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SUMMARY

The work involved in this thesis was the study of the reactions
of simple fluoféphosphines with some platinum II complexes using
n.m.r, spectroscopy and to attempt to isolate any stable éomplexes

observed.

The first part was fhe study of the reactions of PF2X with
t-Pt HX(PEt3)2 X =1, B:, I). The products isolated here;were
X(PEt3)2Pt‘uPF2Pt<X)2§PEt3)fr Attempts were made to solve the
mechanism of this reaction éﬂd‘alfhough a lot'of informatioﬁ was

obtained about the intermediates involved a complete mechanism could

not be determined.

The second area studied was the reactions of HPF YA(Y = S or Se)

2
: Ix . o '

with various Pt substrates. For these systems the products were

PtX(PFzY)(PEts)2 (X = H, C1l, Br, I). . A lot of information was

discovered about the mechanisms involved in these reaqtions from low

temperature n.m.r. studies. Also, the X-ray crystal structure was

obtained for PtCL(PF,S) (PEt,),,.

Finally some work has been carried out to discover the type of

reactions possible with these Pt-PF_ Y complexes.

2
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CHAPTER 1

Introduction



INTRODUCTION

(i) Transition Metal Fluorophosphine Chemistry
This area of chemistry has been dqminated by the interaction of
Pfs with transition metals. Some work has also been done wifh
(where R can be C 013 CF3 RZN)I). In

_compounds of.the form RPF2

o)
most cases the metal is in the M oxidation state and the complexes

formed are volatile liquids.

In this ﬁroject we set:Out to investigate the interaction of
simple fluorophosphines with some PtII substrates. The fluorides
of phosphorus - studied were PFZX(X = Cl1 Br I) and HPFZY (Y = SOrSe).
Several interesting results were obtained. However, bef@re discussing
these results I shall give a review of some of the related Chenistry

‘

reported in the literature.

The first studiesvwere made on the interaction of PF_ with

3
transition metals. The idea behind much of this work was a comparison
. 1 ,
of PF3 and CO as ligands . In general it seems that if a carbonyl
complex can be formed then a similar PF_ complex is possible. In fact

3

one method of forming PF3 complexes is via displacement of CO groups

It is thought thét both thesé ligands bond to transition metals
in a similar way, in that both have available vacant orbitals of
symmetry re;ative to the M - L bond which can accept electroﬁs. They
also have available a lone pair which can be donated to the metal

(Fig. 1)?.
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@MQ @C-—:‘O — @M@C—Z—O

(a) Shows the formation of the M - L bond which involves donation
of the lone pair from the ligand.
(b) Shows the formation of the M - L 7 bond which involves donation

of electrons by the metal.

Forvphosphine ligands the extent of back donation from the metal
depends on the electronegativity of the groups attached to the
phosphorous. The more electronegative the groups are, the greaterv
the 7 acceptor properties and hence the shorter the M - P bond is iikely
to be. 1In fact'some i.r. spectral evidénce and some photoelectfon

is as good'as CO as a 7 acceptor if not better. .

spectra shows that PF3

Evidence to support this view of the bond between the metal and

‘PF3 came from electron diffraction studies on Ni(PF3)41. The Ni - P



distance was found to be 209.9(3) pm. The covalenf radius of P is
110 pm and of atdmic Ni 120 - 130 pm, so it,seems‘reaSOnable to
assume that the short bond length was &ue to m interactions between
the metal and the ligand. This also compares with a bond length of

around 230 pm for a M'- PR, group (where R is alkyl) and 220 pm

3
for a M - P(OR)3 complex.

However, for piatinum very few CO complexes exist; those that
.have been obtained have low thermal stability; for example Pt(CO)4
can be detected via matrix isolation but it decomposés on warming.

The PF3 derivatives are thermally more stable as shown by one method

of formation.

A

M+ PFy Lignip

M(PF M = Ni, Pdj Pt.

3)4

Where well defined carbonyls are known, PF

3 complexes can be

1 .
made via displacement of the CO groups from the metal and here
the process is usually thermally or photochemically induced, which

again demonstrates the greater thermal stability of the PF éompounds.

3
Because of this greater stability the fluorophosphine chemistry.;
of platinum is more extensive than the carbonyl chemistry.’ As well
o II
as Pt (PF3)4'a whole series of complexes of the form Pt (RPFz)zcl

) 2
we obtain Ptz(PF

ig known. On heating cis Pt(PF3)5012 3)2014 a chloro
bridged dimer. All the monomeri¢ complexes retain the cis configur-

ation.

As in simple fluorophosphine chemistry the stability of the PF2



- exception, the PF

group remains intact

group is again demonstratéd in that the PF2

ﬁﬁile various R groﬁps may be exchanged. However, with'one major
3 complexés of PtII, most fluoropﬁosphine transition
metal complexes are air stable, which is ‘in contiast with the |
béhaviour of free fluorophosphines. Most of the M0 complexes are
therﬁally stablé but at the Same time are Very‘volatile giving off:

strong-smelling vapoufs. In fact many fluorophosphine complexes can

be distilled . without significant decomposition.

I .
The M I complexes on the other hand, tend to have higher melting

. . ) I I
~points and many are crystalline solids. Most of the known Pt

fluorophosphine complexes have been reported since 1968.

3 -
In 1968 Nixon and Sexton reported the formation of a series of

complexes of the form cis Pt XZ(RPFZ)Z or cis Pt X2 (RZPF)2 (X é Clior

Br, R = NEt NMe N(C_H_)_) and this was the first'major study of

2’ 2’ 5°10° 2
'_ PtII fluorophosphine qomplexes} Previous to this the only known
~ 4
examples were cis PtC12(PF3)2 and (PtClzPFs)2 .

Since 1969 only a few papers have been published in this area,
' : 5
one of the major ones being by Grosse and Schmutzler in 1976 who
reported the‘following reactions:-
: ; . L n _n
Pt Cl, L, + PF,0R ——5-Pt Cl Lz(Pon) (R = alkyi, Pr—, Bu-)
These complexes are all air stable crystalline solids and were

) 31 19
characterised using P and F n.m.r. spectroscopy. This was the



first substantial n.m.r. investigation in this field and it is
with the advances made in recording Fourier transform n.m.r. spectra

that more information on these complexes can be obtained.

Also in 1976 Goggin and Goodfellowex reported the following

‘reaction:-

2 NBu® + Pt.X 2~
Uy 6

—_—>
2 + PY3 2[ Pt X

- +
PY] NBu

4 (X=Cl1BrI; Y=2C1, F).

3

. 7
and in 1977 Pt(PEts) Cl1_PF was reported as the product when PF

2 3 3

Cl4 ‘(PEtS)2 in CH_ C1,_, which

was bubbled through a solution of Pt 9 2

2
‘contained a little PCl3. These complexes were also air stable
crystalline solids and in fact the X - ray structure was obtained for
Pt(PEt3)012PF3.‘
It is fairly obvious that the most useful technique available
o : 31
to study these systems is n.m.r. spectroscopy; with both - P and

1 : .
19 95Pt 33.5% spin % the spectra obtained are very

F 100% spin % and
. . L . . 31

distinctive. Several feotures' stand out in the P spectra of a Pt -

PF2 complex. The PF2 chemical shift tends to be to high frequency

of the PEt3 resonance and 1J(PtPF.z)is large, usually between 5000 and .

7000 Hz. This haS'beenvattributed to 7 bdnding in that the stronger

a m acceptor the RPF_ group is then the larger is the coupling

2
6 : 1
constant . Another consistent factor has been that ~JPF)is generally

lower for-the bound PF2 group than it is in the free fluorophosphine.

As mentioned before the work in this project involves the



reactions of Psz (X =Cl1 Br I) and HPFZY (Y = SorSe) with some

platinum substrates. = Very little work has been carried out using

these ligands and indeed the only example: known . iS1—8

Ir (CO) C1 L, + PEF X —> Ir (CO) Cl L, PF,E (E = OorS; L = PPh

o 2 PthMe)

2 3

These complexes were characterised using i.r. spectroscopy.
The compounds were too insoluble to allow an n.m.r. study to be
" carried out. However similar reactions on NanFe(CO)2 gave more

conclusive results. In this system 5SP(CF}),

) &

Eer(CO& was isolated

in 15% from the reactionzs,

’ S
Cp - Cp /
Na (0C), Fe + P(S)(CFs)zBr —> (0C),, Fe - P'.(CF3)2

The n.m.r. data favoured the Pv form as representing the

structure of the product.

The only example of a Pt complex with a PF

zx ligand came from

a reaction recently carried out in this departmenfg;-

C1 PFZ Cl
' : N 7
Pt C1_, +)PF, C1 _— Pt
2 2
VRN
C1 PF_ Cl

3 19 .
This complex was characterised using lP, F n.m.r. spectroscopy.



‘(1i) Some recent progréss in the formation of bridged binuclear

Platinum complexes.

Until recently the only type of bridged platinum complex known

2
was
L X X
N/ N/
Pt . Pt
VR NN
X X L
: ']
where X was an anionic ligand. Many examples of these compoﬁnds

have been reported.

In this section I shall discuss and draw tcgether several
reports which haQe recently appeared where bridged complexes-have'
beeﬁ formed, the bridging ligand being a neutral species or a novel
liéand acting as thé bridge betveen two platinum atomé. This is
relevart in that in the course ¢f this project we have studied the
formation of some novel bridéed binuclear‘platinum comp lexes.

In 197410 the first examples of a neutral species‘acfiné as a
bridge between two platinun at&ms was reported. Thé bridging groups
were SR, (R = Et 6r Mé) and several noVelvtypesﬂof complexes were

2

formed.



X SR X [ x SMe, x1 %
N/ N\ / N/ NS
Pt Pt Pt Pt
/N, /0N /SN /N
X SR X hx X X xJ
X SMe, x| x SMe, : ske,] ~
N /S N/ N/ N
Pt Pt Pt Pt
/S N\ / N\ /7 \ N
X X X | kB X X x|
SMe2 | SMe2 ’ SMe2
N/ .
Pt Pt
7\ / N\
X X X X

1
The structures were all assigned using H n.m.r. and vibrational

studies.

v . - 11
. The next report was in 1976 when Brown and .Puddephatt carried
out an extensive n.m.r. study on the oxidative addition réactions of
some SR bridged complexes. They reported the formation of several

4 ‘ _
. Pt v bridged complexes as intermediates



e.g R R
Me I SMe | Me
AN ~ \.. 7~
Pt S pt
yd
Phie, P I\\ She | N PMe Ph
. 2

As well as these sulphur bridged complexes several compounds

have been reported which contain hydride bridges. Most of the work

12,1
2,13 who, since 1976

in this area has been done by Spencer and Stone
have published several papers on the synthesis dnd reactions of the

following series of compounds:-

MR3 b p(C6H11)3

N Pr “
Pt — Pt
s N N

)3P : MR

(Gl

3

formed from the reaction of Pt(C2H4)2(P<C6H11)3)2 with MR3H (M = 8i or Ge;

R = Cl, Me, Ph, CH,Ph, Et or OEt).

The structure waé established from X - ray studies and some
vibrational work and although the bridging hydrides.were not observed
in-the crystal structure, the fact that they ére present is confirmed
from the bridge cleavage reactions which these complexés undergo.
Perhaps the most usefui have been the reactions with deﬁinswhich show
that the complexes catalyse the‘hydrosilylation14' of both alkenes and

alkynes.
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Another major piece of work in this area stemmed from the reaction
15
of Pt012 (dppm) ) [ dppm = bis(diphenylphosphino)methane] with Na BPh4

followed by HC1 in boiling benzene which gave:-

o CH . Pw
?k\.¥,/’, 2~ ﬁtéyk
| |
Cl—— Pt ———_ Pt __C1
1 [
: —~ PN
N CH,~ p\?\\ |
o 2

It was then observed that an intermediate in this reaction contained

- 16
a hydrido bridgiﬁg ligand and from this a series of complexes was prepared

! I

X — Pt — X — Pt —X (X = H or Cl1)
1 i
3 P

It was suggested that formation of this monohydride bridge could
be associated with the presence of the bidentate donor ligands. There
is some evidence that. this may be the case from another example where

a single hydride bridge is postulated17

-+
H L.
| |\
L — Pt — H __Pt __L

b ’

-
Again a bidentate donor ligand is present. In this example fast

exchange occurs between the bridging and terminal hydrides. Even when
the n.m.r. spectrum is studied at temperatures below —iOOOC only one
signal is observed. However terminal Pt - H stretching vibrations are

observed in the i.r. spectrum. All ‘the evidence supports the suggestion



11
that a fast exchange is taking place.

One example has been reported where bidentate donor ligands are

absent and in this case we have a stable mono hydride bridged species18

q +
ll>Et3 , Il>Et3
: __H. Ph .~ (. -
PEt, B PEt,

Here there is no evidence for a fast exchange on the n.m.r. time
scale and the structure was assigned on the basis of n.m.r. evidence

~and the X ~ ray crystal structure.

Apart from one report of a hydroxo bridged complex S [(NHs)ZPt(OH)2
Pt(NHs)Z](Nos)2 the other major advances in synthesising novel binuclear

,_Platinuh complexes have come from work carried out in this department.

. ‘ ° 2 .
Most of the work has been done with bridging PH_ groups 0. and

2
.several complexes have been characterised:-

?

