
similarity suggests that a comparable process takes place for
(CBBSCH(CFB)CH(CF3)SCHB)RIZ. The coalescence temperatures found for

resonances III -and IV is of the same oxrder of magnitude as those
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neasured for similar compounds, shown in table 18, for which the dynamic

n.m.r, reflects the interconversion of isomers described above, further

Table 18

Coalescence Temperatures for Iodide Complexes

Compound coa.lesceneeogenperature
(MeSCH,CH,SHe )PLI, 872
(BtSCH,CH,SEt )PtI, 502
(Pr"SCa, CH,SPr" )P, 50%
(erlsca,asert eI, b7
(BunSGHZGHZSBun)PtIZ 672
(nesca(crj)cn(C?B)sue JRtI, 70

a) Reference 23

suggesting a similar origin for the spectral changes observed.

For both, meso and {¥) isomers, sulphur inversion can occur either
simaltaneously at both sulphur atoms or at single sulphur atoms.
Coalescence of resomances III (syn) and IV (anti) suggests that the
Fredominant process is inversion at single sulphur atoms, since it
involves the interconversion syn<-anti.

The second process, (figure 54) appearing when the temperature is
decreased also produces broadening of signal II until eventually the
resonance, below its 'low c,oa.loscence temperature’, ITc, splits apart
forming two quartets at 183 K., These changes also suggest that exchange
between two sites in the molecule is producing an averaged signal above
coalescence temperature whereas both sites are distinct below it.

Since the changes have their origin in a molecule in which the orienta-
tion of sulphur substituents is fixed, the dynamic part of the molecule
undergoing such site exchange must be the five-membered ring, particular-

ly the tridge, since this contains the nuclei under observation. The
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Figure s4. Low temperature 19 n.m.r. spectra.

experimental results are in agreement with a slow interchange beiween
axial and pseudo-equatorial positionsof the tridge substituents as

discussed below.
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If rapid rotation about the carbon-carbon bond no longer occurs,
several changes in the original assumptions regarding the isomeric
structures of thesecompounds have to be made, It can still be consider-
ed that mirror images will be indistingmishable by n.m.r. measurements.
Considering each diastereoisomer, the mumber of possible static rotamers
is four and therefore, 24 structures can be drawn. However , there are
a number of structures that are equivalent.

For meso isomers, both orientations in which methyl groups are
mrtually syn to each other give rise to a pair of idemtical diastereo-

isomers - structures I, II, IIT and IV in figure 55.

I

I v

VI

Vi VIII

oo
cEee

MESO

Mgure 55, Rotamers of the meso form.

-105-



-

It is important to notice that subetituents in axial and pseudo-
equatorial positions are chemically non-equivalent and therefore, that
the effect of a rigid carbon-carbon bond will be the adoption of a pair
of airror-image structures bearing distinct tridge substituents, If
both methyl groupe are mutually amti, structures V, VI and VII in figu-
re 55 are possible,

T™wo pairs of mirror images are found for isomers V and VII as well
as VI and VIII and in terms of n.m.r. spectroscopy, the compounds in
each pair are identical. As before, bridge substituents are distinct

in each structure.

’ w P ?/‘\,j X
e
e
__.__,;———
=

Figure 56. Rotamers of the (}) form.
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Pigure 56. Continued.

Following the same order for the () isomeric form figure 56, syn
rethyl substituents can adopt two orientations relative to the rest of
the molecule but, because the hridge is symmetric both orientations are.
identical and produce structures IX, X, XI, and XII from which, as
before, two pair of mirror image structures are obtained; the overall
effect of decreasing the rate of carbon-carbon bond rotation in this
case will be the adoption of two different rotamers where, although

tridge substitution are inherenmtly equivalent, the environment of each
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one makes them distinct.

Each of the poasible orientations of mutually anti methyl
substituents, give rise to a pair of mirror-image structures represent-
ed in figure 56 by rotamers XVII, XVIII, XIX and XX in one isomer and
XXI, XXII, XXIIT and XXIV, in the other. The effect detectable by
n.n.r. spectroscopy, is the formation of a non-equivalent pair of
structures for each orientation. 1In each pair of rotamers, Iridge
substituents are in identical envirdments and are therefore equivalent.

In summary, the n.m,r., detectable effects of a slow rotation about
the carbone=carbon bond are shown in figures 57, 58 and 59. Equivalence
or non-equivalence, in terms of n.m.r. spectroscopy, for pairs of
static diastereoisomers and bridge substituents is indicated by equality
symbols respectively.

In all, three different effects can be expected, Isomers A and
B will transform a single resonance into a doublet of the same intensity.
Since the original equivalence of tridge substituents in A or B is no
longer present in their rotamers, spin-spin coupling is possible., Isomers

0000 . 22490420

A
o+ 0
—_ _ )
— =
B O
®Cr, o+ 0
O CHy
Mgure 57, Rotamers with equivalent structures but distinct substituents.

-108-



ety — oyl

o+ 0
—
%9 == ¢W

F v

| o+ 0

@ CF;

O CHs3

Figure 58. Rotamers with non-equivalent structures and substituents.
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Maure 59. Rotamers equivalent substituents but distinct structures.
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p and E will also change their singlet resonmaance into a doublet. In
this case each signal in the resulting doublet arises from a different
rotamer and therefore, their relative intensity cam adopt any ratio
depending on the relative population of the rotamers. 3Bridge substitu-
ents are equivalent and no coupling between them will be detected.
PMnally isomers C and F, which originally gave a doublet with additionmal
multiplicity due to spin=spin coupling between bridge substituents, will
generate a doublet arising from two distinct rotamers; in which as
before, intensities will reflect relative populations. Each resonance
will bs further split into two signals of the same intensity arising
from distinct bridge substituents and can, therefore, show additiomal
mltiplicity due to magnetic spin-spin coupling.

ISOMERS A AND B . ] ] l

A 7

ISOMERS D AND E

L

ISOMERS C AND F ’ l

vV

FAST SLOW
EXCHANGE EXCHANGE

Figure 60, Expected appearance of the 19 nom.r. spectrum of each isomer
with fast and slow central carbon-carbon bond rotation.
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A schematic representation of the expected results is shown in
figure 60. Spin-spin coupling between triflucromethyl groups in the
bridge is shown and to emphasize the possibility of different isomeric
populations a 2:1 ratio of rotamers has been assumed.

The experimental results are in excellent agreement with the
predicted changes expected for isomers A or B and indicate that the
original interpretation of the phenomenon observed, as a dynamic
process hindering rotation about the carbon-carbon bond, is esentially
correct, Several studies indicate that theenergy differences between

conformers of five membered chelate rings are sma.llzg"'%é. Energy

barriers to conformational inversion are also sma.lllgl'267'268,

Nm.r.
conformational studies of these systems are based on the observation of

coupling constants which are indicative of a preferred ring conformation.

Site exchange is nevertheless rapid and averaged n.m.r. parameters are

always obttained. In contrast, the experimental results described here,

represent the observation of a static conformer. This appears to be

the first report of a five-membered chelate compound with a barrier to

ring inversion high enough to allow n.m.r., detection of a rigid rotamer.

The influence of steric factors in determining the barrier to carbon-carbon bond .

rotation was first recognized by Bailar et a.l.269

; following their
arguments, larger barriers are to be expected for carbon-carbon rota-
tions which produce more or larger steric interactions than those present
on the conformer before bond rotation.

In this sense it is important to notice that although the changes
of resonance II, in figure 54, indicate a relatively high barrier to ring'
fluxion, the remaining signals undergo a similar process and presumably
they will show a similar behaviour at temperatures below the limit of
the experimental conditions used, suggesting the presence of lower

energy barriers. Based on molecular models, increased steric inter-

action resulting from the relative orientaticn of the sulphur substituents
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would be found in the following oxder:

. P10t

g

S B SN b S D B
1Y

Figure 61. Order of steric interactions.

It most be noticed that in terms of steric factoers, meso isomers
seem to have greater interactions between bridge substituents than those
found in (¥) forms. In addition if, as expected, the ratio of meso to
(¥) isomers of the complex reflects the ratio of meso to (¥) isomers of
the ligand, the experimental results could be interpreted by a large
Preponderance of the meso isomer B in figure 39 which shows the larger
barrier to ring inversion and also a relatively high coalescence
temperature., The remaining n.m.r. resonances will then be originated
bty the (1) isomers, in which n.a.r. intensities probably reflect the
oxder shown in figure 61,

The equilibria established could therefore be schematically
remresented as in figure 62, in agreement with the relative populations

éxpected, given in parenthesis.
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Figure €2, Structural assignment for (CKBSGH(GF3)GH(GFB)SCEB)RIZ.
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PLATINUM CHEMICAL SHIFTS
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CHAPTER IV

PLATINUM CHEMICAL SHIFTS

Although the direct observation of 195Pt resonance was first

reported by Proctor and ‘fu27l

, in 1958, the potential of platinum
chemical shifts as an investigative tool in the study of both structu-
ral and electronic bonding features was not demonstrated umtil 1968

when McFa.rla.ne272, Pidcock et 51'174

and Von Zelewsl»:;yz73 showed that
195Pt chemical shifts cover a wide range of values, being sensitive
not only to the ligands present around the metal atom but also to their
arrangement.

The relative low sensitivity of platimm, (9.9% x 10~ for an
equal number of protons at constant field) originally restricted direct
measurements to spectrometers not commonly available but Fourier transform

27% and heteromuclear multiple resonance methods2’>

n,a.r. techniques
made it possible to obtain - JPt measuremenmts with readily accesible
equirment and by October 1977 around 400 platimum chemical shifts had
been 1,eported].ZV,].'ZLIr,Z']l-_-Z?B,2’76--281,283,285,.?.8'7-290. This information,
although extremelly small by comparison with JH or 19F data, has

already been succesfully applied to practical problems; there are
systematic tremds that can be used to predict chemical shifts for com-

84 and erroneous

pounds which have mot previously been studied’
structural assignments have been discovered from the position of their

Platinum :r:eso::;a.m::esZ?7

The explanation of these results however, has encountered enormous
difficulties. Chemical shifts are influenced by several interrelated
Prameters; the factors which affect muclear shielding are still poorly
understood and despite the efforts in the last decade, theoretical

lnterpretations have been of very limited successl74'279.
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In view of this situation, the following discuesion makes no
attempt to quantify the effects observed; instead, its purpose is to
compare the results obtained with data previously reported, emphasizing
the dependence of platinum chemical shifts on the nature as well as on

the structure of the compounds considered.

Following a simplified picture, it is useful to consider the
shielding constant o, as arising from well-defined groups of electrons
~in a molecule, This approach was first suggested by Saika and Slic:h-!;er282

and was later extended by several workerszsq"zsé. The shielding constant

for a nucleus is written as

E 4

o op+0p 1
where o represents the diamagnetic screening for the circulation of

D
291

electrons on the same atom as the nmucleus in question ard o

P
represents the paramagnetic contribution to the screening constantzgz.

For some relatively simple cases in which screening constants
have been calculatedd>-2% ihe theoretical and experimental results
shown discrepancies not attributable to the theoretical calculatioms:
of Op o* Op. Such differences arise from factors which are not consider-
ed by the diamagnetic (cD) or the paramagnetic (cP) terms.

The most obvious of such effects are the contributions arising
from solvents, which are btasically dependent on intermolecular inter-
actions between solvent and golute>> /. On the other hand, imtramolecu-
lar contritutions to the screening constant can also be important.
although very little is known about such effects involved in poly=-
atomic molecules.

In order to include this type of contribution to the screening
constant, an additional term ZcN is included in the definition of o

(equation 1) so that
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c-cD +0P+ZcN 2

it has been suggested that
ZO’N =0g +0pg *+Tg +T 3
vwhere og represents solvent effects which, in turn, have been studied

as the result of several different contributions298; o] is associated

RC
with electric currents present in cyclic nolecules?‘99; Og arises from
electric fields centered on neighbouring a.tou300 and oy can be defined
as

on = IOy -(os +9pa +oE) . 4
including all effects not previously considered.

With the exception of o, all terms involved j.nc;vN are basically

M
contributions which have not been included on considering the relevant
molecular wave functions. As the complexity of molecules grows,
knowledge of exact atomic and molecular wave functions becomes more
difficult to obtain and approximations fail to consider large effects
which are ultimately grouped together within Ty It is nor surprising
therefore, that rigorous descriptions of contributioms to O y &re very
scarce and instead, terms as 'ring contribution'301 or 'bulky atom

etfect 1278

are used to explain experimental trends which are not clearly
understood.

Before discussing the experimental results in detail, it is
convenient to consider, in gemeral, the possible variations of o with
regard to the compounds studied here. For atoms others than hydrogen,
and particularly for transition metals, the non-bonding electronic
distributions are normally assumed to remain practically unaffected
within a series of closely similar compounds.

Plygare and GoodisnanBoz, developed a simple but accurate method
303

to calculate o with which good results have been obtained for nitrogen

and ca.rbonBOQ Similar corrections for platinum chemical shifts however
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have demonstrated that the magnitude of %p represents only a small
comtribution compared with the total variation of 5-99Bt,

For the compounds reported here, the neighbouring-atom diamagnetic
correction would only apply when considering different halides in,

vhich case the values, as aprroximated by McFa.rhne278

, are Cl, 68;
Br, 129; and I, 181 ppm.

Changes in the diamagnetic term are therefore considered negligi-
ble(Aay = 0) and the screening constant for compound i can be written

o +0,+ 30

1 "9 *9p il 5

Jameson and Gutowsky "> have demonstrated that in heavy metal
systems, the chemical shielding is dominated by the paramagnetic term

g
P.
An expression foro , in diamagnetic 5d8 Square-planar (D%) P(1I)

complexes has been formulated by Pidcock et a.l:.wq' as

0 p(Dyy) = AB <r'3> [2“21:25 /AEs,, + ZCZG/AEJ'ES] 6

vhere AEK = EX - E(A'lg)' <r"3> represents a radial average over the
54 orbitals and G(K) are coefficienmts of the metal d orbitals in the
molecular orbitals,

Similar expressions of Op for other metals, also predict a
correlation between chemical shifts and ligand field transition energies
that is linear if the terms <r’3> and the coefficiemts of molecular
orbitals remain constant from one compound to another. Such a correla-
tion has been succesful in a number of 5900 complexes containing
nitrogen and oxygen as donor atoms although the correlation is less
satisfactory when chlorine is attached to 00306'307; Similar attempts

"
to correlate AEi with 5195Pt have been largely unsuccesfull’,

-115-



-

mresumably because none of the variables in equation 6 cam be considered
as a constant within the series of compounds studied. It is therefore
necessary to consider that

oy = 2( <r'3> , C(K), AEL™Y) 7
and only under very special circumstances can the variables involved
in this expression be considered as fixed parameters,

One additional point that will be used later is the effect of
the temperature on T pe Linear correlation between chemical shifts
and temperature have been found for Co°0°, MO and Pt278, Although
there is some disagreement on the interpretation of this effectBll,
it is accepted that it involves a temperature dependence of the term
AEi, Its variation has been attributed to the change in population
of low lying excited levels with temperature-"’. Om the other hand,
it has been suggested that increasing the temperature changes the
population of higher vibrational energy levels, which results in a
lowering of excited states involved im mixing with the ground state,
leading to an increased nuclear resonance frequencyj 10. It will be
sufficient for our purpose to consider the linear variation of 6195Pt
vith the temperature as arising from changes of A Ei,

Mnally, since the last term in equation 5 involves the summation
of contributions which frequently are dependent on specific compounds,
it will ve discussed together with the experimental results below.

