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ABSTRACT

Tetrasulphur-tetraimide, S4N4H4 , reacts with Pt(PPh3 )n (n = 3 
or 4) to give Pt(S2N2 ) (PPh3)2 > the X-ray structure of which 
reveals the 82^ ^ ” ligand to be bidentate, bound by S and N.
This same product is also formed in the reaction of S4N4 with 
Pt(PPli3 )3 , together with a number of other species which 
decompose to [Pt(S2N2 )(PPh3)1 2 » the dimeric nature of latter 
being confirmed by X-ray crystallography.

Complexes of the general type Pt(S2N2 ) (PR3 ) 2 can te prepared 
from cis-PtCP2 (PR3 ) 2 t»y a number of methods, the most effective 
of which are;

a) Reaction with two equivalents of Na(S3N3 ), v ia salt 
elimination and production of S4N4, and

b) Reaction with S4N4H4 in the presence of the base dbu.
The resulting complexes have been fully characterised by IR,

3Ip nmr, micro-analysis and, in the case of the FMe3 and PMe2Ph 
complexes, by X-ray crystallography.

Reaction of 99% enriched S4N3CP with the dichlorides and 
dbu yields 1% enriched Pt(S2N2 ) (PR3)2 > the 31p nmr spectra of 
which show the presence of both and (15̂ _31pj couplings.

Complexes of the type [Pt(S2N2H) (FR3)2 ]X can be prepared by 
reaction of the 82^ ^ “ complexes with, for example, HCP (X = CP-) 
or BF3 (X = BF4”). X-ray crystallographic analysis of the 
complexes [M(S2N2H) <FMe2Ph)2]X ( M = Pt, X = CP", BF4“ and PF6-;
M = Pd, X = BF4-) reveals a stacking arrangement, with the 
cations and anions occupying ID channels. Within these channels 
there are sigificantly close cation-cation interactions, with the 
precise separations being determined by the nature of the anion.

31p nmr studies upon [M(S2N2H) (PR3)2 ]BF4 { M = Pt, Pd ) 
reveal the Pt complexes to be more acidic than their Pd 
counterparts; the acidity of the complexes is independent of the 
nature of the phosphine present.

[Pt(S2N2H) (FMe2Ph)2 ]BF4 reacts with bromine to give 
trans-[Pt(S2N2H) (Br)2 (F̂ e2^ ) 2 ^ - ^ 4 which isomerises to the c i s  
form; X-ray crystallography reveals both monocline and triclinic 
polymorphs of the latter. These decompose in solution to the
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Pt(II) complex [Pt(S2N2H)(Br)(IMe2Ph)]; Hie3 and PnPr3 analogues 
of the latter have also been made together with the iodo complex 
[Pt(S2N2H)(I)(PMe2Ph)].
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INTRODUCTION

Sulphur-Nitrides

The general term "sulphur-nitrides" encompasses a range of 
compounds which exhibit a wide variety of structures and sulphur 
: nitrogen ratios 1. However, despite this variety only a 
handful are commonly prepared and studied on any great scale. Of 
these, undoubtedly the most important is tetrasulphur- 
tetranitride, S4N4, first prepared in 1835. Its importance stems 
from an exceptional ability to act as a starting material in the 
synthesis of both new sulphur-nitrogen species and of metal 
sulphur-nitrogen complexes.

X-ray crystallography reveals S4N4 to have a cage structure 
(Fig.l) with the four nitrogens in a plane 2. The 12 tt electrons 
in the system are fully delocalised, resulting in identical S-N 
bond lengths of 1.62 A.

S -------------S

/\ /\
N N N N

\ x /
S — -S

Fig.l S tr u c tu r e  o f  T e t ra s u lp h u r -T e tra n it r id e , S 4 N4 .

S4N4 is relatively straight-forward to prepare, from ammonia 
and sulphur dichloride 2 , and can be obtained as well formed, 
bright orange crystals by recrystallisation from benzene. As a 
reagent it has many good points; it is non-toxic, soluble in a 
good range of common solvents and is stable in air. However, 
these advantages are to some extent overshadowed by the fact that
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it is very sensitive to heat and friction and, especially when 
pure, can explode with some force.

The preparative reactions of S4N4 provide a good illustration 
of both its usefulness and of the variety of sulphur nitrogen 
species that exist (Fig.2 ).

Fig.2 Some important synthetic reactions of S 4N4 .

In this work we make use of four of the above species in the 
preparation of metal complexes; Fig.3 shows their structures in 
more detail.

Fig.3 Structures of a) S 4N 4H 4 , b) S^\Jj~, c) S 4N 3 + and d)

Q b c d
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Tetrasulphur-tetraimide, S4N4H4, is a white solid obtained in 
reasonable yield from the reduction of S4N4 with stannous 
chloride 4. in contrast to S4N4 it is not explosive and is 
soluble in a much smaller range of solvents, thf and acetone 
being the best. Its structure (Fig.3a) is based on that of Sg, 
with approximately trigonal geometry at each nitrogen 5,

NaCSgNg) is an explosive yellow solid first obtained by 
Chivers et al, from the reaction of NagS with S4N4 in ethanol 
The S3N3~ anion has a planar ring structure (Fig.3b) with all S-N 
bond lengths approximately equal 7. The structure of PPh4+ salt, 
prepared during this work, is described in more detail in Chapter 
Three. The Huckel theory of aromaticity can be applied to plapar 
sulphur nitrogen species such as this by considering each 
nitrogen and sulphur to contribute one and two tt electrons 
respectively On this basis SgNg- can be considered a IOtt 
aromatic system.

In ethanol SgNg- decomposes to S4N4 within a few hours, and 
so solutions should be freshly prepared. The solution chemistry 
of SgNg- is linked to that of another anionic species, S4N5*".
The latter has a cage structure (Fig.4) based upon S4N4 with an 
extra nitrogen bridge 9.

Fig.4 S tru c tu r e  o f  S 4 N5  .

S4N3C5 is a yellow, non-explosive solid, first prepared in 
1880 from the reaction of § 2 ^ 2 with S4N4 . The most widely 
favoured modem preparative method sustitutes (SgNgCiJjCi? for the 
S4N4 10. The S4N3+ cation (Fig.3c) is planar with N-S bond 
lengths of 1.56 A and an S-S length of 2.06 A H.

Finally, the structure of (SgNgĈ CJ?, which is the most 
commonly made salt of the cation, consists of a slightly
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puckered five membered ring with an exocyclic covalently bonded 
chlorine which lies to the side of the ring plane (Fig.3d) 12.
It is best obtained, by refluxing a mixture of S2C#2 and ammonium 
chloride; the reaction is performed in a vessel fitted with a 
large air condenser, upon which the product is conveniently 
deposited as a dark red/orange solid 13. The ease of this 
reaction enables (S3N2Cfi)CJ? ( and hence S4N3CJ? ) to be made in 
99% 1% enriched form; Chapter Five deals with reactions of these 
enriched compounds. Like S4N3CS it is rather insoluble in most 
common solvents and, in contrast to the latter, is fairly 
sensitive to hydrolysis in air and should be stored under 
nitrogen.

Metal sulphur-nitrogen complexes

There exists a wide variety of metal complexes containing 
sulphur-nitrogen (S-N) species as ligands. The chemistry of 
these complexes dates back to the early part of this century when 
adducts of S4N4 with compounds such as TiCJ?4 were first reported 
14. Since the advent of readily available X-ray crystallography 
interest in the area has grown considerably 15»16,

A number of different types of S-N ligand are known (Fig.5); 
these include adducts of heterocycles, such as S4N4 and S2N2 , and 
monodentate ligands such as the thionitrosyls. Complexes of the 
latter are known for a range of transition metals.

Fig.5 Some examples of non-metallocyclic S -N  complexes 17-19; 
a ) S 4 N4 .SbC25, b) C r(C O )^pfNS) and c) [Ru(Hg>)C$ 4 (NS)]~.
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Despite the large number of complexes found within the 
aforementioned groups, by far the most interesting and’varied 
class of compounds are those in which the S-N ligand forms part 
of a metallocycle, involving the metal atom as part of the ring. 
As this is the class of complexes most relevant to the following 
work they are reviewed in some detail.

One of the most interesting and important features of these 
complexes is that in many cases the anions they stabilise within 
the metallocycle are unknown in the free state. For example the 
S3N4.2- anion in the complex TiCp2 (S3N4.) (Fig.6a), obtained in 
low yield from the reaction of S4N4 with TiCp2(C°)2 does not 
exist as a salt, say of the type K2 (S3N4). Compounds such as., 
this are especially useful since they allow us to study ligands 
which may be unique to the one particular case. Examples of more 
of these axe shown in Fig.6.

The reaction of TiCp2 (CO)2 S4N4 also produces
TiCp2 (S3N2 ) (Fig.6b) which is the only example of a complex of 
bidentate S3N2 “̂» although this ligand is found in the bridging 
form in the unique complex Pd2 ( 3311)2 (33^) (Fig.6c), obtained in 
small yield from the reaction of PdCfi2 with S4N4 21. Finally, 
reaction of PtC#2 (CgHgCN^ with S4N4 leads to a small yield of 
PtCJ?(S4N3 ) (Fig.6d), the only known complex of 84^ “ 22 #

s.

T i \:s

Q b

Cl------ Pf— N

c d

Fig. 6 Structures o f  a) TiCp2 (s 3^4) t b) TiCp2 (s 3 ^2^1

c) P d 2 (S3N )2 (S3N 2 ) a n d  d) PtCS (S4N 3) .
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In contrast to the above rare ligands there are some sulphur 
nitrogen ligands which form complexes with a number of different 
metals. A good example is the S3N" ligand which, to date, has 
been identified in complexes of seven different metals, including 
gold 23 platinum 24 complexes first made in our laboratory 
(Fig.7).

Cl 5 -N  
^Au | 

C K  NS-S
a

><s- f
xs-s

'3 b

Fig.7 S t r u c t u r e s  o f  the S jN ~  com plexes a ) AuCS2 (S^N) and b) 

P t ( S 3 N )(ER 3 ) 2+.

Prior to this work only a few examples were known of 
complexes containing the disulphur-dinitride ligand, 3 2^^“. The 
first of these to be discovered was obtained from the reaction of 
S4N4 with Pbl2 in liquid ammonia, and formulated as Pb(S2N2 ) .NH3 

25. Much later, X-ray crystallography revealed it to be a 
metallocycle with the bidentate 8 2^^“ ligand bound by sulphur 
and nitrogen (Fig.8a) 26#

Co(Cp)(S2N2 ) t the first example of a transition metal 
complex, was prepared from the reaction of Co(Cp)(C0)2 with S4N4 

27. Note that the ligand is again bidentate (Fig.8b); in fact 
this bonding mode is observed for all compounds of S2N2 “̂.

NH3

s cp-Co-iA
a b

Fig. 8 S t r u c t u r e s  o f  the S 2 Ng* com plexes a ) P b {S 2 N2 ) . M Ij and 

b) Co(Cp) (S 2 N2 ) .
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More common than the S£N2 “̂ ligand is its singly protonated 
counterpart S2N2H-, which is by far most studied, and most 
reactive of the metallocycles. The best route to these is by the 
reaction of S4N4 with metal chlorides in methanol. These 
reactions are complicated by the presence of a variety of mixed 
ligand species (Fig.9), and for this reason the resulting 
mixtures are best purified by preparative thin layer 
chromatography, PTLC 28,

S .N  + M C L (M = P t ,P d ,  Ni o rC o )A A L

N — S  V  S — N\
M
/

5 - - N ' IJJ-- s
A * ^

N - — S S - - N

S-

N-

A
-S N-

♦ H 
5  S-
\  /

M

/ \

■ S

■N

Fig.9 P ro d u cts  o f  the r e a c t io n  o f  S 4 N4  w ith m etal c h lo r id e s.

In the above S2N2H~compounds the ligand is invariably 
protonated on the metal-bound nitrogen; this will also be seen to 
be true for the novel complexes prepared in this work.

The S2N2H- ligand can be deprotonated, leading to salts such 
as Ag2 [Ni(S2N2 )2  ̂> obtained by treatment of Ni(S2N2H)2 with 
silver nitrate. Reaction of this with Mel leads to the 
dimethylated derivative 29, Although a number of studies of
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similar substitution reactions have been performed, the most 
interesting reaction occurs when Ni(S2N2H)2 is reacted with 
NiCl2 .6H20 in methanol. Weiss has shown this to give salts of 
the trinuclear anion [Ni(NiS2N2)23 (Fig.10) 30,

Aims of this work

There are a number of obvious problems with many of the 
reported preparations of metal sulphur nitrogen species. Often 
the yield is low, as in the preparation of the unique complex 
PtCfi(S4N3 ), or the products are difficult to isolate. The latter 
is especialy true for the reactions shown in Fig.9 and reaction 
of S4N4 with TiCp2(CO)2> the that the products in all these
cases are very interesting and potentially useful only serves to 
highlight the difficulties involved in their preparation. We had 
hoped to develope reaction systems which allowed isolation of the 
product in high yield without recourse to techniques such as 
PTLC. Certainly the preparation of compounds of the type 
Pt(S2N2 ) (1^ 3 ) 2 described in this work meets this requirement 
quite adequately.

Initially we did not intend to stick to any one group of 
metals or class of product; obviously, had an interesting 
reaction involving a metal outside the Pt triad presented itself 
we would have been only too happy to oblige. As will be shown, 
however, the fact that the reactions discovered seem to apply

N-S S -tl / \ . /  \
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almost uniquely to Ft and Pd is more than compensated for by the 
fact that the products are uniquely suited to study by a variety 
of means. No other metal sulphur-nitrogen system is as amenable 
to investigation by, for example, 31p nmr and substitution, 
as the M(S2N2) (PR3)2/t̂ (S2N2H) (PR3 )2]X complexes described herein.

18



2 REACTIONS OF S4N4H4 AND S4N4 WITH Pt(0) COMPOUNDS

INTRODUCTION

The first reports of reactions of this type came from 
Bhattacharyya e t  a l., who investigated the reactions of S4N4 and 
S4N4H4 with Ft (PPI1 3) 4 and claimed the preparation of 
Pt(S2N2) (PPh3)2> Pt(S2N2H2 )(EPh3 ) 2 and Pt(S4N4) (PPh3 ) 2 31. 
However, the formulation of these products was based solely on ( 
very poor ) micro analysis results and, after preliminary 
investigations, it was apparent to us that the reactions were 
more complicated than they claimed. Whilst Bhattacharyyas work 
concentrated upon the reactions of Pt(PPh3) 4 we decided to 
broaden the investigation to include related Pt complexes such as 
Pt(PPh3 ) 3 and Pt0 2(PPh3)2 > and to study the reactions using 31p 
nmr, a technique to which the aforementioned workers did not 
appear* to have access.