: +
: +
P PE 1. PE PE
IEt3 ‘ [‘ts _ | t3 | tg
X— Pt — PH,— Pt —X ' Et.P— Pt — PH — Pt—X
2 . 3
I , | | |
PE PEt.. X PEt
i t3 3 | I | ‘ 3 |
trans - trans ' cis - trans
. cation C .cation
X=ClBrIH
: ' PEt
| fEts | s
X — Pt — PH,— Pt— X

.PEt . X
3

neutral complex
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No evidence has been obtained for the cis - cis structure, and

the heavier the halogen then the greater the tendency there is for

the neutral complex to form.

p ) .
either tHX(PEt3)2 or Ptxz(PEts)2 with Me

Oxidative addition reactions with HXZ'

These complexes were formed by reacting

3SiPH2.

have been carried out on these

hydride\ complexes and evidence has been obtained to show that stepwise

addition takes place with both of the following complexes being observed

1
in the 3

[ rEtS
H _ ptII._.
|
PEt3

P n.m.r. spectra.

) -+
PEt TEtS
| PH
H pe IV 2~ peV— H
H~ S x x-—7 S H
| l
i PEt, PEt |

As well as the PH2 systems a lot of work has been done on

. 2
complexes containing an SH or SeH bridging group 2

Here the

compounds are formed from direct reaction of two platinum substrates:

PEt

I 3
H— Pt  — EH:
|
PEt3
(E = S or Se)

+

-TEt3
EtOH — Pt — H
|

PEt3

H—

’

BF4 >
1+ ,
PE P :
I t, |Et3 |
Pt — EH — Pt —— H BF
I | 4
pE;3 PEt,
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For the Se system it was found that in solution isomerisation

‘took place and the.31P spectruﬁ showed an AA1 Xxl pattern which has

: 2
been interpreted as arising from the cis - cis structure

PEt PE
| 3 |3 |
P — — —_ — PE BF
Et3 rt SeH rt P t3 BF4
H H
This is in direct contrast to the PH2 system where isomerisation
was from the trans - trans to the cis - trans structure. This could

be due to the fact that we go from 4 coordinate phosphorous to 3

coordinate Se so the steric problems are different and the PH

2 systeg

prefers the cis - trans structure while the SeH prefers the cis - cis

configuration.

For Se the cis - trans structure is not seen.

Attempts were made to carry out oxidative addition reactions, but

in all cases the result was breaking of the bridge:

for example, with

H C1 cis, cis, trans Pt(H)z(Cl)z(PEts)z.was the major prodhct. Attempts

have also been made to deprotonate the bridge but again these have proved

unsuccess ful.

In this thesis we shall report the formation of similar complexes

containing a PF2 bridge.
ligahd are known
complex formed24

complexes are:

. Two examples reported of doubly bridged PF

Very few examples of PF

2 acting as a bridging

and in fact only in one case is a singly bridged

2
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| 25)
F_P PF
3 3
\ .- PF2 ~ Y ‘
F,p — Fe Z > Fe — PF, . and
~ PFZ/ N '
F P PF,
26)
F.P PF '
3 N PF2 yd 3
FgP — Co_ ™ Co — PF,
b /// PF2; \\
FP | PF,

'~ The iron complex was formed when Fe vapour was:condensed with
PF3 at liquid nitrogen temperatures. vThe cobalt complex was the

product when anhydroﬁs Col,_, was reactéd with Ca powder (Molar ratio

2

1:10) with PF, at 400 ‘atm. and at temperatures above 170°C for

3

15 hours.

The iron complex was a red crystalline but"volatile coﬁpound

while the cobalt one was thermally stable up to and above 200°C.

)

It was also stable in air for several,déys and from mass spectroscopy

evidence it would appear that. the ‘PF2 unit was the most

~

Co Co
N/
PEZ

stable part of the molecule, with an intense peak appearing at m/e = 256.

Similar complexes have also been prepared with CO bridges and
. | v : _ _ .
in 1973 Kruck 7 et al reported the formation of complexes containing

H and PF2 bridges in the one molecule..



However, the first
the bridging ligand was

Panster24-

The first stage in

complex:

5
n - C5H5(CO)3 M - PC12

(M = Cr or W,Ml = Cr or

The Cl1 was then replaced by F, by reaction with BF

The complexes were

15

example of a singly bridged complex where

PF2 was reported in 1977 by Malisch and

‘the preparation was formation of the PCl

c1 Cc1
5 AN

‘ 1
+ THF M (cp)5 > nCgH (CO) M - P - M
W)

4

characterised using 31P and 19F n.m.r.

spectrosqopy'and vibrational studies. They were all stable,

- crystalline yellow or green solids, the PF

soluble and slightly more stable than the PCl

2'¢omp1exes being less

2 compounds. The P

2

1,
(Co) 4

C12

series decomposed on melting to give M(CO)6 while at no stage was

E}

the fragment n5CéH5(CO)3M7- PF observéd, not even in the mass

2

"spectrum. Even the action of a strong base failed to deéompose the

2

of a CO trans to the PF

Ph(CH3)2P

PF, derivatives; in fact reaction with P(CH

3)2 Ph led tc di;plgc

to give the binuclear complex.

2

ement
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All the n.m.r. data was noted and for all complexes there was
a downfield shift of 6P for the bound PX, group compared to the

free one.

Some recent work by . Schmutzler44 has resulted in the forma-
tion of a complex containing a Pt-PszO—Pt group. This complex had
. _ 5
. already been reported and it was suggested that the complex had a

monomer structure with two terminal PF_O groups. However the X-ray

2

crystal structure has now shown the structure to be

OFZP\\ 4
. c c1
Pt — 7T~ py - _
/ \\, ,// \\\PEt
P

3 PFé—— 0o

3
Et

This complex is unusual in that it contains two distinct PF20
groups.. The 5 membered ring structure which contains the two Pt

atoms means that the bond angles around Cl are much larger than they

are in a normal Pt-Cl-Pt bridging group.

This complex was formed by the reaction of PtCl(P_FZO)(PEts)2

with PF,(OCJH,) at 80°¢c.



. CHAPTER 2

The reaction of t-Pt HX(PE1;3)2 wi th PF2X'

(X = C1 Br I)
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2.1, Introduction

As part of my chemistry IV project a preliminary study of

the reaction of t - Pt H C1(PEt,), with PF_Cl was carried out.

2
The results obtained showed that complex I was being produced as

one of the major productszg. _ '

P Et, P Et,
| ‘ -PcFZ |
| Pt ~ T~ pt
—~ ~
c1 | | c1
P Et, c1
i 1

Other work carried out in this debartment had shown that it
was - possible to form binuclear platinum complexes contﬁining a PH2
bridging groubzo. We were thgreforé interested in synthesising these
PF2 bridged complexes and studying their reactions.

2.2 . The.reactlon of t-Pt H Cl(PEt?,l_2 with PF_C1

This reaction was carried out in CH2C12 and at room temperature
complex A was obtained in approximately 60% yield. By - removing the
solvent once the reaction mixture had reached room temperature a white

gum was obtained. By washing with ether and recrystallisation from

methanol the product was obtained as clear, needle-like crystals.



31 ’
Fig 2.1 P n.m.r. spectrum showing the PEt3
PEt PEt_
t 3 N
resonances for Cl — Pt PF2——- 7t—— Cl
i .
PEt Cl

3

1 cm = 160 Hz
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The reaction was studied and the final product ident1f1ed using
31 1
P and Fnm.r. spectroscopy. This proved particularly useful
- 195 .
" in this system as the presence of Pt in 339 abundance, spin 3,

meant that a lot of extra information could be obtained by stﬁdying

the Pt satellites.

The 31P Spectra obtained for complex A were all first order
agd showed two - distinct sets of resonances. At low frequency a
complex multiplet was observed at ¢17 PPm and it wes onlylby studying
the Pt eatellite patterne that this could be explained, Two sets of
Pt satellites were observed; one showing a coupling of 2406Hz and the
other of 3479Hz (Fig. 2.1). Both sets of satellites showed a doublet
of triplets pattern although the size of the coupling constants were
different. | By tek1ng the satellite patterns and fitting them over
'the central reSonance it was possible to distinguish between two

'resonances which were both centered V17 ppm.

At high frequency a large triplet (Fig. 2.2) was observed with a

splitting of 1058Hz. This corresponds to a PF2 triplet pattern and

confirms the Presence of a PF2 group in the complex. The satellites
were also observed, but the pattern was complicated. This was due to
the fact that two different Pt couplings were being observed. These

couplings were very similar in size so the two sets of satellites
overlapped. Each line in the central triplet was further split into
a doublet of triplets and the couplings corresponded to the doublet

couplings observed at low frequency.



Fig 2.2 31 :
g 2.2. P n.m.r., spectrum showing the grz resonance for Cl — Pt — PF
. . ]

PEt : P
3 |Et3

— Pt — C1
i .

2

PEt3 Cl

=

1 cm = 400 Hz

t

J(PLP)

1ipF)
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PE{ P
I €3 'Ets

Fig 2.3 19F n.m.r. spectrum showing one part of the spectrum for Cl— th—- PFZ'_' Pt — C1°
. ' " |

B S PEt, c1

1 cm = 40 Hz
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12
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The 19F spectra (Fig. 2.3) showed a large doublet splitting
of 1058Hz and each line appeared as a doublet of triplets. Here
vthe two coupling constants correspondéd to the values for the small
triplet couplings observed at the low frequency part of the 31P

spectra.

The evidence listed here suggests fhat complex A is of the

form:
P
PEt3 Et3
|
/ ~
Pt Pt
x/l | X
P
Et3 _ X
where X could be H or Cl. All the splittings observed in the
31

19
P and F spectra can be accounted for on the basis of the structure
shown and it is proposed the complex A is in fact complex I where all
three X's are chlorides. This assignment was based on analysis and

oni.r.spectra which showed no evidence for a Pt - H stretch.

2.3 Formation of similar Br and I complexes

The bromide and iodide analogués of I could be made by fhe‘
same method as the chlori-de. However it was found that they were
better prepared from the chloride by halogen exchange ﬁsing Li Br or
Nal. The products were.again obtained as air stable crystalline

31 19,
solids and were identified using P and F n.m.r. spectroscopy.
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The results are summarised in Tables (i) and (ii). Some

intéresting trends in parameters are noted in the series Cl > I;

some of these helped tb make the spectra easier to interpret.

First, in the 3lPi‘spectra GPa shifts to low frequency oh going
from C1 ———5‘1 whilevGPb doeg'hot‘change much . On a simple basis
one might expect GPb to be more affected bx changing the halogen
since Pb is bound fo a platinum which is gttached to two halogen atoms,
whereas Pa is bound to a platinum which is attached to only one
/halogen. However, by comparing the data with tpose for the PH2
bridged complexes and with cis and trans Pt Xz (PEté)2 it appears !
that the changes observéd here are copsistent with those observea in
other series of complexes.. The rgsult of théfinqrease in G(PB - Pé)

is that we now obtain two distinct resonances in the PEt region which

3

simplifies the interpretation of the spectra.

Another factor whiéh simplifies the spectra is the decrease in
the size of one of the two values of li(PtPc).b This means thét two
distinct pairs of satellites are_observed‘instead of the overlapping
pafterqs found with the Cl system. The same effect is noted in the

9'F spectra whére one of the values of 2J(PtF) decreases by more than

_ the other.

Alsc for the iodide complex 2J(PaPc;) is small and unresolved so
the 31P spectra'shows a triplet péttern as opposed to the expected
doublét of triplets. There are several cher slight differences
in the chemical shifts and coupliﬁg constants, but these are to be

expected as the halogen is changed.



Table 2.1 °P and *°

X c1
SP 17.3
a
5P . 17.3
5P 211.02
C

1 .

J(Pt P.) 2406

lJ(Pt P;) 3479
1 4519

J(Pt P ) 4452
'zﬁ(p P) 19.3

“a te’ . o

2J(P P) 104

b ¢ :

lJ(Pc F) 1059

3 .

J(P, F) 14.1

3

J(P F) 10.0

SF -30.9
2 , 541

J(Pt F) 551
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P
I

a

Fn.m.r. data for X_Pta_P

Br

12.7

17.7

208.8

2430

3470

4578
4280

15.5

1079

17.2

-27.6

512
566

15.5

p

a

15.

204.

2386

3330
4501
3869

14.

1112

14.

12.

453
570

cF2

.70

Chemical shifts are in ppm, coupling constants in Hz

P

Ib

— Pt — X
[ b
X
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2.4 Possible Mechanisms of Formation

The reactions were all studied at low temperatures using

19 '
31P and F n.m.r. spectroscopy in an attempt to find out something

about the,mechanism which leads to formation of these bridged com-
plexes. If we compare the PF2 and.the PHZ systems we see that for
the PH2 reaction the neutral coﬁplex is only formed on decomposition
6f the ionic specieé-whereas the only observed product for the PF2
system is the neuiral complex. It was hoped that the low tempe?a—

'ture Studies would explain the difference.

3
The 1P spectrum of the reaction-of t-PtHC1(PEt with Pcml

3)2
was recorded at -90°C in CDZClé. The spectrum showed one strong

resonance, a singlet with Pt satellites, which could be asSigned
as.being due to cis, cis, trans PtH2012(PEt3)2; - There was also a
broad peak at +20 ppm but this could not be aSsigned to any known

species.