Table 19 gives the platinum chemical shifts for each compound

studied and the quantity A Son defined as

B8y = [5a =54 8
where 5n and 6n are the platinum chemical shifts associated with isomers
2 and n of compound i.
The reference system used throughout this work takes as arigin

(0 ppm) the resomance of cis - (Me,S),PtCl, which is taken as having
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Table 19
195p¢ Chemical Shifts

Compound 5 79ptP Adgn

(GF,SCHL,CHSCF 5 )PtCL,

Isomer A anti - 232.8 AB = 55,3

Isomer B syn - 177.5
(crjsmzcxzscrj)ncm |

Isomer A anti - 440.8 AB = 138

Isomer B syn - 402.8
(C!‘.),S(HZCHZSCFB)RB:Z _

Isomer A anti - 666.9 AB = 29.4

Isomer B syn - 637.5
(CFBSCBZ(GBB)CHZSCFB)Ptch

Isomer A syn-anti - 154,7 AB = 4.2

Isomer B syn-syn - 100.5 BC = 101.8

Isomer C anti-anti - 202,.3 CD = 104.0

Isomer D anti-syn - 98.3 DA = 56,%

NP AC = 47,6

BED = 2,2

(CFBSCH(CEB)GHZSGFB)PI'.BI'Z

Isomer A syn-anti - 599.7c AD = 29,4

Isomer B syn-sym HDc

Isomer C anti-anti .1}

Isomer D anti-syn - 570.3
(GFBS(HZCHZSCHB)RCIZ

Isomer A anti - 239.1 AB = 3.7

Isomer B syn - 235.8
(CHBSCFZGHZSQiB)PtCIZ

Isomer A anti - 122,1 AB = 7.4

Isomer B syn - 114,7
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Table 19, contimmed.

s195p¢

Compound Aam
278
(mjscazcazscnj)nm?
Isomer A - 248.0 AB = 15
Isomer B - 233.0
(c:xajsxca(cx!'B)GH(c:xs'3)scaj)m-.cl2
Isomexr A ' - 231.2 AB = 30.4
Isomer B - 200.8 BC = 3.3
Isomer C - 204.1 CD = 2.9
Isomer D - 201.2 AD = 30
AC - 2701
BD = 0.4
(m3sca(cr'3)cn(cr3)scx3)1>tarz
Isomer A - 628.4c AD= 132
Isomer B NDc IE = 2.3
Isomer C 1) AE = 4.3
Isomer D - 596.4
Isomer E - So4,1
(cxIBsc:xrx(cxi'B)c:a(c:n'B)scaj)Pu2
Isomer A -1469.8 AB = 45,8
Isomer B =1424.0 BEC = 1.9
Isomer C -1425.9 CD = 10.2
Isomer D -1415.7 DA = 4.1
AC = 43,9
BD = 803
(%sca(cwj)cazsca.})muz
Isomer A syn-syn - 195.3 AB = 2.5
Isomer B anti-syn - 192.8 BC = 27.3
Isomer C syn-anti - 165. M = 53.9
Isomer D anti-anti - 219.4 DA = 24,1
BD = 26.6




Table 19, continued.

Compound 5195Pt A
(ca3$cﬂ(cr3)cazsca3)1>tnrz
Isomer A Syn-syn - 580.8 AB = 0.4
Isomer B anti-syn - 580.43 BC = 26.4
Isomer C syn-anti - 554.0 CD = 4.9
Isomer D anti-anti - 618.9 DA = 138.1
AC = 26.8
BD = 38.5
(<:1=.{3sczi(c:17'3)<:xalzscxa3)1>t,12
Isomer A sSyn-8yn -1399.3 AB = 1.4
Isomer B anti-syn -1397.9 BC = 26.5
Isomer C syn-anti -1371.4 CD = 55.9
Isomer D anti-anti =1427.3 DA = 28
AC = 27,9
ED = 2904
(CHBSm(GHB)CHZSGH3)Ptclz
Isomer A - 215.5 AB = 54,9
Isomer B - 160.6 BC = 18.6
Isomer C - 179.2 AC = 36.3
Isomer D KD
(GFBSCHZCHZSCHB)HCIZ
cls . - 251 aT - 3.2
trans 118.1
((:61'55&:21143&13)ZPt«:J2
cis - 36.5 Cr = 152.6
Trans 116.1

b

21950, 21 420 980 H227S,

¢) insnfficiently resolved to be determined.

«]22-

&g structural assignment as discussed in chapter II
P.p.m, positive to low field cis-(Me,S),PtCl,, for which
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= (19pt) = 21 420 980 + 10 HZ%7S, Convertion between scales used in
the literature is in most cases trivial and for other scales, Goodfellow
g}_g}_?w have given adequate correction factors. 6195Pt are taken as
positive at high frequencies,

In order to discuss the results, 3 different cases have been
distinguished. A) changes of 5 Pt on substitution of the neutral
ligands B) changes of 5195Pt on halide substitution and C) changes of
5195Pt for different isomers of each compound.

A) Changes of 5195pt on substitution of the neutral ligands.

The presence of different lsomers and therefore differenmt platinum
chemical shifts for each compound, makes the direct comparison between
single values very difficult since the number of isomers is not the

sape for each compound. Altermatively, it is possible to contrast ranges
of values rather than single values or compare averaged values defined

as

Sav = & Xndn 9

vhere Xn is the population of isomer n as determined by integration of
their n.m.r. resonances, aav may or may not have a definite physical
meaning, Its relation with the single value of platinum chemical
shift above the coalescence temperature may change from compound to
compound but it is probably a valid indicator of the variation of
6195Pb for closely related compounds, éav are listed in the following

table,
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Table 20

Values of Averaged Platinum Chemical Shifts

Compound Sav
(cr.'jscazcﬂzs<:11-3)Ptcu.Z - 212.44
PtEr, - 658.66
cr3scazcﬂzsca3)1>tc1.z ) - 236.91
((HBSGFZCEZSCHB)HC]? - 117.80
(canScﬂ(cxij)cﬁzscr'B)m-.cl2 - 114,44
(CEBSGH(C?B)CE(GFB)SGBB)RGI; - 194,25
PtI, -1430.75
(CE3SGH(CF3)CEZSCH3)H:CIZ - 198.96
PtBr, - 587.76

PtI, -1399.97

a) average only over interconvertable iscmers.

The only values of 6195Pt in a dithioether complex that have
been reported previously correspond to the anti and syn isomers of
(MSCH,CR,SMe JPLCL,, determined by McFarlane’’ . Incluling this
value, platinum chemical shifts in complexes with the general formula
(BSR'SR)PtCL, extend over 150 ppm, from =98.3 in isomer D of
(Glfjsc.'a(c:aj)cxzscr"B)1=~t-.cl2 to =248 ppm for isomer A of
(MeSCH,CH,SMe )PtCL,. In comparison with the total range of platimua
chemical shifts - over 6000 ppm - this set of values is marrow enough
to be characteristic if used with caution. It is interesting to note

that nejther the values reported for the similar compounds
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cis-trans(RR'S),PtCl, nor those for cis-trans (RSCH,CH,SCH, ) ,PtC1,
where Bf-CFB or 06F5 (monodentate ligands), are found within this set.
On the other hand some mixed halide platimmm complexes of sulphides
and selenides have been found to display § 95P|; in the region

considered. Some examples are givem in the following table..

Table 21

Selected Values of 6195Pt in the region
=100 to =250 ppm.

Compound 519554279
trans - (Me,S),PtBrCl - 106
cis - (Me,S),PtErCl - 152
cis — (MeFNS),PtErCl - 114
cis - (Me,Se),PtCl, - 198
cis = (Me Se) PtBrcl - 182
trans - (Me,Se),PtErc1’’’ -218

The amount of data available for bromide and iodide complexes is
smaller than that for chloride compounds and therefore probably less
significant, Nevertheless, from table 19, comparative ranges of
values are found. Platinum chemical shifts for tromide complexes
span 112 ppm and for iodide compounds over 98 ppm.

Comparison with cis-trans(ER'S,)PtX, where X= Br or I, shows a
sinilar specificity to that found for the series of chloride complexes.

On the other hand, although 150 ppm is small set of values in
relation with the total range known, in itself, it is large enough
to reflect small differences between closely related compounds.
According to expression 5, the differences in 5199t arise fromo
and the terms involved in Iog and thus is virtually impossible to
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compare values of 51°°Pt when both variables can change independently.
Considering exclusively the effects of electronegativity on the S-Pt
bond in complexes I.I-"i:.l:!l2 containing the ligands MeSCH,CH,SMe,
NeCSCF,CH,She, CF,SCH,CH,SCH, and CF,SCH,CH,SCF,, the succesive substi-
tution of hydrocarbon by fluorocarbon groups would be expected to
produce successive displacement of their platimum resonances, resulting
in a distribution in which HGSGHZGHZSHG and (;'!i'BSCHZGHZS('.'F'3 would occupy
both extremes; GHBSGII'ZGHZS(‘.'K3 is expected to be closer to the hydro-

carbon ligand than CFBSGHZGEZSGBj. Mgure 63 includes the values of
6195Pt for both isomers of each compound.

Al f .0 L
7p)
[0 g
]
2
®)
|
8
-~ as0 -200 250
5(9p1)

C,=(CF3SCH,CH,SCF3)PLCL,
[, =(CH3SCHyCH,SCHyPICL,

Mgure 63, Valnes of platimum chemical shift.

It is evident that mot only is the ordering of 5 7JPt different
from that expected tut also that other parameters like the large
difference between the complexes containing OB ;S CHL, CHL,SCH and
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cmjscrzcazsm% and the variable slope, related with AéA.B,_ show tenden-
cies which cannot be explained exclusively in terms of the variables

mf@z%S%on 5 foro

0L GapLoeS P
The effect of fluorine substitution in the hridge is particularly
imtriguing. The difference in 510Pt for both isomers of
((:333cll'zcznzscxaB)Pt.c12 with respect to those of (GIBSGXiZGHZCHZSCHB)?tClz,
represents a substantial proportion of the complete range cbserved for
dithicether complexes and yet, the effect that the fluorine substituents
on the bridge can produce on the electronic distribution of the sulphur-
platinmum bond, cannot be assumed to be greater than that produced by
the far more electron-withdrawing CF

3
The effect of variations of the sulphur-platimum bond on the

substituent.

parameters of equation 6 and the corresponding changes in chemical shift
are grouped in table 22,

Table 22
Variation of §17°Pt with changes of S-Pt bond.

Increase g -bonding Change in
5195pt
Increase electron demsity
Decrease é’3> Shielding
Increase AE Shielding

Decrease molecular=orbital
Coefficients Shielding

Increase w-bonding

Decrease electron density Deshielding
Increase <1"3>
Increase AE Shielding

Decrease molecular-orbital

Coefficients Shielding

-12?-



-

BothAE and the molecular orbital coefficients are explicitly
considered in approximations of Ramsey's equation of shielding constant.
The radial average <r'3> term is, generally, not considered as an inde-
pendent variable and variations of radial distances are reflected by
changes in the molecular orbital coefficients. Table 22 therefore
includes all variables normally involved in shielding constant calcula-
tion; it should be noticed that the effect of the radial term in the
expected change of platinum chemical shift is to increase the shielding
when o bonding increases but has the oppoite effect, when mw bonding
is increased, Both effects cancel each other and therefore there is
no net effect on 6195Pt. This is an expected result since table 22
has been written following the model proposed by Chatt-Duncanson-
‘wlena.nzilb'5 in which Pauling's electroneutrality principle has been
considered and therefore, the variations of electron density arising
from cand w bonding cancel each other in the same way as <r'3> does,

Since we have chosen to examine the effects of 'increasing'm
and o bonding on 6195Pt, we need to refer such increments to a
standard, for the table to be operative. If compound (Mesmzcnzsm)mmz
is taken as reference in table 19, all other complexes exhibit platinum
chemical shifts to low field relative to those of the reference., From
table 19 it seems that the increase of the (o+m) bonding follows the
order FﬁCFéCHZSMe < GFBS GZH480F3< CF3S CZHL"SMG <MeS CZHL}SMe . This
order is inconsistent with the observed chemical behaviour towards halide
substitution of the complexes, which suggests that sulphur-platinum
bond strength probably decreases in the series
CHjsczxusCHB: CH S CF  CH,,S CHy > CF 1S CH, CH, S CF 5 similar to the order
intuitively predicted considering the electron withdrawing character
of the sulphur substituents.

We have considered only changes that ideally would be attributed

to the paramagnetic contribution but, in the limited region considered,
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other terms can becore as important aso Differences of chemical

P
shift between isomers can be as large as 100 prm -see following section c-
and only a fraction of such a shift would reverse the whole oxder of
the series, It must be added however, that, at this peint, it is not
possible to predict the magnitude of the effect of ZON nor its direc-
tion.

. Similarly, figure &4, represents the results for compounds containe
ing ligands with different substituents in the tridge, indicating that

the effective shielding increases in the series

eS8 (083, S0P < (085 GBS (G 5,

G L O
A L7
&
x B
=
@)
2 \
D
00 -0 =200
5(195p1)
{H3
G =(CF4SCHCH,SCF3)PHCl,
3
CF4

I

Fgure 64, values of platinum chemical shift.