REACTIONS OF S4N4H4

Pt(PPh3 ) 3 and Pt(PPh3) 4 both react with S4N4H4 to give 
yellow products, the 31p nmr spectra of which (Fig.11) are 
identical. If very concentrated CHCP3 solutions are used for 
this measurement, the product readily crystallises out as yellow 
plates. X-ray crystallographic analysis performed on these 
crystals reveals the product to be Pt(S2N2 ) (PPh3 ) 2 (la) (Fig. 1 1 ), 
which crystallises with four CHCP3 molecules per unit cell 32,

The crystal structure of la reveals planar coordination of 
the platinum by the two phosphine groups and the 82^ ^ “ ligand, 
bonding in bidentate fashion through S and N as has been 
previously observed 26,27t The ptS2N2 unit is very close to 
planar with a maximum deviation from the plane of only 0.008 A.

19



Fig. 11 31p /imr spectrum  and c r y s t a l  s t r u c t u r e  o f  

P t ( S 2 N2 )(P P h 3 ) 2 .4CHCS3  .
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The bonding parameters within the metallocycle ( Table 1 ) 
reveal the S-N bond lengths to be unequal with two short and one 
long bond. These features are discussed further in the next two 
chapters, alongside the structures of related complexes. Suffice 
to say here that the observed bond lengths in la are consistent 
with the view that the 82^^“ ligand can be considered to contain 
a diimine-like N=S=N3“ unit, thus making it somewhat similar to 
the sulphur-nitrogen unit in compounds of the type R-S-N=S=N-R, 
33.

Pt-Pl 2.317(4) Pt-P2 2.2.263(4) Pt-S2 2.288(5)
S2-N2 1.682(16) N2-S1 1.567(19) Sl-Nl 1.546(16)
Nl-Pt 2.018(14)
Pt-S2-N2 104.0(7) S2-N2-S1 116.1(11) N2-S1-N1 116.0(9)
SI-Nl-Pt 116.2(9)

Table 1 S e le c te d  bond d is ta n c e s  (A) and a n g le s  (' ) in  

P t  (S 2 N2 )(P P h 3 ) 2 .4CHCS 3  ( l a ) .

The structure of la can be used to interpret its 3 P̂ nmr 
spectrum. The individual components which make up this spectrum 
are best considered one at a time (Fig.12).

Since the two phosphorus atoms are situated tra n s to sulphur 
and tra n s to nitrogen they are inequivalent and as a result the 
chemical shifts of each are slightly different (Fig.12a). A 
further consequence of this inequivalence is that they couple to 
each other, with a 3j(31p_31p) coupling constant of 24 Hz, which 
is typical of PPhg compounds of Pt(II)3̂  ( Fig.12b). Finally, 
the phosphorus atoms can also couple to the 19J>Pt nuclei, which 
are ~ 33% abundant. As a result of this each resonance is split 
into a doublet with the ratio of the size of the l̂ 3Pt satellites 
to the central resonances being (33/2) :66 ie s 1:4 (Fig.12c).

It should be noted that this spectrum, together with all the 
other 3lp spectra in this work, is proton decoupled, ie one sees 
no splittings by the hydrogens on the phosphine groups.
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Fig. 12 Components o f  the 3 1 p {ln }  nmr spectrum  o f  la .

The nature of the atom tra n s to the phosphorus has some 
effect upon the magnitude of the lj(195pt_31p) coupling constant 
for that particular phosphorus and as a result of this the 
coupling constants in la are not identical. The larger lj 
coupling is associated with the stronger, ie shorter, Pt-P bond 
35; which in this case is Pt-P tra n s to nitrogen. The larger 
coupling in la is 2994 Hz which is associated with the resonance 
at S 11.42 ppm.

Thus we can assign S 11.42 to P tra n s to nitrogen and S 23.57 
ppm to P tra n s to sulphur. As we will see later this assignment 
proves to be very useful, as does the ratio of the two lj 
coupling constants, which in this case is 2994/2827 = 1.06. An 
interesting feature of the spectrum is the fact that the chemical 
shift of P tra n s to nitrogen (11.42 ppm) is very similar to that 
observed for Pt(NSNSiMe3)2 (PPh3 ) 2 (11.76 ppm) 36 pn which the 
phosphorus is also tra n s to a nitrogen which is part of an NSN 
framework.

The IR spectrum of la shows the expected phosphine
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absorptions together with bands at 1045, 610, 445, 360 and 352 
cm”l. These bands axe discussed in more detail in chapter 3, 
where they are assigned on the basis of the spectra of complexes 
containing different phosphines. Suffice to say here that the 
most prominant band, that at 1045 cm"l, is a S-N stretch.

Bhattacharyya et al. initially claimed the product of S4N4H4 

and Pt(PPh3) 4 to be Pt(S2N2H2 ) (PPh3 ) 2 although they later 
identified Pt(OSNH)2 (PPh3 ) 2 (Fig. 13) as a product by X-ray 
crystallography 37,38. Presumably the preparation of the latter 
was brought about by the presence of impurities, since in our 
hands the published reaction, even when carried out in air, 
yielded only la (40%) together with PPh3(20%), PPh3S(10%) and 
PPh3O(30%).

Ph3P\  /°

Ph3 PX  X 0-

SX-H

SvN-H

Fig. 13 The s t r u c t u r e  o f  Pt(O SNH)2 (PPh^ ) 2  is o la t e d  by  

Bhattacharyya e t  a l ,  from  the re a c t io n  o f  S 4 N4 H4  w ith  P t(P P h ^ ) 4  

in  a i r .

In conclusion, therefore, it can be seen that reaction of 
either Pt(PPh3) 4 or Pt(PPh3 ) 3 with S4N4H4 invariably leads to la, 
irrespective of whether the reaction is performed in air or under 
nitrogen. This suggests that the reaction must be reasonably 
quick since neither of the Pt complexes is very stable in 
solution in air. The above results also show the great advantage 
of having ready access to 31p nmr; as will be seen later, in both 
this and in subsequent chapters, this is by no means the last 
time in this work that the latter holds true.
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REACTION OF S4N4 WITH Pt(PPh?)ct

In addition to the aforementioned, rather speculative, work 
by Bhattacharyya et a 1. two other groups, Ghilardi et al.39 and 
Chivers and co workers 40 investigated this, and similar 
reactions, at roughly the same time as us. A consequence of this 
parallel work is the duplication of a number of results. One 
advantage our work appears to have is in the use of 31p nmr to 
investigate the intermediates in the reaction of S4N4 with 
PtiPPhgJg, the results of which bear out a number of observations 
made by the other groups.

If S4N4 and Pt(PPh3 ) 3 are mixed together, in an appropriate 
solvent, an intensely dark green solution is formed. Indeed, the 
reaction is so favourable that mixtures of the two compounds in 
the solid state soon start to take on this green colour, 31p mm* 
reveals that a variety of species are formed in the reaction, 
including Pt(S2N2 )(PPh3 )2 (la).

If the reaction is performed in CH2CP2 the 31p nmr spectrum 
of the product shows the AX spectrum due to la together with a 
singlet at S = 23.3 ppm ( lj(195pt:_31p ) 3118 Hz) and another AX 
spectrum at S = 21.0 (1J 2860 Hz) and 7.9 ppm (1J 3101 Hz). Also 
formed in the reaction is an appreciable amount of SPPI1 3. If the 
product is washed with toluene, or treated with NaBH4, then la 
and the SPPh3 are removed, leaving a yellow residue containing 
the two unknown complexes. This mixture analyses as 
[Pt2 (S2N2 )2 (PPh3 )3] and is thus presumably the same product 
obtained by Ghilardi e t a l . from the reaction of S4N4 with 
Pt(C2H4)(PPh3 ) 2 in benzene, which they formulated as 
[Pt(S2N2 )(PPh3 )2 1[Pt(S2N2 )(PPh3 )].C6H6 .

Upon standing in solution this mixture decomposes to an 
amorphous red solid, leaving only PPh3 ( as shown by 31p nmr ) jn 
solution. This solid is insoluble in all common solvents and 
analyses as [Pt(S2N2 )(PPI1 3)]. Although its insolubility means 
that it cannot be crystallised after precipitation, it can be 
obtained as well formed red crystals by slow hexane diffusion 
into a solution of the parent mixture. It appears that the 
hexane/CH2C#2 solvent system readily promotes the decomposition,
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but slowly enough to allow crystallisation to occur.
X-ray crystallographic analysis reveals the red compound to 

have a dimeric structure ( Fig. 14) with the platinums bridged by 
two nitrogen atoms of the 82X2 “̂ ligands 41.

Fig. 14 The s t r u c t u r e  o f  the d im e ric  com plex [Pt(S£N 2 ) (PPhg)]£•

Pt-P 2.255(4) Pt-S2 2.219(4) S2-N2 1.687(14) 
N2-S1 1.528(13) Sl-Nl 1.552(12) Nl-Pt 2.042(12) 
Pt-Nl’2.062(11)
Nl-Pt-Nl* 77.1(5) Pt-Nl-Pt’ 102.9(5) Pt-S2-N2 103.1(4) 
S2-N2-S1 119.7(8) N2-S1-N1 112.7(7) Sl-Nl-Pt 116.3(6) 
Nl-Pt-S2 88.0(3)

Table 2 S e le c te d  bond d is ta n c e s  (A) and a n g le s  (' ) in  

[ P t (S 2 N2 > (PPh3) ] 2 .
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Within the dimer the [Pt(S2N2 ) ] 2 unit is almost planar, 
having a maximum deviation from the plane of 0.023 A. The S-N 
bond distances within the ligand are very similar to those in la 
( Table 2); the Pt-S bond is some 0.066A shorter in the latter, a 
change which reflects the difference in the tra n s influence of 
PPI13 relative to nitrogen.

This is not the first example of a compound containing the 
dimeric M(S2N2 ) 2 unit; it is also present in the nickel complex 
K2 ( [Ni(S2N2 ) ] 2) ^  and the tin complex [Me2Sn(S2N2 ) 1 2 the 
structure and uses of which are described in Chapter Four.

The fact that the intermediates initially obtained decompose 
to the dimer v ia loss of PPI13 supports their formulation as 
[Pt2 (S2N2 )2 (PPh3 )3]. It is possible that the two species 
observed in this mixture are indeed seperate complexes and that 
they interact to decompose to the dimer. However it is also 
possible ( as proposed by Ghilardi et a l . ) that only one species, 
of the type shown in Fig.15, is present.

Ph3P \  S - N
Pt

P h ^  — S 
N— Pt— PPh0I J

N

Fig. 15 P o s s ib le  s t r u c t u r e  o f  the in te rm e d ia te  in  the  

form ation o f  [ P t (S 2 N2 ) (P P h j ) ] 2  from  S 4 N4  and P t (P P h j) 3 .

The structure shown in Fig.15 would fit the observed 31p nnrr 
data since one of the platinums is attached to a single PPI13 

group, which gives rise to the singlet, while the other has a 
similar arrangement to that of la, giving rise to the observed AX 
spectrum. The only drawback with this suggestion is that if the
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structure really was that shown in Fig. 15 one could expect to see 
3j(195pt_31p) couplings from each platinum to the PPI13 on the 
other. No such couplings are seen, although it may well be that 
they are too small to be resolved. However, in the absence of 
X-ray crystallographic confirmation, which we have yet to obtain 
since the solutions so readily decompose to the dimer, the 
structure shown in Fig.15 seems to fit the observations better 
than any other.

Fig.16 summarises the above observations and results.

P«PPh3)3+S4N4

CH Cl 2 2

?
Green Soln.

Hexane

Green Solid
Toluene

Dark Soln. +

Solution + Yellow Solid 
SPPh3 Pt(S2N2)(PPh3)2

Yellow Solid (analyses as
vCHCl [Pt2(S2N2)2(PPh3)3D

Yellow Soln.
1 Day

Red Solid + Solution 
[Pt(S2N2)(PPh3) l2 PPh3

Fig. 16 Summary o f  the re a c t io n  o f  S 4 N4  w ith P t(P P h g ) 3  in  

CHgCS 2-

If S4N4 and Pt(PPh3 ) 3 are mixed as solids, then dissolved in 
toluene, the products obtained are identical to those described 
above. If, however, the reaction is performed by adding solid 
Pt(PPh3 ) 3 to a toluene solution of S4N4 then a dark green oily 
product is obtained. 31p nmr again reveals the presence of SPPh3
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and Pt(S2N2 ) (PPh3 ) 2 together with a new compound not seen in the 
above reactions. If the product is washed with toluene, thereby- 
removing la and SPPI1 3 , the 31p nmr spectrum of the new complex 
can be seen more clearly ( Fig.17).

Fig. 17 31p j2mr spectrum  o f  the p ro d u ct o f  the re a c t io n  o f  

P tfP P h g ) 3  w ith  a to lu en e  s o lu t io n  o f  S 4 N4  ( a f t e r  washing w ith  

to lu en e  to  remove P t  (S£^2) (PPh^ ) 2  and SPPh3  ) .

The spectrum of this compound consists of a singlet at S = 
15.6 ppm, with 1«J( 195pt_31p) = 3 1 0 5 Hz. Also seen in the 
spectrum is peak at S = 15.0 ppm, which does not have 195pt- 
satellites. We have yet to assertain whether this peak is due to 
a phosphine-containing impurity or to the presence of a PPh3 

group on part of the metallocycle, too far from the Pt to be 
coupled to the 19£>Pt. This product has only been obtained as a 
green solid, suggesting the presence of some impurities since the 
colour is very unlikely for a Pt complex of the type expected.
To date we have been unable to crystallise the complex and so 
have no real idea of its nature.
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An interesting feature of the reaction of S4N4 with Pt(PPh3 ) 3  

is that if it is performed at -75*C then the initial solution 
formed is a dark red colour. If this is allowed to warm to RT 
then the colour changes to the green colour observed above. We 
have yet to measure the 31p nmr spectrum of the solution at 
-75“C; this should give us more insight into the nature of the 
species responsible for the intense colours of these solutions.