When the reactidn of t PtHBr(PEt with PFzBr was in turn

3)2
. studied, the results were far more useful. In this system two

strong resonances were observed in the PEt, region, one of which

3

corresponded to cis, cis, trans PtH Brz(PEts)z. The other resonance

2
showed a doublet splitting ﬁnd’hlso had Pt §ateilites. ;n the PF2
region there was a triplet of triplets with Pt satellites. The
large triplet coupling confirmed the preséncévof a PFZ group while
the smaller coupling is equal to the doublet>coup1iné observed in
the PEt3'region. This would correspond to a Pt complex coﬁtaining
one PF2 group and two ?Et3 groups. When the protoﬁ coupling waﬁ

retained, the PF2 resonance showed an additional doublet coupling of
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Fig 2.4 P n.m.r. spectrum at -90°C showing a Pt-PF,X intermediate.

Above lﬂ decoupled below lﬂ non-decoupled. PtHzBrz(PEt3)2

is also observed.

600 Hz

1l cm
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' 600 Hz (Fig. 2.4). This coupling is due to a hydrogen, which
suggests that the conplex observed tould have one of the two possible

structures A and B:

[ P ] ' ( s
lEt3 | + rEts
H_—_ Pt PF Ry | Br Pt —— PFH
PEt PEt
L. 3 ] ] ‘3 |
A B

The evidence given so far does not show that there is a Br
group in the complex let alone show where it is bound. To shed
further light on this question ‘the following mixed halogen reactions

were carried out: PF, Br was allowed to react with t—Pt—HCl(PEts)z, ,'

2

and PF2C1 to react with't—Pt HBr(PEt3)2.

3 .
The 1P spectrum of the first of these showed three complexes
' (o] . . Iv
to be present at -90 C. They were all derivatives of Pt~ and

were identified as

PEt, PEt, PEt,
H_ Cc1 : H B H Br:
~ | - ~ l - r ~ l - r
Pt __ . Pt ) Pt -
H/l c1 H/l N i | ™~ Br
PEt, PEt; PEt,

' 1
from their chemical shifts and “J(PtP) coupling constants. The

reaction of t—PtHBr(PEt3)2 with PF2

Cl on the other hand gave a
' PtPF, complex very similar to that observed from the reaction with

PFzBr. However ~ - several differences were noted; for example

§P = 12,57 ppm for PFzBr system and 14.35 ppm for the PF2C1
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derivative with 6P1 = 106.53 ppﬁ and 101.80 ppm. The values for
the coupling constants differed slightly as well:lJ(PﬁP)= 5817 Hz
and 5927 Hz for the PFéBr and.PFZCI sysgems respectively. These
differences are small and significanf and help to confirm that two
different complexes have been observed and that a change in
halogen must be associated,ﬁith these differences. Hence the
complexes must contain halogen; however theré is still no evidence

to say whether the hélogen is bound to the Pt or the PF2 group.

The most obvious explanation would be to propose that the PF2X

group ié replacing Br bound to the Pt, giving the complexes

PtH(PFzﬂ(PEt ( X = C1,Br). ., However, the value of 600 Hz for

2J(PH) is very large and does not fit in with other observed values

3)2-

for'zJ(PH); for example 2J(PH) for the complex PtH(PFzs)(PEt3)2 ﬁas
observed as 273 Hz which is less than half the value obtained here. .
This fact tends to suppbrt the idea that some sort of exchange has

occurred and that PF,H is bound to the Pt.

Several other observations also suggest that it is PF2H which

is.bound to the Pt. Firstly, an experiment performed earlier has

shown that PF_H reacted with PtHC1(PEt to produce a Pt-PF

2 3)2 2

complex which could contain a PF2H group. The chemical shift foy
P1 was 184 ppm aﬁd 1J(PtEF=3000 Hz. This would_at first appear

‘to be completely different from the complexes observed here but
again comparison with the PFzY (Y'= S or Se) work is necessary. In
the PFZS‘and PFzse étudies the complexes PfX(PFzY(PEt3)2 (X = C1,Br)
have been isolated and the comp;éxes PtH(PFzY)(PEtS)é observed as

intermediates. When the H replaced a halogen there was a large

: 1 1
shift of 6P1 to high frequency (C1-6P = 132 ppm. H 8P = 230 ppm),



Table 2.2

X
ép

op

it p)

it p)
25pp1)
35ew)
150w

6F
250t F)
15 @n)

2J(FH)

3 1
1P and 9F n.m.r.

c1

14.4

101.8
2119

5927

NR
11068
-71.7

515

60.7
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li’Et3

data for X —Pt ——P'FZH (X = H,Cl1 or Br)

PEt3

Br

12,

106.

2076

5817

24,

NR

1080

~72.

510

635

59.

Chemical shifts are in ppm, COupling constants in Hz

NR = not resolved

NO - not obtained ) N

()}

19,

184

2329

3000

24,

NR

' 1050

NO

'NO

NO

NO
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1 . -
also ~J(PtP) goes down from ~5000 to 3000, as is to be expected

on replacing a trans-halogen with a trans-hydride.

This could also be what happens with the PF2H éomplexes.
1
The observed chemical shifts were 6P = 101 for the PF2C1 systen,

106 for the PF2Br and 184 for the PF2H reaction. If it was the

PF2H which was bound to the Pt then the trans-ligand would have

changed from Cl to Br + H and this would fit with the large shift

to high frequency. Also the,lJ(PtP)_ values observed were
PF201 - 5900 Hz PFzBr 5800 Hz and PF2H - 3000 Hz which would again

fit for changing the ligand trans to a PF2

H' group from Cl1 - Br - H.
‘Another piece of.evidence comes frdm the observed n.m.r.

parameters for fhe complex cis PtClz(PF201)2. Hefe there are PF201
groups trané to C1 and 6P = 110 ppm, 1J_(PtP) = 5296 Hz. If the
complex we were observing in the reactions here had the PF2C1 group
bound to the Pt then ‘the trans ligand would be a hydride and a shift
to high frequency would be expected for 8P, also the 1J(PtP) coupling
constant would be lowered to ~3000 Hz. Therefore it would.seem

that the complexes observed havef“;,ﬁ had the PF2 group trans to a

halogen and the PH¥coup1ing observed was due to H directly bound

PF_.
to F2

The best way to prove that this was indeed what was happening
"was to obtain 1H n.m.r. spectra. If the vaas bound to the Pt ‘then
-6H would be ~—16 ppm. If on the other hand it was bound té the PF2
’then 6H would be ~+10 ppm. The spectra were obtained and the
paftern obscrved was the expecfed doublet (~600'Hz) of friplets
(~60 Hz) with Pt satellites. &H was found to bé ;9 ppm which is
conclusive evidence that the H is bound to the PFz.group and that

the complexes observed were:
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l— 1l>Et3 1+
X — Pt — PF,H " (X = C1 or Br)
i PEt, |

As the reaction mixtures were allowed to warm up it was foﬁnd
that the amount of Pt(H)é(X)z(PEts)2 pPresent decreased and tﬁat a
.siﬁglet appeared at +20 ppm, corresponding to the cation HPEt3+.
Then as the temperature reachéd +10°C the bridged complexés began

to appear.

All the bits of information gathered from these low temperature
studies have now to be put together into formulating possible
mechanisms for this'reaction. The firsf thing to say is that no
gatisfactory mechanism can be proposed with any certainty.  Indeed
small pieces of information have been found which can give ideas

as to what could be happening in this system.

The only species which appeared in all the reactions. was
cis, cis trans Pt(H)z(X)z(PEt3%: This could have been formed by
addition of HX to the starting material. So a source of HX has to

. be'found.

F?om the reaction of t—PtHCl(PEts)2 with PF2Br ﬁhere’three

- complexes of the form cis, cis, trans PtHZXZ(PEtS)2 were observed

it can be seen that the X from the PF2X starting material is now bound
t6 the metal. Thié would sﬁgéeét an initial oxidative addition of
PFZX foliowed by loss of HX which can in turn add to the starting

material, i.e.
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3 3 3
| H\\| P X |
H—_Pt—X + PFX—> Pt -HX | X — Pt—FF,
. , - |
| |
X PF
PEt PEt, PEt,
3
\\N4ax
. PEt,
H , X
™~ //(/,
Pt~
P BN
H . X
PEt,

However, neither of the two PF27Pt ihtermediates postulated

here were observed in the n.m.r. spectra. Formatiop of a terminal
-Pt—PF2 group would give a possible route to bridge formation in that

this group would be reactive and could then attack another platinum

‘molecule.

When evidence was obtained for a E¢—PF intermediate from the

2
reactions of t—PtHBr(PEts)2 with PFzBr and PF2C1 it had a hydrogen
bound to the PF2 group. We have pr?posed that these intermediates
were of the form:

v I}Et3 +
X — Pt —— PFZH' (X = C1 or Br)

PEt

One would have expected that the intermediates would be of the



form PtH(PFZX)(PEts)2 but the halogen bound to the PF2 has been
exchanged for an H. This exchance of an H for X bound to a phosphorus

is very unusual. However it could be formed by attack of HX on a

terminal PF2 group.

From the observations made soAfar two complexes have been seen
at -90°C in the lp spectrum,[PtX(PFZH)(PEts)A+ and PtH,X, (PEL,), .
However only one H was present per platinum in the starting materials
and thiree are reguired for every fwo Pt atoms in these intermediates.
This lends to the suggestien fhat the solvent CD2C12 couldvbe
involved.:” For the‘complex PtX(PFZH)(PEtz)2 a’1H spectrum has been
obtained so the proton now bound to the PF must be the one which

2

was originally on the Pt so any terminal PF

'5 BTOuUp formed did not

abstract a protoh from the solvent. Also, all the couplings expected,

;J(PH) and 2J(FH), were observed with no sign of deuterium coupling.

If the first stage of the reaction is oxidative addition of

PF2X then the complex formed from the reaction of PtHBr(PEt3)2 with

PF2C1 would be:

tg | PEt3
l //r 2 -HX I _
Pt —_—> X———-Pt-——-PFé (X = C1 or Br)
] e |
PEt : PEt,

3 3

which could lose HX to give two possible four coordinated complexes.

However only one PF2H intermediate was observed. This could be

due to the fact that the Cl complex is the thermodynamically preferred

product. If this is the case then PtCl(PF H)(PEt would be the

3)2

expected intermediate for the reaction of t—PtHCl(PEt3)2 with PFzBr
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However for this system no PF .intermediate was observed. This

2
éould be explained if the rate of addition of HX to t—PtHX(PEt3)2
differed for X = C1 and~Br'so that in the Bf case HX addifionionto
3 the PF2 is allowed_to occur. For the PtHCl(PEt3)2 reactions the Pt
compléx mops up all the HX before reaction to the PF2 species
occurs. This may geem unlikely although we cannot be sure and
because of this we cannof say that the trans-halogen in the PF_H

2

complexes was the one which was originally bound to the PF_ group.

2

Formation of the PF2H intermediate may.involve a four-coordinated
phosphorus as an intermediate but we have no evidence to support

this.

As yet we still do not know where'the extra H atom comes from
and because of this any proposal as to the origin . of the intermediates
observed here will be somewhat uncertain. However, néw that we
have identified the two intermediates ﬁe now have to allow them to

react to give the observed products.

PEt, + . PEt, . PEt, - PEt,

X— Pt— PFH | .+ Pt >  X-Pt-PFg Pt—X + HPEt,
I I e |
PEt, ] PEt, PEt, X

If H2 gas was evolved then this would be a balanced equation,
however at no stage was there any sign of a gas being given off and
no non-condensable components were found in the reaction Qessel. Yet
_again the proposed mechanism does not fit with the experimental’

observations.

In summing up this work it can be noted that several interesting
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results have been found by studying these reactions at low temperature
but so far no satisfactory mechanism can be postulated. Because of

this)the formation of other PF, bridged complexesy other than the

2
three.which héve been characterised, has not been possible. Until a
better routé to formation of these binuclear complexes can be found
it.does not:seem as if this will be possible. A method has to be
found whereby the step which forms.the bridge can be controlled by
selection 6f differenf starting materials. We therefore set out to
make‘Pt—PFZS complexes in the hope that removing the S Qould lead to
a Pt4PF2 group whi?h could thgn form a bridged complex. The work.

on these PFZS complexes is described in the next chapter.
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-

2.5, Difficulties found in the reaction.

Several attempts were made before the PF bridged complex was

2
obtained in a reasonable yield. One of the main difficulties was
that the major by-product found was Pt Cl PFZO(PEt3)2 which suggested

that water was being allowed into the system.

This source of error was removed by drying all the reagents,

‘

thoroughly. The solvent was dried over CaH2 and freshly distilled

before use. The Pt H C1 (PEt3)2 was finely powdered and dried on a

vaccuum line Wefore use. - The vaccuum line itself was completely dried
using SiHsBr,- before use. Another source of PFZO could have come
from some being present in the PF_ Cl so freshly prepared PF_ Cl was

2 2

used to obtain the best results.

The first experiments carried.out ﬁad shown a yellow colour and
it was thought that the desired product might be yellow.v It was only
when extreme care was taken that the solqtion stayed clear and white
crystals were obtained.l Some of theée crystals were suitéble for
X - ray data to be collected but the disorder in the crystal meant that
the structure could not be solved. All that was confirmed was fhét two
Pt atoms were in close association possibly forming a bridged complex.