S ———
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Again, the values of 5195Pt found in complexes containing fluor-
inated ligands are largely displaced to high frequencies relative to
hydrocarbon compounds, The order between complexes containing a
fluorinated tridge substituent and their hydrocarbon amalogues would
appear to be reversed, purely in terms of the variables of the para-
magnetic term, but the effects on this parameter are expected to be
relatively small since C!li'3 group here far from the donmor atom, and
therefore its influence on the S-Pt bond would be substantially
decreased. Accordingly, it is interesting to note the close similarity
of values found for both complexes,

B) Changes of 51°7Pt on halide substitution. Previocus studies
have been relatively succesful in proposing empirical relationships
accounting for the succesive changes of chemical shift for replacement
of one halide by another. Von Zelewsky273 studied the changes in
§'9P4 of the compounds resulting after mixing solutions of K,PLCl
and K,PtBr,. Goodfellow ot a1.277 have proposed a detailed procedure
to calculate 5195pt in species with the gemeral formlation [LPt.xYZ]' ,
vhere L is a neutral ligand and X, Y and Z are halogen atoms,

The large differences between the range of values found for
61951*. corresponding to each halide, makes platinum chemical shifts
a mch more definite probe of the nmature of the compound than any
other n.m.r. parameter. :This fact is illustrated in figure 65.
Fluorine chemical shifts for complexes (GEBSGH(GFB)CHZSCHB)P&XZ
X=C1l, Br or I, span a narrow band of ca 7 ppm. The set of values
for each compound overlap and the origin of each signal is ambigous.

On the other hand, the range of platinum chemical shifts are distributed
80 far apart one from another that the recognition of different halide

complexes is relatively simple.
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Table 23 gives the difference of 6195Pt for each compound when

the halogen atoms are replaced, according to
1 1
AX, = T, = 5 PL(1RZ,) - & PPt (IPLX,)

10
Table 23
AXZ - ZZ for LPth Complexes
L = ligands listed; X = C1, Br or I.
Ligand
: chSCHZCHZSGF3 . ACL,-ClBr ACI1Br-Br, A C1,~Er,
| Isomer A 208,0 226.1 4ek.1
Isomer B 225.3 234.7 460.0
GFBSCH(GHB)CHZSGFB A CL,-Br,
Isomer A 45,0
Isomer D 472.0
CE,SCH( CFy )CH(CF)SCH, ACL,-Br, ABr,-I, ACl,-I,
Isomer A 397.2 841.4 1238.6
Isomer B - - 1223.2
Isomer C 3014.1 829.5 1223.6
Isomer D 392.9 . 821.6 1214.5
@SCH(CF,)H,SCH, ACL,-Br, ABr,-I, A GL-T,
Isomer A 385.5 818.5 1204.0
Isomer B 387.6 817.4 1205.1
Isomer C 388.5 817.4 1205.9
Isomer D 399.5 808.4 1207.9

In this case also, only the two final terms in equation 5 would

be relevant and, if comparisons are carried out between structurally

Similar isomers, the effect produced by the differemt exchanged halides

can be followed, ACl,-Br,, for example, will correspond to
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o Br, -cf:l2 = (oD +0FBr + FONBr) - (cD +&Pc1 + YONC1)
=0PBr -0PCl + (ZONBr - YONC1) 11
and because ligand factors are assumed to remain unchanged regardless
of the halide, JoNBr = YoNC1l giving
oBrz-cclz-oPm:-oPcl 12

We might expect the changes in 6195Ph on replacing one halide
by another to be affected by the irans influence of the ligand lrans
to it. Strictly speaking, platinum chemical shifts do not constitute
an experimental observation of the trans inflnence3 12. However, it
does indicate the effect of ligands on platimum itself and some
information can be gained from its measurement. If X forms a covalent
bond with platimum or if the extent of m-bonding is appreciable, all
coefficients in equation 6 are reduced and platimum chemical shifts .
move upfield, The substantial upfield shifts in the series .

c1<ar<1
are indicative of the increased covalent bond character on substitution
of chlorine by tromine and iodine.

To correlate 5 19Jpt with the trans influence of the ligand, it
should be noticed that A (212-]3::2 are substantially higher for compounds
with electronegative substituents at the sulphur atom than those found
for hydrocarbon ligands, which suggest that the trans influence decreases
in the order

BSR'SR > RfSR'SRf
vhere R and Rf are hydrocarbon and fluorocarbon substituents respectively.

From the values in table 23 two relations for each type of
ligand are found to describe the change in 5 OPt on halide substitution.
The platinum chemical shifts of LPtX,; X=Br and I, 83, can be calculated
from the values observed for LPtCl,, 5%1‘, with

8 = sl + (453 ¥ nl9) -1 ng1 13
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when L = cF33m2m236F3 or cli'jscn(ct%)cxizsczxs'3 or

5 = &1 + (393 * n55) 24
Pt Pt

aad I Ol (1221 % nip) 15
Pt Bt

when L = CH.SCH(CF,)CH(CF4)SC, or CH,SCH(CF 5 ) CH, S CH,

It should be noticed that correction factors are all smaller than
5% of the total 6195Pt. For the single value of platinum chemical shift
in (CF3SCZH4SCF3)PtClBr, expression 13 is valid simply by assuming that
each entering tromine atom comtributes half the total shift and therefors

63: - 501 + B(226.5 ¥ n9.5) 16

Pt Pt

where B is number of tromine atoms.

C) Changes of 5-09Pt for different isomers. In 1974, McFarlane<’o
determined the platinum chemical shifts for the syn and anti isomers
of (Mesczﬂbfsue)PtCIZ. The difference of 15 ppm was too small to be
considered in his analysis,instead, he found it necessary to study
a greater nmumber of compounds to assess the importance of what he called
conformational effects. A similar effect has been observed for SIOBBh
in [(Mesczn,*sxe)?_ancq*, producing larger differences of up to 81
m 39836 me wider range is attributed to a larger semsitivity to
changes in AE in the case of rhodium since the temperature dependence
of the chemical shift is also la.rger308.

No other examples of compounds showing different platinum chemical
shifts corresponding to different spatial arrangements of the ligand only
have been reported, Several examples of 5299Pt from cis and trans

277,278
complexes of monodentate ligands are known272' 77,270
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Table 19 gives the values of Aanm which effectively corresponds
to the difference of platinum chemical shifts of different isomers.
From equation 5

Aém - (CDI -cnn) + (OPI -an) + (Xcm 'zonn) 17

As has already been said, the diamagnetic contribution is similar
for related compounds. When considering isomeric forms of a single
complex the similarities are expected to increase, Corrections for
neighbouring diamagnetic contributions are needed when ligands are
substituted in a complex but for isomers such correction needs not to
be considered., It follows that

°Dm " °Dn
and the first term in expression 17 is therefore vanishingly small or
zero,

The second term involving the individual paramagnetic contribu-
tions depend basically on differences in bonding. There is no evidence
suggesting that different isomers possess different bonding features.
The interconversion of isomers involves the modification of the
electronic distribution when changing from one form to another through
an intermediate but the n.m.r. experiment can only detect the more
highly populated extreme forms. The energy barriers involved in such
interconversions preclude the separation of isomers and therefore spec-
tral information cannot be obtained for each conformer. We can assume
however, that if the positions of the d orbital energy levels are
unchanged for similar compounds, it is very likely that for isomeric
forms they would have greater similarity. Figure 66 shows the visible-
uv. spectra of complex LPtCl,, L= CFSC,H,SCF, cs'BSc:a(<:113)cmzsc:s'3 and
CE3303((3'?!3)C'I-IZSCHB. The spectra of compounds containing the fluorinated
lgands are practically identical, whereas the spectrum for the hydro-
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carbon compound shows clear differences, It therefore appears reasonable

CHy

¥
[CF3SCH,CH,SCR3IPECL, < (CF3SCHCH,SCF3)PHCL,

¢H3
(CH4SCHCH,SCHyPICL,

\—\J

N

32X103 16 X103
Cr'n'1

Figure 66. Ultraviolet spectra of (RSCHR'CH,SR)PtCl,

R= GFB; R'=H, CHB; R=R'-CH3.

to suggest that AE would remain unchanged regardless of the conformer

considered, Thus the suggestion that the larger sensitivity of energy
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levels in Rh produces a large difference between isomeric metal
frequencies seems unlikely, The variables in expression 7, defining
the paramagnetic term are not independent and by extension, other
parameters are expected to remain unaffected particularly by changes
from isomer to isomer. The suggestion involved in what McFarlane
salled conformational effect278 is a dependence on the geometric
arrangement of the ligand. The paramagnetic term is, by definitionm,
independent of changing spatial arrangements as long as the bonding
rode is not affected.

Additional evidence that platinum chemical shiftsof different
isomers are influenced by factors independent of the paramagnetic term
cones from the thermal changes of 5.0 Pt. It has been shown that
netalz71’313’306 frequencies have a linear variation with the tempera-
ture and the same variation ia expected to be found in each isomer
according to their common AE. Experimentally however the 5195Pt in
isomers of (cajsca(cFB)cx(cFB)scaj)Ptxz display a distinct, individual

relation with temperaturs. The variations are shown in figure 67.
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Mgure 67, Variation of & Pt with temperature for isomers
of (C!»IBSCI{(CF’3)@I(CF3)SGH3)P':.IZ
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Such differences are indicative of the fact that, whatever the
factors determining 5195Pt, they have to be not merely dependent on
structural considerations but also temperature dependent. Variations
of temperature can affect platinum chemical shifts directly, since
there is an inherent temperature dependence of 5 7°Pt which gives
rise to changes of about 1 ppm/o C,“2 78, or indirectly, since the instan-
taneous averaged structure of dithiocether complexes can be related to
the temperature and in turn to the SL7OPt,

Following the description of the screening cbnstant, we assume
that

Spm =~ °Pn 18
and therefore

Op =%p ™ Zcmr IO 19

For our purposes, expression 19 means that Aém in table 19
is dependent only on the terms of Zop. This is not a great simplifica-
tion since by definitionZoy includes contributions insufficiently
understood to be considered elsewhere,

From the definition of on equation 3, the solvent effects can be
cancelled in expression 19, since their influence is likely to be
similar for all isomers. Other effects frequeantly included are ring
current effect and the neighbouring anisotropy contribution, which
have been proved to be nearly constant for all nuclear magnetically
active nuclei studied3n and known to be responsible for small
variations in chemical shifts of the order of ¥ 2 ppmoit.

As given in table 19, Asm indicates the difference in platinum
chemical shifts between structurally defined isomers. This information

is shown in figures 68 and 69.
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Flgure €8, Differences in 5195pt between isomers.
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Flaure 69, Differences in 5195pt between isomers.

To account for the changes illustrated, a suitable explanation
%ould have to include the following characteristics of 5179Pt,

a) Dependence on geometry, involving the orientation of different
groups in the bridge and of the sulphur substituents, hence of the
Sulphur lone pair.

b) ligand dependence, since pairs of equivalent conformers in

=140~



different compounds show different A § " ‘ 4

c) Temperature dependence. The interconversion of isomers is
a dynamic temperature dependent process and therefore geometry and
temperature dependence are,as discussed before, interrelated,

In addition, it has to account for differences of platimum chemical
shifts as large as 100 ppm but since above the coalescence temperature
there is only one, averaged, value of 6195Pt, the differences between
5175Pt of different isomers have to tend to zero when the temperature
tend to the coalescence temperature,

These requirements are met - not exclusively - by the behaviour
of electric currents generated by the movement of electrons3 15,3 16.
Such a contribution from interatomic currents has been proposed before
by Pople and other2o®» 317,319,330 4o account for comtributions to
Proton chemical shifts, particularly in systems in which it is possible

for electrons to flow round a ring of bonded a.tom3318

like a.ce‘bylenello. Thers is a great difficulty in trying to incorporate

or for molecules

the concepts involved in the general term 'current contributions® to a
complex molecule of the type discussed here., Therefore the following
ideas are only an attempt to rationalize inmtuitively the results
obtained and make no claim to rigour.

As shown in figure 70, we assume the applied magnetic field Ho
1o be parallel to the x axis in the sense indicated.

Diagramatically, the sulphur substituents are indicated by
circles above - for a syn isomer - the S-Pt-S plane coincident with
the x-y plane, The local electronic circulations would give rise to
3 secondary magnetic field opposite in direction to Ho. Dashed
lnes are used to indicate magnetic lines of force and H' represent

the vectors symbolizing the resultant magnetic fields.
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Figure 70, Secondary magnetic fields, H', induced by a primary field Ho.

If we have the z-y plane in the plane of the paper, the opposing
magnetic fields would appear as the black dots in the following

diagranm,

Z Z
H/ Hr H/ H/
i
o Hr
) S S

SYN ANTI

_H§E 71. Secondary and resultant magnetic fields in a symmetric
' compound
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Treated as vectorial quantities, the resultant effect of both
secondary magnetic fields is a new vector, Hr, with intensity equal
to the sum of the intensities of the components and with the same direc-
tion, but with a different position. Diagram 71 illustrates the syn
and anti isomers of a symmetrically substitued compound such as
((}HBSCZHL*S(.‘J%)I?tCl2 or (CF‘3SCZHQSCF3)P1:C12. The position of the resultant
vector changes with the orientation of the substituents from a position
above the S=-Pt-S plane to a position on the plane which therefore points
directly to the metal centre. If both compounds adopt similar conformations
the mechanism would be operative in both cases and the difference of
A5 AB= 15 ppm for the hydrocarbon ligand to ASAB= 55 ppm for the fluoro-
carbon ligand would reflect the different intensities of H'.

The difference ASAB= 3.7 ppm for (GFBSCZHstm{B)PwlZ is far smaller
than the examples mentioned, even though, only one substituent has been

replaced, A similar treatment is illustrated in the following diagram.

Z 4
Q@ ------0 Q.
c'- c Cl .\‘\ -
. > ) \IT
“J

SYN ANTI

® H(CHy
@ H(CFy)
@ Hr

ﬁ&@. Secondary and resultant magnetic fields in an asymmetric
compound ,
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The intensity of the resultant mgneti; vector is also the
sum of the individual intensities but since the compound is asymmetric,
the resultant vector Hr has its origin not in the centre, as before, but
proportionally closer to the more intense component. On changing
conformation, the displacement of the resultant magnetic vector Hr will
depend on its position relative to the origin of its more intense compo-
nent and therefore the larger the difference between H' and H" the smaller
the displacement of Hr.

If we assume that the intensity of the secondary magnetic
component which originates at the trifluoromethyl group, is very
much larger than the corresponding component for the methyl substituent,
a change of configuration should produce a small displacement of Hr.
Therefore a small difference between platinum chemical shifts, as
observed, would be predicted., The results found for (mjsCFZCHZSCHB)PwlZ
are more difficult to visualize in exactly the same way, Considering
current contributions from the "CFZ" group, which is assumed to have
relatively large life time in specific positions above and below the
S-Pt-S plane, the geometric system should include three secondary
magnetic components, A schematic representation of the system in the
x=y plane would place the origin of Hr always outside the z-y origin
and therefore the difference ASAB expected would be smaller than that
for a totally symmetric case, This is 'J.n agreement with the experimen-
tal results. The last example is illustrated é6n figure 73. The presence
of a btridge substituent changes, as before, the geome*;ric system to be
considered, The resultant vector H'r between the nearést' CF3 and C.H3
groups can be calculated previously to Hr. Note that H'r has its origin
outside any specific substituent.