In conclusion, it is obvious that much more work needs to be 
performed on this reaction system to fully characterise all the 
products. Once we found the routes to the disulphur-dinitride 
complexes, discussed in the next chapter, we tended to concentate 
on these reactions, at the expense of the S4N4/Pt(PPh3 )3 system. 
Future work will include attempts to stabilise the solutions long 
enough to allow reasonable sized crystals to be formed; one way 
this could be done is by adding excess PPI13 to the solutions in 
order to slow down the rate of loss of PPI13 ( and hence dimer 
formation ) by the intermediates. Another potentially 
interesting area of invesigation is the use of labelled S4N4 

in these reactions. The 31p nmr spectra of the products would 
give some clue as to the positions of the nitrogens, relative to 
the phosphines, by the presence or absence of 15jvj_31p couplings.

PREPARATION OF TPd(SgNg)(PPh3)12

As well as the reactions of S4N4 with Pt(PPh3 )3 / 4 we also 
investigated the analogous reaction with Pd(PPh3 )4 * Study of the 
products by 31p nmr was hampered by the precipitation of an 
insoluble orange/brown solid shortly after mixing the two 
reagents. However, once we identified the dimeric nature of the 
insoluble product formed in the reactions of Pt(PPh3)3 , we 
reinvestigated the product of the Pd reactions and found it to 
analyse correctly for [Pd(S2N2 )(PPI1 3)]2 , which presumably has an 
analogous structure to that of the Pt complex. This is backed up 
by the strong similarity in the IR spectra of the two complexes 
(Table 3).
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Frequency Assignment
M = Pt Pd
1032(vs) 1042(vs) v[N-S]
910(m) 933(m) vfN-S]
636(s) 620(m) S[N-S]

450(ms) vfPt-N]
379(m) 363(m) S[N-S]
333(w) 320(m) v[Pt-S]

Table 3 IR  data f o r  the d im e ric  com plexes [M(S2^2^ (P P h g )]2 ‘

A puzzling feature of the IR spectra of the two dimers is the 
fact that while the spectrum of the Pd complex has 
a medium-strong band at 450 cm-l, attributable to v[Pd-N], the Pt 
complex shows no band in this area which is strong enough to be 
positively attributed to a non-phosphine stretch. There is no 
obvious reason why the metal-nitrogen stretch should be so much 
stronger in the Pd complex; it is, however, unlikely that this 
variation indicates a structural difference between the two. To 
date we have been unable to obtain a crystalline sample of the Pd 
complex in order to positively verify its structure.

CRYSTAL STRUCTURE OF rPPh?1 TPt^C^) (S2N2H) (PFH3 ) 1

During attempts to crystallise the intermediate products in 
the S4N4/Pt(PPh3 ) 3 reaction, by slow hexane diffusion into a thf 
solution, we obtained a number of orange-red crystals. In view 
of their colour, and the fact that they were insoluble in common 
solvents, we initially assumed them to be crystals of the dimer, 
[Pt(S£N2 )(PPI1 3)]2 * However, comparison of the IR of these 
crystals with that of the latter revealed significant 
differences, and on the basis of this we submitted the crystals 
for X-ray crystallographic analysis.
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The resulting structure was somewhat surprising, to say the 
least. The compound is mononuclear, with the platinum 
coordinated to one triphenylphosphine, an S2N2H“ ligand, and a 
thiosulphate (!); this anionic complex being present as a salt of 
the imine cation PPhgNl^.

In view of the fact that the reaction was performed under an 
inert atmosphere, the presence of the S2O3 2- ligand was somewhat 
disconcerting. In fact the oxygens in this system almost 
certainly originated in the thf, which had a high peroxide 
content, even though it was distilled prior to use. Although the 
reaction is completely non-rational, and we have never been able 
to repeat the preparation, the product is still worth some 
consideration since examples of coordinated thiosulphate are 
fairly rare 44,

The fact that this complex can be formed from the 
intermediates in the S4N4/Pt(PPh3 )3 reaction tends to confirm the 
presence of a [Pt(S2N2 )(PPI1 3)] unit, as shown in Fig.15 . It is 
possible that the reaction involves a cleavage of the 
inter-nuclear Pt-N bond in the structure proposed in Fig.15, 
followed by addition of the thiosulphate to the now 
coordinatively unsaturated platinum. Precisely how the 
thiosulphate was formed is a mystery; however future work will 
include attempts to perform variations on this reaction, with 
addition of groups such as CN“ etc., in the hope that this could 
lead to a general synthesis of complexes of the type 
[Pt(S2N2H)(X)(PPI1 3)]. The preparation of similar complexes 
containing other phosphine groups, and X = halogen, is discussed 
in Chapter Six.

As will be seen in Chapter Four, the bonding parameters 
within the metallocycle in the above complex are similar to those 
in complexes of the type [Pt(S2KT2H) (PR3)2 ]X.
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Fig. 18 S tru c tu re  o f  the th io su lp h a te  com plex  

[P P h ^ H 2][P t(S ^ D 3) (S 2N2H) (PPh3) J .

Pt-Nl 2.018(11) Nl-Sl 1.592(11) S1-N2 1.541(11)
N2-S2 1.676(12) Pt-S2 2.256(5) Pt-S3 2.349(5)
Pt-Nl-Si 121.2(6) N1-S1-N2 108.4(6) S1-N2-S2 120.4(7)
N2-S2-Pt 104.8(4)

Table 4 S e le c te d  bond le n g th s  (A) and a n g le s  (' ) in  the anion  

[P t  (S2P3 ) (S 2N2H) (PPh3)]~.
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EXPERIMENTAL

Unless stated otherwise, all manipulations were carried out 
under an inert atmosphere (N2 or Ar). Solvents were dried and 
distilled prior to use; toluene, ether, thf and hexane from 
sodium; CH2^2 from calcium hydride. Acetone was dried over 4A 
molecular sieves.

3 1P{!h} nmr spectra were recorded using a Jeol FX90Q machine, 
operating at 36.21 MHz, and reffered to external 85% H3PO4 .

IR spectra were recorded as KBr discs using a Perkin-Elmer 
683 spectrometer. Elemental analyses were performed by the 
departmental micro-analytical service.

The complexes Pt(PPht3 )4, Pt(PPh3 ) 3 45 ptC>2 (PPh3 ) 2 46 were 
prepared by standard methods from K̂ PtCfi 4 ( Johnson-Mat they 
Chemicals ); Pd(PPh3)4 was prepared from PdC#2 4?. S4N4 was 
prepared from SC# 2 and NH3 3; S4N4H4 by reduction of S4N4 with
SnC#2 •2H20 4.

Preparation of PtfSgNg)(PPh3)g (la)

A solution of S4N4H4 ( 19 mg.,0.1 mmol.) in acetone (5 ml) 
was treated with Pt(PPh3 ) 3 (0.1 g, 0.1 mmol.) in toluene (5 ml), 
and the resulting mixture stirred for 1.5 hours. After this time 
the crude product was precipitated with hexane ( 50 ml) and dried 
in  vacuo. After extraction into toluene the pure product was 
obtained as a fine yellow powder by addition of hexane.

Yield 36 mg, 45%.
Analysis; Found C 52.3, H 3.9, N 3.6 % : Calculated C 53.3, H 

3.7, N 3.5 %.

Reaction of PtfPPhg^ with S4N4H4

The method used for this followed that of Bhattacharyya e t
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a 1. A mixture of Pt(PPh3) 4 ( 0.124 g, 0.1 mmol.) in toluene (5 
ml) and S4N4H4 (19 mg., O.lmmol) in acetone (5 ml) was stirred 
for 30 mins in air then reduced in volume to 2 ml and the crude 
product obtained by addition of hexane (50 ml). After extraction 
into toluene and reprecipitation the final yield was 41 mg (49%) 
of a yellow solid shown by 31p nmr to be pure la.

The above method was also performed under N2 giving the same 
result. . The reactions were repeated i n  s i t u , in a 10 mm nmr tube 
to allow the hexane soluble products to be identified; both 
showed the presence of SPPh.3 , OPPI13 and PPI1 3.

Reaction of S4N4 with PtĈ fPPIvĵ

A mixture of solid S4N4 ( 80 mg.,0.43 mmol.) and Pt0 2(PPh3 ) 2  

( 0.32 g, 0.43 mmol) was dissolved in (20 ml) with
stirring to give a dark red/ brown solution. After stirring for 
30 mins, the volume was reduced to 2 ml in v s l c u o and a yellow 
solid precipitated by addition of hexane ( 50 ml). The solid was 
redissolved in CDC#3 (2 ml) and the 31p nmr spectrum measured. 
This revealed the presence of la together with a singlet 8 = 5.8 
ppm ( lj(195pt_31p) 40I6 Hz) attributable to Pt(S0 4)(PPh3 ) 2  

together with a singlet at 8 = 8 . 6 ppm (̂ J 3191 Hz) which we were 
unable to identify.

31p nmr measurement of the reaction performed in a 10 mm nmr 
tube revealed the presence of SPPI13 (8 = 43 ppm) and OPPh3 (S =
29 ppm ) in the initial reaction products.

Preparation of fPtfSgNg)(PPhg)1g

A mixture of solid S4N4 (55 mg, 0.3 mmol) and Pt(PPh3 ) 3 (0.3 
g, 0.3 mmol) was stirred with toluene (15 ml) giving a dark green 
solution and precipitate. The volume of the solution was reduced 
to 3 ml in  vacuo and CH2̂ 2̂ added until the precipitate 
redissolved. The resulting green solution was allowed to stand 
overnight during which time an amorphous red solid was
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deposited. This was filtered and washed with CH2CP2 and water, 
then dried in  vacuo.

Micro analysis revealed the product to contain one molecule 
of CH2C#2 per dimer; Found C 36.8, H 2.6, N 4.6 : Calc, for 
[Pt(S2N2) (PPh3) ]2 *CH2Ci?2 C 37.5, H 2.7, N 4.7 %.

Yields of the product varied between 14 and 35 %, even though 
the same proceedure was used each time.

Preparation of [Pd( SgNg) (PPh3) 1 g

Solid S4N4 ( 32 mg., 0.18 mmol.) was mixed with Pd(PPh3 ) 4 ( 
0.2 g, 0.18 mmol.) and CH2CP2 (20 ml) added with stirring. After 
a short time a red/orange solid precipitated and after two hours 
this was filtered from the dark solution and washed with CH2CP2 

followed by water.
Again the product is obtained with one molecule of CH2CP2 per 

dimer; Found C 44.3, H 3.1, N 5.4, CP 7.0 : Calc. for 
[Pd(S2N2 )(PPh3)]2 *CH2CP2 C 44.1, H 3.2, N 5.6, CP 8.3 %.

Typical yield =70 mg.(39%).

Studies of the initial products of S4N4 and Pt(PPh3 )3 

Reaction in CHgCPg

In a typical reaction solid S4N4 (19 mg., 0.1 mmol.) was 
mixed with Pt(PPh3 ) 3 (0.1 g, O.lmmol.), the latter forming a 
green colouration at the point of contact with the S4N4 . CH2CP2 

(20 ml) was added, with stirring, giving a green solution. After 
a few minutes stirring the volume of the solvent was reduced to 5 
ml in  vacuo and hexane (50 ml) layered onto the solution.
Stirring was started, slowly at first, in such a way as to bring 
down the green precipitate as a flocculant solid, rather than the 
more oily solid which is formed if the hexane is mixed in too 
quickly. If the latter did happen then the solvent was taken off
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in  vacuo and precipitation attempted again.
The resulting pale green solid was stirred with toluene (20 

ml) until a fine yellow precipitate was left; this was then 
filtered off from the dark solution and washed with Et20 (20 

ml). The product was extracted into CH2Ci?2 (5 ml) and 
precipitated as a yellow solid by hexane addition.

The 31p nmr spectrum of this yellow product showed the 
presence of two patterns; a singlet and an AX pattern, with 
appropriate satellites ( see text ).

After two days the solution used for this measurement was 
much paler and had precipitated a red solid, which was shown by 
IR to be [Pt(S2N2 ) (PPhg) ]2 • The 31p nmr spectrum of this 
solution showed only PPI13 ( S ~ -5 ppm) to be present, thus 
confirming that the intermediate complexes decompose to the dimer 
v ia loss of PPI1 3. Attempts to crystallise these intermediates by 
slow hexane diffusion into a CH2Ci?2 solution yielded well formed 
crystals of [Pt(S2N2 ) ( P P h g ) s u i t a b l e  for X-ray analysis.

Micro-analysis of the intermediate yellow solid ( 
precipitated from CH2C4?2 )> Found C 44.8, H 3.6, N 3.6 : Calc, 
for [Pt2 (S2N2 )(PPh3 )3].CH2C£ 2 C 45.7, H 3.3, N 3.9 %.

Reaction of S4N4 with Pt(PPh3 ) 3 and Nadfffy)

S4N4 ( 0.19g, 0.1 mmol.) and Pt(PPh3 ) 3 (0.1 g, 0.1 mmol) were 
mixed in CH2 ^ 2  ( 10 ml) as above and the resulting green 
solution treated with a solution of Na(BH4) ( 30 mg., 0.8 mmol.) 
in methanol (10 ml) giving a colour change to dark red. Hexane 
was added to this to give an oily yellow solid which was dried in  

vacuo. The 31p nmr spectrum of this product was identical to 
that of the yellow solid discussed above.

Reaction of PtfPPhcQcj with a toluene solution of S4N4

A solution of S4N4 ( 19 mg., 0.1 mmol.) in toluene (20 ml) 
was treated with solid Pt(PPh3) 3 (0 . 1 g, 0 . 1 mmol.) giving an 
immediate dark turquoise coloured solution. After stirring for
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five minutes an oily green solid was deposited; the toluene was 
evaporated in  vacuo, the residue extracted into CH2C1?2 (5 ml) and 
then precipitated as a dark green powder by addition of hexane ( 
40 ml). The 31p mm- spectrum of this product ( in QDĈ g ) showed 
the presence of Pt(S2N2 )(PPh3 ) 2 and an unknown compound whose 
spectrum consisted of a two singlets, one of which showed the 
presence of l̂ &pt satellites ( see text ).