The samples obtained tended to smell strongly of PEt, and it was

» 3
thought that perhaps the first product obtained was the symmetrical
cationic complex and that the neutral complex was in fact a deéomposition
~ product. However, no evidence whatsoever has been found in the n.m.r.
spectra for the cationic brihged complex. Aléo’the final crystalline
produét gave very good C and H analysis which ruled out any significént

.

amount of the cationic species being present. Certainly the most stable
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1

complex in solution is the unsymmetrical neutral complex.

However, even the heutral complexes'are slightly unstable in solution,
the iodide being the least stable foilowed by the bromide then the chloride.

Decomﬁosition occurs yielding t-Pt X (PEt3)2 as the only known Pt complex.

2

This means that thé n.m.r. data is more difficult to obtain especially‘for

the iodide complex. Problems arise due to the fact that the PF2 resonance

part. Although they should be in

seems to be less sensitive than the PEt3

the ratio PF, : PEt3, 1:3 it ‘doesn't appear this way in the spectra. The

2

region can be collected in N1000 pulses whilst it can require up to

P

4Et3

100,000 pulses to collect reasonable data for the PF2 part. This could be
due to the PF2 resonance having a different relaxation time. Meanwhile,

the bridged complex is slowly decomposing,

This slow decomposition in solution also explains the low yield from

(PEt3)2 were also

the final recrystallisation where crystals of t-Pt X2

obtained.- The only answer to this problem was to have the complexes in
solution as little as possible. This meant that in the initial preparation
a higher yield was obtained if the solvent was removed immediately the

reaction was warmed to room temperature.

Another problem arises from the structure determination. From the
n.m.r. data collected we can say that there are two inequivalent Pt atoms

linked by a PF, group and that one Pt atom contains two PEt,_ groups cis to

2 3

. the bridge and that the other Pt contains one cis PEt, group. From the i.r.

3

spectra and the analysis results it is proposed that the other sites on the

Pt atoms are filled by halogen atoms. The possibility must now be considered

that an H atom may also be involved in linking the two Pt atoms or that

another group may also be bound to the PF2.
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It seems unlikely that another group is bound to the PF2 since the

band should be visible in the i.r. if a P - H bénd existed. Also were

there a halogen still bbund fhen a P-X stretch would have been observed.

The possibility that there may be a Pt ~ H - Pt linkage is more

difficult to discount. Examples are known where mixed PF. and H bridging

2
complexes have been formed. However by comparison with the PH2 system
where 1H studies were carried out it seems unlikely that a hydride is
present. Also there was no evidence of coupling to a hydride in the PF2

region, and no evidence was found for a Pt - H - Pt stretch in the i.r.

but this may be hidden by the other bands.



CHAPTER 3

The reaction of t-Pt HX(PEt3)2 with HPFZY

(X=Cl1BrlI, Y=S or Se)
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3.1 v Introduction

The complexes Pt Cl (PFZO) (PR3)2 have been fuily characteriseds.
Our'interest.in these complexes derived from the possibility. that by
reméving the oxygen a terminal Pt - PF2 group might be formed and this
could then form a bridged complex. This would enable a‘wider.rangé of

bridged complexes to be formed.

However an attempt to remove the O using Si2 016 was unsuccessful.
In anafogous compounds of simple phosphoranes, it is easier to remove S from
the ﬁhosphorus than to remove O. It was hoped that a method of forming

Pt - PFZS complexes could be found and if this was successfulthen attempts

could be made to remove the‘S.

APt - PFZS complex was in fact observed as one of the products
from the reaction of (PFZ)Z S with Pt C1 H (PEt3)2 but other products were
also obsérved. Since this did not appear to be a good synthefic route
to the Pt - PFZS complexes, énother mefhod was attempted. In this

chapter we report the results of studying the reactions of HPF,.Y (Y = S or Se)

2
with Pt HX (PEt3)2 (X = Cl1 Br or I).

3.2 Isolation of Products

The reactions were carried out in CH2 Cl2 and by allowing the system

to warm to room temperature and then removing the solvent the products were
isolated as air stable white crystallin@‘sélids. These products were
19

31 ) - ' )
identified by P and F n.m.r. spectroscopy and the crystal structure was

obtained for Pt Cl (PFZS) (PEt,) .



PEt

Expansion shown of the central part of PEt

1 cm =40 Hz
No

3

3
: 31 .
Fig 3.1 P n.m.r. spectrum of Cl-—-Ft-——PFzs
5 PEt3
resonance.
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The spectra obtained were all first order and showed similar patterns
31
for all the products isolated. The P spectrum (Fig. 3.1.) showed two

distinct resonances. To low frequency, which is the PEt region, a

3

region,

- doublet of triplets was observed while at high frequency, the PF2

a triplet of triplets was observed. In the high frequency pattern the
first triplet coupling is &1100 Hz and is due to %J (PF), confirming the
presence of a PF2 group. - The other triplet coupling is the same as the
doublet coupling in the PEt3 resonance. With Pt satellites being observed
for both resonances, the evidence confirms that we have a Pt‘complex
containing a PF2Y and two PEt3 groups. The fact that the S and Se

are still bound to the PF_ is suggesteéd from CH analysis; moreover in .

19 :
the . F spectra there was a suggestion that 2J(F Se) was being resolved,

2

giving selenium satellites very close to the main resonance.

The substituent trans to PF2Y in the Pt complex is not iﬂenﬁified by
any of the evidence so far presented. Several pieces of evidence show
thaf this‘substituent is hangén. Firstly, different chemical shifts aﬁd
coupiing constants are observed depending on which halogen'is present in
the Pt starting material. Also when the spectra were recorded with fhe

proton coupling retained the pattern of the PF region was unchanged. This

2
shows that the trans ligand is definitely not a hydride. Finally the
analysis figures are consistent with a halogen being trans to the'PFZY group.

31_
With this evidence plus that obtained from the P spectra it is proposed

that the following complexes have been isolated:

PEt3 . (i) X=C1Y=-S58 (iv) X =Cl Y = Se

. l :
X — Pt — PFZY (ii) X=Br Y =§ (v) X =Br Y = Se
PEt (iii) X =1 Y =8 (vi) X=1IY = Se
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1 .
Fig 3.2 9F n.m.r. spectrum of Cl-—JPt.__PFZS

PEt3

i cm = 40 Hz
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19
The F spectra all confirm the suggested structures, showing a

1 .
doublet J(PF) of tripletsﬂaJ(PF) all with Pt satellites.

The n.m.r. parameters are consistent with values for known transition

metal fluorophosphine complexes in that 8P for the PF_ part is to high

2
frequency when bound to the Pt. Also the slight differences in the
chemical shifts and coupling constants seen in Table (i) are consistent
with the halogen varying with the halbgen in the starting material and with

replacement of PFzs by a PF,_ Se group.

2

3.3. Reaction Mechanism

The synthetic reactions were all studied at low tehperaturesAusing

19
P and F n.m.r. spectroscopy. Several interesting complexes were

observed and a reasonable mechanism can be postulated from the observations
hoted. The intermediates observed depended on‘the amount of HPFZY added.

Two ratios of Pt to PF2 were studied, 1:1 and 1:4. Each of these will be

considered in turn.

gl + HPEY 1:1.

(i) Pt H X (PEt

-For this system the S and Serreactions behaved similarly with, if
anything, the 5 reactions being cleaner. In all cases no reaction took
plaée until -50°C and at this temperature 3 complexes were observed in
the 31P spectra. The first showed a singlet with Pt satellites which could‘
be assigned as cis, cis, trans Pt‘H2 X2 (PEt3)2. The other two complefés
.each showed a doublet pattern in the PEt3 rggion both with Pt satellites.

The species responsible for one of these doublets was present in only a_trace

"amount. In the PF2 region only one resonance was observed, as a triplet of



1 cm = 310 Hz"

.44 .

A

19
Fig 3.3 F spectrum showing
PEt PEt

l 3 I 3

Br __ l?t ._.PFzs H__ l]t.__PFzs
PEt3 PEt:3 |
Aa Bb

. }H decoupled below

1H non-decoupled above
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triplets with Pt satellites. ‘The smaller triplet splitting here corresponded

with one of the doublet couplings observed at‘low'frequency.

The spectra were then observed with the proton coupling retaiﬁed
fhe PFz resonance showed a”large additional doublet splifting_'
which suggests a trans hyd;ide. The protons on the ethyl groups are too
far away to couple to thé P nucleus éf the PF2 group. The 19F'spectra

ghowed a doublet of triplets with Pt satellites, each line of which was further
split into a doﬁblet (Fig. 3.3.) when the proton coupling was retained.

The same parameters were ob£ained no matter which Pt starting material was
used, the only difference being:observed'when Se replaced the S in the PF2

group.

-From this evidence it is proposed that we are observing here two

I1 :
Pt comp lexes.

PEt,
| (vii) Y = 8
H —— Pt —— PF2Y
| (viii) Y = Se
PEt,

3 v
The J(PF) coupling might well be small which would explain why
. 31 - v
only a doublet is seen at low frequency in the P spectra instead of the

expected doublet of triplets.

The other doublet observed at low frequency would be due to the PEt3

groups of the PtIv six coordinate complex formed by oxidative addition of

HPFZY to the Pt starting material.
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PEt3
H X (ix) X=ClY=S (xil) X=ClY = Se
\/Pt/ (x) X=BrY=5 (xiil) X=Br Y = Se
H '\\\\. PF2Y (xi) X=1 Y=S8 (xiv) X =1 Y = Se
PEt3
The high frequency part of the spectra of these complexes was not
observed here, but it would seem likely that they are formed. Loss of
HX frbm.complexes (ix) - (xiv) would give the four coordinate PtII
éoﬁplexes (vii) and (viii) which are observed as the major intermediates.
ihis H X could then add to unréaated starting material to give the other
observed intermediates cis, cis, trans Pt H2 X2 (PEt3)2. Ultimately, loss
of H2 gas from’the comple#es (ix) - (xiv)'would give the final products,
cohplexes (i)‘— (vi). Further evidence will be mentioned later which will
coﬂfirm the ekistence of complexes (ix) - (xiv).
The reaction does in fact produce 1 mole of H2 gas which again supports
the formation of the six coordinate intermediates (ix) - (xiv). Aé the

system is warmed from -50°C the amount of Pt H (PFzY) (PEts%lpresent goes

down and the final product appears.

To sum up the observations made here, the following reaction
mechanism is proposed (Fig.3.4.). The first Step-invoives'oxidative
addition of HszY to Pt H X_(PEt3)2 to give the PtIY cbmplexes'(ix) - (xiv).
These complexes can then ﬁndergo reductive elimination in two ways: they
can lose H X (step A) which is a fast at low temperatures and reversible;
or they can lose H2 (step B) which is slbwer:and irreversible gnd gives .

2

the final product. Fig 3.5 shows one c¢ase where all three Pt-PF

complexes involved were observed.



Fig 3.5 1P n.m.r. spectrum recorded at —30°C of the reaction PtHCl(PEt3)2 + HPFZS, showing the 3
different Pt-PF,Y complexes ' '

1 cm=25OHZ

PEL; | | .
- e
H— Pt —PE,S . ",

| H—Pt-—PFS
PEta/ \

Cl— F;t— PF,S
PEL, .

LY
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Pftsk , , - PEt,
H—— Pt — X + HPF ' H : | ~ PF Y
2 _— 2
| ‘ ' : ™~ //(/
PEt, Pt
H X
' Step ://// Step B
-HX -H,
PEt, |
. ' | PE PEt
: Pt H _—— Pt — PF.Y X — Pt —  PF.Y
A///// \\\\\ | | 2 | 2
H l X . PEt, PEt,
PEté (vii) - (viii) (i) - (vi)

3(ii) Pt H X (PEtsl2 + H P FEY 1:4

The results obtained from these reactions helped to confirm the
dbservations made in the previous section. However there were also some
interesting developments in that the sulphur and Selenium systems behaved

in different ways. I shall deal with the sulphur system first.

When a large excéss of HPFZS was added a different intermediate
was observed'at low temperature. Again no reaction took place until —50°C
but at this temperature the main complex observed was the complex which was
present in only trace amounts in the 1:1 reaction. -The 31P spectra each
showed a'doublet,with'Pt_satellités at’low frequency. and at high ..
frequency a triplet of triplets was observed witﬁ Pt satellites. The size
| (1w

of the Pt couplings suggested that these products are Pt 7V’ six coordinate

complexes. If the proton coupling is retained then the high'frequency



Table 3.1 31P‘and 19
Complex (i) (ii)
Sp 18.9 15.7
§P! 132.7 133.7
1J(Pt P) 2346 2326
lJ(Pt P') 5322 5337

2 .

J(PP') 24 22

3

J(PF) 9.8 9.8
1J(PF) 1162 1169
2J(PH) - -

SF -5.7 -5.2
2 .
- J(Pt F) 792 796

3J(FH) - -

(iii)
10.7
135.7
2305
5217

22

49

(iv)

137.7
2354
5054

22

F n.m.r. data for complexes (i) - (viii)

(v) (vi) (vii)

14.6 9.5 19.0

138.4 141.0 222

2339 2302 2500
5039 5002 3032

22 19.5  29.3

9.8 9.8 4.3
1191 1201 1199

- - 573

-6.9 -6.1 -13.9
725 699 400

- - 37.6

Chemical shifts are in ppm, coupling constants in Hz.