The results would have to be very similar to the first case

- described, The model predicts two sets of values as observed, but
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*—(\N

® H/(CHy
@ H4CFy)
@ Hf

QO Hr=Hr+H"

Flgure 73. Changes in 5199Pt for different structures of
(cr3scx(caj)cazscr3)nx2.

the fact that the magnitude of one pair of values, A§BC= 101.8 and
ASCD= 104.0, is almost double that of the other pair, ASAB= 54,2

and ASDA= 56.4, cannot be explained by the model, Furthermore, very
emall values of A8 would be predicted for the changes of configuration

Sm«—syn and anti<«—anti; yet, the experimental results are §BC= 2.2

as, predicted, and &AC= 47,6 which seems again too large to be
accounted for by this explanation. Nevertheless, qua_litatively, the
model appears to apl);-gpriate to predict, in general terms, the effect

of different geometrical arrangements on the Pt chemical shifts.,
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Analyses of the ABX type spectra of compounds with the general
formula (CHBSCFZGHZSCHB)HXZ where X=Cl, Br and I were based on the
diagrams that follows. For each isomer the AB part of the ABX spectra
were decomposed into two pseudo-quartets and treated according to the
expressions237'311:
joax - m0) = [+ 98)0 - w98)] - [0 + poam) (00 - 3oy | F T
i ,

#HIAX - JEX) = (D2 - i'JAB)% - $vw0dAB II

vodAB was taken as the chemical shifts between atoms A and B as deter-
mined from the non coupled AB spectra.
Table 37 gives the corresponding n.m.r. parameters for all cpmpounds

except for isomer B of the tromide complex. |

Table 37

N.m.r. Parameters for (GHBSGFZSGHB)HXZ, X=Cl, Br, I.

‘Bompound AB  3JUAXWEX) 2D 2D* AX BX
(m3scrzcnzscx3)1>tc12
I Isomer A 221 87.5 297 336 60.0  114.,0
II Isomer B 205 107 283 209 29 184
(GHBSF'ZGHZS@B)P\:BI'Z
IIT Isomer A 223 80.5 381 4l 43,0  118.0
IV Isomer B 205.5
(CHBSGFZCHZSGHB)RIZ
V Isomer A 206 91.5 228 305 27.5 155.5
VI Isomer B 225 68 599 687 22,5 113.5

Analysis of the n.m.r. results for compound IV was not possible
because the appearance of the corresponding spectrum closely resembled
an AA'X spectrum. Two situations can produce this spectral form - :

a) an almost identical pair of chemical shifts, in which case the system
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(MeSCFZC H25Me)PtC12

Isomer A

Isomer B

P

R

I U

_——— -

Diagram II
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(MeSCF'ZCHZSMe)F‘tE%r2
Isomer A

||||||||||||

b - - - - - ——

D=444

B T

Diagram III
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(MeSCFZC }-1251\/1@)Pt12
Isomer A

- e m - - —— = -

Isomer B

| o e e ]

Diagram IV
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is a genuine AA'X example or b) JAX=JBX in which case the appearance

of the experimental spectrum is the result of second order effects,

The analysis would require the assumption that one of these situations
is present but as there is no evidence to support either cheice, results

would be ambiguous.
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Zerovalent platinum chemistry has, so fa.z:, been mainly concerned
with phosphine, mixed phosphine-carbonyl, Phosphite, arsine and olefine
complexesl%’l%. Pt(0) compounds with sulphur ligand atoms are unknown
to date., During the course of the present work, attempts to synthesize
dithioether complexes of platinum (0) were made. Although definitive
results have not yet been achieved, there are indications that zero-
valent species can be prepared,

The following paragraphs describe the experimental conditions under
which different reactions were carried out, and the results obtained.

Two important synthetic routes to zerovalent platinum complexesqu'
are the reduction of Pt(II) compounds and the substitution of ligands
in a Pt(0) species; both alternatives were utilized here. 1In all,
four different procedures were followed:

I Reduction of a Pt(II) compound was attempted by treating
(CFBSCZHQSCEB)RCIZ with zn/Hg amalgam. In a typical reactionm,
(CF3SC2H43CIF3)PI:CLZ (0.8g, 1.6 mmol) was dissolved in the minimum amount
of acetone, A four fold excess of 03502348@3 (1.38, 5.7 mmol)‘

and Zn amalgam (1lg) were added under nitrogen. The mixture was mecha-
nically shaken and in a few minutes solid started to precipitate. After
half an hour, a 191? n.m.r. spectrum of the solution showed only the
Presence of free ligand. The reaction is probably
(<11?33<:21{L+scm‘3)Pt,clz—Zi‘ﬁ“-‘—>c:t'Bsc‘,ZHL,scF3 + Pt +2nCl,

II. Pt(CoD),, COD= l.5-cyclooctadiene, has been succesfully used as
starting material for the synthesis of several Pt(0) compounds by

ligand subetitution reactions>t

. The reaction of either CF'3502H4SCF‘3

or PriSCZHL}SPri was carried out following the procedure described by

Stone and co--workerfs%'l for reactions with olefines and phosphines.,
Typically a three-necked round bottom flask, (100cm’) containing

20 ex’ of petroleum ether (b.p. 40-60°C) was cooled to -10°C while being

flushed continuouily with oxygen-free nitrogen.
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Bis(1, 5~cyclooctadiene )platinum(0.7g, 1.7 mmol) was added in small
portions, allowing each addition to dissolve. When all the complex had
been added the flask was sealed with rubber stoppers and cooled to
-96°C. CFSCH,SCPy (1.6g, 7 mmol) in 10 o’ of petroleun ether was
added éropwise with a hypodermic syringe, over a period of 10 minutes,
No reaction was immediately apparent and the flask was allowed to warm
up slowly to room temperature.

During this last step, 3 different reactions, carried out with
CFBSCZHQSGFB' gave different products despite the precautions to mafn‘bain
each experiment under similar conditions.

Analyses
Experiment c H S cl Colour
A found 13.1 1.9 14,0 - pale hbrown
B found 14,0 2.0 13.9 - pale brown
C found 17.1 2.9 16,2 0.1 dark brown
(@lculated for 14,7 1.2 19.5 -
LIZQBSCzI-IqSC!F'3

Mass spectra for all compounds show peaks for the free ligand only.
IIT In a procedure similar to that used in the synthesis of Pt(COD)Z%l,
the reaction with Iizcloﬂs(dilithiumphtlalene) was carried out as
follows: a 100 cm3 three~-necked round.bottom flask was charged with
(CF3sczaqscp3)Pt012 (lg, 2 mmol) and equipped with a pressure-equalizing
dropping funnel which had an externmal jacket to admit a coolant, a
Supply of dry nitrogen and a magnetic stirring btar, The apparatus was
flushed with nitrogen and CFSC,H,SCFy (1.9, 8.3 mmol) in 10 e’ of
THF added through the third neck which was then closed.

The dropping funnel was cooled to -96°C and charged with lithium
(0.2g, 29 mmol ) to which a solution of naphthalene (2g, 15 mmol) in
THF (20 on’ ) was added and stirred for 1 hour. After this time the deep

hrple solution of dilithiumnaphthalene was admitted, dropwise, into

~154-



the lower flask cooled to -20°C. After the first addition, the colour
disappeared immediately but it became more persistent towards the end

of the reaction., The addition was stopped when the colour was no longer
discharged. The flask was connected to a vacumum line and the volume

of the reaction solution reduced to ca 10 cm3 . Nitrogen was readmited
into the system and the flask cooled to =-95°C when yellow crystals
precipitated; the remaining solvent was transferred with a hypodermic
syringe and the solid dried under vacuum at o°c.

The yellow solid was extracted with benzeme (3 x 10 cm’) and the
solvent evaporated under a current of nitrogen. The final product was
purified by subliming off the contaminating naphthalene under vacuum
at 40°c.

Analysis
H c S Colour
Found 1.0 14,4 19.6 yellow

CGaleulated for 1.2 14,7 19.5

Lt
I=CF.S CZH ,+S CF

3 3

The yellow solid is stable to hydrolysis and is decomposed only
after exposed to air for a long period.

191" n.m,r. spectroscopy showed the

Despite the analytical figures,
Presence of at least, two species., One species produced a group of
sharp singlets with platinum satellites, For the best resolved signal
the platinum chemical shift was about 2500 ppm. Pt(0) species are
expected to have negative chemical shifts (close to -6G00 ppm) and there-
fore the compound originating these resonances is pres_umably not a
Zerovalent complex. The second species produced a broad triplet,
Measurements of platinum frequencies was not possible but on the other

hand, the spectra are probably indicative of a dynamic exchange of sites

Pressumably as a result of dissociation similar to that found in some
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phosphine complexes of platinum(0).

Mass spectra showed only peaks from treakdown of the ligand, No
ir, absortions were found in the 400-250 cnt region.
IV Finally, since the compound obtained in procedure III was fairly
stable, the original reduction reaction used by Venanzill® to prepare
zerovalent compounds, was followed, thus Pr'SC,H,SP * (1.5g, 8.4 mmol)
in 50 cm’ of ethanol were heated to 65°C. A solution of KCH (lg, 18 mmol)
in a mixture of 15 cm3 of ethanol and 5 cm3 of Hzo was added. Then,
K,PtCl,, (0.8g, 2 mmol) dissolved in 10 cm’ of vater was added dr;viise, :
. to the alkaline ligand solution, while stirring. A pale yellow compound
began to separate within a few minutes of the first addition. The yellow

powder was filtered, washed and dried under vacuunm.

Apalysis
H c S
Found 6.3 34.1  23.0
Calculated for I.ZPt 6.5 #.8 23.2

= Pr SCZHLPSP:C

The compound is insoluble in most common solvents. It reacts
with (Sz at room temperature producing an orange compound with a
composition in agreement with the formulation (Pr'SCH,SPrl)Pt(cS,)

Analysis
H S c
Found 3.6 28.3 24,1

Calculated for LZPt k,o 28.5 24.0

Ir Pr 502345Pri
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EXPERIMENTAL

Preparation of Ligands.

Reagents. The commercially available reagents used in this work and

their suppliers are listed below. Purity was checked against data

reported on the reference following the reagent's formula; when purifi-

cation was judged to be necessary, the method employed is also listed.

Be%nt

97
Cl"BCECCIF’3

cr305c3321
122
CF,=CH,
HeF,
c61-=5311323
CHBCECHBBZQ'
35
G, =CH,
cn333326
chC=cﬂ324
2
S,

Pb(cﬂ3coo)2

Br052CHZBr328

cc133c1329

NaF

HSSCH,
(

B,

326

Sugglier
Fluorochem, ILtd.

Matheson Co. Ltd. Vacuun distillation

L}
BDH Chemicals Itd.
L]

" Distillation

Fluka A.G. Distillation
Hopkin and Williams

Gen., Chem. and Pharm.
Reagents Co, Ltd. Distillation
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Other intermediates were prepared according to published

syntheses as follows:
39, 330, 332 33
CFBSCHzcgiCl  CHSCH,CH,0H™; CH,SCH,CH,C17%, BrCF,CH,Br - ;
. 50, 337, b4
o @Bt apsa”; PB(SCGFs), > 5 HE(SQy), "
Hydrocarbon solvents were dried over sodium and distilled under

nitrogen before use. Other solvents were purified and dried by standard
nethods o0,

Experimental methods,

Volatile materials were transferred by conventional high vacuum
techniques using a Pyrex glass vacuum line fitted with an 'Edwards high
vacuum' two stage rotary oil pump and 'Jencons' mercury diffusion pump
arranged in series, Standard glass joints were greased with 'Edwards'
high vacuum silicone grease, P.T.F.E. or glass stopcocks were used
when required,

Vacuum distillations were performed with continuous pumping.

Photolytic reactions were carried out in Quartz reaction vessels
fitted with P.T.F.E. stopcocks and irradiated by a Hanovia medium
Pressure mercury lamp, emitting predominantly 25% mp, 265 my, 297 mp,
313 mp, and 366 mp w::a.veleng-t',l'zs3.26

All other reactions were carried out under an atmosphere of dry,
oxygen-free nitrogen.

.Boiling points correspond to the purest fraction on fractional
distillations carried out in semi-miero apparatus and are uncorrected,

Elemental analysis were carried out by Mrs. W. Harkness, microanalyst

University of Glasgow or by A. Bernhardt, Mikroanalytisches Ilaboratorium,
West Germany.

Infra-red spectra were recorded from neat liquid films between KBr

Plates or as KBr discs of solid compounds. Spectra were recorded

over the range 4000-200 cm"1 on a Perkin-Elmer PE-577 or a
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Perkin-Elmer PE-225 Spectrophotometers. Spectra were calibrated against
polyethylene film., The following a;bhrevia.tions have been used in the
text: s, strong; m, medium; w, weak; sh, shoulder; b, broad; v, very;

v, stretch,

- X.m.r. spectra were recorded on a Varian Ha=100 instrument at a

frequency of 100 MHz for Y and 9%.1 MHzZ for 19. Double irradiation
experiments were performed using the integrated spin decoupling of the
instrument; triple resonance experiments were carried out with a
Schomandl frequency synthesizer ND 100M. Variable temperature data

were recorded directly and are assumed to be accurate to 1 10°C.
Alternatively n.m.r. spectra were recorded on a JEOL C-60HL spectrometer
operating at a frequency of 60MHz for lH and 56.4 MHz for 19, In the
latter case, chemical shifts were measured from the smallest possible
scan width with an accuracy of ¥ 1 ppm. The variable temperature
controller unit on the JEOL instrument was calibrated by standard
methanol and ethylene glycol t.echni.q_ues3 38. Samples were examined as
neat liquids or for solid compounds as d6-a.cetone solutions.

Si(CHB)L}, (T™Ms) and CC1,F were used as external or internal references
as indicated in the text.