Pt(S2N2 )(PPh3 ) 2 was removed from the mixture by washing with 
toluene; however, attempts to remove the green colouration of the 
product by washing with toluene failed, as did attempts to 
crystallise it by slow hexane diffusion into a CH2CP2 solution.

Reaction at low temperature

S4N4 ( 19 mg., 0.1 mmol.) was dissolved in CH2^2 ( 20 ml) 
and the solution cooled to -75 *C ( dry ice/acetone ). Addition 
of Pt(PPh3 ) 3 (0 . 1 g, 0 . 1 mmol.) resulted in a deep cherry-red 
coloured solution. This was allowed to warm to RT, during which 
time the colour of the solution turned from red to green; the 31p 
nmr spectrum of the product was identical to that from the 
reaction in toluene described above.
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3 DISULPHUR-DINITRIDQ COMPLEXES, M(SgN2) (ER3 )2

INTRODUCTION

In the previous chapter the synthesis of Pt(S2N2 ) (PPh.3 ) 2 (la) 
from Pt(PPh3 ) 3 and S4N4H4 was discussed. The reaction itself is 
easy to perform and the product can be isolated in a reasonable 
yield. However, the presence of triphenylphosphine in la is a 
major drawback in the sense that it hampers the general study of 
the compound and its reactions. One problem is that the 
bulkiness of the phenyl rings places severe restrictions on some 
of the chemical and structural aspects of the compound, and any 
derivatives that may be made from it. This will become 
especially apparent when the stacking properties of the S2N2H- 
derivatives are considered in the next chapter. Another problem 
apparent with la is that the phenyl ring vibrations make analysis 
of the IR spectrum very difficult since they cover so many vital 
areas of the spectrum.

These problems could be overcome by making equivalent 
compounds with different phosphines, such as EMe3 or FEt3 . 
Unfortunately, directly analogous reactions are not all possible 
since compounds of the type Pt( 1^ 3 ) 3 do not exist for all 
phosphines, and those that do, such as Pt(PEt3 )3 , are very air 
sensitive and difficult to handle 491

In contrast, however, Pt(II) compounds of the type 
cis-PtCP2 (FK3 ) 2 are both easy to make, by addition of 
stoichiometric amounts of the free phosphine to PtCfi2 (cod), and 
are completely air stable, irrespective of the phosphine present 
50. It soon became apparent to us that these compounds are 
excellent starting materials for the preparation of 
disulphur-dinitride complexes, and that a number of different 
reagents can be used to perform the conversion.
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REACTIONS OF Na(SgNg)

Reaction with cis-PtCff2(PR 3) 2

Investigation into the reaction of Na(S3N3 ) with the 
dichlorides was prompted by the success of salt elimination 
reactions such as those involving sodium polysulphides ( Eqn.l ) 
51. The product in this case contains the bidentate 3 4 2- 
ligand. Although we thought it likely that Na(S3NT3 ) would be 
equally reactive, we were unsure of the potential nature of the 
final product.

cis-PtC£ 2 (PR3) 2 + Na2S4 --- » PtS4(PR3 ) 2 + 2NaCJ?
Eqn.l

In the first reaction to be performed, an ethanolic solution 
of Na(S3N3) was treated with cis-PtC£2 (PMe2Ph) 2 dissolved in 
CH2C52 ( molar ratio 2:1 ). The initially formed dark colour 
gradually lightened to a pale orange; Fig. 19 shows the 31p nmr 
spectrum of the crude product.

25 -25 -50 ppm

Fig. 19 3 1 P { 1 H} nmr spectrum  o f  the cru d e  p ro d u cts  from the  

r e a c t i  on o f  PtCQ 2  (P^^2^ 2) 2 wi t h  Na (S 3 N3 ) .
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In view of the fact that the 31p nmr spectrum of the 
dichlorides consists of a singlet with appropriate i95pt 
satellites, Fig.19 clearly indicates that the reaction has gone 
to completion, and that the product is free from impurities such 
as PMe2Ph or the sulphide SPMe2Ph.

Analogous reactions with compounds of the general type 
cis-PtC#2 (FR3 ) 2 all show a similar degree of purity, irrespective 
of the nature of the phosphine. The product from the reaction of 
PtC#2 (PPh3 ) 2 with Na(S3N3 ) has a 31p nmr spectrum identical to 
that of la, implying that compounds of the general type 
PtS2N2 (PR3 ) 2 are being formed.

We were eventually able to confirm this by X-ray 
crystallographic analysis of the product from the reaction of 
PtCJ^dppe) • This indeed proved to be Pt(S2N2 ) (dppe) (lg), 
although disorder problems in the crystals meant that precise 
bond lengths for the 82^ 2" ligand could not be determined. A 
far better result was obtained for PtS2N2 (PMe3 ) 2 (lb) ( Fig.20), 
made in the same manner.

Fig.20 X -r a y  c r y s t a l  s t r u c t u r e  o f  P t ( S 2 N£) (FPle^)2 ’



Pt-Pl 2.268(5)
Pt-S 2.268(6)
N2-S2 1.668(17)
N2-S1 1.576(16)
Pt-Nl-Sl 115.3(8)
S1-N2-S2 115.0(8)

Pt-P2 2.261(6)
Pt-N 2.083(14)
Nl-Sl 1.492(13)

N1-S1-N2 117.7(8)
N2-S2-Pt 105.5(6)

Table 5 S e le c te d  bond le n g th s  (A) and a n g le s  (' ) in  

P t ( S 2 N2 ) ( m e 3) 2 .

As Fig.20 shows the 82^ ^ “ ligand is again bidentate, bound 
to the metal by sulphur and nitrogen. Comparison of the bond 
lengths in lb (Table 5) with those in la shows only one major 
difference; the Pt—P distance tra n s to sulphur is shorter for the 
FMe3 compound— 2.317(4) against 2.268(5)A.

A point of note about the crystals used in this study is that 
although powdered samples of lb have the same yellow colour as 
la, crystals of lb are much darker; indeed larger crystals appear 
to be black at first sight.

These X-ray studies confirm that disulphur-dinitride 
complexes are being formed in the reaction and clues to the 
nature of the reaction mechanism can be gained by analysis of the 
other constituents of the crude product.

S4N4 can be retrieved from the crude products by extraction 
into cyclohexane ( in which the metal complexes are not 
soluble). A typical analysis of these washings, in the case 
where PR3 = dppe, revealed 15 mg of S4N4 obtained from a reaction 
performed on a 0.1 mmol, scale. From this result Eqn2 can be 
written as a reasonable summary of the reaction.

2Na(S3N3) + PtCP2(PR 3 ) 2 --- » 2NaC£ + S4N4 + Pt(S2N2) (PR3 )2

Eqn . 2

In addition to the platinum compounds, Na(S3N3) was also used 
to produce Pd(S2N2 ) (dppe) from PdC£2 (dppe), and to produce impure 
samples of Ni(S2N2 )(dppe) from the equivalent nickel complex.
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Once the nature of the products was established we were able 
to devise a method of work up which allows pure Pt(S2N2 )(PR3 ) 2 to 
be isolated from the reaction mix. Cyclohexane washes out the 
S4N4 and the NaC5 present can be removed by washing with water. 
Pure product can then be obtained by extraction with the 
appropriate solvent, usually either thf or toluene. Table 6 

lists all the compounds made by the this method, together with 
microanalysis results 521 Note that precipitation of lh from 
CH2CP2 by hexane gives a product containing one solvent molecule; 
attempts to remove the CH^C^ were never fully successful. The 
31p nmr spectrum of the products of the reaction of Na(S3N3 ) with 
NiC$2 (dppe) shows the presence of impurities which cannot be 
removed and so formulation as Ni(S2N2 )(dppe) is necessarily 
tentative.

Compound %C
[Pt(S2N2 )(PMe3)2] (lb) 16.40
[Pt(S2N2 )(PEt3)2] (lc) 27.65
[Pt(S2N2 )(PPrn3)2] (Id) 36.00
[Pt(S2N2 )(PPh2Me)2] (le) 43.95
[Pt(S2N2 )(FMe2Ph)2] (If) 33.65
[Pt(S2N2 )(dppe)] (lg) 45.00
[Pd(S2N2 )(dppe)].CH2CS2 (lh)47.95

%H__________ °/oN
(16.40) 4.05 (4.15) 6.50 (6.40)
(27.55) 5.70 (5.80) 5.25 (5.35)
(35.60) 6.85 (6.95) 4.50 (4.60)
(45.40) 4.05 (3.80) 3.80 (4.05)
(34.10) 3.85 (3.95) 4.55 (4.95)
(45.55) 3.45 (3.55) 3.85 (4.10)
(47.55) 4.35 (3.85) 4.10 (4.10)

Table 6 M ic ro -a n a ly s is  r e s u l t s  f o r  d is u lp h u r - d in it r id e s  made 

from Na(S^N^) ( c a lc u la te d  v a lu e s  in  p a re n th ese s ).

The mechanism of the reaction is not fully understood, 
although the driving force is obviously the production of NaCl.
It is possible that the initial product is of the type 
Pt(S3N3)2(PR3)2 which then rearranges, loosing S4N4 in the 
process. This may explain the colour changes involved, which are 
very dependent upon the nature of the phosphine. For example, in 
the preparation of lg the initial dark colour, obtained by adding 
the dichloride to Na^gNg), is almost instantaneously changed to 
the final orange. However, this colour change is much more
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gradual for the other phosphines and appears to get slower as the 
alkyl groups on the phosphine are lengthened, to the extent that 
the initial dark colour takes about 15 minutes to completely 
disappear during the preparation of PtS2N2 (PBu3 )2 *

31p nmr would provide a useful measure of the nature of these 
intermediates if the measurement could be started as soon as the 
reactants are mixed. Unfortunately this is difficult to perform 
since NaCSgNg) needs a reasonable amount of ethanol present to 
dissolve, and the resulting solutions are therefore weak.
Despite these problems we did manage to measure the 31p nmr 
spectrum of the reaction involving cis-PtCi?2 (PEt3 ) 2 while it was 
still in its dark phase and observed only the final product, no 
intermediates, although the results are far from conclusive.

Reaction with Pt(PPh3) 3

Surprisingly, Na(S3N3 ) can also act as a source of S2^2^~~ in 
reactions with Pt(0) compounds. 31p nmp Qf the products of the 
reaction of Na(S3N3), in ethanol, with a toluene solution of 
Pt(PPh3 ) 3 ( molar ratio 1 : 1  ) shows the presence of la together 
with free PPI13 and SPPh3 . Since the reaction involves the 
oxidation of the platinum it implies that reduction of 83^ ” acts 
as a source of S2N2 “̂« It has been shown from electrochemical 
studies that a two electron reduction of 83^ “ yields the 
unstable S3N3 ~̂anion 53. it may well be that this is an 
intermediate in the above reaction which would formally leave 
"NaSN" as a by-product, which would presumably react with the 
free phosphine present to give a mixture of products such as 
PPI13S and Na2S etc. The reaction was analysed only by 31 p nmr 
and no attempt was made to assess the exact nature of these 
by-products.
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REACTIONS OF S4N4H4

Introduction

There are some obvious problems associated with the use of 
Na(S3N3), particularly with regard to its sensitivity to air and 
to friction. The latter was well illustrated during the course 
of this work when a schlenk filter was destroyed in a small 
detonation caused by scraping « 10 mg solid Na(S3N3 ) off the 
glass sinter. In direct contrast to this S4N4H4 is both stable 
to air and friction and fortunately provides a much safer and 
easier route to the above compounds.

The use of S4N4H4 was inspired by reactions of the type shown 
in Eqn. 3 wherein a base is used to deprotonate the ligand and 
remove chloride from the metal, allowing coordination ̂ 4t

c i s - PtCJ?2 (PPh3 ) 2 + HSCH2SCH2sh
2Et3N

-2Et3N.HCP

PhoP S.J\  / ^Pt S
Ph3p"

Eqn. 3

Since all the results from the reactions of Na(S2N3 ) were 
collated before we discovered a preparative method using S4N4H4 , 
the 31p nmr and IR characteristics of the desired compounds were 
well known to us, which made investigation of the new method much 
easier.

Reaction with cis-PtClg(PR 3 ) 2

If a suspension of S4N4H4 in a CH2Cfi2 solution of the 
appropriate dichloride is treated with the base dbu ( Fig.21 ) 
the S4N4H4 gradually dissolves and the solution takes on the 
yellow colour of the final product, via eqn.4. Dbu.HCtf formed 
can be washed away with water, together with any excess base.



Fig. 21 1,8-Diazabicyclo[5.4.0]undec-7-ene ( dbu ).

4 dbu
2PtCS2 (PR3 ) 2 + S4N4H4 ------------> 2Pt(S2N2) (PR3 ) 2

-4 dbu.HCfi
Eqn. 4

This method appears to work equally well irrespective of the 
nature of the phosphine groups present, and the products have 
identical 31p mm* and ir parameters to those of the products of 
the Na(S3N3 ) reactions. A useful feature of the reaction is that 
the disappearance of the solid S4N4H4 gives an indication of how 
far the reaction has progressed; any solid which may be present 
indicating the reaction has not yet gone to completion.

Because the reaction can be run completely in a small volume 
of chlorinated solvent it is ideal for study by 3lp nmr. In a 
typical experiment the reactants ( minus the dbu ) were mixed in 
CDC#3 in a 10mm nmr tube and the 31p nmr spectrum measured.
Then, after addition of a few drops of dbu, the spectrum was run 
again and in this manner the presence of any intermediates 
determined.

Fig.22 shows the results of one of these experiments, 
involving the preparation of If. Clearly an asymmetric 
intermediate is present, which initially lead us to believe that 
the first product of the reaction may be of the type 
PtC£(S4N4H3 )(PR3 )2, with the ring bound to the metal v ia one 
deprotonated nitrogen. This is consistent with the fact that the 
31P spectrum of the intermediate is an AX pattern with one large 
coupling ( 3663 Hz ), typical of the coupling for P tra n s to C5 
in the starting material, and a smaller coupling ( 2985 Hz )



which is of similar magnitude to of P tra n s to nitrogen in the 
final products.

a

JL

-25 0 25 50
6 I p p m

Fig. 22 31p nmr spectrum  o f  the re a c t io n  o f  PtC2 2 ( ^ e2 ^ }  ̂2  

w ith S 4 N4 H4. and dbu; a ) spectrum  o f  the s t a r t in g  m a te r ia l, b) 

p ro d u cts  o b ta in ed  a f t e r  i n i t i a l  a d d it io n  o f  dbu, c )  f in a l  p ro d u ct  

ob ta ined  a f t e r  fu r t h e r  a d d it io n  o f  dbu.