*s Ch C1
in 3

*
(viii)

18

2346

2502

2827

29,

4.

1210

273

-16.

358

34,

.5
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resonance shows an additional doublet coupling which is due to the
preséncehof a trans hydride. Also if the n.m.r. parameters (Tablel32)
are considered it can 5e seen thatfsligﬁt variations in fhe chemical
shifts and coupling constants with changihg‘halogén are noted. This

‘would be consistent with the presence of a halogen on the Pt.

From this evidence it is suggested that when a large excess of
HPFZS‘is added then the equilibria reéct in such a way that the

product of oxidative addition of HPFéS to Pt E X (PEt is the stable

32

product at -50°C, so that complexes (ix) - (xi) are observed.

Vren these systems are allowed to warm up, loss of hydrogen gas

occurs and the products Pt X (PFzs) (PEt3)2 are formed. These exist

in solution with,the excess Hszs. No evidence was seen of further

addition of HPFzs. It‘might have been expected that further

addition of HPF,S might occur to either Pt H (PF,S) (PEtp), or to

Pt X (PFzs) (PEt3)2 but this does not seem to happen.

From this evidence it can be seen that as excess of HPFzs is

added then the first effect is to shift step one to the right and
more of complexes (ix) - (xi) is observed. These'complexes can react

in two ways, losing H X or H2, but in the case where excess of HPFZS

is present no evidence was found for Pt H PF_S (PEt3)2, ie loss of

2
H X is inhibited. This could be due to the absence of Pt starting

materisl to react with to give cis, cis, trans Pt H2 X2 (PEt3)2 so

the driving force for loss ¢f H X has been removed from the system.
The result of this is that complexes (ix) - {(xi) are observed in’

greater concentration and as the system warms up H_, is lost and the

2

final products, complexes (i) —'(iii) are formed.
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One other fact which emerged was that the iodide system:reacts
faster than the chloride so that by -50°C the iodide six-coordinate

complex has lost H, to give the final product. This again shows

2
that a halogen is involved in the intermediate since the same rate of

reaction would be expected if the halogen was not present in the inter-

mediate.

For the reactions with HPFZSe a much more complicﬁted set of
results was obtained. From the 1:1 reactions it was noted that the
intermediate PtH(PFZSe)(PEté)2 was never present in as high a
concentration as with the:Su?hqu:analogue. However, at that stage
no explanation was available. it was aléo found that the final
products_were more difficult to obtain as pure compound for the

selenium systems.

When the reactions were sthdied with a large excess of HPFzsé
the 31P spectra at -90°C showed two PFzse intermediates. These were
identified from their chemical shifts and cocupling constants to be
PtH(PFZSe)(PEta)z and Pt(H)ZX(PFZSe)(PEt3)2. PtHzxz(PEts)2 was also

present.

. o - N
When the system was allowed to warm to -70 C a change took place
31 .
and at low frequency in the P spectrum a triplet with Pt satellites

_'was observed. At high frequency the PF_ peaks were broad showing no

2

distinct coupling to the PEt3 part. When the H coupling was retained

the PF2 part showed the additional doublet splitting expected for a trans

hydride.

The fluorine spectra showed the pattern expected for a Pt-PF

v

2

' I

complex (Fig 3.6). The couplings indicated that this was a Pt
. ] ‘

ng

(sisTay LB

B!
<
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Fig., 3.6

F n.m.r. spectrum of

the reaction

PtHBr(PEt )2 + 4 HPFZSe,

recorded at -50 C.

This shows two Pt-PF_ six

coordinated complexes and
. a trace of PtBr(PFéS)— =

(PEt3)2.

lH-non—decoupled above

l .
.- H decoupled below.

1 cm = 185 Hz '
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complex. The same parameters were noted for the Br reaction. This
suggested that no halogen was involved in the intermediate. From

this evidence it would appear that the .complex obserﬁed_ks

PEt3
: PE

‘3

PF28e

(XV)

This would seem to be the only complex which would fit with the

observed spectra, i.e. a triplet coﬁpling with PEt, region and the

3

same complex appearing in both the Br and Cl1 reactions.

This means that addition of a second HPFzse molecule is occurring.
However, this addition only takes place to the complex PtH(PFZSQ(PEtS)z.
As the system was warmed the intermediate disappears and the product
obtained was PtX(PFzse)(PEts)z, and this exists in solution with the
2

excess HPFzse. No evidence was obtained for the complex PtHX(PFZSe)z(PEts)

(Fig. 3.7).

It would therefore appear that all these complexes exist in equil-
ibrium, and at room temperature the thermodynamically favoured product

is PtX(PFZSe)(PEts)z.

Loss of the H2 from complex (XV) would give Pt(PFzse)z(PEts)z.
However, no evidence was obtained for this species. One would expect
a complex seconq order spectrum if two PFzse groups were bound frans
to each other across a Pt but in the 6-coordinated complex where they

are-.cis to each other a simple first order spectrum was observed.

R
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Fig 3.7 Proposed mechanism for the HPFZSe reactions

PEt, o PEt, : PEt,
| + HPF,Se  H | o PRyse  H | |
H——Pt_—xX —> Pt ——> X__Pt___ PF_Se
| H | X |
PEt, PEt, PEt,
+HX o
- HX +HPFZSe
PEt, TEts PEt,
H X H l PF_Se
Pt\ H—— Pt— PF,Se Pt Q
H/', X ] x/l‘  PF,Se
PEt, PEt, PEt,
+HPFZSe
PEt,
H PF
N ! e 25e
Pt S
n" | PF,Se -
PEt,

Complex (XV)

There seems fo be no obvioﬁs reason why HPFZS and HPFZSe should
rgact differently. For the S reaction when an excess of HPFZS is added
formation of PtH(PFZS)(PEts)2 is inhibited yet fqr thé selenium system
it appears to be enhanced in that further addition to PtH(Pf‘ZSe)(PEts)2

takes place. Perhaps the fact that this further addition occurs promotes

the loss of HX from complexes (xii) - (xiv) in the selenium reaction.

'The reason why addition of the second HPFzse molecule occurs is
uncertain. It could be that the PH bond is slightly weaker for the Se

molecule compared with HPFZS: however there is no direct evidence_to“



Table 3.2
21

Complex (IX)
Sp - 9.1
Sp* . 162.6
1 ,
J(PtP) 1643

'lJ(PtP') 2066

25(ep) 26.9

350wy NR

1

J (PF) 1234

2 5 (PH) NR

8F -11.6

2 .

J(PtF) 240
-3 3(FH) 41

NR - not resolved

(X)

6.4
156.2

1636

2078

26.9

NR

1231

-10.6
233

40

55

(XII)

9.25
'NR

1632

24.4

1234
NR
-15.5
210

36

a

19 ' :
P and F n.m.r. data for complexes (IX) - (XV)

(XIII)

170

1607

NR

. 1236

-14.1

212

37

(X1IV)

152

1716

24.4

NR

1228

-11.9
2i0

36

(XV)

148.1
1533
1878
22
NR
1229
NR
-10.4
187

37

The data for complex (XI) PtHOI(PFzs)(PEt:;)2 was not obtained

Chemical shifts are in ppm and coupling constanfs in Hz
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prove this. -The vibrational stretching frequencies for P-H are

30 .nd 2458 e} for HPF2831. This could

suggest that the P-H bond is shorter for the HPF

'2444.5 cn Y for HPF,Se

2S molecule and hence
‘stronger but this is not really very convincing evidence. The

ﬁibrational frequency for P-H in HPF20 is 2500 cm-1 so there is a

4greater chance that the P-H bond here is much stronger.

3.4 The X-ray Crystal Structure

'The single crystal X-ray structure was obtained for complex (i)
PfCl(PFZS)(PEt3a (Fig. 3.8). Several interesfing features were noted
about the structure. The main feature was the presence of a pseudo
two~-fold axis‘abouf the Pt-Cl bond*whicﬁ related édjacent molecules and

showed the two possible orientations of the PFZS group (Fig. 3.9).

From this crystal structure and by comparing it with other
' structures already published it was hoped that some information could

be obtained as to the character of the PFzs group.

Firstly the Pt-P disfance can give an indication as to the 7-
acceptor properties éf the PFzs group.. Thevvalue obtained was
221.3(5) pm which is short compared with the value expected when alkyl
groups are attachéd to the phosphorous, eg. 233.8(3) pm in complex (i).
-However it is not as short as the value 214.1 pm recorded for the
Pt-PF, distancé\in cis PtClz(PFs)(PEt3)7. It is still apparent that
the PFzs group has strong.n acceptor properties to give a Pt-P bond
length of 221:3 bm. The 1 acceptor properties are usually dependent
on the gréups attached to the phosphorus and the enhancément here is

due to the highly electronegative fluorine atoms bound to the phosphorus.

b’
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Fig 3.8 x-

ray crystal structure of Pt_Cl(PFZS)'(PEts)z'
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Fig 3.9 Crystal packing in PtCl(PEZS)(PEts)Z, showing the presence of the

two-fold rotation axis which relates adjacent molecules
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The next question to be ahswered is whether the PF S group is

2
bound: to the platinum.as PF S or S = PF ie

2 2’
F F
/ s_ | _F
S = R<:“F or \\‘P’//
|-
" pt pt’

Séme idea about this éan'be found by considering the P-S bond length
and the angles observed around the PFZS grouﬁ. Some comparisons can
glso be drawh with the structgre of Pt Cl(Pde) (PEt2Ph)2 which was
published in 197ém. The interpretation then was.that'the PFZO was
bound as PFZO-, ie isoelectronic with PF3: however, if we consider
the P-0 bénd length.observed (147.1(17) pm) this is slightly longer
thgn would.be expected for a P=0 (143.6 pm in O=PF;33but it is no~
where ﬁear as large as ihe value thatvmight be expected for a P-0
single bond (160 pm)34- Therefore there must be.some doubt tﬁat the.

group is bound as PFZO-.

2
was 195(1) pm. - Typical values for P=S are 188.1(3) pm in SPFBr

If we now consider the PF_S system the P-S bond length observed

o . .
and 187.6(1) pm in HPFQ?BWhile the value obtained for P-S in

PF_S GeH

E 35
9 3 was 212 pm .In the Pt complex the P-8 bond length is in

betweenAthe.expected single and double bond distances. This could

suggest that there is a slight negative charge on the sulphur.

The bond angles observed should also give some indication as to

the character of the bond. For S = PF_Br the bond aﬁgles noted were:

2

<sPF 118°, <sPBr 118° <BrPF 100° <FPF 98° which are typical values S
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for a S = PX3 group. If the P-S were a single bond then the ;alues
expected should be closer to those observed for a bound PF3 group, for
example, Pt Clz(PFé) (PEté) the angles observed were: <FPF 97.30,

: o o c o o7

99.7  and 98.3°, <PtPF 117.3" 116.1 123.7 ' . If we now consider the

S-Pt complex we find: <SP Pt 114.7°

angles observed in’ the PF2 f

o o (o}
<SPF 110.4 <SPF 108.C <F P Pt 112.3 <F P. Pt 115.8
(1D ’ (2) (1) (2) B
<FPF 93.80. Here, again, as with the bond length, the values obtained

are not those for a P=S system and the suggestion again is that the

bonding is intermediate between doﬁble and single bond character

By compariﬁg the P-0 bond length obtained for the Pt-Pon
complex and this P-S bond distance we might bé able to draw some
conclusions .about the values expected fof the PFZSe system. On the
basis of the observed bond lengths it would appear that the P-S is
exhibiting‘more single bond character than the P-0 system, ie the
valde of 195 pm is farther awa& from the 188 pﬁ expected for P=S than
the‘147 pu observed for P-O is from the 143.6 expected for P=0.

This is a somewhat simple argument but if this is the case then
_ when the selenium system is studied it might be expected that the
PFZSe group would show more PFzse- character and hence She P-Se bond
‘would be longer. AThis could also reduce the eleétron widgﬁdrawing
properties of the groub which would make it a less effective =
acéeptor hence léngthening the Pt-P bond. 'Some evidence to support
this idea comes from the Pt-P bond lengths obserﬁed, Pt—PF20 219.9(6) pm;.
Pt—PFzs 221.3(5) pm. If the PFZSe grdup dces show more negative charge then

this might explain the different mechanisms shown by the two systems.
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To support this idea of there being a siight negative charge on
the sulphur we can also draw on some n.m.r. evidence. Firstly the
value for 1JZ(PtP), was.4322 Hz in COmplex~(i). ‘This is a iarge value
compared to those expected for trialkyl phospﬁines but it is not as
large as the value obtained for bound PF, -~7000 Hz or bound PF_Cl

3 2
~ 6000 Ez.

The theory put forward is that the size of the codpling constant
depends on the translligand and on thé electron withdrawing properties
of ‘the groups on the phosphorus. »The more electron withdrawing
there is then the larger is the coupling coﬁstant. The presence of a
negative: charge on the sulphur would lower the T acceptor propeities
of the PFZS group and hence lower the'siée of the 1J(PtP)coupling

constant.