Mass spectra were obtained using an A.E.I.M.S. 12 spectometer. Volatile
samples were admitted as gases directly into the electron beam; invola-
tile samples were introduced into the electron beam on a ceramic probe
at temperaturesbetween 100 and 280°C. Molecular weights were determined

by mass spectrometry.
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Summary of reactions

Preparation of GHBSGHZGHZSR

Method A

GFBSCHZCHZCI + EB-SGH3

Method B

2 ca3scnzcazcl + Hg(scr3)2 —_—

2 CH,SCH,CH,CL + Pb(SCeFc), — >

—_—

Preparation of CSF )_icazcazscéﬁ' 's

BrCBZCHZBr +2 HSCsF

NaOH 3

Preparation of CHBS(':I"Z(‘.ZHZSC’H3

Method A

GH,SSCH, + CP=CH, ——Bv 5

Method B

CF2=CEBL' + CH38H

CHBSGFZCHZBI‘ + NaSCH3

hv >

 —

Preparation of CHjSCHR:I_G'.KRZS(II-I3

2 CHBSH + RlCECBZ

hv

v
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c® 5, 08,5

2 GI!‘BSGHZGHZSGH3
2 CéF' 55@120328333

06F 530320323661?5

B ESG,

CH,S CF , CH, BT
CH,SCF, CHL, S CH 5

a) By =R,=CF4

b) Ry =R,=~CH,

c) Ry=CF3, R,=H

4) By=CH,, By=H

CH3S C!'IRICHRZS (11'13



Data of the compounds prepared by the methods described below
are shown in the following tables: melting or boiling points and
analyses, table 25; infrared data, table 26; mass spectrometry data,
table 27; '} chemical shifts, table 28; 1F chemical shifts, table 29

spin-spin coupling constants, table 30.

Preparation of CH.SCH,CH,SCF;. Method A. CF,SCH,CH,Cl (2g, 12.2 mmol)
and Na.scﬂ3 (1.70g, 24.3 mmol) in 20 ml. of benzene were refluxed for

16 hrs.. The excess NaSC'H3 and the precipitated NaCl were filtered off
and washed with 20 ml, of benzene, The solvent was pumped off at 268K
and the remaining liquid distilled under reduced pressure producing
CI-IBSCI!'IZ(IHZSCF3 (1.13g, 12mmol) in 53% yield. Method B, CHBSCHzCHZCl
(3g, 27 mmol) and Hg(SGF3)2 (5.5, 13.6 mmol) were refluxed; white HeCl,
slowly precipitated out of the liquid reactants. After 24 hrs, the
reaction mixture was cooled and filtered, the precipitate washed with
20 ml, of diethyl ether. HC1 was bubbled into the ether solution to
remove any unreacted Hg(SCF‘3)2 (which would co-distil with the product)
and the solution was refiltrated. Ether was evaporated under a current
of nitrogen and the remaining liquid distilled under reduced pressure
to give CHBSCH2011280F3 (4g, 22.7 mmol) in 84% yield.

Preparation of cajg_c_nz_c_xzs_csgj. To Pb(SCsF5)2 (5.5, 9 mmol)

suspended in 20ml. of benzene CHBSCHZCHZCI (2g, 18.2 mmol). was added.

The reaction proceeds slowly at room temperature but at 353K the reac-
tion was complete within one hour. The extent of the reaction is easily
followed by the progressive disappearance of the tright yellow colour of
Pb(scéps)z. The reaction mixture was filtered, the solvent pumped off
at 268 X and the liquid distilled under vacuum giving CH 1S CH, CH, S C4F

(3.58, 13.1 mmol), 73% yield,

Freparation of C(F SCH,CHSCF,. BrCH,CH,Br (lg, 5.3 mmol) and HSC/F,
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(2.2g, 11 mmol) in 20 ml., of ethanol wereleated to ca 313 K. To .

this mixture, a solution of NaOH (0.5g, 10.7 mmol) in hot ethanol was
added dropwise and immediately a white precipitate was formed., After
the addition was completed all volatile solvents were distilled off
under vacuum at room temperature and the solid extracted 3 times with

15 ml. of benzene, Fractional crystallisation from the benzene solution

produced the white solid céFjsczauscéﬁ'j, (1.99g, 4.67 mmol) in 87% yield.

Preparation of GHB_g_gFZCHzSCHj. Method A. The apparatus used for the

reaction is shown on the following diagram.

o — —

., \
VACUUM & F__Q9_\

o
>= -
o< A
-3
a7
5ml, of (’JHBSSGH3 were condensed under vacuum on the quartz finger

A and allowed to warm to room temperature. CF,CH, was admitted to the
System until the internal pressure was ca 1.5 atms.. A peristaltic (P)

Pump was used to bubble the gas in the liquid. The liquid phase was
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irradiated for 27 days and during this periéd the intermal Pressure
dropped to 1.1 atms,. The reaction mixture was then vacuum distilled
and CHBSCFZGHZSCH3 (0.69g, 4.36 mmol.) was retained in a trap cooled to
213 XK. Method B. CHBXCF, (3g, 2l.1 mmol), CH,SH 8lg, 20.8 mmol) and

5 ml, of 2x10™2

M sodium hydroxide solution were vigorously shaked for
24 hrs. The aqueous layer was then separated and the reaction mixture
distilled under vacuum to produce CH;SCF,, CH, Br (3.7g, 19.47 mmol) in
92.5% yield, The sulphide was refluxed in 10 ml. of ethanol and

NaSCH3 (2g, 28.5 mmol) in 10 ml. of ethanol was added dropwise over

20 minutes, The reaction mixture was stirred continmuously and a white
precipitate apeared soon after the first addition. After the addition
was complete the reaction mixture was coocled and filtered, the precipi-
tate was washed with 10 ml, of ethanol. The solvent was distilled off
under reduced pressure (water pump) to yield a white paste that was
washed with diethyl-ether (30 ml,). The solvent was evaporated under

a current of nitrogen and the remaining liquid distilled under vacuum
to produce CHBSCFZCHZSGH3 (2.7g¢, 17 mmol) in 88% yield.

Addition of CH.SH to acetylenes. The reactions of GHBSH with GFBCSCGFB,

CF.,C=CH, CHBCECCH3 and CHBCECH were all carried out similarly. A 3:l

3

excess of GHBSH (typically 40 mmol) and the corresponding acetylene
were condensed in a quartz vessel and irradiated until the intermal

Pressure was constant. Time of reaction and yields are shown in table 24,
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Table 24

Times of irradiation and yields for the reaction of GHBSH and acetylenes

Acetylene Time of Yield
reaction %
hrs,
CF,C=CCF4 24 95
CFBCEGH 4 96
GH30=GCH3 16 98
C33CSCH 12 98

Volatiles were pumped off from the reaction vessel cooled to

263 K and the remaining liquids distilled under vacuum.
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Table 26

C4F 5SCH,CH,SC4F s 1639, s; 1624, w; 1517, vs; 1476, vs, r;
1421, m; 1397, w; 1376, w; 129%%, w; 1213, m;
1132, w; 1094, vs; 1028, w; 977, vs; 970, vs;
866, vs; 746, w; 726, w; 685, w; 639, w;
321, w; 313, w,

CgF 55 CH,CH, SCH, 2976, w; 2922, my 2838, w; 1637, s; 1625, m, sh;
1507, vs; 1483, vs; 1436, s,sh; 1426, s; 1400, w;
1370, w; 1354, w; 1320, w; 1290, m; 1263, m;
1204, s; 1141, w; sh; 1127, m; 1089, vs; 1014, m;
977, v8; 912, w; 861, vs; 730, w; 719, w; 681,m;
627, w; 513, w.

29751 W3 29199 m; 28359 w3 1425, 83 13217 LH

377773
1293, w; 1273, m; 1214, s; 1157, vs, br; 1127, vs,
sh, br; 1108, vs, btr; 1014, w; 993, w; 952, w;
909, w; 8411 w3 754' 83 7227 w3 685’ L] 460; m,
CHBSGF‘ZCHZSCH3 2990, w, tr; 2928, m; 2864, w; 2836, w; 1590,w, br;

1437, s; 1424, s; 1401, m; 1323, m; 1269, m;

1224, s; 1209, m, sh; 1160, vs, x; 995, vs, br;
960, vs, btr; 874, w; 836, m; 815, w; 791, m, br;
756, w, sh; 748, m; 712, w; 697, w; 631, w; 566, m}
549, w; 535, W; 441, w,
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Table 26 Contd.

cﬂjscn(cn?j)cn(clt'B)sc.ﬂ3 2996, w; 2931, w; 1625, w; 1435, m, 1429, m;
1351, s; 1321, s; 1260, vs, sh; 1239, s; 1227, s;
1202, s; 1156, vs; 1104, vs; 1047, w; 959, w, br;
881, w; 851, w; 809, w; 798, w; 758, w; 711, w;
690, w3 661, m; 640, m; 622, m; 529, w; 510, w.

GHBSCH(GFB)CHZSCHB 2981, m; 2920, s; 2837, w; 1620, w; 1567, w;
1424, s; 1330, vs; 1320, vs; 1276, vs; 1242, vs;
1205, s; 1170, vs; 1138, vs; 1101, vs; 1045, m;
978, s; 960, s; 890, m; 851, w; 838, m; 769, w;
742, w; 705, w; 695, w; 660, s; 560, w; 533, w;
437, w.

CHBSCH(CHB)CH(CHB)SCHB 2970, vs; 2919, vs; 2858, m; 2835, w; 1443, s;
1435, s; 1422, s; 1371, w; 1317, w; 1306, w;
1240, w; 1213, m; 1189, w; 1179, w; 1101, m;
1078, w; 1059, m; 1001, w; 952, s, br; 844, w;
722, wy 663, w; 641, w; 562, w.
Q{BSCH(GHB)GHZSCHB 2968, vs; 2919, vs; 2864, s; 2836, s; 1430, vs, sh;
1371, vs; 1318, m; 1261, m; 1243, m; 1223, m;
1181, s, sh; 1101, m; 1063, m; 1016, m; 956, s;
890, w; 844, w; 819, w; 747, w; 722, w; 689, w;
672, m, sh; 651, W.

CHBSCH(CF3)CH(CF3)SCH3 2996, w3 2931, w; 1435, m; 1429, m; 1351, s; 1321, s3

1260, vs; 1239, s; 1227, s; 1202, s; 1156, vs;
1104, vs; 661, m; 640, m; 622, m.
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Table 26 Contd.

-cn3scﬂ(cy3)cnzscﬁ3 2981, m; 2920, s; 2837, w; 1424'283 1330, vs;
1320, vs; 1276, vs; 1242, vs; 1205, s; 1170, vs;
1138, vs; 1101, vs; 1045, m; 978, s; 960, s;
660, s. '

GHBSCH(CHB)GH(GHS)SGHB 2970, vs; 2919, vs; 2858, s; 2835, m; 1443, s;
1435, s; 1422, s; 1371, s; 1317, m; 1213, m;

1101, m; lo59, m; 952, s.

CHBSGH(CHB)CHZSCHB 2968, vs; 2919, vs; 2864, s; 2836, s; 1430, vs, sh;
1371, vs; 1318, m; 1261, m; 1243, m; 1223, m;
1181, s, sh; 1101, m; 1063, m; 1016, m; 956, s;
672, m, sh.
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Table 27

Mass Spectra data

(compound, m/e, intensity %, assignment.)

.
CgF SCH, CH,SCF 426;
227,
213,
199,
155,

C4F SCH,CH,SCH, 274,
227,

213,

199,

75,

61,

b7,

CF,SCH,CH,SCH

5SCH, CH,SCH 176,

129,
115,
107,
75,
69,
61,
47,

-170-

55,
100,

39,
32,

33,

c61r5scﬂzcxzsc 6F‘5
c 6F53cazcnz '
CéF‘ﬁSGHZ'-"

céFjs‘?

(CgF =)

CsFSSCHZCHZSCHB
cérjscﬂzcnz
06F5sca2

CéFSS

@SB,y
m35c52

GH3S

CFBS GH2CHZSCH3

CF 5 CH, CH,
CF,SCH,
CH,5 CH, CH, S
CH,SCH, 1,

CH,S



Table 27 , Contd.

CHBSCFZCHZSCH3

CHBSCH(CFB)GH(CFB )scﬂ3

GHBSCH(CFB)GHZSGH3

CHSCH(CH,, )CH (CH, )SCH,

=171~

158,
111,

97,

61,

47,

258,
211;
129,
95,
69,
b7,

190,
143,
129,
96,
69,
61,
7,

150,
103,
75,
55,
47,

19,
9
7y

100,

100,
30,

3,

CH 4SCF ,CH,,SCH,,
CH,SCF,CH,, / CH,SCH, CF,

CHBSGF2

chSm{(cFB)cn(cFB)scHB”

' cﬁjsca(cp3)ca(cp3)

GHBSGH(GFB)
GH(CFB)GH

CFy

CHBSH

CHBSGH(CFB)CHZSGH3
GH(CFB)CHZSGH3
CH,SCH(CF)
@ (CF)CH,

CF3

35032

b

CH

CH.,S CH (GH. )GH (CH, JSCH,
Cii3SCH(CH3)GH(CH3)
CH,SCH(CH.5)

GH(GH3)CH (GHB)

A



Table 27, Cont.

GHBSCH(CHB)CHZSGHB

136,

-172-

89,
75,
61,

47,

50,
29,
10,

100,

cnjscn(cnj)cazsan
c:1=1(cn3)c1hzzscm3
cmjsca(cx3)
cnjscnz

.



meso

'+

Table 28

Ruclear Magnetic Resonance Parameters
15 hemical shifts® / Mltiplicity: s singlet

-173-

d doublet
t triplet
a sultiplet
} br troad
CGFsS CH,CH,, SCgPs
3.41
8
C6¥ 5> CHL, CH, SCH,
3.35 2,56
n s
TP — H,™, SCHy
3.5 2.62
). 8
CHBS ) CH, SCH3
2,78 3.72 2.87
s,br t s
cF CF
CH,S clmB c|153 SCH,
2.88 4,17
s n
2,83
. -
i3
CH,S CH CH SCH,
2.77 3.87 3.4 2.7
s,br | n 8



Table 28, continued,

meso 1,56
d

) 1.43
d

G5

meso 2.31

@ 1.90

2,52

a) ppm from external TMS.

CH, CH,
CH CH SC'F[3
3,00
n
CHy
o a, SCH,
3.12 2.54
m s

=174



Table 29

Nuclear Magnetic Resonance Parameters

199 chemical shifts® /multiplicity: s singlet
d doublet
t triplet
m multiplet
br broad
cérjs ——— UHZCHZS(léFS
o ~13%4.4.m
w~-164.9 m
P -155.6 m
86F5‘3 ———*'IZHZC‘.HZSC’H3
Q -142.5m
n -172.8 m
pP~-164.2 m
GF3S 1C'HZCHZSCH3
43,2
s, r
CHBS CFZ GHZSC53
-80.7
t
meso =73.5 h
m
cr CF
3 3
(F) 78.22
a
GH3S CH CH SCH3
-76.25
CF
n 3
aHLS CH &uzscx-x3

a) ppm positive to low field of extermal CCl3F.
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Table 30

Parameters of Nuclear Magnetic Resonance Spectra

Coupling Constants, Hz.
2.3 ~O
¥ 7 1
CPF ——CF
CF ¢ S CHZCHZSG6F5
CF CF
20.6 D2
r = r 1T 1 1
CP CF\
CFP /C S CHZ Cl!-l2 SCIH3
CF CF
[ - _JL -
21.1 ND
GFBS CHZ EZ SCI;IB
1.1 3.5 ~0
<1. G meso ca 9
| 3] © 9
CH,S CH——//
ca 1,
CF
°]
Gl S — = iy i,
~0
f CH, meso 6.1
' 3 (*) 6.9
G5 —CH //
| S )
~0
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Table 30, continued.