However, during attempts to isolate this intermediate it soon 
became clear that it had. nothing to do with the S4N4H4 and can be 
obtained simply by treating PtCJ?2(PR3)2 with dbu. This implies 
that an intermediate of the type [PtC£ (dbu) (FRg^lCP may be 
formed, although we have unable to isolate it to confirm this.
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In contrast to the reactions involving Na(S3N3), there is no 
coloured intermediate observed during the reaction involving 
S4N4H4./dbu. The initially colourless mixture simply undergoes a 
gradual change to the yellow colour of the final product. This 
implies that the reaction does not involve any disruption of the 
S4N4H4 ring other than deprotonation and the final split to two 
$2^2 ”̂ units, since an equilibrium process, involving for example 
S3N3”, would invariably produce a variety of colour changes as 
the reaction progressed. The mechanism must be of the type shown 
in Fig.23 although this cannot be proved since the intermediates 
are too short lived to be observed by 31p nmr.

Fig.23 P o s s ib le  mechanism f o r  the re a c t io n  o f  PtCSt2 ( ^ 3 )2  

w ith S 4 N4 H4  and dbu.

This mechanism is also confirmed by Fig.22, bearing in mind 
that the reactants used to obtain the series of spectra were 
present in exactly the ratio 2 Pt: 1 S4N4H4 . If the mechanism 
involved some kind of equilibrium between S4N4H4 and, say, 83^ “ 
then not all the platinum could be converted. The only way an 
equlibrium can be involved in this reaction is if the 82^^“

2+2Cr

2 Pt / \P S-N
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species is actually formed as a free anion prior to 
coordination. This is unlikely, especially when one considers 
the fact that treatment of S4N4H4 with dbu in the presence of a 
chloride salt, such as (PPh^C#, does not lead to a salt of the 
type (PPh4)2 (S2N2 ). Indeed, under these conditions the S4N4H4 

does not seem to react at all, indicating that the driving force 
in the platinum reactions must be the formation of the reactive 
intermediate, presumed to be [Pt(dbu)C5 (PR3 )2] + « Once this is 
formed then the S4N4H4 coordinates v ia deprotonation.

It should be noted that whilst dbu appears to be the best 
base to use in these reactions, others such as triethylamine can 
be used instead. However, reaction of the latter is very much 
slower, especially if the S4N4H4 is present as a suspension. So 
the fact that EtgN is cheaper and more readily available than dbu 
is offset by its poorer performance.

To illustrate the S4N4H4 method crystals of Pt(S2N2 ) (PMe2Ph)2 

were grown by slow hexane diffusion into a CH2Ci?2 solution; as 
Fig.24 shows X-ray crystallography confirms the expected 
structure.

Fig. 24 S t r u c t u r e  o f  P t ( ) 2  p repared  from  

PtCft 2(FPle2ph) 2 znd  S^Ngi^/dbu.



Reactions with FdCflgfPRg)?

Since S4N4H4 proved to be both easy to use, and very 
effective, in the preparation of platinum disulphur-dinitride 
complexes we attempted to assess its usefulness in synthesising 
palladium analogues.

Compounds of the type PdC$2(PR3)2 can easily be prepared from 
Pd(cod)Ci?2 and PR 3 , although once formed the products can 
isomerise in solution. Thus whilst PdC#2 (FMe2Ph)2 > and other 
mixed alkyl/aryl phosphines, axe present as c is / t r a n s mixtures, 
PdC#2 (PEt3 ) 2 and all trialky phosphines invariably exist in the 
tra n s form 55.

Fig.25 shows the 31p nmr spectrum of the products of the 
reaction between PdCJ?2 (PPhgMe) 2 and S4N4H4 in the presence of 
dbu. The AX pattern is consistent with that expected for a 
product of the type Pd(S2N2 ) (PPh2Me)2 > bearing in mind no 
satellites will be seen since Pd has no nmr active isotopes.
Also seen in the spectrum is a peak at S = 29.9 ppm which, due to 
its high chemical shift, can be assigned to some non-metal 
phosphine compound. The nature of the latter has not been 
identified although we know it is not phosphine sulphide. The 
fact that this side product is produced shows that the Pd 
reaction proceeds v ia a different mechanism to the Pt case.

The reaction mixture is a much darker colour than in the 
platinum case and purification of the products, in the same 
manner as for the platinum compounds, produces solids which are 
more orange in colour than their platinum analogues. Some of 
this colouring is due to an oily impurity which is difficult to 
seperate from the desired product; it has a similar degree of 
solubility to the metal complexes and cannot be separated by 
chromatography { on silica or bio-beads ). This impurity would 
appear to have a high nitrogen and hydrogen content since impure 
samples of the complexes, produced in this manner, are invariably 
low in carbon while analysing correctly for the two 
aforementioned elements. To date, the best method we have found 
for isolating analytically pure complexes is by slow hexane 
diffusion into CHgCĴ  solutions, although this is obviously very



diffusion into CH2C52 solutions, although this is obviously very 
inefficient. Although the intense colour of solutions of the Pd 
complexes is mostly due to the presence of the aforementioned 
impurity, analytically pure crystals of the PMe2Ph are still 
quite orange in colour, much more so than their Pt counterparts.

Fig.25 31p juju* spectrum  o f  the p ro d u cts  o f  the re a c t io n  

between PdCS2  (PPh2^e)2  S^N^H^/dbu.

The micro-analysis and 31p results obtained for li show that 
the S4N4H4 /dbu method works for the c is / t r a n s mixtures, and 
confirmation that it also works for tra n s palladium dichlorides 
came with the preparation of reasonably pure Pd(S2N2 )(PEtg) 2 (lj) 
from trans-PdC^fEEbg^* Interestingly, however, 
trans-PtC52(E1Er3)2 ( and inferrence other tra n s Pt 
dichlorides ) does not react at all with S4N4H4 and dbu.

The only failure of the method came when we attempted the 
reaction with trans-PdC^iEPhg^. ^P nmr observations on the 
initial reaction products showed no AX pattern and after standing 
for 1 week in the nmr tube the solution deposited a red solid. 
This was shown by IR to be the dimeric [Pd(S2N2) (PPh3) ]2 * 
Unfortunately we have been unable to extend this reaction to give
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analogous dimers of different phosphines.
To date we have no crystal structure confirmation of any of 

the Pd disulphur-dinitrides themselves, though as will be seen in 
the next chapter their structure can be confirmed by inferrence 
from the structure of [Pd(S2N2H)(FMe2Ph)2 ]BF4 made from li 
prepared by the above method.

PROPERTIES OF THE DISULPHUR-DINITRIDES

General Properties

All the compounds of the type M(S2N2 )(FR3 ) 2 ( M = Pt, Pd ) 
are soluble in chlorinated solvents, with the degree of 
solubility varying slightly with the phosphine. Thus solubility 
increases from PMeg to PnBu3 to the extent that Pt(S2N2 )(PnBu3 ) 2  

cannot be properly purified and is only isolated as an oil since 
even trace amounts of chlorinated solvent solublise it.

The Pt compounds are pale yellow when pure, the Pd analogues 
more orange in colour.

Once isolated, the compounds are not particularly air 
sensitive. For example, a sample of Pt(S2N2 )(PMe2Ph)2 prepared 
from S4N4H4 showed no appreciable difference in analysis after 
standing in air for one week; Calc. C 34.1, H 3.95, N 4.95 : 
Found (Initially) C 33.81, H 4.03, N 5.65, (After 1 week) C 
33.78, H 3.97, N 5.57 %. However, all solutions of 1 were 
treated as potentially air sensitive.

In contrast to S4N4 and Na(S3N3 ) none of the metal complexes 
appear to be shock sensitive.

Infra-red spectra

Fig.26 shows the IR spectrum of Pt(S2N2 )(PMe3 )2 > the broken
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lines distinguishing the bands attributable to phosphine 
vibrations. Table 7 lists the IR data for this and all the other 
compounds isolated.

Fig.26 XR spectrum  o f  Pt(S2^2^ ( ^ e3^2 ( phosphine bands in  
broken l i n e s  ).

la 1045s * 610m 445m 360m 352sh
lb 1046s 679s 605m 459m 367m
lc 1054m 682s 610w 466m 360w 345w
Id 1050s 683s 610w 469m 364w 350w
le 1046m * 613w 436m 364w 345w
If 1046s t 613m 435m 362m 3 5 Osh
lg 1046s 680s 612w 470m 365m 351sh
lh 1064s 664m 600w 439m 344m 340sh
li 1070s * 605w * 350m
lj 1074s 671m 605w 443w 348w

Table 7 Bands a t t r ib u t a b le  to  the lig a n d  in

d is u lp h u r - d in it r id e  com plexes, M(S£N2) (PR^ ) 2  ( * = obscured b y  

phosphine band ) .

In all cases the high frequency band around 1050cm~l is the
most immediately obvious since it is strong and is never masked
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by phosphine bands. The Pt compounds show very little variation 
in the position of this band; there is only a 9cm“l variation 
within the whole range of phosphines. However, the band occurs 
at a significantly higher frequency in the Pd analogues.

The band at ~ 680cm-l is only observable in the compounds of 
PMeg, PEtg, PnPr3 and dppe since in all other cases the phenyl 
ring vibrations mask this area of the spectrum. Again it is a 
strong band whose position varies little as the phosphine groups 
are changed, although in contrast to the aforementioned band it 
occurs at a lower frequency in the Pd compounds.

The weakest identifiable band occurs around 610 cm“l and its 
presence can only be confirmed in spectra measured from strong 
KBr discs or mulls.

The spectrum of the PMe3 compound, lb, which contains no 
phosphine bands between 400 and 600 cm“l, shows a medium strength 
band at 459 cm“l which must be due to the S-N ligand. All the 
other compounds show some phosphine bands around this area and so 
identification of the S-N band is often harder. In the case of 
the PMe2Ph and FMePh2 compounds the bands listed in Table 7 at 
about 435 cm~l are tentative, and possibly erroneous since in 
these cases the position of the band in lb is occupied by 
phosphine bands.

Finally, the low frequency bands are the most difficult to 
positively identify since all the compounds have inherant 
phosphine vibrations between 400 and 300 cm“l. As Table 7 shows 
they normally consist of a reasonably strong band with a weaker 
shoulder.

In spite of the fact that they are only six in number, 
assignment of the IR bands in 1 is not easy. Comparisons with 
studies on systems such as Pb(S2N2 )^ and Pt(S2N2H)2^  are of 
limited value since these are often contradictory. The work done 
upon the latter compound does at least help us to make some sense 
of the lower frequency bands since there are a number of 
similarities in both cases.

The bands below 400 cm“l in Pt(S2N2H)2 are all attributable 
to either vfPt-S], S[N-S] or combinations of the two. By 
analogy, the medium strength band and the shoulder seen below
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400 cm_l in 1 must also be due to the aforementioned features; 
probably the stronger of the two is the S-N deformation with the 
shoulder being due to Pt-S vibration. This interpretation is 
somewhat at odds with that for Pt(S2N2H)2 > in which the Pt-S 
stretch is stronger and at a lower frequency, but it is backed up 
by results obtained from labelling work, dealt with in 
Chapter Five.

Hie assignment of the band around 460 cm“i is more clear cut; 
by analogy with Pt(S2N2H)2 it can be assumed to be due to vfPt-N].

The most obvious feature of the spectra of 1, when compared 
to those of similar systems, is the absence of a band between 800 
and 1000 cm~i. Thus whilst other complexes of both S2N2 ~̂ and 
S2N2H- all show three bands at around 700, 900 and 1050 cm”l, 
attributable to the three S-N bond stretches, 1, together with 
the complexes of S2N2H- prepared in later chapters, lack the 
middle band. This effect is dicussed in detail in later 
chapters; suffice to say here that there is no obvious reason why 
the phosphine complexes should lack such an apparently ubiquitous 
band.

3ip nmr spectra

Table 8 summarises the 3ip nmr data for all the complexes, 
including Pt(S2N2 )(PnBu3 )2 (lk) and Pd(S2N2 )(PPi^Me)2 (11) which 
were not isolated and are formulated solely upon the basis of 
their 3ip spectra.

The most obvious feature of the spectra of the Pt compounds 
is the symmetry of the AX pattern. This is reflected in the 
ratio of the two 195pt_31p coupling constants, R, where R = ij P 
tra ils to nitrogen/ ij P tra n s to sulphur. In the case of the

complexes this ratio is s= 1.07. As Chapter Four will show 
this ratio is very useful in the study of the protonation of the 
ligand to S2N2H“.

The 3J (31p-31P) coupling constants are consistent with the 
presence of Pt(II). In the case of the dppe compound, lg, the 
low value (12Hz) is probably due to the ability of the phosphorus
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nuclei to couple both via the metal and via the carbon framework; 
if the latter coupling is negative relative to the former then 
the overall magnitude will be low.

The chemical shifts of the complexes show a fairly constant 
coordination shift compared to the free phosphine and the 
dichloride starting materials. Thus, ( P tra ils to nitrogen ) 
and Sg are shifted by ~ +21 and + 38 ppm respectively, relative 
to the free phosphine, and by ~ - 8 and +7 ppm relative to the 
dichloride starting materials.

Compound SA sB ljA *JB 2J R
la 11.4 23.6 2994 2827 22 1.06
lb -38.0 -17.0 2748 2681 27 1.025
lc 0.7 16.4 2828 2679 22 1.06
Id -8 . 2 7.8 2836 2665 22 1.06
le -9.7 8.9 2886 2781 24 1.04
If -24.6 -7.9 2799 2731 24 1.025
lg 41.1 43.7 2784 2756 1 2 1 . 0 1

lh 48.8 55.4 29
li -3.8 -9.2 41.5
lj 16.5 22.5 37
lk -7.7 9.0 2854 2672 22 1.07
11 7.9 11.5 39
Ni(S2N2 )(dppe)47.6 55.4 51

Table 8 31p data f o r  the d is u lp h u r - d in it r id e  com plexes.