If we now consider the complexes:
P
Et3

Ci1 -Pt - PFZY (Y = 0, S or Se)

PEt3
for Y =0 6P' = 34.0 ppm, Y = S 6P' = 132.7 ppm, Y = Se SP' = 134.7 ppm
and for all three complexes 1J.(Pt_P)~5OOO Hz when the Cl is replaced by
H we find that for Y = § §P' = 222 ppm, Y = Se 6P' - 237.2 ppm and

.lJ(PtP)for'both complexes -~3000 Hz.

In most cases when a halogen is replaced by a hydride then
lJ(PtP)is lower due to the smaller trans influence of the hydride

ligand. This would lead to a longer Pt-P bond. If the Pt-P bond
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increases in length then this would be consistent with a reduction

in the 7 acceptor pfoperties of the PFzS group and with a larger
negative charge in the éulphur. The n.m;r. evidence suggests ﬁhat
this might be the case. A shift to high frequency waé observed when
the halogen was replaced by a hydride and if we consider that a value
of 275 ppm has been récorded for 6P of a free PFZS— ion then it would
abpear that this shift is ¢onsistent with a larger -ve charge on the
sulphpr.' We can now predict that if the structure of Pt H(PFzs)

(PEt3)2 was solved then a long P-S bond would be found and in turn a

long Pt-P bond.

Finally some information can-be obtained as to the cis and trans
influence of the'PFzs group ﬁy studying fhe bond lengths of the groups
~on the Pt. One theory says that the Pt-Cl bond depends only 6n the
trans ligand aﬁd it increases in length as tﬁe trans infiuence ‘
increases. For PFzs it would be expected that this has a large trans
influence due to the 7 acceptor propertieé and that the Pt-Cl bond
would be long. The value observed was 236.8(4) pm which is the
.normal value expected for a Cl trans to a PR3 group as the PFzs group
appears to beh#ve as a ﬂormal PR3 group. This could be explained‘if
it has to be a ¢ éffect which determines the Pt-Cl bond length and
the PFzs ligands exert h;inly a 7 effect. In the complex
cisPtClz(PF3)(PEt2) the trans influence of the PF3 wéuld be expected
to 1engtﬁen the PtCl bond but the value obtainéd was 230.5'pm. This
was éxplained as being due to the weak.o doﬁor properties of the |

PF3 which enhanced the ~0 properties of the Pt-Cl bond which

increased the o donation from Cl, which shortened the bond.
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For the cis ligands the ét P bond length depends -on the
relétive1rinte¥actions and the greater the m acceptor properties of
the cis ligands then the longer the Pt-P bond_will be. For coﬁplex
(1) Pt-P was 233.8(3)-which is slightly longer tﬁan in complexes
without PF ligands present so this could be due to an efféct of the
PFzs ligand. However, it is épparent from studying the literature
that several arguments have been put'forward concerning cis and trans
effects and that most structural pargmeters can be explained.in more
ways fhan one. It seems 1ike1y that the structure de?ends on
0. and 7 effects and it is difficult to argue about the trans

influence of various ligands dn the basis of bond lengths only.



CHAPTER 4

+ -
The reaction of[?t X(PEts)3 _BPh4 with HPFzY

(X =H C1 or i, Y = Sor Se)



64

4.1 Introduction

This work came as a natural follow up to the systems studied in
Chapter 3. There were several péssibilities as to'what could happen
in the reaction of the Pt,cations with HPFZY. There wa§ the possi-
bility that oxidative additioﬁ could occur. Some other work in the
research group had shown that HC1 wouid oxidati?ely add to the

cations so a similar reaction may be possible with HPF2Y. If

oxidative addition did occur, especially to the complex

+ -
4 BPh , .

+
.ptH(PEt3)3 BPh 3)3 4

then loss of H2 would yield Pt(PFZY)(PEt
Therefore the aim of this work was to study these reactions at low

temperature with a view to synthesizing some more novel complexes’

containing the Pt—PFzY group.

4.2 Results and Discussion

When the reactions of PtX(PEtS)S;’BPh; X = H',} Cl or I) with
HPF2Y (Y = S or Se) were studied at low temperaturé'no reaction
téok place until —60°C. After this‘a white precipitate appeared in
the tubes. The 31P n.m.r. spectra showed that Pt-PFzY_compiexes
remained in solution. From the paraﬁeters obtainedcthese complexes
were identifie-d as PtX(PFzY)(PEt3)2 (X=H, Clor I; Y=S5 or Se).
At no stage was any other complex observed in solution: The white

precipitate was identified as HPEt +BPh " from C H analyses and i.r.

3 4

studies.

The results here were disapﬁointing in that no "new" complexes
. were obtained. On:the other hand it was shown that the complexes

PtH(PFzY)(PEtS)z, which were observed as intermediates in the
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P
o : lEt3
, 31 v
Fig 4.1 Pnm.r, spectrum of_ H-~Pt-—4PF28e H decoupled above
lﬂ non—decoupléd bélow
PEt3 .

1 cm = 500 Hz'
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-reactions discussed in Chapter 3, are 1n;fact stable complexes .
(Fig. 4,1) and it is only the presence of HX in the solution which
Iallows conversion to PtX(PFZY)(PEt3)2 (X =C1, Br or ‘-I) to occur.

~ The reaction of‘PtH(PEt3)3+BPh4- with HPFZY would seem a good

method of synthesising these hydride complexes. However, the by-
] + - .
productr)HPEt3 BPh4 is slightly soluble in most solvents and so far

a clean separation of .the two products has not been achieved.

-

The 'isolation of one of the hydride complexes by perhaps using
a different counterion would possibly enable a crystal structure to
be obtained. From this some of the questions posed in Chapter 3

might be answered.

The main problem set by these complexes is the question of the

method of bonding of the PF_S group. Does this group contain a

2
double or single P-8B bond? It has been noted that as Cl is replaced

by H'trans to the PFzs group then 6P is shifted to high frequency
and this has been explained as possibly being due to a greater

negative charge being localised on the S and hence :the PFéS

group may contain a single P-S bond. Solving the crystal structure
.0of one of 'these hydride complexes would show if this theory is
correct or not. Also in Chapter 3 it was proposed that as one

exchanges;a PF20 for a PEzs group then perhaps there was a greater

tendency for P-Y to be a single bond. To further this argument

then the solving of the structure of a Pt-PF_Se complex would give

2

some more answers. Any differences noted between a PFzs and PFZSe

complex may also help explain why the :selenium systeﬁ shows a more

complicated reaction mechanism. It would therefore seem that if
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crystals of the complex PtH(PFZSe)(PEts)2 could be obtained then

many of the questions set pould be answered.
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CHAPTER 5

Experimental
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5.1 Introduction

The téchniques used in this project involved combining two areas

of work coveréd by this research group in recent yeafs.

In the past a lot 6f work has been carried out in fluorophdsphine
chemistry'and many new ana interesting'coﬁpounds have been
synthesised. Atlthe s ame time other workefs have carried out many
;eactions on transition metal complexes which have mainly been
II

involved with studying oxidative addition reactions on Pt

substrates using n.m.r. speétroscopy.

In the project the first stage involved making'fluorophosphine
and Pt starting materials. Then various reactions were studied using
n.m.r. spectroscopy. If itappeared that a clean reaction Was taking

piace‘then attempts were made to isolate the producfs.

Synthesis of the fluorophosphines was carried out using a
standard pyrex glass vacuum line and all the fluorophosphines used

NMe_,. The Pt

were made from the basic starting material PF2 2

starting materials were made using standard methods given in the

literature.

When attempts were made to isolate Pt-PF,_ complexes a different

2

type of vacuum line wéslused. This line allowed nitrogen or argon
to be passed over the sample while solvents were added or taken out,
or if required’sqlvents could be pumped off #nd the prodﬁcts dried
under vacuum. This system,.called a Schlenk line, allowed the
cdmplexés to be isolated while avoiding contact with air hence any

decomposition in air was minimised until it was known whether the
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complexes were air stable or not. As it turned out all the complexés
isolated were air stabie which wés in_keeping with known transition .
metal-fluorophosphine compiexes. Howevef, the Schlenk line still
provides a very convenient way.of attémpting to work up a product,
therefore most isolatioh attenmpts weré carried out using the Schlenk

line.

This chapter on -the experimental techniques will therefore
be divided into four parts: (1) The physical techniques used, eg
i.r. and n.m.r; (2) The preparation of fluorophosphine starting
materials; (3) Preparation of Pt starting materials; and (4)

Preparation of Pt—PF2 complexes.

5.2 The Physical Techniques

(a) The spectra
31 '
The P n.m.r. spectra were recorded on a Jeol FX60Q spectro-

) 1
meter or on a Varian Associates XL-100 spectrometer while the 9F

spectra were fecorded on the XL-100. The phosphorus chemical shifts

W

were positive to high frequéncy of H3P04 while the fluorine chemical

shifts were positive to high frequency of CClaF.

(b) Setting up an n.m.r. experiment

Many of the resultsvused in this thesis Were oﬁtained by
siudying reactiéns in n.m.r. tubes. Thg method 6f setting up these
experiments was as follows: ‘the n.m.r. tube was fitted with a‘BIO
coné and the required amount of the Pt complex to be used was placed
in the tube. The tube was then attached to tﬁe vacuum line éﬁd

pumped for some time (~2-3 hrs) to allow the solid to dry.
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The solveﬁt was fhen condensed into the tube and the complex

. dissolved; the solvent was degassed and dried over molecular sieve
before use. Once the complex had been dissolved the.fube was kept
frozen at -196°C and the required amount of fluorophosphine.was
measured on‘thé‘line and condensed into the tube. The tube was then
sealed off and kept at liquid nitrogen temperature unfil the spectra
could be recorded. The tube was placed in the spectrometer without
Being allowed to Warm‘up,‘usually at -QOOC, and the reaction could

then be studied at various stages up to room temperature.

5.3 Preparation of Fluorophosphine Starting Materials

The main compounds used were PF_X (X = Cl1l, Br or I) and

2

HPFZY'(Y = S or Se). The PF2X was pfepared by.simply reacting

PF_NMe, with a twofold excess of HX and collecting -the product which was

2 2

. . o
purified by passing it through a -96 C bath and then collecting it in a

—120°C bath. - The HPF Y preparation involved several stages which I

2
shall describe in detail but firstly I shall describe the prepara-

tion of PFZNMez"

(a) PFzNMe2

This compound was made from the chlorine analogue PClZNMe2

with HNMe, . The PCl

which was first prepared by reacting PCl3 2 3.

3(200 ml) was placed in a 2 1. 3 necked flask which was fitted with
two condensers at -78°C and a large mechanical stirrer. The
~ HNMe, (235 m1) was blown into the flask by passing dry N, over the

had been added a quick distillation gave

system.” When all the HNMe2

the crude product. This was further distilled and the fraction at
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149° - 151°C was the pure product PC1,NMe,,.

The fluorination sfep was carried oﬁt by setting up a slurry of
NaF(227 g) in 600 ml of tetramethyl sulvholane in a iarge flaskf
The-PClzNMgé was added dropwise and after the addition was complete
the: mixture was heated to 50—60°C for 1 hour. The flask was kept
under N2 and fitted with an ice condenser to avpid loss of product.
The product was then collected in a trap at —78°C and purified by
first passing it through traps at -45, -78 and -196°C and then

through -64, -96 into —196°C, the -96°C fraction being the pure

'PFZNMeZT

(b) PF2x (X =Cl, Br or I)

This reactjon was carried out in a 2 litre flask Which was fitted
with a cold fingér. .The flask was pumped on the vacuum line for 24
hrs-then the PFZNMé2 (20 mmoles) was measured ouf in the flask.
- This was then transferred'to'a‘trap oh the line and the ﬁx (40 mmols)
‘measured out. This was frozen down ;n the flask and the PF2NMe2
frozep down on top of it. The mixture was then allowed to warm
giving off white fumes. The mixture was frozen down and allowed to
warm up again sevéral times to persuade the reaction to go‘to
completion. The produété were collected in —196°C and purified by
baééing the mixture through baths at —96°C whicﬁ,stopped any PF2NMe2

remaining and —1200 which stopped the product PFZX but allowed any

PF3 formed and any HX remaining to pass into the -196°C bath.
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(c) HPF2§

This was prepared by reacting (PF2)2S with HZS° The (PF2)2S

was prepared by reacting PF_Br with (Bussn)zs. The (Bussn)zs

2
(10 mmols) was weighed out in a 500 ml flask fitted with a cold
finger. This was then attached to the vacuum line and pumped out in
order fo de-gas - the tin coﬁpound. The szBr (20 mmols) was then
c@ndensed into fhe flask and the system allowed to warm to room \
temperature; The besf yields were obtained if the two reacténts

were mixed in the liquid phase. The product was collected by pumping
off all the volatile species 1eft>in the flask and collecting phem

at —196°C. The ﬁure product was collected at —96°C'and any

PF,Br passed into the -196°C bath.

The (PFZ)ZS (8 mmol) was ‘then measured into a 500 ml flask and
. the HZS (16 mmol) condensed in. Allowing the mixture to warm to

room temperature yielded HPFzs. The pure product was collected at

~120°C having passed the mixture through -96°C to stop any (PF,),S

»remaining.' Any‘st would carfy on into -19600.

(d) HPFZSe.