6.0
o A S Mt

~0 ND ~0

a) ND: not determined

=177



-

Preparation of platimmm and palladium comglexes.

Reagents, KZPt'.cl,+ and Hthcl6 from Johnson Matthey Chem. Ltd.

and KBr and KI from B.D.H. Ltd., were used as supplied. Kth(nu and
KdeClu_ from Research Organic-Inorganic Chemical Corp. were contaminated.:
with K2M016 and were recrystallised from aqueous solutions before use,
Naft(nu was prepared by reduction of Naft01633 9. Dithiocethers used as
ligands were prepared as described in the previous section or by published
syntheses as follows: crjscazcnzscr337; cv3scH(c33)cnzscr337.
Experimental methods, Were as described in the preceding section.

Preparation of complexes. The rreparation of all complexes was very

similar differing only in the solvents, relative proportion of
reactants, and temperatures, 1In each case, the first preparation was
carried out under anhydrous conditions and under nitrogen. Na2m14

(M=Pt or Pd) was used in these preparations since both salts are soluble
in alcohols, The complexes however were found to be stable to oxidation
and hydrolysis at ambient conditions and subsequent preparations were
carried out using K,MCl, (M=Pt or Pd) and aqueous-ethanolic solutions
which produce higher yields,

A typical example is described below and conditions for other
reactions are listed in table 31, The tromide and iodide derivatives
were obtained by metathetical redtion of the apropriate chloro-complex
with a large excess of KBr or KI in acetone,

Preparation of CF'3§§20_§280F3 )PtCl,. K,PtCl, (0.8g, 1.9 mmol) was

disolved in 25 ml, of water and 20 ml., of ethanol added.

i . added to th
GF'3SCFIZCII:IZSCIF3 (0.5, 2.1 mmol) in 5 ml. of ethanol was o the
solution. No immediate reaction occured but the colour of the solution
slowly changed from red to yellow with deposition of crystals. After
24 hrs, bright yellow crystal of (CFBSCHZGHZSCFB)PtClz (0.7g, 1.4 mmol)
deposited in 70% yield and were filtered and washed with cold ethanol

and dried under vacuumat room temperature for 2 hrs,, the complex

«178~



Ll

obtained gave a satisfactory analysis without further purification.
£g§3§g§20HZSCF3!PtC£2 + KBr. This reaction was carried out in n.m.r.
tubes in order to follow the effect of increasing the concentration of.
KBr, relative to that of the complex on the 19F n.m.r. resonances of
the reaction products.

1.5 ml. of 0.1 M solution of (CHBSCHZGHZSCFB)PtCI2 in acetone were
placed in a n.m.r. tube and 3 ml. of 0.1 M solution of KBr in 1l:1
aqueous-acetone were added in 20 additions of 0.15 mf} At least 10
minutes were allowed between each addition of KBr and several spectra
run, to ensure equilibration of the reaction mixture, before a final
spectrum was recorded, The solution slowly changed colour from clear

yellow to orange as the concentration of KBr increased,
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Table 33

i.r. data (cm'l)

(CP,SC,H,,SCF; )PACL, 2953, W, bry 2920, w, btr; 1412, w, br;
1303, w, btr; 1190, vs, br; 1170, vs, br;
1130, s; 1070, vs; 936, w; 827, w3 753, s;
654, w, tr; 500, w; 431, w; 390, w; 342, m;
336, m.

(mfcznusw3)mh2 2960, w, br; 2929, w, br; 1420, w, sh;
1414, m; 1316, w, sh; 1300, m; 1201, vs, br;
1170, vs, btr; 1135, s; 1085, vs, tr; 934, m;
831, m; 757, vs; 656, w; 648, w; 503, w;
436, w; 392, w.

(CFBSc:H(CHB)cmzsc1t'3)Pt;cl2 2967, W, btr; 2909, w; 1444, m, btr; 1384, w;
' 1327, w, br; 1296, w, tr; 1269, m; 202,
1202, vs, sh, r; 1185, vs, sh, br;
1161, vs, br; 1080, vs, br; 990, m; 976, w;
912, W, br; 864, w; 754, s; 707, W, br;
606, w; M7, w; 487, w; 453, w; 439, w;
360, w; 346, m; sh; 336, s; 313, w.

(c6pjsczuuscép*5)1>t012 2994, w; 2940, w; 1642, s; 1518, vs; 1495, vs;
1415, m, sh; 1406, s; 1374, w; 1297, m;
1152, w; 1115, m, sh; 1096, vs; 1008, m;
986, vs; 937, w; 855, m; 841, m; 727, w;
529, w3 342, m; 334, m; 314, w.
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Table 33, comtinued. ‘

(CgF SC,H,SC4F )PLEr, 2980, w; 2828, w; 1640, m; 1515, ve; 1494, vs;
1412, w, sh; 14023m; 1396, m, sh; 1369, w;
1295, w; 1150, w; 1124, w; sh; 1094, vs;
1003, w, sh; 984, vs; 931, w; 851, w; 839, m;
723, w; 525, w3 328, w; 310, w.

(06F5802H4506F5)Pt12 2980, w; 2924, w; 1641, m; 1517, vs; 1494, vs;
1404, m; 1369, w; 1294, m; 1150, w; 1094, vs;
1000, m, sh; 984, vs; 933, w; 851, m; 721, wy
526, w3 306, w.

(CFBSczﬂusCHB)PtClz 2994, w; 2969, m; 2936, w, sh; 2925, w;
1423, m, sh; 1413, s; 1330, w, sh; 1309, w;
1297, w, sh; 1255, w; 1199, vs; 1179, vs;
1164, vs, br; 1137, s; 1088, vs, br; 1014, w;
975, m, sh; 966, m; 934, m; 928, w, sh;
832, w; 755, s; 657, w; 637, w; 499, w;
486, w; 440, w; 401, w; 334, m; 323, m; 240,w;
227, w;

(CFBSczﬂusCHB)ZPtClz 2990, w3 2962, w, sh; 2923, w; 1418, m, br;
1315, w; sh; 1307, w; 1295, w, sh; 1164, s, br;
1104, vs, br; 1088, vs; 1011, w; 969, m, br;
830, w; 756, m; 462, w; 439, w; 330, w, bry

(cF35c2H45c33)9d012 2990, W; 2985, w; 2961, w; 2926, w; 2919, w;
1422, w, sh; 1414, m; 1318, w, br; 1295, w;
1254, w; 1195, s; 1179, s; 1166, vs; 1132, m;
1088, vs, br; 1016, w; 972, m, br; 930, w; 835, w;

756’ m3 439v W3 336’ w; br; 329, W, sh; 3049“9 br.
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Table33 , continued.

(c6F5scznuscHB)Pt012 3011, w; 2979, w; 1640, m; 1624, w; 1511, vs;
1480, vs, br; 1424, s; 1416, m; 1405, m; 1372, w;
1364, w, sh; 1355, w, sh; 1321, w; 1293, w;
1286, m; 1268, w; 1214, s; 1138, m; 1090, vs;
1027, m; 990, s; 974, vs; 966, vs, sh; 930, w;
862, vs; 767, wy 726, wy 718, w3 711, w; 679, w;
635, w; 350, s; 321, m; 315, sh,

(.CstsCZHuSCHB)PtBrZ 3010, w; 2920, w3 1642, m; 1626, w, sh; 1515, vs;
482, vs, br; 1424, s; 1417, s; 1407, s;
1373, w; 1366, w; 1357, w; 1349, w; 1321, w;
, 1288, m; 1269, w; 1216, s; 1140, m; 1091, vs;
1029, m; 995, s; 978, vs; 964, s; 930, m; 865, vs;
768, w; 729, w; 720, w; 711, w; 680, w; 636, w.

(cspjscznusmﬂzmﬂz 2964, w; 2916, w; 1640, m; 1516, vs; 1490, vs;
1419, vs; 1405, w; 1311, w; 1291, w, br; 1092, vs;
1014, w, sh; 1004, w; 981, vs; 861, w, ir;

340, m, br; 331, w, sh.

(GéFSSCZHb’SGHB)PtBrZ 2996, w; 2960, w; 2920, w; 1641, m; 1519, vs;
1495, vs; 1427, m, sh; 1418, m; 1404, m;
1311, w; 1292, br; 1095, vs; 1013, w, sh;

1004, w; 983, vs; 857, w, br;

(cépjscznqscxij)?uz 1640, w; 1514, vs; 1492, vs, sh; 1485, vs;
1424, m; 1418, m; 1402, w; 1311, w; 1290, w, br;

1208, w; 1090, s, br; 1013, w, sh; 980, vs; 862, s
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Table 33, continued,

( 06F5502H43w3)2Pd012

( C6F53 cznqsc}l3 )ZBdBrz

(c:61='ssczﬂ,,,scn3 )?_PdI2

(CHBSCFZCHZSGHB)PI;G‘IZ

( mjscpzcxzscﬂB)PtBrz

2915v W, br; 16“'0' m; 1515' V83 14'94' vs, sh;
1486, vs; 1413, m, tr; 1320, w; 1289, w, br;
1248, w; 1211, m; 1140, w, br; 1090, vs;

980, ve; 963, m, sh; 866, s; 267, m, sh; 251, m, It

2910, w, br; 1641, m; 1516, vs; 1492, vs, sh;
1490, vs; 1414, m, br; 1312, w; 1286, w, br;

1090, vs; 975, vs, br; 860, s; 850. m, sh.

3000, w; 2960, w; 1639, w; 1513, vs; 1491, vs, sh;
1482, vs; 1419, w, br; 1401, m; 1292, w;

1285, w; 1212, w; 1138, w; 1090, s; 975, vs, br;
861, s; 845, w,

3028, w; 3006, w; 2976, m; 2925, m; 1630, w, br;
1427, m, sh; 1418, s; 1316, w; 1276, m; 1222, s;
1167, s; 1093, vs; 1024, vs; 982, m, sh; 971, s;
962, s; 860, w; 640, w; 589, w; 440, w; 338, m;
324, m.

3028, w; 2999, w; 2987, m; 2918, m; 1625, w, br;
1424, m, sh; 1416, s; 1399, m, btr; 1313, m;
1276, s; 1219, vs; 1166, s; 1089, vs; 1022, vs;
980, s; 969, s; 960, s; 954, s; 856, m;

639, m; 583, m; 438, m, sh; 434, m.



Table 33, continued.

(GHBSCFZCHZSCHB)PtIZ 3020, w; 3000, w; 2979, w; 2958, w; 2919, m;
1623, w, br; 1430, wy 1416, s; 1390, w;
1316, w, sh; 1309, m; 1276, m; 1270, m;
1210, m; 1160, m; 1080, vs; 1016, ve; 974, m;
969, m; 956, s; 847, m; 633, w; 580, w;
434, w; 427, w,

(CH,SCF, CH,SCH; JRCL, 3026, w, sh; 3008, w; 2970, m; 2922, s;
1628, w, btr; 1419, s; 1414, s; 1319, m;
1312, m;;1274, m; 1217, m, sh; 1208, s;
1163, s; 1092, vs, br; 1025, vs; 1005, m;
974, 83 959, s; 852, m; 639, w; 578, m;
431, m; 360, m; 341, s; 330, s.

(CHBSGI"‘ZmszHB)PdBrz 3010, w; 2969, m; 2919, m; 1625, w, br;
1417, s, sh; 1414, s; 1317, m; 1311, m;
1273, m; 1218, m, sh; 1208, m; 1161, m;
1090, vs, br; 1024, ve; 1004, m; 971, s, br;
958, s; 851, w; 638, w; 576, m; 431, w.

(GHBSGFZGHZSCHB)PdIz 3000, w; 2953, w; 2918, m; 1620, W, br;
1418, s, sh; 1413, s; 1316, m; 1310, m;
1271, m; 1214, s; 1206, m, sh; 1161, m;
1090, s, br; 1080, s, sh; 1020, vs; 1000, m;

971, s; 957, s; 851, W; 638, w; 576, w; 430,w;
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Table, 33, continued.

(CHBSCH(CFB)CHZSGHB)RCIZ 3010, w; 2970, m; 2928, m; 1416, s, br;
1350, vs; 1318, m; 1282, vs; 1255, vs;
1239, vs, sh; 1181, vs; 1152, vs; 1121, vs;
1092, s; 1059, w; 975, s; 915, w; 894, w;
867, m; 759, w; 686, w; 664, m; 334, m, sh;
321, s,

(cnjsc;{(cr3)cxzsm3)1>tar2 3015, w; 2969, w; 2920, m; 8898, w; 1410, vs;
1343, ve; 1317, m; 1306, m; 1279, vs; 1249 vsy
1233, vs; 1209, m; 1180, vs; 1165, s, sh;
1154, s; 1120, vs; 1108, vs; 1049, w; 970, vs;
927, wy 893, w; 864, m; 760, w; 709, w; 690, w;
682, w; 665, m;.

(GHBSGH(CF‘B)CHZSCHB)RIZ 3000, w; 2960, w; 2919, m; 2906, w, sh;
1413, s, br; 1346, vs; 1319, m; 1306, m;
1280, vs; 1252, vs; 1238, vs, sh; 1212, m;
1183, vs; 1154, s; 1128, vs, br; 1052, w;
972, s; 968, s, sh; 911, w; 892, w; 865, w;
759, w3 691, w; 681, w; 665, w.

(GHBSCH(CF3)CHZSCHB)PdC12 3000, w; 2960, w; 2918, m; 1416, m, br; 1348, s;
13166, w; 1279, s; 1251, vs; 1238, vs, sh;
1179, vs; 1150, s; 1120, vs; 1055, w3 973, m, br;
911, w; 891, w; 863, w; 755, w; 685, w; 661, w;
379, w; 342, w3 323, m; 310, w.
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Table 33, continued.

(GHBSGH(CFB)CHZSC‘HB)PdBrZ 2998, w; 2957, w; 2915, m; 2844, w; 1411, m, br;
1343, s; 1316, w; 1306, w; 1279, s; 1250, vs;
1234, vs, sh; 1181, vs; 1150, s; 1120, vs;
1110, vs,sh; 1052, w; 970, m; 910, w; 891, w;
861, w; 760, w; 684, w; 662, w;

(CHBSCH(CFB)CHZSCHB)PdIZ 2988, w; 2944, w; 2900, w; 1407, s, br;
1338, s; 1314, m; 1304, m; 1274, s; 1245, vs;
1233, vs, sh; 1175, vs; 1146, s; 1110, vs, br;
1049, w; 968, s, br; 904, w; 886, w; 857, w;
754, w; 706, w; 680, w3 660, m.