In the previous chapter the two chemical shifts in the 
spectrum of Pt(S2N2 ){PPhg)2 were assigned on the basis of the 
Pt-P bond lengths. This has limited scope for extension to 
complexes of other phosphines since, as in the case of the PMeg 
compound, there is not always a significant difference between 
the Pt-P bond lenghts. However, by analogy with the PPhg case, 
the higher coupling constant in each complex can be assumed to be 
associated with the same phosphorus, that is P tra n s to nitrogen,
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which is itself associated with the resonance with the lowest 
chemical shift.

In the sequence FMe3 — > PPI13 replacing the methyl groups with 
phenyls increases the magnitude of ( Fig.27 ), an effect 
observed in the dichlorides as well. An unusual feature of 
Fig.27 is that the change in for P tra n s to S appears to be 
closer to linear than for the P tra n s to N, a difference for 
which there is no ready explaination.

Fig.27 V a ria t io n  o f  lj(1 9 5 p t-3 1 p )  w ith  phosphine in  

c is - P t C S 2 ( ^ 3 )2  ( uPPe r s va lu e s  in  p a re n th e se s ) to g eth er w ith  P  

tra n s  to  n itro g e n  ( m id d le  ) and s u lp h u r  ( lo w er ) in  

P t(S£N 2) (PR3)2*

OTHER REACTIONS PRODUCING M(S9N9) (PRc)? (1)

Treatment of cis-PtCl2{PR3)2 with 2 equivalents of 
Superhydride ( LiB(C2H5)3H ) at -70*C in thf, followed by 
addition of S4N4 , gives 1 in good yield ( identified by 31p nmr 
). The reaction is effectively proceeding via oxidative addition
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of the S4N4 to a [Pt(0) (PRg^] species, as in the reactions of 
PtCPPhgJg. Unfortunately, however, the reaction does not proceed 
in an entirely analogous fashion to the latter; dimeric species 
of the type [Pt(S2N2 ) (PR3 ) ] 2 are not produced.

The dichlorides also react with S4N4 , S4N3C5 and (83^ 0#) CP 
in the presence of dbu to give 1 , although pure products are 
difficult to retrieve since a number of S-N side products are 
formed. However, as will be shown in Chapter Five the latter two 
reactions are very useful for introducing 1 %  into the system.

S4N4 reacts with one equivalent of ELi ( R= Me or Bu) to give 
a dark solution from which an air-sensitive red/orange solid can 
be precipitated with hexane. This solid reacts with either 
Pt(PPh3 ) 3 or the dichlorides to give 1 .

To investigate the nature of the initial product in this 
reaction we mixed (PPh4)CJ? with the S4N4/BuLi product in 
CHzC^/thf and crystallised the resulting solution by slow hexane 
diffusion. Initially we hoped that the product would be a salt 
of the S2N2 “̂ anion. In fact the resulting large yellow crystals 
were shown by X-ray crystallography to be (PPh4) (S3N3); Fig.28 
reveals the packing arrangement in the crystal and the bonding 
parameters within the S3N3” ring.

Fig. 28 X - r a y  crystallographic data for (PPI14) (S 3 N3 ) ; b o n d  

lengths (A) and angles C  ) In the r i n g  together with the p a c k i n g  

arrangement within the crystal.
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This result implies that the S4N4/BuLi product readily acts 
as a source of S3N3- and hence explains its ability to form 1. 
However, the exact nature of the initial product itself has not 
been assertained; it is too brightly coloured and air sensitive 
to simply be Li(S3N3 ) and so may well be a salt of an anion such 
as (S4N4Me)“. We hope to be able to report on the true nature of 
this compound in the near future.

S3N2O reacts with Pt(PPh3 ) 3 to give la although the reaction 
is not clean and 31p mm* reveals the presence of a number of 
other products which were not isolated.

Finally, 1̂ 4(84^) also reacts with the dichlorides to give 
1, shown by 31p nmr. This is not surprising since 84^ “ and 
S3N3-" are often formed together in reactions and are known to 
react in similar ways.

In conclusion, therefore, it appears that the Pt(PR3 ) 2 unit 
is exceptionally good at "capturing" and stabilising the 82^ ^ “ 
ligand; indeed it seems that 1 is formed whenever a 
sulphur-nitrogen species is disrupted in the presence of the 
platinum. In contrast, however, other metal systems are not as 
good; for example we have been unable to perform equivalent 
reactions with TiC^C^*

REACTIONS OF M(S2N2) (PR3

The most important reaction, and one which is often difficult 
to avoid, is protonation of the metal-bound nitrogen. This 
reaction, together with the unexpected properties of the 
products, is covered in the next chapter.

1 reacts with S0CJ?2 to give S3N2O as shown in Fig.29 . The 
product can be removed from the reaction mixture by sublimation 
and the residue used to prepare a new batch, malting the role of 
the platinum semi-catalytic in nature. However, yields are 
fairly low ( ~ 35% ) and, compared to standard methods, the 
reaction is of no real value in the large scale preparation of 
S3N2O ( best prepared from (S3N2C£)C# and formic acid ^8 ).
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Also, it should be noted that preliminary studies we have made 
show that the same product can be obtained by direct reaction of 
S4N4H4 with S0C#2 i-n the presence of EtgN.

Fig.29 Preparation o f  SjiV^O from Pt (S2N2) (P>le2P h )2 s h o wing 
the a b i l i t y  o f  the resulting dichlorides to be re-used in the 

r e a c t i o n .

Attempts to make S4N2 by reaction of 1 with S2CJ?2 in 
analogous fashion failed.

1 reacts with PdC^cod) to give PtC£2 (PR3)2 > identified by 
Slpnmr, together with an unidentified, insoluble, Pd residue.

We have made some preliminary investigations into the 
reactions of 1 with cyanides, in particular the very 
organo-soluble tetrabutylammonium salt. Stirring of 
Pt(S2N2 ) (^e2^)2 [nBu4]CN in toluene at 90‘C yields a
reddish oil, the l̂p nmr spectrum of which shows two singlets at 
S = 0.6 ppm (lj 2837 Hz ) and -8.9 ppm (1J 2881 Hz ), present in 
the ratio 2:3. The latter singlet is consistent with the 
presence of [Pt(S2N2 )(CN)(PMe2Ph)]“, in which one of the 
phosphines of the parent complex has been replaced by a cyanide,
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in so far as the chemical shift and the coupling constant are 
similar to those observed for P tra n s to N in If. We have yet to 
isolate this product as a pure solid, and we have so far been 
unable to identify the other complex present, which is possibly 
Pt(CN)2 (PMe2Ph)2 * In the future we hope to be able to completely 
remove the phosphine groups to give salts of [Pt(CN)2 (S2N2 )]%~ o r  

[Pt(CN)2 (S2N2H)]“. The latter salt would be especially 
interesting since the nickel analogue, which is prepared from 
Ni(S2N2H)2 and S4N4, shows stacking features similar to those 
seen in the phosphine complexes in the next chapter 59. However, 
initial work has shown that CN“ can deprotonate the S2N2H- ligand 
in complexes of the type [Pt(S2N2H) (PRg^lX, suggesting that the 
desired product will have to be made by protonation of 
[Pt(CN)2 (S2N2 )]2“, and we have no evidence so far to suggest that 
reaction of CN“ with 1 can result in the removal of both 
phosphines.

Finally, it is worth noting that the compounds are very 
stable to certain reagents; there is no reaction with either 
IU.3N, Mel, NaNg or MeLi, although a large excess of the latter 
does react to give an unidentified insoluble product. 
Unfortunately, the robust quality of the compounds means that 
attempts to produce dimers of the type [Pt(S2N2 )(PR3)]2 > by 
removal of PR3S, via reaction with sulphur or Na2S have so fax 
failed.
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EXPERIMENTAL

General reaction procedures were as for Chapter Two. Ethanol 
was dried and distilled from 1 2/Mg; cyclohexane was dried over 
sodium. 1,5-Cyclooctadiene, cod, was used as received.

Compounds of the type cis-PtC#2 (PR 3 ) and 
c is / trans-PdCJ?2 (PR3 ) 2 were made by addition of stoichiometric 
amounts of the appropriate free phosphine to MC5?2(CO(i) •
PtC#2 (cod) was prepared from K^PtC^ and cod in the presence of 
SnC#2 *2H20 60; PdCJ?2 (cod) by addition of cod to an ethanolic 
solution of H2PdC#4 61.

Na(S3N3 ) was prepared by literature methods from S4N4 and 
anhydrous Na2S in ethanol 6.

Reactions of Na(S3N3)

In a typical reaction a solution of Na(S3N3) (32 mg, 0.2 
mmol.) in ethanol ( 1 0 ml) was treated with a solution of 
PtCJ?2 (PEt3 ) 2 (50 mg., 0.1 mmol.) in Cl̂ Cî  (10 ml). The 
resulting dark solution gradually lightened over a period of ~ 2 

minutes to a pale orange. The solvent was evaporated in  vacuo 

until about 1 ml of ethanol was left, with some crude product 
precipitating out. The remaining product was precipitated by 
addition of water (30 ml) and thoroughly washed then filtered and 
dried in  vacuo.

This crude product was washed with cyclohexane (2x10 ml) and 
extracted into toluene (15 ml), filtered, then the volume of 
solvent reduced to 5 ml in vacuo and the final product obtained 
by precipitation with hexane (50 ml).

Yield 33 mg = 63 %.
The above method was used in the preparation of all the 

compounds listed in Table 6, with the following variations.
In the case of the dppe and PMe3 compounds the products are 

not very soluble and so the toluene extraction step was omitted;
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in the preparation of the PMe2Ph compound it was replaced by an 
extraction into warm thf.

The nBu3P analogue could not be precipitated by hexane and 
could only be isolated as an oil from a CI^C# 2 solution by 
evaporation of the solvent in  vacuo.

The PPhg compound was prepared by the above reaction but was 
characterised purely by 31p nmr and was not isolated.

31p nmr measurements of the crude products of all the 
reactions, performed on ~ 0 . 1 mmol, scale, indicated 100% yield 
and final isolated yields were all in the region of 60%.

31p nmr study of the reaction intermediates.

Na^gNg) (25 mg., 0.16 mmol) was added to ethanol (1 ml) in a 
10mm diameter nmr tube and cooled to -10*C. P̂ tCĴ (PEtg) 2 (39 
mg., 0.08 mmol) dissolved in CDCP3 (1 ml) was added and then the 
tube quickly placed in the probe and the spectrum measured at 
room temperature while the reaction was still a dark colour.

Isolation of S4N4 from the reaction.

PtC#2 (dppe) (66 mg., 0 . 1 mmol) and Na(S3N3 ) (32 mg., 0 . 2  

mmol) were reacted as above. The cyclohexane washings were taken 
to dryness and analysed by IR and TLC. Yield = 15mg., 0.08 
mmol.

TLC ( CH2^2 ) showed the presence of S4N4 ( rf~ 0.8) 
together with a small amount of compound rf = 0. IR showed the 
presence of the expected bands due to S4N4 together with a small 
broad peak in the S=0 stretch region at 1100 cm“l.

Reaction of Na(S3N3) with Pt(PPh3 )3 «

A solution of Pt(PPh3 ) 3 (0.1 g, 0.1 mmol) in toluene (10 ml) 
was treated with a solution of Na(S3No) (16 mg., 0 . 1 mmol) in 
ethanol (10 ml). The resulting dark coloured solution was 
evaporated to dryness in  vacuo then extracted into CDCP3 and the
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3Ip nmr spectrum of the product measured.
31p nmr revealed the presence of Pt(S2N2 ) (PPhg^ ( 70%), PPI13 

(10%), SPPhg (10%) together with a peak at S = 29.05 (10%) which 
can be tentatively attributed to OPPh3 .

Reactions of S4N4H4

Reaction with PtCgp(PR3 ) 2 and dbu.

In a typical reaction a suspension of S4N4H4 (20 mg., 0.1 
mmol.) in a CH2CP2 ( 1 0 ml) solution of PtC52(FWe2^)2 (H® mg.,
0.2 mmol.) was treated with excess dbu (6 drops). The colourless 
solution gradually turned pale yellow and the S4N4H4 started to 
dissolve. After 10 minutes the reaction was a golden yellow 
colour with only a trace of S4N4H4 undissolved. At this point 
additional dbu was added (2 drops) and the resulting mixture 
stirred for an further 90 minutes.

The CH2C#2 WSlS removed in  vacuo leaving an oily pale yellow 
solid which was washed with degassed water ( 2x60 ml) then dried 
in  vacuo. The final product was obtained as a pale yellow/off 
white solid by extraction with CH2 ^ ^ 2 followed by precipitation 
with hexane.

Yield 90mg.,79%.
The above method has been used to prepare compounds of a 

variety of phospines. In the case of PPI13 and PPt̂ Me the initial 
products were very oily and discoloured but were purified by 
prolonged stirring with water. During the preparation of the 
PMeg compound addition of water to the oily crude product gave 
well formed micro-crystals of the pure compound. In addition to 
these this method has also been used to prepare the dppe and PEtg 
analogues.

Reaction with PdC^fPRg) ?.

In a typical reaction a suspension of 84^ 114(20 mg., 0.11 
mmol.) in a CH2C^2 ( 10 ml) solution of PdC#2 (Kvfe2Ph)2 (01 mS->
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0.2 mmol) was treated with dbu (6 drops). The resulting dark 
red/purple coloured solution was stirred for five minutes then 
more dbu added until all the S4N4H4 had dissolved. After two 
hours stirring the solvent was removed in  vacuo and the resulting 
oily product treated with water (80 ml). The product was allowed 
to stand under water until it had lost its oily appearance and 
was quite solid. At this point the suspension was thoroughly 
stirred then filtered and dried in  vacuo.

The final product was obtained as a red/orange solid by 
extraction into followed by precipitation with hexane.

Micro-analysis reveals the product obtained by the above 
method to be quite impure; the results for this solid ( C 37.0, H
4.4, N 5.8 % ) are much lower in carbon than crystals of pure 
product grown by hexane diffusion into a CH2C22 solution ( C
40.1, H 4.5, N 5.8 % ; Calc. C 40.5, H 4.7, 5.9 % ). We have yet 
to find an efficient method to remove this impurity, a red oil, 
and so pure samples of the Pd complexes are best obtained by the 
crystallisation method.