" The HPFzse was prepared by reacting PF2

Br with HZSe in the
preéence of Hg. 0.6 ml of Hg was placed in a_250 ml flask and

PF2Br (3.6 mmoles) and HZSe (3.75 mmoles)'were added. The system N
was allowed to warm to room temperature and shaken for two hours and
then left for 24 hrs. The product was ‘collected and purified by 

passing it through -78°C and 120°C baths. The HPF,Se stopped in the

-120°C bath.
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5.4 Preparation of the Pt Starting Material

32

(a) ¢is PtCl,_(PEt,)

This complex was‘made by reacting either PtCl2 or K2Pt014 with

PEts. The K2Pt014 (2 g) was dissolved in water and 1.4 ml of Ptt3
added. ‘This mixfure was left stirring for 1 hour which gave a
mixture of Cis and trans Ptélz(PEt3)é. This mixture was éollected
and converted eptirely tﬂ‘the cis isomer by suspending the mixture
in hexane, adding one drop of PEt3 and leavihg the mixture stirring
fof several hpurs. The pufe sample of cis PtClz(PEté)zlcould thgn
be collected. For the PtCl2 ﬁethod the first stage was carried out

in acetone otherwise the method was the same.

-(b) t-PtHC1(PEt

322

cis’-_PtClz(PEts)2 (1.35 g) was suspended in 14 ml wafer and
0.3 ml of hydrazine hydrate was added.' The mixture waé refluxed
for 1 hour during ﬁhich time N2 was evolved aﬁd an oily layer formed
in the flask. On dooling this layer gave a yellow/white solid which
was the impure prodﬁct. This waé purified using.activated'

charcoal and a final recrystallisation from methanol.

LN

(c) t-PtHX(PEt, ), (X = Br or I)

These complexes were obtained by carrying'out halogen exchange
reactions on the chloride complex using LiBr or Nal. This was a -
~general method and was used throughout the project.for halogen

~exchange.

The Pt complex was disSolved in acetone and a solution of the

alkali metal salt in acetone was added. For the Br system a large
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excess of'LiBr was necessary to effect a complete exchange. The
acetone waé.rémdved and the mixture washed with methylene chloride.
This removed aﬁy alkali metal salts remaining. The product was
collected_anq in the case of PtHX(PEt3)2 complexes they were

recrystallised ffom methanol.

*Bph "~

(d - PtH(PEta_l_3 I

Al:1 ratio of NéBPh4 and PtHCl(PEts)zlwas dissolved in methanol
and an equimolar amount of’,PEt3 added. This mixture was stirred for
10 min and a white precipitate wasbformed. This was collected apd
dried. - The product was fhen washed with acetone to remove any

NaCl remaining. The solution was then reduced ~5 ml and the

product recrystallised by adding ether.

(e) PtX(PEt,).BPh,_ (X = Cl or I)
N . x

The method used here waé the same as for the hydride complex
except that cis PtClz(PEt3)2 was used as the starting material. The
iodide complex was prepared by carrying out a halogen exchange

reaction on the chloride cation.

9.5 Preparation of Pt-PF_ Complexes
B ~

(a) The PFE bridged complexes

The chloride cdmplex'was prepared by reactihg PtHCl(PEts)2

with PF201. The reaction wésvcarried out in solution and the solvent

CH2012, was dried over CaH2 and freshly distilled before use.
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The Pt’HCl(PEts)2 (1 mmole) was weighed out into a Schlenk
tube and then pumped dry on the vacuum line for 24 hrs. The solvent
"was then condensed in aﬂd the Pt complex Hissolved. .The system was
then'frozgﬁ at -196°C.and the PF201 (1 mmole) added. Best results
were achieved if freshly prepared fF2C1 was used. The systeﬁ was
theﬁ aliowed.to-warm to robm temperature apd the solvent removed.

This left a white gum which gave a white solid when washed with ether.

Needle 1like erstals were obtained by recrystallisation from methanol.

‘The Br and I complexes were prepared by carrying out halogen

e:;cchange reactiorsjonthe chloride complexes.

Analysis:
: ' Expected Found
%C %H - %C H
Cl : 23.50 4.93 23.44 4.82
Br 21.95 4.57 22.02 4.57
1 C 18.09 3.77 17.96 3.76
(b) The PFZY complexes .

These complexes were prepared by reacting t—PtHX(PEtS)l
(X = C1,Br,I) with HPF2Y (Y = S or Se). The Pt complex was weighed
into a Schlen:k tube and the vessel pumped out. The complex was

.dissolved in CH,C1;

5C1, then kept at -196°C when an equimolar amount of

HPFzY was condensed in. The system was allowed to warm up and H2 gas
was evqlved. Removing fhe solvent gave the product as a white
powder. The crystallisation was carried out from benzene. The C,H
énal&sis figures were obtainéd fof'the PFZS complexés. Hawever, the

PFZSe cbmplexes never gave the expected values. This could be due

to the mechanism which suggests that a more complicated reaction is
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occurring for the PF28e system. The n.m.r. specfra however show -

only the expected product to -be present.
Analysis, Y =S

Expected , Found

ac o%H %C o
c1 . 25.37 5.29  25.25 '5.34
Br 23.53 - 4.84 23.35 ©  4.90

I 21.85 4.55 21.96 4.65



APPENDIX I

\

Some reactions of Pt X Pl’~‘2S(PEt3)2

(X = Cl or I)
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A.l Introduction

The initial reason for synthesising the Pt—PFZS complexes was to
iﬁvestigate the possibility of rempving thé S from the PFZS group
to leave a Pt-PF2 group which might be used to prepare Sridged
complexes. Several examples are known in.nickel chemisti§,where PPh3

36,37

‘has been used to remove an S ; however when. attempts were made

with the Pt complexes no reaction took place.

Another interesting reaction which was reported was that when the
FeP(CFn)“S complexes were photolysed with u.v. light the.P(CFB)ZS
Pts BP 2 I B o
28 .
group became S~bonded to the metal ~. This was also attempted for

the Pt complexes without success.

However in the course of this work“it was noted that by
reacting the Cl-Pt—PFzs complex with Na I the I—Pt—PFZS complex
was obtained. This suggésted~that the halogen may be lasile
enough to be replaced by several ligands and so in this chapter we
reﬁqrt the results of reactihg the complexes PtX(PFZS)(PEtB)2
(X=Cl or I) with alkgli metalisalts and also with some bidentate

v

ligands. -

These exchange reactions were carried out by J.A.S. Duncan as
.38 .
part of his chemistry IV project and a summary of the results is
. given in his project report. The work was done with my assistance
and under the supervision of Prof E.A.V. Ebsworth. The results
obtained are relevant to this project and it is felt that they

merit discussion in this thesis.
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A.2 Reactions with Alkali Metal Salts

The salts used were NaNCO, AélsNCO, KNCS, KNCSe, NaCN and
AgCN. The expected reaction was replacement of Cl by NCO, NCS,
NCSe or CN groups. However, not all of tﬁe reactions behavgd as
exbected.

1

(i) Reaction with NaNCO, Ag °NCO

The reaction was carried out by mixing a solution of

PtCl(PFzs)(PEt3)2

in acetone with an equimolar amount of NaNCO
which was also dissol?ed in écetone. A cloudy precipitate of NaCl
was observed. The product was extracted and by examining the.i.r.
a band appeared at”2200 cm-1 which was ﬁssigned as being due to

VY CN. This was a simple way of checking that a reaction had

occurred.

. 3 .
The product was also identified using 1P 19F n.m.r. techniques.

The spectra obtained showed some interesting features. The 31P
spectra showed, at low frequency, the doublet of triplets expected
for the PEt, part of a PtX(PF,S)(PEt,), type complex. The
chemical shifts and coupling constants were different from those
obtained for the starting material, which suggested that X was
NCQ»and not Cl. However when the high frequency area was examined

there was no evidence for a PF,_, resonance.

2

This was not easy to understand'since all the evidence
. pointed to the szs group still being bound to the Pt. The only
apparent explanation was that the NCO group was bound to the Pt

through the N and that the quadrapolar relaxation of the nitrogen



Fig A.1
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31P,n.m.r. spectrum of OC

5

PEt

l
N—Tt—PFZS
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2

resonance. - Some PtCl(PFZS)(PEt3)2 also present.
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was causing the PF resonance to be lost. In an attempt to prove

2
that this was the case the reaction was repeated using AglsNCO. It
was found that complete e#cpange occurred much more readily if
PtI(PFZS)(PEtS)2 was ﬁsed as the starting material. This Q#s due
to the relative solubilities of the various silver salts in
acetone, i.e. Agl < AgCl ~AgNCO. So‘the fact that AgI is less
soluble ¥han AgNCO provides a driving force for exchange to occur

whereas for the Cl complex AgCl and AgNCO are of comparable

solubility so the exchange reaction does not go to completion.

When the 31P spectrum of the product of this reaction was
studied the PF2 part was observed and showed an édditional doublet
coupling (Fig A.l) which must be due to ;SN trans to the'PFzs group.
The PEt3 regioﬁ also Shows an additional coupling (Fig A.2) which
can be observed on the high resolution spectra as being -4.4 Hz.
This would appear to confirm thét the NCO group is bound through the

nitrogen.

The‘lgF spectra confirm the results predicted from the
phosphorus data. The unlébelled sample showed the expected doublet
of triplets all with Pt satellites. When the labelled sample was
examined the spectrum showed a doublet of quartets (Fig A.3). This

o | 315 3
could be explained if the values for J(F N) and J(FP) were
approximately equal then overlap of the lines would occur, gi&ing

the quartet instead of the expected doublet of triplets.

(ii) Reaction with KNCS

v

It was notwexpected that the NCO ligand should bond to the -
Pt through the nitrogen since a Pt-0O bohd i's not usually very

strong. However the Pt-S bond is known to be considerably strongef
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Fig A.3 F n.m.r. spectrum of OC N——-ﬁt-—PFéS. Quartets are observed suggesting that
' 3 15 3
PEt3 J(F /N) =| J(FP). Some PtCl(PFzs)(PEt3)2

also present.
1cm=40Hz
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and for NCS the'possibility exists that the ligand may bond through

the sulphur,.

When the reaction was carried out the i.r. spectrum showed a
. -1 , ‘
band at 2077 cm which suggested that exchange had taken place.
The spectrum showed the expected pattern in the PEt3 region but

again there was no signal in the PFé region.

It would appear that this is again due to the quadrdpolar
relgxation effect of the N and that the NCS group is bound to the
Pt through the nitrogen. This is somewhat surprising as Pt usually

prefers to bond to sulphur aé opposed to nitrogen.

: 19
The - F spectra and C,H analysis figures seem to confirm that

the complex formed was Pt(NCS)(PFéS)(PEt A sample of 15NCS

3)2'
was not available so it can only be assumed that the NCS iS behaving

the same way as the NCO but this seems likely from the evidence -

presented.

(iii) Reaction with KNCSe

The reaction was carried out as before and again the i.r.
spectrum showed a ﬁand af 2075 cm_1 which suggested that exchange
had taken'place. However when the 31P spectruﬁ was obtained several
products appeared to be present. The peaks all overlapped and no
assignment cauld be made; The 19F spectra, on the other hand,
showed that‘several complexgs were present but here the different

signals could be distinguished.

The main species present showed the doublet of triplets pattern

with Pt satellites which would be expected of a PtX(PFZS)(PEts)2
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complex. The parameters were different from those of starting
material and it would seem reasonable to assign the species as

© 31 ' .
Pt(NCSe)(PFZS)(PEt3) The P spectra showed very few peaks in

2°
the PF2 region, therefore it is proposed that the NCSe is bound

to the Pt through the nitrogen. One other cbmplex present was
shown to be starting material while another two PtX(PFZS)(PEtS)2
type complexes wefe also observed. One of these complexes was
assigned as Pt(CN)(PFZS)(PEts)2 from the data obtained from the
reaction of PtClPFzs(PEts)2 with Na CN, which will be discussed in

the next section.

This would imply that decomposition is occurring in solution.
This is not Surprisiﬁg since NCSe is not such a good ligand as NCO
or NCS and loss of Se is possible. The ‘identity gi the fourth a
complex present is not_known although the possibility remains that it
is the complex Pt(SeCN)(PFZS)(PEt3)2 where the NCSe group is. bound tq
the Pt thfough fhe selen;um. However betfer defined 31P spectra

would be required before any positive identification could be made.

The C, H‘and N analysis figures obtained were reasonably
accufate for Pt(NCSe) (PF,S) (PEt,), and the complex beﬁaved as
expected in the solid phase. It was only when it was dissolved in
CDC13 for the n.m.r. work that decomposition‘seeﬁed t§ occur. This
seems to suggest fhat'the compléx is stab1§ as a solid and that it is
in solution that slow decomposition occurs to give Pt(CN)(PFZS)(PEt

3g-

(iv) Reaction with NaCN

As with the NCSe reaction the i.r. and analysis results

obtained have.suggested that a clean exchange had taken place.