(CH,SCH(CF,, JCH(CF, )SCH, )PtC1, 3011, w; 2917, m; 1414, m; 1363, s; 1330, s,shy
1318, s; 1260, vs; 1240, vs; 1220, vs, sh;
1174, vs; 1130, vs, sh; 1116, vs; 1046, w;
973, m; 762, w; 683, w; 673, w, sh; 667, w;
626, w; 527, w3 510, w3 329, m, br;

(GHBSCH(GEB)CI-I(CFB)SCI-I3RBL'2 3000, w; 2895, m; 1412, m; 1360, m; 1329, m, sh;
1315, m; 1256, vs; 1239, vs, sh; 1214, vs, sh;
1183, v=, sh; 1170, vs; 1128, s, sh; 1114, vs;
1044, wy 973, m; 762, w; 681, w; 664, w; 625, w;
505, w.

— . -

(cz{3scn(cr3)c1{(cx'3)scnj)f>t12 2998, w; 2903, m; 2880, w, sh; 1413, m, br;
1406, w, sh; 1358, m; 1329, m; 1310, m, br;
1258, vs; 1244, vs, sh; 1220, s; 1207, s;
1181, vs; 1170, vs; 1128, s; 1116, vs; 1041, w;

980, w, sh; 971, m; 964, w, sh; 887, w; 761, w;
680, w; 665, w; 624, w; 506, W,
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Table 33, continued,

(CHBSGH(CFB)CH(CF3)SGH3)PdClz 3010, w; 2914, m; 1417, m; 1364, s; 1330, m, sh;
1322, s; 1259, vs; 1242, vs; 1216, vs; 1179, vs;
1130, vs; 1115, vs; 1047, w; 979, m; 891, w;
763, Ww; 684, w; 667, w; 626, w3 371, w; 334, m;
307, m; 231, m, br.

(CHBSGH(CEB)CH(CFB)S%)IHBL'Z 3008, w; 2900, m, tr; 1416, m, tr; 1364, s;
1332, m, sh; 1320, s, br; 1259, vs; 1240, vs, sh
1230, vs, sh; 1216, s, sh; 1173, vs, br; -
1130, vs, sh; 1114, vs; 1046, w; 978, m, br;
888, w; 764, w; 684, m; 666, w; 627, w3 371, w.

(cHBSr:H(czi'B)cﬁ(c:FB)sc:x{3)1><112 3008, w; 2902, w3 1414, m, br; 1359, s;
1329, m; 1318, m, sh; 1311, m; 1259, vs;
1242, vs; 1220, s; 1208, s, sh; 1182, vs;
1169, ve; 1127, vs; 1114, vs; 1046, w; 971, m; '
864, w, sh; 885, w; 764, w; 681, w; 665, w;
624, w; 369, w.

(CHBSCH(Gﬂj)CHzSCHB)PtClz 2984, w; 2940, m; 2899, w; 2851, w; 1444, m;
1408' V83 13691 m; 1307, m; 1253, w; 1231, w3
1156, w; 1064, w; 1010, s; 959, vs; 904, w;

324, vs; 312, vs.
(%S@(%)CHZSCHB)REZ 2991, w3 2955, W3 2914, w3 1446, s; 1409, vs, tr;

1374, m; 1310, m; 1259, w; 1241, wy 1161, w;

1069, w; 1015, s; 977, s, sh; 965, s; 910, w.

=1%4-



Table 33, comtinued,

(cri}scn(cmj)c.nzsc.nB)Pr,I2 29755 m; 2957, m; 2940, my 2909, %, sh;
2885, w; 1450, m; 1441, m; 1417, vs, sh;
1411, vs; 1399, vs; 1380, m, sh; 1321, m; -i;
1311, m, sh; 1253, w; 1238, w; 1160, w;
1070, w, br; 1016, s; 987, s; 976, vs; ¥ -
965, s, sh; 920, w.

(GHBSCH(CHB)GHZSGHB)PCICIZ 2994, w; 2965, w; 2946, m; 2913, m; 2862, w;
1452, m, sh; 1448, m; 1418, vs; 1376, m;
1314, s; 1259, m; 1237, w; 1161, m; 1106, w;
1068, w; 1015, s; 969, s; 961, s; 910, w;
339, m; 326, s; 304, m; 299, m;

(c53scn(c33)cnzsm13)m3r2 2989, w; 2950, m; 2913, w; 1446, s; 1410, vs;
1374, w; 1312, m; 1260, w; 1240, w; 1163,

t 4

H
1108, w; 1066, w; 1014, s; 977, s, sh; 962, s, sh
510, w,

A

(ca S(:H(CHB)CHZSGHB)PdI2 2990, w; 2942, w; 2902, w; 1419, m, sh; 1444, n;

3
1410, vs, br; 1374,w; 1310, w; 1260, w;i1240, w;

1160, w; 1064, w; 1013, m; 964, s, btr; 910, w.

(CHBSCH(CHB)CH(CHB)SCHB)RCIZ 3000, w; 2963, w; 2910, m; 2860, w; 1445, vs;
1419, vs; 1409, vs, sh; 1384, m;,1316, m;
1308, m; 1260, w; 1244, w; 1211, m; 1086, w;
1070, w; 1004, w; 996, w; 969, vs; 964, vs;
953, vs; 706, w; 685, w; 647, w; 330, vs;

320, vs,.
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Table 33, continued.

(CH,3CH(CH, ) CH(CH,, )SCH.; )Pt Br,y

(CH,SCH (CH )CH(CH, )SCH, )L T,

(CH,SCH(CH., )GH(CH, )SCH4 ) FACL,

(CHBSCH(CHB)CH(CHB )SCHB)PdBrZ

(mBSCH(CHB)cH(cHB)SCHBPdIZ

2995, w; 2986, w; 2915, m, sh; 2904, m;

1447, vs; 1423, vs; 1383, m; 1379, m, sh;

1314, m; 1308, m; 1252, w, btr; 1210, m;

1071, w, br; 1004, w, tr; 966, vs, br; 962, vs;

950' S 707' w3 6849 W3 647, W,

2964, vs; 2914, m; 2868, s; 1442, vs; 1413, vs;
1404, vs, br; 1385, s, sh; 1323, m, sh;

1314, m; 1298, m; 1235, w; 1211, m; 1079, m;
974, vs; 962, s; 681, w; 643, w; 529, W,

2998, m; 2967, m; 2913, m; 2898, m; 2860, w;
1446, vs; 1415, vs; 1379, m; 1311, m; 1284, w;
1256, m; 1245, m; 1207, w; 1068, m, br;

1000, w; 962, vs, br; 709, w; 685, w; 649, wy

366, w; 350, w; 324, vs; 317, vs.

3000, w; 2968, w; 2920, w; 2904, m; 2868 w;
1447, vs; 1418, vs; 1381, m; 1311, s;

1285, m; 1261, m; 1242, m; 1213, m; 1076, m;
1068, m, sh; 1054, m; 1004, w; 964, vs, br;
710, w3 686, w; 651, w; 534, w,

2985, w; 2953, Wy 2904, w; 1442, vs; 1410, vs;
1382, m; 1376, m, sh; 1312, m, sh; 1301, m;
1246, w, sh; 1235, w; 1201, w; 1025, m;

1050, w; 1003, w; 970, vs, sh; 961, vs;

946, s; 708, w; 686, w; 647, w; 531, W.
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Table 34

Mass Spectra data

(compound, m/e, intensity %, assignment.)

(crjscuzmzscﬁ'j)?tclz

( CFBSczHusCFB)PtBrZ

495,
460,
427,

425,
397,
391,
366,
357,
356,
331,
322,
297,
296,
255,
241,

583,
514,
504,
45,
435,
k2s,
397,
375,
366,

-197=

E

100,

5
7,

((:1i'jsc:211,+sc1='3 )PtCl,
( ®35C2H45@3)R01
(c1='jscza,+s--)Ptcl2
(CF4SC,H,SCF; )Pt

( CF3S )ZPt
(CF3S(32HL+S-)PtCl
(CFBS-)PtClz
(402343-)R012
(CFBSCZH 4S=)Pt

( 'CFBS-)Ptcl
(-SCZH4S-)Pb01

( s)Pt—.c:l2
(CFBS-)Pt
(<C,H,5-)Pt
(~CH,S=)Pt

( CF4S C,H,S CFB)PtBrz
(CFBSCZH4S-)RBr2
(cF3s C,H,SCF, YPtBr
(=SC,H,,5=)PtEr,

( CP,SC,H,S )PtEr

( CFBSCZHL@CFB)PP.
(GF3S-)2Pt
(GF3S-PtBr

(~SC,H,,S=)PtEr



Table 34 continued.

(CPSCH(GH, ) CH,SCF JPLCL,

(06F5302H4806F5)Pt3rz

(CéFSSGHZCstGHB)PtClz

356,
296,
255,
241,

509,
il

439,
kos,
301,
296,

779,
700,
621,
533,
sk,

539,
489,
469,

429,
3%,
372,
337,
322,
302,
=198~

5,
100,

(CFBScznus- )Pt
(chs- )Pt
(-CHuS-)Pt

(~CH,S- )Pt

(CF,SCH(CH, )CH,SCF 3 )PtCl,
(CF5SCH (G ) CH,S CF 5 )PLCL
(cnv'Bscx(cu3 )CH,S=)PLCL,
('”CFBSGI(ij)GHzS-)PtCI
(GFBSCH(CHB)GHZS- )PtC1
(-sca(ca, )cH,sS-)Pe

(CFBS- )Pt

(CéFSSCZH4SC6F5)PtBr2
(06F5SC2H4306F5)P+.BJ:
(C4F SCH,SCeFs )Pt
(cépjscznus-)PtBr
(CgF $SCH,,S= )Pt

(06F5502H4SC33)PtC12
(06F5502H48- )PtCl

(c 61"5502343053)1%
(CgF 5s-)1>tc:12

(CgF 55-)PtCl
(céFss-)Pt
(~SC,H,SCH, ) PECL,
(~SC,H,,SCH, )PLCL
(=SC,H, 8 )PtCl

(-scznuscx{B)Pt



Table 34, continued,

(c6F5sc2Hl+scH3)PtBr2

(CFBSGZHQSGHB)RCIZ

(CF4SC,H,SCH, ), PLCL,

381,
302,

Lh1,

391,
356,
337,
322,
296,
287,

418,
116,
406,
371,

-199-

15,
23,
100,
9
3,

80,

10,

24,
100,

21,

37,
37,
79,
63,
53,

(C4F SCH,SCH, PR,
(06F5sczﬂqscnj)PtBr
(c6rjs )Pt:Jar2
(C6F5502343-)Pt3r
(CgF5SCH,S=)Pt
(qscznusan)PtBrz
(CgFS-)Pt
(qsczﬁusca.j)mar
(-SCZH4SGHB)Pt

(CFBsczHuscHB)Ptmz
(cp3sczxuscu3)1>tcl
( GF3SGZH45-)PtCI
(cFBSczﬂqs-)Pt

( (6C2H48083 )PtGl
(=SC,H,S-)PtCl
(CFBS-)Pt
(=SC,H,S~)Pt

(GFBSCZHL}SCHB)ZPtClz
(crjsczﬂuscﬁj)zrtcl
(crjscznascn})n(m%sczxu.)
(01?'33<:211453c113)1>1».c12
(CF,SC,H,SCH, )Pt (CH,SCH,-)
(CF'BsczH“sc:H3 )Pt.(caas-)
(-czﬂus- )Pt (-scznus CFB)
(cFBScznuscHB)Ptcl
(CFBSCZHL‘_SGHB)H



Table W, continued,

(QH;SCF,,CH,SCH.; )PLCL,,

(cajscrzcazscn3 )PtBrz

822,
391,
386,
372,
351,
338,
323,
277,

511,

435,
432,
1402,
385,
370,
356,
353,
338,
323,
306,
291,
277,
227,

=200~

100, (cHBscrzcﬁzscu3)Pt012
9, (-SCFZGHZS-)Pt012
89, (caascrzcxzscHB)Ptm
20, (CH,SCF,CH,S-)PtC1
63, (CH,SCF,CH,SCH,)Pt
9 (GHBSCFZCHZS-)P\:

20, (=CH,CF,S-)Pt
19, (-chs-)Pt

6, (cﬁjscrzcazscaB)PtBrz
9, (-cmzcrzs-)nm:?_

15, (~CF,S-)PtEr,

11, (CHBSQFZCHZSCHB)RR
18, (<SCH,CF,S-)PtBr
12, (-S-)PtEr,

9, (~CH,CF,S=)PtEr
14, (CF,S-)PtBr
100, (anSCHZCFZSCHB)_R
20, (cnascx'zcﬂzs-)n
27, (=SCH,CF,S-)Pt
11, (-S=)PtBr

42, (=CH,CF,S-)Pt

24, (-CF,S-)Pt

32, (~S=)Pt



Table 34, continued,

(CHL;SCF, CR,SCGH, )PaCL,, 335,
317,
297,
282,
221,
206,
186,
171,

(cﬂjscrzcnzsm{j)marz b2k,
279,
265,

188,

(L5 (Cr, ) (CF Sl )PECL, 523,
Las,
453,
4o6,
324,
289,

(CHBSCH(CFB)CH(GFB)SCHB)RBT:Z 611,
532,
517,
ks3,
368,
306,

-201=-

75,
75,

79,
81,
81,

100,

79,
43,

(cHBscI«-Zc}fI_,_sc:n3 )RaC1,
(cr{3sc.1i'2c:}xzs-)Pdcl2
(CI{BSCFZCHZSCKB)HCI
(CH,SCF,,CH, 5~ PdC1
(~CF,S-)PiC1
(=s-)racL,

(=CF,5=-)Fd

(=s-)mdc1

(CH,SCF,,CH,,SCH. ) PABr,
(-GHZCFZS-)PdBr
(=CF,5~)PdBr
(=CF,5-)F

(GHBSGH(GFB)CH(GFB )sc:x13)1>t;cl2
(CHBSCH(CFB)GH(CFB)SGHB)RCI
(GHBSCH(GFB)(H(GFB)SCHB)H
(cajsm{(CFB))(-scﬁB)Ptcl
(CHBS-)ZPtCl
(cxas-)zpt

(GHBSGH(GF3)GH(CF3)SCH3)PtBr2
(cxgscm(crvB)cH(ch )SGHB)PtBr
(GHBSGH(GFB)GH(GFB)S&.)HBL'
(CHBSGH(GF3)CH(CF3)SGE3)H
(GHBS-)ZPtBr

Br-Pt (=S-)



Table 134, continued.