Analogous complexes containing PEtg and PPl̂ Me were prepared 
by this method and the products again contained a red oil as an 
impurity. Analysis for the PEtg complex; Found C 31.8, H 6 .6, N 
6 . 6 % : Calc. C 33.2, H 7.0, N 6.4 %.

Reaction of Pt(S2N2) (PMegPh) 2 with SOClg

Pt(S2N2 ) (PMe2Ph) 2 (56 mg., 0.1 mmol.) in CH2^2 (10 ml) was 
treated with excess SCO?2 (2 drops) with stirring. The solution 
immediately changed from golden yellow to light orange. After 
stirring for 1 min. the solvent was removed in  vacuo and the 
resulting red oil extracted into CH2CP2 ( 1 ml) and 
chromatographed on a PTLC plate using CI^C^ as eluent.

The band at rf 0.65 was extracted from the silica with CH^C^ 
and after removal of this solvent the product was further
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purified by vacuum sublimation onto a liquid nitrogen cold finger 
(bath temperature 6 0 * C).

Yield 5 mg., 35%.
The product was characterised by comparison of its IR 

spectrum with known S3N2O; 1125(s), 985(m), 740(m), 670(m),
510(m) cm“l.

Preparation of FPPh/il [83^]

A solution of S4N4 (0.28 g,1.5 mmol.) in thf (20 ml) was 
treated with nBuLi (0.56 ml, 2.7 molar Aldrich; 1.5 mmol). The 
reaction immediately went dark red. After reducing the thf to 5 
ml in  vacuo hexane (50 ml) was added giving an orange red 
precipitate. This was filtered and dried then extracted into thf 
and mixed with solid [PPh4]C£ (0.56 g, 1.5 mmol). CH2C3?2 was 
added until most of the [PPt̂ JCfi had dissolved and the solution 
was filtered.

After standing for a few minutes a yellow solid 
precipitated. After addition of enough to redissolve this
solid, hexane was layered onto the resulting red solution and 
allowed to diffuse slowly. The product was obtained as large 
orange crystals, characterised by X-ray diffraction.

Analysis Found (Calculated); C 59.48 (60.36), H 3.38 (4.22),
N 8.32 ( 8.80)%.

Reaction of MeLi/Ŝ N̂  and Pt(PPh3 ) 3

S4N4 (0.2 g, 1.1 mmol) in thf (20 ml) was treated with MeLi 
(0.7 ml, 1.55M in Et2 0; 1.1 mmol) giving an instant red 
solution. The volume of the thf was reduced in  vacuo and an 
orange solid precipitated with hexane (50 ml). The product was 
filtered, dried then taken into thf (20 ml).

A 2 ml aliquot of this solution was removed and added to a 
solution of Pt(PPh3 ) 3  (0.1 g, 0.1 mmol) in thf (10 ml) giving a 
dark red solution from which a yellow solid was precipitated with

65



hexane (50 ml). 31p revealed this product to be 
Pt(S2N2)(PPh3)2•

Reaction of nBuLi/S/|N4 with PtCflgfPEtglg

A solution of S4N4 ( 37 mg., 0.2 mmol.) in thf (15 ml) was 
treated with nBuLi (0.074 ml, 2.7M in hexane; 0.2 mmol) giving a 
dark red solution. A solution of PtCJ?2 (PEt3 ) 2 (50 mg, 0.1 mmol) 
in CH2C.22 ( 10 ml) was added and the dark product evaporated to 
dryness in  vacuo. The residue was extracted into CDCi?3 ; 01p nmr 
showed the product to be Pt(S2N2 )(PEt3 )2 *

Reaction of rMtjl [841 5̂] with PtCflgfPPhĝ

A solution of [N^ll^Ng] ( 40 mg., 0.19 mmol) in ethanol (10 
ml) was treated with a solution of PtC#2 (PPh3 ) 2 (73 mg., 0.09 
mmol) in CHgCtfg (20 ml). The initially formed dark red colour 
gradually lightened to a pale orange with some precipitate. The 
solvent was removed in  vacuo and the 31p nmr spectrum of the 
product, in CDC#3 , revealed the presence of Pt(S2N2 )(PPh3 ) 2  

together with an unidentified compound at S 6.4, lj(195pt-31p) = 
3220 Hz.

Reaction of SgNgO with Pt(CgĤ ) (PPhg)g

A solution of Pt(C2H4)(PPh3 ) 2 (75 mg., 0.1 mmol) in CDC#3 (2 
ml) in a 10mm nmr tube was treated with S3N2O (14 mg., 0.1 mmol) 
giving a dark red solution. l̂p nmr showed the presence of 
Pt(S2N2 )(PPh3 ) 2 together with PPI13S and a number of small 
singlets st 1 2 .8, 1 0 . 0 and 8 . 8 ppm.

Reaction of PtClg(PMegPh)g with Superhydride and S4N4



A suspension of PtCfi2(P̂ e2^)2 (54 mg., 0.1 mmol) in thf (10 
ml) was treated with Superhydride (0.2 ml, 1.0M in thf; 0.2 mmol) 
at -60‘C giving a colourless solution. S4N4 (19 mg., 0.1 mmol in 
thf (15 ml) was added slowly giving a dark red solution. After 
stirring at -60*C for a few minutes the solution was allowed to 
warm to room temperature. The solvent was removed in  vacuo and 
the residue extracted into CDCfig.

31p nmr showed a complete conversion of the dichloride to 
Pt(S£N2 )(FMe2Ph)2 had occured.

67



4 COMPLEXES OF S2N?H~

INTRODUCTION

The S2N2H" anion is probably the most studied of all 
sulphur-nitrogen ligands, especially in compounds of the type 
M(S2N2H)2 2®. No examples of phosphine complexes were known 
until, in a parallel study to this, a method was developed of 
making species of the type Pt(S2N2H) (PR3 )2+ (2 ) using the dimeric 
tin compound [Me2SnS2N2]2 ^  ( Fig.l) via Eqn.5 82,

s

N

Me S
' S  /Me-^Sn 

- N ^  N-
V /

N

Sn
\
f'-Me
Me

Fig.30 S tru c tu r e  o f  the d im e r ic  t in  reagent [M e^ n(S2 ^2 ) ^2'

H[Me2SnS2N2 ] 2 + P t C ^ H ^  -->[Pt(S2N2H) (PR3)2] [Me2SnC$3]
Eqn.5

If NH4X ( X = BF4~, PF0~ ) is added to the reaction, salts of 
the type [Pt(S2N2H) (FR3)3]X can be readily crystallised from the 
mixture. An obvious problem with Eqn.5 is that the proton on the 
ligand has to be obtained from the solvent, CI^C^j presumably 
from HC5 present. This means that optimum yields cannot be 
obtained from freshly distilled CH2Ci?2 > which is low in HC£ , and 
the reaction is not particularly rational.

These compounds gained an extra degree of interest when X-ray 
crystallography revealed a surprising solid state feature of
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[Pt(S2N2H) (FMe3 )2 lPFg, made in the above manner. The cations and 
anions stack in infinite channels, with significantly close 
interactions between the platinums and the S2N2H“ ligands of 
adjacent cations (Fig.31).

Fig.31 S ta c k in g  arrangem ent w ith in  the i n f i n i t e  channel o f  

ca t i  ons in  [ P t ( ) (FPIe^ ) 2  IP P q •

Since this was the first example of this type of stacking 
arrangement in a metal phosphine complex, the system obviously 
merited further attention. To this end we decided to investigate 
the stacking features present in complexes of the larger 
phosphine, PMe2Ph, and their dependence upon the nature of the 
anion present. To do this we required new routes to the 
complexes, starting from the 82^ ^ “ complexes described in the 
previous chapter.

PBOTONATION OF M(S2N?)(PR? ) 2

Treatment of a partially dissolved sample of 
Pt(S2N2 )(FMe2Ph)2 (lf)> in thf, with excess BF3 results in an 
almost instantaneous dark solution from which a green solid 
precipitates after a few minutes stirring. We first performed 
this reaction hoping to isolate a compound in which the BF3 was 
coordinated to the ligand, that is Pt(S2N2BF3) (FMe2Ph)2 • However
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X-ray studies showed the product to be [Pt(S2N2H) (PMe2Ph)2]BF4 

(2a) and that, as in the PMe3 complex, it exhibits stacking 
features.

The mechanism of the BF3 reaction is not fully understood.
The soluble intermediate, which is immediately formed upon 
addition of the BF3, may well be the BF3 adduct we had initially 
aimed for. Unfortunately, we have not been able to undertake 31p 
nmr studies of this intermediate nor have we been able to stop 
the reaction at this point in order to isolate it and confirm the 
structure. It is possible that the reaction involves some HBF4 

which could be present in the BF3 solution. HBF4 can indeed be 
used instead of BF3 , although it tends to form a number of 
insoluble by-products, thereby reducing the efficiency of the 
reaction.

BF3 can be used in the above manner to produce analogous 
complexes containing PPh3 and trialkylphosphines. For some 
reason, however, the reaction with the dppe and PPl̂ Me compounds 
does not proceed as smoothly and must be performed in a different 
solvent mix and at lower temperature. Palladium complexes appear 
to react in the same manner as their platinum counterparts; the 
X-ray structure of [Pd(S2N2H)(PMe2Ph)2 ]BF4 (2d), made via 
addition of BF3 to Pd(S2N2 )(PMe2Ph)2 > is discussed later.

Addition of a few drops of HCi? saturated CH2U22 to a solution 
of If gives the appropriate chloride salt (2b), although 31p nmr 
reveals the presence of some PtC£2 (FMe2Ph)2 as a by product. The 
chloride salt has the advantage of showing no anion bands in the 
IR spectrum, compared to the BF4- salts in which important areas 
of the spectrum are masked by the BF4~ bands.

In many reactions the protonated compounds are unexpected 
products. For example, the reaction of [Au(PPh3)]PFg with If, 
which we hoped would give an adduct of the type 
[Pt(S2N2AuPPh3 )(PMe2Ph)2 ]PF0, actually gave the simple PFg~ salt 
of Pt(S2N2H)(PMe2Ph)2+ (2c), the structure of which is discussed 
later on. Similarly, 31p nmr studies on the reaction of If with 
(NSC£ ) 3 showed this cation to be present although we did not 
investigate the nature of the anion.

In addition to the unusual solid state properties of the
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complexes, they also show interesting features in solution and it 
is studies into these that are dealt with first.

STUDIES INTO SOLUTION PROPERTIES OF [Pt(S2N2H)(FRg)?1X

As Fig.32 shows, if equimolar amounts of PtS2N2 (PMe2Ph) 2 (If) 
and [PtS2N2H(FMe2Ph)2 ]BF4 (2a) are mixed together the 3Ip nmr of 
the resulting solution consists of a simple AX pattern with 
chemical shifts and coupling constants that are averages of the 
values for the two constituents. Clearly the protons in the 
system are exchanging so rapidly that the spectrum actually seen 
is a time average of the two extremes; protonated and 
unprotonated.

The solution shown in Fig.32 can be resolved into the 
component protonated and unprotonated compounds by 
crystallisation. Slow diffusion of hexane into this solution 
yields green crystals of 2a and much smaller orange crystals of 
If. Attempts to resove the two components in the mixture by 
cooling the solution to -70*C failed ; the intermediate spectrum 
is seen even at this temperature.

This averaging effect can be quantified by the value of R, 
the ratio of the two lj{195pt_31p) coupling constants, first 
introduced in the previous chapter. In the above case R ~ 1.14, 
the average of the R values of the protonated and unprotonated 
compounds. If an excess of protonated compound had been used 
then R would have been correspondingly higher and similarly R 
would have been lower had more unprotonated compound been 
present. If a solution of pure 2a, R= 1.24, is titrated with a 
dilute solution of base, for example dbu, the R value is seen to 
drop as successive amounts are added. Thus the ratio R can act 
as a precise measurement of the degree of protonation of the 
system.
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Fig.32 %  jut spectrum  o f  P t ( S ^ 2 )  (FMe£Ph) 2  (If) ( upper ) ,  
[ P t ( S 2 N2 H) (PPIe2 Ph ) 2 ]BF^ (2a) ( m id d le  ) and a 1:1 m ix tu re  o f  the  

two.

Eqn.6 illustrates the equilibrium present in these systems; 
in the above case PR3 - PL3 = PMe2Ph.

Pt(S2N2 )(PR3 ) 2 + [Pt(S2N2H)(PL3)2]X
1 1/[PtS2N2H(PR3 )2]X + PtS2N2 (PL3 ) 2

Eqn.6
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To measure the effect of the presence of different phospines 
upon this equilibrium we prepared samples of
[Pt(S2N2H) (PPh3 )2 ]BF4 and Pt(S2N2 ) (FMe3 ) 2 then measured the 31p 
nmr of the mixture. Both the R ratios were of intermediate 
values; 1.16 for PPI13 and 1.15 for PMe3 » indicating the presence 
of an equilibrium as in Eqn.6 .

Trimethylphosphine is more basic than triphenylphosphine and 
so the fact that this mixture shows no bias to either side of 
Eqn.6 suggests that the nature of the phosphine has little effect 
on the properties of the S2N2 ligand.

This same conclusion can also be drawn from IR 
spectroscopy. As pointed out in the previous chapter, in 
compounds of the type PtS2N2 (PR3 ) 2 the main S-N stretches at ~ 
1045 and 680 cm~l vary only slightly as the phosphine is changed.

In contrast, the nature of the metal should have a much 
greater effect on the properties of the ligand. To investigate 
this we prepared samples of 2a and Pd(S2N2 ) (PMe2Ph)2 i then 
measured the 31p nmr Gf the mixture. The resulting spectrum 
shows the Pt to be almost completely deprotonated and the Pd 
almost fully protonated (Eqn. 7).

[Pt(S2N2H)(FMe2Ph)2]X 

Pt(S2N2 )(PMe2Ph) 2

Pd(S2N2 )(PMe2Ph) 2

[Pd(S2N2H) (H4e2Ph)2]X
Eqn. 7

The Pt compounds thus appear to be more acidic than their Pd 
counterparts, although the fact that they are easily protonated 
by, for example, acetic acid or BF3 indicates that they are poor 
acids on a more general scale. However, it is worth noting that, 
as reported in the previous chapter, the Pt complexes can be 
deprotonated by CN“, implying that, in CH2Ĉ 2, they are stronger 
acids than HCN.