31 - 1
However the 1P spectra were inconclusive. Here again the 9F
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| PEt,
| 31, .19 ]
Table A.1l P and Fn.m.r. data for Xée‘?t—— P'FZS
PEt,
(X = C1, I, OCN, SCN, SeCN, CN)

X c1 I OCN SCN SecN o
5P ..18.9 | 8.6 18.6 17.6 MR NR
sP'  132.7 133 127.9  NO NR NR
15ptp) 2346 2305 = 2324 2312 " NR NR
15ty 5322 5217 NO NO NR NR
25p) 24 22 27 27 MR NR
35¢eF) 9.8 9.8 9.8 8.5 8.7 6.
e 1162 ‘1184 1147 1150 1152 1176
0t - - 81 - '_ B}
SF 5.7 -5.1 -7.6 -7.8 -7.9  -11.
25(ptr) 792 772 759 773 780 1023
35y - - - 10 - - -

Chemical shifts are in ppm, coupling constants in ﬁz

NR not resolved
NO not observed
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speétra were more useful. The main species present ggve the

expected doublet of triplets with Pt satellites and this was assigned
as»being due to Pt(CN)(szs)(PEts)z. Thére was one other fluorine

' containing species present and if also showed the pattern expected
for a PtX(PFzs)(PEt3) .

2 complex. However the identity of this

complex cannot be determined from the data obtained.

" As with the NCSe system it appears as if the complex
Pt(CN)(PFZS)(PEts)2 while being stable in the solid phase is slightly

unstable in solution.

For this system it was hoped to carry out the reaction using
AgClsN.' However when the reaction was attempted using AgCN it
was found that not enough AgCN went into solution to allow exchange'l

to take place. No suitable solvent could be found to carry out the

reaction successfully.

A3 Reaction with Bidentate Ligands

The work in this section gave a direct comparison of the
relative strengths of Pt-0 and Pt-S bonds. Reactions with several
bidentate ligands were attempted, namely acetate, monothiobenzoate,

dithiocarbonate, dithiophosphonate.

For the acetate system no reaction took place, which is of no
surprise since Pt-O bonds are usually weak and it might be
expected that the platinum would prefer to bond to a halogen.

However for the other systems studied a reaction took place.
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(i) Reaction with NaSCOPh

The reaction was gafried 6ut in the same way as those with
the alkali metal salts. In this case a precipitate of NaCl was
formed which was.removed and the product isolated. The i.r. showed
fhfee characteristic bands at 1615 cm_I? 1575 cm ! and 910 cmfl
The positions 6f these bonds suggest that the SCOPhk group has
bound té the Pt through the sulphur; ‘This can be deduced from the
observation that-the.CS stretch has shifted‘to lower frequency40
thqnqwbuld be ‘expected in the free ligand (»CS = 960 cm_1 in

41
NaSCOPh) . The C and H analysis figures also supported the idea

that SCOPh had replaced Cl on the Pt.

31 1 . )
The P and- 9F n.m.r. spectra showed patterns expected for a

PtX(PFZS)(PEts)2 type complex and the chemical shifts and
coupling constants differed from those of the starting material.

From all this evidence it is proposed that the complex isolated was

P
ﬁ IEt3
Ph— C—8S — Pt_PFzs
PEt3
(ii) Reaction with NaSoPMez_

This reaction was carried out in the ratio 1:1 and then with.a
four-fold excess of Nasszez. In neither case were the results very

clear.

In the 1:1 reaction the 9F‘spectra (Fig A.4) showed a complex
' ' 31 .
second order pattern while the P spectra (Fig A.5) showed a

triplet of quintets at low frequenéy. The PF_ region showed a strong

2
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Fig A.4 F n.m.r. spectrum recorded for the 1:1 reaction of PtCl(PFzs) (PEt3)2 with Nasszez

1 cm = 40 Hz
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Fig A.5 31P n.m.r. spectrum recorded for the

1:1 reaction of-PtCl(PFZS)(PEts)2 with NaSzPMe2

1 em = 400 Hz

06
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triplet with four less intense triplets on either side of the main

resonance. This again could be a second order pattern. The PEt3

region suggest that there is coupling to.two PF_S groups and the PF

2 2

region shows triplets which suggest that two PEt, groups are bound

3

to.the Pt. From this information it seems feasible that the complex

formed was

P
|Et3
‘SFZP———— Tt ————PFZS
PEt3
§P = 10.6 ppm S§P' 174.1 ppm

There is no obvious reason why the complex should be observed
yet it remains one possible explanation of the complex spectra

obtained.

When the reaction was carried out using a four-folé excess of
NaSzPM.e2 the spectra obtainéd were even more complicatgd. The

1P specfra (Fig A.6) showed three distinct re;onances. T’he.PEt3

region gave a coﬁpiex multiﬁlet with a large 1J(PtP) coupling. -The

PF2 part showed a doublet which suggested a PF group, each line

was split into a quartgt. AThe third resonance was in the SZPMe2
region and again this waslcémplex. Tﬂe 19F‘spectra indicated that
two complexes were present. Bothvgave a dduﬁiet ﬁith Pt

. satellites, GF = -26.8 ppm, -14, 2 ppm; 1J(PF) 1123 Hz, 1193 Hz;

2J(PtF) = 720 Hz, 749 Hz. There was no fine structure on these

groﬁps bound to the

peaks which would indicate the presence of PEt3

Pt.

Until better defined spectra can be obtained the structure of
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Fig A.6 P n.m.r. spectrum recorded for the
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this complex musf remain unsolved. However the spectra were very
interesting and further attempts are being made to solve the struc-

ture of -these complexes.

(iii) Reactions with NaS_CNEt

2

Dithiocarbamate was .chosen because it is a much stronger
nucleophile than dithiophosphinate and it was thought that it would

show a greater tendency to bond to the platinum.

The reaction was carried out as before and again a white
précipitate of NaCl was observed. As the reaction proceeded there
3

was also a distinct smell of PEt_, from the flask, indicating that

perhaps the SZCNEt2 group had displaced a phosphine.

The i.r. evidence suggested that this was the case as only one
, : . R =1 : -1 .42
band was' observed in the region 1000 +70 cm (at 1030 cm ) .
. a . ‘
Theory predicts 3 that if the SZCNEt2 has bound bidentate then only
one band will be observed whereas if the bonding was monodentate

two bands would be observed.

The 31P spectra (Fig A.7) gave conclusive proof that a PEt3

group had been replaced. The spectra showed a triplet (lJ(PF))
of doublets (2J(Pﬁ)) to high frequency which shows the presence of
bnly one PEt3 group cis- to the PFZS group. The PEt3 resonance
ishowed a doublet with Pt safellites which suggests that 3J(PF) ~0.

1 _ : :
The 9F spectra confirm these observations (the n.m.r. parameters

are given in Table A.2).
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Table A.2 .

1 19 '
p and F n.m.r. data for the products obtained from the reactions

with bidentate ligands

Lo
o} S PEt
I : ' /N '3
Ph—C— S— Pt — PF,S : Et,NC Pt
S PF_S
v 2
PEt,
sP 13.1 ‘ 8.8
Sp! 161.5 144.7
lyptp) 2373 3151
1J(Ptp') NR | 4884
2J(pp) 26.9 . 36.6
15m) 1189 1196
;0 6.1 0.0
SF -8.4 -13.1
?J(PtF) 640 v ‘ 711

‘NR Not resolved

Chemical shifts are given in ppm and coupling constants in Hz

The products for the reactions with SZPMe have still to be assigned

2
a structure, however the n.m.r. parameters obtained were

31P spectra septet P =9 ppm . 1J(PtP) = 3420

]

triplet of quartets P 80 ppm, triplet = 90 Hz

doublet of quartets. P 123 ppm, doublet = 1142 Hz

-14.2 ppm, 2J(PtF) = 749 Hz

9F spectra two species SF

SF

' 24.9 ppm, 2J(PtF) = 720 Hz
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A singlet with Pt satellites was élso observed in the 3lP spectra,
(6P = 5.4 ppm 1J(PtP) = 3096 Hz) which does not cbrrespond to any of
the known Pt—PEt3 compléxes. The possiﬁility here is that the
>82CNEt2 grbup initially displaces the Cl1 and bonds monodentate to

the Pt.: The other S can now attack the Pt removing either a PEt3 or
a PFZS- group (Fig A;B ). It would seem réasonéble that the singlet
could be due to the complex formed when ahPFZS_ group is displaced.
' s\ P PEt,
EtzN’- C / Pt
S PEt3

When a four-fold excess of NaSZCNEt2 was reacted with

: 3
PtCl(PFZS)(PEt3)2 the complex isolated showed no signal in the 1P

épectrum. This would suggest that 41l the ligands have been

replaced by dithiocarbamate group to give

If this was the case then it seems more than likely that the singlet

L +
observed in the 1:1 reaction was [Pt(SZCNEtZ)(PEta)z] .
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Fig A.8 Possible Reaction Mechanism

» | ( ]
|Et3 S vTEts
le——— Pt—— PF2$’+ NaSchEt2 Et2NC\\\\ "’Tt————-PFzs
PEt; S PEt,
| bAEts l ~PF,S
' PEt ' +
S 3 S PEt
N 7 S N 78
EtzNC\\\ Pt\\< : EtzNC\\ Pt
s PF,S s et
_ 3
ma jor product small amount observed

The complex{?t(schEtZ)(PEts)é)is a known complex but to date

3
the 1P n.m.r. parameters have not been quoted.

As with the reaction with Na82PMe2 this systemrequireé a little
more work and the questions which remain unanswered could be solved,
i.e. the identity of the product from the 1:4 reaction could be
‘ideptified as being P_t(SZCNEtz_)2 with some certainty since this is
glso'a known complex. .Also the complex[Pt(SZCNEtz)(PEta)érbould be
'sepérated from the 1:1 reaction mixture to give .a pure sample of

_Pt(SchEtz)(PF2S)(PEt3).
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3 ' ' :
APPENDIX II: Some 1P n.m.r. data for various Pt complexes used as
starting materials

Introduction

Although the complexes used as starting materials are well
3 v
characterised species, the 1P n.m.r. spectra have not been

reported. The data used weve recorded via double resonance work and

as such the values for lJ(PtP):»gfenot as accurate as they might be.

Since much of the work carried out by this research group
: . . . . 31P
involves studying reactions of platinum complexes using n.m.r,
spectroscopy it was felt that the directly observed values for &P
1 .
and “J(PtP) should be obtained. Also, many of the studies carried
. ‘o 31 :
out involved obtaining P spectra over a range of temperatures so
some idea of how 6P and 1J(PtP) vary with temperatﬁre was required.
Two solvents, CD2C12 and C6D5CD3, were used to see if changing the

éolvent had any effect.

This appendix does not attempt to rationalise the variations
observed, it'is merely a collection of data which will provide a

valuable reference for future research workers.

Results

When the 1J(PtP) vélues were plotted against temperature a
straight line graph wés obtained. The reéults ﬁave therefore been
summérised in Tables ; and II where the values for §P and 1J(PtP)
are given for OOC and thé variation with temperature is noted for

both figures.



99

TABLE 1
: CD2012 Toluene Variation of Variation o:
1 1 1 .
Complex SP J(PtP) éP J(PtP) J(PtP) with T 6P with T
PtHCl(PEt3)2 22 .9 2695 22 .4 2720 0.6 AT 0.0 AT
PtHBr(PEts)2 21.6 2675 21.1 2690 0.6 AT 0.0 AT
PtHI(PEtS)2 19.3 2630 19.0 2650 0.6 AT 0.0 AT
cis PtClz(PEt3)2 9;2 3505 insolubie‘ ‘0.1 AT —5x10"3 AT
cis PtBr, (PEt,), 9.4 3475 insoluble 0.1 AT -1x1072 AT
cis PtIz(PEts)2 7.0 3373 insoluble 0.1 AT -2x10 -2 AT
t-PtClz(PEts)2 12.4 2390 11.8 2420 0.4 AT -5x10 -3 AT
. . - - *
’t-PtBr (PEt ) 7.6 2320 7.2 2345 0.4 AT -5x10 -3 AT
t—PtI (PEt3)2 0.3 2255 0.0 2275 0.4 AT ‘0.0 AT
Pr N*(cL PtPEt))” 1.8 3690 insoluble 0.5 AT -1.3x10°2 "
Pr N (Br PtPEt ) 1.5 3565 insoluble 0.5 AT —1.33{10-2 Iy
-2
Pr4N (13 tPEt3) 1.6 3415 insoluble 0.5 AT -2.0x10 A"
Values given were, K recorded at OOC
Chemical shifts are given in ppm
Coupling constants are given in Hz
* -3 .
-3x10 AT 1n~CGD5CD3
[ PEt T +
TABLE 11 31P data for 1 3 {
X— Pt — PEt, | BP1;4" (X = H,"Cl, Br or I)
PEt3 ] |
3 Variation with T
1 1 1 1 1_.
X SP J(PtP) SP J(PtP") sp J(PtP) &P J(PtP')
H 16.2 2515 13.0 2025 1x10 AT 0.2 AT 0.5x10°° 0.3 AT
Cl 18.3 2250 ‘9.3 3483 -1.3x10_2AT 0.15AT. -1.5x10 0.08 AT
Br 14.3 2240  10.3 . 3478 -1.3x10 2AT 0.15AT -2.0x10 > 0.08 AT
I 9.1 2240 6.8 3380 O.7x10_3AT 0.15AT -2.0::1(0_2 0.10 AT N

This data was recorded in CD_C1l bthe complexes being insoluble in toluene

Values given are those for T =

ocC
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