((IHBSCH((!F3 )CH ((11"3 )SCH3 )Pd(}l2 b3k,

(CBL,3 CH(CF ) QT )SH yPaEr,

(crﬂz’scn(c:1?3)czfzzsc}13)Pt-m2

(m3sc1H(0F3)cazscn3 )PtEr,

399,
364,
352,
39,

522,
507,
443,
360,
282,

232,

k55,

420,

370,
324,

43,

4,

43,

385,
370,

=202=

31,
100,

19,

24,

19,

100,

15,

39,

100,

19,

hs,
23,

(CB,SCH(CF )CH (CF5 )SCH, )PtCL,
(C;SCH(CF4 )CH (CF 5 )SCH, )PEC1
(cn3scH(cF3)ca(cr3)sca3)Pt
(CB,3CH(CF,4) ) (-SCH,)PLCL,
(G5 CH (CF4 )Cr(CF, )s- )Pt

(CH,5CH (CF 5 )Gl (CF4 )SCH, ) P Br,
(CHBSCH(GF3)GH(GFBB-)Pd3r2
(CA,SCH(CF4)CH(CF, )SCH4 ) PABr
(cl.liBScH(c:FB)CH(CF'3 )SCHB)Pd
(GHBSCH(GFB))(-SGHB )R

(G5~ )PiE

(cxiBscH(cz«*B)cnzs<:x{3)1>*;c12
(CH,SCH(CF, )&, S~ )PLCl,
(GHBSGH(GFB )cnzscﬂj)Ptm
(GHBSGH(CFB)Gﬂzs-)Pt
(CB,SCH(CF5) )Pt

(GHBSCH(GFB)CHZSGHB)RBI'Z
(CHBSGH(CFB)GHZSCHB)RBI:
(CH,SCH(CF, )CH, S~ ) PtEr
(GHBSCH(GFB) )PtBr
(m3sm(cF3)mzsc33)R
(C.'HBSGH(CFB)GHZS-)Pt



Table 34 , continued.

(CHBSGH(CFB)GHZSCHB)PdCI

(CHBSCH( CFB)CHZSCH3)RiBr2

(CH3SGH(CH3)CH(GHB)SGHB)RC12

(CI-IBSCH(CHB)GH(GHB)SGHB)HBI:Z

366,
351,
331,
296,
235,

375,
360,
296,

415,
380,
365,
345,
330,
323,
300,
285,
240,

503,
b2k,
411,
345,
332,
330,
285,

=203~

17,
100,

15,

(GHBSCH(CFB)CHZSG{B)MQZ
(CrSCH(CF4 )G S-)PdCl,
(G55 CH(CF., )GH,SCH., )R C1
(cHBSCH(cFB)cazscnj)m
(CH3SCH(GF3))Pd

( CHBSCH( CF‘B)GHZSGHB)PdBrz
(CH,SCH(CF., ) CH, SCH, ) PBr
(GHBSGH(CFB)GHZS-)PdBr
(GHBSGH(QB)CHZS-)Pd

(mBScx(cxi3)ca(ca3)sc33)Ptc12
(GHBSGH(GHB)c:a(cmB)scxf[3)1>t.cl2
(C!HBSGH(GHB)GH(CHB)S-)RCl
(GiBSGH(CHB)Q{(GHj)SCHB)Pt
(cr4SCH(CH, ) CH(CH, )s- )Pt
(-cmms-)mcl2

(cx135cucns-)1>t

(-SCHCHS-)Pt

(~CHS=)Pt

(CHBSGH(CHB)CH(GHB )SGHB)PtBrZ
(CHBSCH(CHB)GH(CHB)SCHB)RBI'
( CHCHS- )PtEr,
(CHBSCH(CHB)GI(CHB)SCHB)R

( CHCHS=-)PtBr
(cn3scn(c1{3)cn(01{3)s-)1=t
(=SCHCHS-)Pt



Table 14, continued.

(c:113sc:;1(<:x13)(:H(c:HB)sc1513)1>c1012

(cf{3sm{(caa)cn(cﬂ3)sc33)m3r2

(CHBSGH(CHB)CHZSCHB)RCIZ

(mjsm(mB)mzs%)Hmz

326,
291,
276,
256,
226,

211,

14,
335,
256,
241,
226,

211,

401,
366,
359,
331,
324,
289,
242,

489,
L7,
410,
368,
331,
289,
242,

=20k

100,
90,
31,
37,
12,
16,

100,
87,
41,

8,
13,
%

Sy
30,
65,
35,

100,

(c1=133cx@t(c:113)cn(cuB)scuj)mcl2
(CHBSCH(CHB)Q{(CHB)S%)PdCl
(GHBSCH(GHB)CH(CHB)S-)HCI
(GH3SGH(GH3)GH(CH3)SGH3)P<1
(cx-xjscacnscxj)m

(GH3SGHCHS-)R1

(cr133<:1=1(ca3)cn(cn3 )scxg)marz
(GIBSGH(GHB)GH(GHB)SCHj)PdBr
(CHBSCH(CEB)CH(GEJ)SGHB)Pd
(CHBSGH(GHBCHSGHB)Pd

(GHBSGHCHSCHB)Pd

(chScx{cns- )R

(CH,SCH(CH4 )CH,SCH4 )PLCL,
(G4 S CH(CH ) CH,SCH, )PtC1
(GH,5=),PtCL,

(a5 CH(CH4 )CH,5 CH4 ) Pt
(Ci5S-),PtC1

(GH3S- )zpt

(G55 )Pt

(CH,SCR(CH, ) CH,SCH4 )PLEr,
(G,5- ), PtEr,
(CHBSGH(CHB)CHZSCHB)RBr
(GHBS-)ZPtBr
(cnascn(ca3)cx-xzscx3)n
(G S-),Pt

( CH,S~ )Pt



Table 34, continued,

(GBS CH(GH, )CH,S Gl )PACL, 312, 58,
277, 30,
262, 12,
242, 100,
235, 5S4,

(mBScx'(%)mzscaj)mnrz Loo, 62,

(GHBSGH(GEB)GHZSCHB)RIGIZ
(GH,SCH(CH, ) H,SCH, JRICL
( CHBSCHGHZSGHB)Pdﬂ
(cmjsca(cﬂj)cxzscaa)m
(CH,S=),PaCL:

(caBSca(cHB)cx{Zsca3 5Pd3r2

321 41, (cﬁascu(cl-xj)cazsc%)m:ar

306, 21,
279, 15,
242, 100

200, 8,

a) Values for 79]31', 35C1., 195p¢ and 106

indicated.

-205-
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(S CRCH, S CH. ) FABr
(CH-IBS-)ZPdBr
(CHL,SCH(CH, ) CH,S CH, )i
(GR5-) P8

For clarity charges are not



Table 35

Parameters of Nuclear Magnetic Resonance

COMPOUND Relajive 19¢2  19pd  y(per)C a(Pt-F) ¢
e
(CFSC,H,SCF; )PCL,
Isomer A 65 -y, 1 -232.8 0 60.0
Isomer B 35 -4y, 7 =177.5 4 57.7
e
(GFBSCZHL,’SCFB)RBI:Z
Isomer a 72 -43,7 =666.9 0 57.7
Isomer B 28 44,2 -637.5 3.7 55.0
£
(CFBSCH(CHB)CHZSCF’j)PtCIZ
Isomer A 6 =37.9 =154.7 0 68.7
-43.9 54.0
Isomer B 4 -38.5 -100.5 +4+.6 +65.5
45,1 +54.0
Isomer C 12 42,1 =202.3 0 53.0
J+3'7 6200
Isomer D 78 ~44,0 - 98,3 +,6 +59.0
4t 4 +59.0
£
(CFstH(GHB)GHZSCFB)PtBrZ
Isomer A 17 ~37.5 =599.7 0 66.0
-43.8 52.8
Isomer B 10 -38.2 - cak, 6 -
Isomer C 8 - - 0 -
-43.5 60.1
Isomer D 65 -43.9 57.2

N -5720.3 cak.6 57.2

(cFBSczauscna)Ptmz
Isomer A 70 41,6 -235.8 - 69.6
Isomer B 30 ~41.8 =239.5 - 63.8

=206 =



Table 35, continued,

Relative

COMPOUND % 9%  s80m®  yr-P)° aet-r)
g
(CH,SCF,,GH,SCH; )PLC1;
Isomer A 58 -84.6 =114,7 + 221 +114,0
-82.2 + 60.0
Isomer B 42 -83.5 =122,1 + 205 + 29,0
-82.2 +184.0
h
(CHBSCFZCHZSCHB)HBrz
Isomer A - +85.1 - 223 118.0
-81.4 43,0
Isomer B - - - 205 -
(cnjscrzcnzscﬂj)nxz
Isomer A -86.3 - 225 113.5
-79-9 22.5 »
"+« Isomer B -84.5 - 206. 155.5
27.5
(G ;SCH(CF )CH(CF ; )SCH,; )PtCL,
Isomer A 18 -65.50 ~ =231.2 0 6.1
Isomer B 13 -64.09 -200,8 9.5 5.0
-59,82 13.0
Isomer D 3 =60.11 «201,2 0 10.6
(cajsm{(cﬁ'3)ca(0F3)scH3)PtBr2
Isomer A 18 =65,97 -628.4 0 ca 7
Isomer B 11 =64,13 ca 9
"'59076
Isomer C 18 =61.51 ca 9
-60090
Isomer D 51 -61.;8 -596.4 0 4.3
Isomer E 2 -59.94 -554.1 0 9.6

-207-



Table 35, continmed.

COMPOUND Rlgive 19 gl95p0 J(F-F) 3(Pt-F)

(GHBSCH(CFB)CH(GFB)SCHB)RIZ

Isomer A 13 -66.26 ~1469.8% 0 3.5i :

Isomer B 9  -63.9  -ls24.0! 9"

-59.5

Isomer C 73 -61.07  -1425.9 0

Isomer D 5 -59.54  -1415,7 0 7.0
(CHBSGH(CFB)GHZSGHB)RClZ

Isomer A b -62.55 = 195.3 - 10.0

Isomer B 57 -66,00 - 192.8 - 6.2

Isomer C 8 -62,56 - 165.5 - 8.0

Isomer D 31 «65.96 --219.4 - 8.4
(CHBSCH(CFB)GHZSCHB)HBL'Z

Isomer A 6 =62,24 - 580.8 - 9.1

Isomer B 53 -65.75 = 580,43 - 5.7

Isomer C 13 -62,19 - 554,0: - 6.9

Isomer D 28 -65,67 - 618.9 - 7.4
(CHBSCH(GFB)CHZSCHB)RIZ

Isomer A 5 -62,02 -1399.3 - 6.1

Isomer B 52 -65.55  =1397.9 - 3.6

Isomer C 19 -61. 7%  =1371.4 - 4.4

Isomer D 24 -65.49  -1427.3 - 5.1

=208~



a) p.p.m. positive to low field of extermal CClBF
b) P.p.m. positive to low field of cis=- (Me,S), PtCl,, for which

(195Pt)- 21 420 980 Hz>'O,

Hz signs are only shown when a relative sign determining experiment
was performed.
J(F-F) measured from  C satellites. 1y
f Values of 5CF, and J(Pt-F) for two chemical d:}.stinct groups.,
For (CHBS CQZSCHB)RXZ, values of 50F3 for two chem.cglly distinct

fluorine atoms J(F-F) represent the values of geminal coupling constaats.
h) See appendix A.
i) Measured at 263 K.

«209=-



Table 36

Nuclear Magnetic Resonance Parameters.

Compound Rela;ive sH® s59pt?  g(pt-m)®
(QiBSQi(CHB)GHZSCHB)PtClZ
Isomer A 57 2.87 - 215.5 48,0
2.93 48,6
Isomer B 26 2.60 - 160.6 48,2
2.76 4g9.5.
Isomer C 13 2.71 - 179.2 -
3.15 49.3
Isomer D 5
(‘c; H,SCH. )., PtC cis 47 2.72 - 25.1 48,9
S e Lok trans 53 2.57 118.1 42.6
(C.P_SC,H,SCH.,), PtCl cis 31 2.61 - 36.5 49,2
s L trans 69 2.4 116.1 42.3

a) p.p.m. from external TMS.
b) p.p.m. positive to low field of 31_.5-(}1328 )ZPt.Gl2 for which

=(195pt) = 21 420 980 H2Z7C,

¢) Hz.

«210=



Miscellaneous reactions,

I) CgFSeSeCF, -Pe—’:t;;:» CgF SeCqF, + Se
CH,=CH,
The reaction was similar whether Pyrex or quartz vessels were used,

The diselenide was completely converted to momoselenide within three
hours of irradiation. Similar reactions have been explained by invoking
exclusive C-Se bond cleavage although formation of monoselenide can be
rationalized by reactions of RSec radicals as welle’o .
IT) CF;SSCF; + AC = (B —perae

a) A=B=Ph or A=Ph, B=H. Although the products are probably diffe-
rent, the reactions of both acetylenes are very similar. After irradia-
tion for ten hours in a sealed n.m.r. tube a brown grease was obtained,
19F n.m.r. spectra were identical with those of the starting materials
although no Cli‘BSS('.'F'3 was present.
. After irradiation for five hours in a sealed n.nm.r.

191? n.m.r. spectrum showed a complex

b) A=B=CF
tube, a white solid was formed.
pattern containing 10 groups of signals,

c) A=B=Me. When Pyrex apparatus was used, irradiation for five
hours gave a brown grease. Using quartz apparatus however, two pro-
ducts were obtained: a red solid showing n/e at 603,

19F n.m.r. spectrum showing a

(M of cFBsc(Me)nc(ne)scs'B-zsu) and a
multiplet centered at ca 70 ppm. The second product was a trown solid

with no fluorine n.m.r. resoaances and m/e at 304.

ITT) a) GH,SSCH, + PhC=CPh i —> green solid
100hrs. m/e=512

hv < s
b) CH.SSCH., + CCl,=CCl,———> red liquid
) GLSSCE, + CClp=0CT, 150 hrs. m/a:k407

Both products represented less than 2% of the total weight of the

reaction mixture.



1 1 - hv .
IV) cc 3.":'»SCC 3 + GHZ Gﬂzm CG].BSm;}HZ(‘.'1-{28L‘.Cl3
e3386

- + SF, ———=>
V) CF, G=C-CF, + SF) —=5> CF,CF,CF,CF; + S

S=-3

VI) No reaction took place in the following systems,

a) cr',}scznl&scx?3 + 1‘1012(Ph<m)2
M=Pd, Pt

+ Mel,

M=Ni, Hg
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