As Eqn.7 implies, the above reaction does not go completely 
to the protonated Pd complex and deprotonated Pt; there is still 
a degree of equilibrium involved. When equimolar amounts of the 
two are mixed the R value for the Pt spectrum is ~ 1.05. Since
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the ratio is 1.025 for Pt(S2N2 ) (PMe2Ph)2 and 1.25 for 
[Pt(S2N2H) (PMe2Ph)2 lBF4, a value of 1.05 is equivalent to the Pt 
being ~ 10% protonated, and so the equilibrium constant for the 
system, K, is ~ 80.

When the solution contains two Pt compounds, of different 
phosphines, the value of K is 1.0 since neither side of Eqn.6 is 
favoured. Comparison of these two values therefore gives a 
measure, albeit very rough, of the relative acid strengths of the 
Pt and Pd compounds.

One feature of the 31p nmr spectra of these Pd/Pt mixtures is 
that when exactly equimolar amounts are mixed the Pd part of the 
spectrum shows only a singlet instead of the AB spectrum expected 
for the protonated Pd compounds. When we first observed this we 
realised that the change in the spectrum of the Pd compounds upon 
protonation was not, as we had initially thought, simply a case 
of the two phosphorus chemical shifts moving together to give an 
AB; in fact the 8 values of each phosphorus cross over as in 
Fig.33. This means that if the compound is less than fully 
protonated the two S values can coincide. In the case of the 
Pt/Pd mixtures the 10% of protons taken up by the Pt is enough to 
produce this coincidence of chemical shifts and as a result only 
a singlet is observed.

unprotonated .

Fig.33 The c r o s s in g  o ve r o f  the chem ical s h i f t s  in  

Pd (S ^ 2 )  ( )  2 d u rin g  p ro  tona t i  on .
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This effect is illustrated in Fig.34. Here a pure sample of 
[PdS2N2H(FMe2Ph)2 ]BF4 is titrated against a dilute solution of 
dbu. The initial AB (a) pattern starts to close up as the 
chemical shifts move together and when enough protons have been 
removed from the system the S values coincide and a singlet is 
observed (e). As more dbu is added the S values move apart again 
until, upon complete deprotonation, the final AX pattern is 
observed (i).

Fig.34 T i tration o f  [P d ( ) 2 JB F 4  (a ) with dbu to 

gi ve P d  (S2N 2) (FPte2Ph ) 2 (i) •
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In conclusion, therefore, it can be seen that these systems 
provide a unique opportunity for study by 31p nmr. Although one 
would have logically expected the nmr spectra of the protonated 
complexes to be somewhat different to those of the unprotonated, 
this difference could have turned out to be small. For example, 
if the value of R had only increased from 1.06 to, say, 1 . 1 0  upon 
full protonation, then accurate measurements upon partially 
protonated systems would have been harder to obtain. We were 
thus fortunate that the system proved so amenable to 31p nmr, 
especially as it is debatable how many of the above results, 
regarding the relative acid strengths of the complexes etc, could 
have been obtained by other means.

SOLID STATE PROPERTIES OF fM(S2N2H) (PR3 )2 1X

To date X-ray crystallographic studies have been made of the 
Pt compounds with X = BF^jPFg- and CS~ together with the Pd 
compound of BF4-. The results of these studies are best 
considered from two points of view; the intramolecular features, 
with reference to changes within the metallocycle upon 
protonation, and intermolecular stacking structures.

Intra-molecular structure

The differences in the molecular structures of compounds 2a-d 
are not significant enough to be noticable in a picture; hence 
Fig.35 can cover them all.

Table 9 summarises the bonding parameters in each case and 
compares them to those of the unprotonated complexes 
Pt(S2N2)(PMe3)2 and Pt(S2N2)(PPh3)2.
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Fig. 35 M o le cu la r s t r u c t u r e  o f  the [ P t ( S 2 N2 H) (FPIe2 P h )2 !*  

c a t io n .

Compound M-S S2-N2 N2-S1 Sl-Nl M-N
la 2.288(5) 1.681(16) 1.567(19) 1.546(16) 2.019(14)
lb 2.268(6) 1.668(17) 1.576(16) 1.492(13) 2.085(14)
2a 2.283(2) 1.649(8) 1.538(9) 1.595(7) 2.015(7)
2b 2.286(2) 1.647(8) 1.561(8) 1.582(8) 2.025(7)
2c 2.282(2) 1.670(8) 1.501(8) 1.589(7) 2.038(7)
2d 2.290(2) 1.668(7) 1.527(7) 1.588(6) 2.031(6)

M-N1-SI N1-S1-N2 S1-N2-S2 N2-S2-M
la 116.1(9) 116.1(9) 116.2(11) 104.0(2)
lb 115.3(8) 117.7(8) 115.0(8) 105.5(6)
2a 121.4(4) 108.1(4) 121.6(5) 104.4(3)
2b 121.9(5) 108.2(4) 120.5(5) 105.3(3)
2c 120.2(4) 109.4(4) 122.1(5) 103.7(3)
2d 120.7(3) 109.2(3) 121.3(4) 104.0(2)

Table 9 Comparison o f  bond le n g th s  (A) and a n g les (' ) in  

[M(S2 \t2 H) (PR3 ) 2 ]X  ( M = P t ;  X  = BF4~ (2 a ), CS" (2 b ), P F6~ ( 2 c ) :  M 

= Pd, X  = B F4~ (2d) ) w ith those in  P t ( S 2 N2 ) (PR3 ) 2  ( PR3  = PPh3  

( l a ) ,  FMe3  ( lb )  ) .
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Comparison of the bond lengths and angles in 2, with those in 
the S2N2 “̂ complexes, reveals the changes which the ligand 
undergoes upon protonation. The best data for this comparison 
comes from the measurements performed upon the PMeg and FPI13 

complexes, in which the bonding parameters are comparable, as 
opposed to Pt(S2N2 )(PMe2Ph3 ) 2 in which a disorder makes the 
structure rather inaccurate.

As far as the platinum-phosphorus distances are concerned 
protonation only affects Pt-P2 ( ie Pt-P tra n s to S), which is 
increased by some 0.033 - 0.043 A. This is consistent with the 
decrease in the magnitude of the lj(195pt_31p) coupling constant 
for this phosphorus.

Neither the Pt-S nor the Pt-N bond lengths change 
significantly upon protonation, although the latter does shorten 
slightly.

Within the 82^ ^ “ ligand itself the most significant changes 
are seen in the N=S=N fragment; there is no important change to 
either the angle at S2 or the S2-N2 distance.

In the neutral species the bond angles at Nl, N2 and SI are 
all around 115' ie the atoms are in an intermediate sp̂ /sp̂  
hybridisation. Upon protonation, however, both the nitrogen 
angles widen to trigonal sp̂  geometry whereas the angle at SI 
decreases to tetrahedral sp̂ . The change in the angles at both 

nitrogens may explain why the ligand only protonates in one 
position. For some reason, which is not particularly obvious, Nl 
is always the initial point of attack by acids. However, once Nl 
is protonated, the geometry of N2 is also changed, with the 
result that it becomes less basic in nature.

Protonation also affects the bond lengths in the N=S=N 
fragment. Thus whilst the Nl-Sl bond length is increased, the 
S1-N2 bond shortens. Interestingly the S1-N2 distance is also 
dependent upon the nature of the anion present; possible reasons 
for this are discussed below.
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Inter-molecular stacking structures

All four compounds show the same basic inter-molecular 
stacking structure, consisting of infinite channels of cations 
and anions ( Fig.37). In contrast to [Pt(S2N£H)(FMeg^iFFg, in 
which the inter-cation distances are all identical, these. II IIstructures consist of close contact dimers of cations, which 
are themselves stacked on each other to form the channel (
Fig. 36). So in assessing the effects of the different anions 
upon the structures consideration has to be given to both the 
intra- and inter-dimer distances.

Table 10 lists these values, both in terms of the interplanar 
separations ( in other words the distance between the planes of 
adjacent metallocycles ) and the closest contact between atoms.
In all cases the intra-dimer closest contact is between Pt/Pd and 
SI; the inter-dimer closest contact is between Pt/Pd and N2 
except in the case of the chloride salt in which it is between Pt 
and S2.

Fig.36 S id e  view  o f  the s ta c k in g  arrangement o f  the c a t io n s  

in  s a l t s  o f  [ [M(S2 ^ 2 ^^ (&te2 Ph) 2 ^+ showing the p resen ce  o f  c lo s e  
co n ta ct "d im ers".
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Fig. 37 The s ta c k in g  arrangement in  2a viewed down the 
i n f i n i t e  ch a nn els o f  c a t io n s  and a n io n s.
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Compound
2a
2b
2c
2d

Intra-dimer (A) Inter-dimer (A) 
4.67/4.70 
5.40/5.52 
5.00/5.00 
4.69/4.73

3.53/3.62
3.48/3.50
3.58/3.67
3.50/3.50

Table 10 The in t e r p la n a r / c lo s e s t  co n ta ct d is ta n c e s  w ith in  and 

between the "d im e rs" in  the s ta c k in g  arrangem ents o f  the s a l t s  o f  

[M(S2 N2 H) (FMe2 P h )2] + .

One would logically expect the distances within the metal 
stack to be inversely proportional to the size of the counter 
ion, with the distances in the chloride complex being the 
shortest. This holds true with respect to the intra-dimer 
separation ( both interplanar and closest contact ) which 
increases from CP”-» BF/j”-* PFg”. However the same is not true for 
the inter-dimer separations. In the latter, although the 
separation is smaller in the BF/j” salt than in the PFg” case, the 
distances in the CP” salt are much greater . There is no ready 
explanation for this anomaly.

The very close similarity between the distances in 
[Pt(S2N£H) (FMe2Ph3)2 ]BF4 and its Pd analogue show that the nature 
of the metal does not have a crucial bearing upon the stacking 
arrangement.

It is worth noting that results from Warrens e t  a l . show that 
the presence of a large anion can completely disrupt the stacking 
arrangement. It is for this reason that there are no stacking 
formations seen in [Pt(S2N2H) (PEtg ̂ JM^SnClg 62,

There is a correlation between the S1-N2 bond distance and 
the intra-dimer separation, to the extent that the shortest S1-N2 
distance is associated with the largest separation ( ie the PFg” 
salt). It is possible to offer an explanation for this based on 
the fact that the S1-N2 bond has substantial 77 character and 
there is a low lying empty tt*  orbital associated with the ligand. 
It may well be that on the close approach between Pt and SI of
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adjacent cations electron density is transferred from the Pt dẑ  
orbital into an orbital which is anti-bonding with respect to 
S1-N2. Thus the closer the cations, the longer this bond.

EXPERIMENTAL

General procedures and preparations were as described in 
Chapters Two and Three.

Preparation of TMfSgNgH) (FR3 )glBF,i (2a)

In a typical reaction a partial solution of Pt(S2N2 )(PMe2Ph)2 

( 0.45g, 0.8mmol.) in thf ( 30ml) was treated dropwise with just 
enough BF3 { Aldrich Et20 solution, ~ 10 drops) to cause the 
solid to dissolve giving a dark green solution. A green solid 
soon precipitated and the mixture was stirred for a further five 
minutes. The volume of the thf was reduced in  vacuo to 5ml and 
Et20 ( 15ml) added with stirring to precipitate the rest of the 
product. The solid was allowed to settle and the solution 
decanted off . After drying in  vacuo the solid was washed with a 
mixture of thf and toluene ( 1 :1 , 20ml) then with Et20 (20ml) and 
finally filtered and dried in  vacuo.

Yield 0.45 g ( 86% or 68% based on the amount of
PtC4?2(FMe2Pk)2 use<i )

When pure the final product is a lime green colour; if the 
product is very yellow/orange it can be purified by stirring with 
a small volume of cold thf, which dissolves the impurity together 
with some of the product, followed by cautious addition of 
toluene.

PMeg and PPhg analogues were made in a similar manner and 
obtained in 65 and 67% yield respectively ( again based on the 
amount of dichloride starting material used ).

A variation upon the above reaction is required in the
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preparation of the FPĥ Me analogue. In a typical reaction 
Pt(S2N2 ) (PPh2Me)2 ( prepared from 0.2 g of the dichloride ) was 
dissolved in thf (5 ml) and Et20 (5 ml) added, precipitating some 
of the complex. Excess BF3 was added to this mixture at -5*C 
giving a green oil and precipitate. After warming to RT the 
mixture was thoroughly stirred with Et2<3 (20 ml) giving a green 
oil. Removal of the Et20 i n  vacuo yielded a green oil which was 
thoroughly dried in  vacuo, with heating, to give a yellow/green 
solid. The final product was obtained by precipitation from a 
CH2CP2 solution by addition of excess hexane.

Yield 0.18 g ( 77% based on the dichloride ).

Preparation of fPtfSgNgH) (FÊ PhdglCfl (2b)

A partial suspension of Pt(S2N2 ) (PMe2Ph)2 (56 mg, 0.1 mmol.) 
in thf ( 1 0 ml) was treated with a few drops of CH2CJ?2 saturated 
with HCfi. The solvent was removed in  vacuo and the gummy solid 
triturated with hexane. After decanting off the hexane the 
resulting solid was analysed by 31p nmr which indicated the 
presence of both the desired product and PtCfi2 (fMe2Ph) 2 ( ratio 
4:1 ). The solution used for this measurment was reduced to 
dryness and extracted into warm thf (2 x 15 ml). After removal 
of the thf the resulting green solid was dissolved in anĉ-
well formed crystals of the pure product obtained by slow hexane 
diffusion.

Micro-analysis showed the crystals to contain one CH2 C8 2  

molecule per unit cell; Found C 29.7, H 3.5, N 4.0 % : Calc, for 
[Pt(S2N2H) (PMe2Ph)21C#.CH2Cfi2 C 29.8, H 3.7, N 4.1 %.

The CH.2 ^ 2  content of crystalline samples appears to be 
variable as the crystal used for structural analysis proved to 
have CH2 ^ 2  Pcr Pt.

83



Preparation of fPUSgNgH) (FMegPh)glPFft (2c)

A partial solution of Pt(S£N2 ) (FMe2Ph)2 (56 mg, 0.1 mmol.) in 
thf ( 10 ml) was treated with the filtered solution from the 
reaction of AuCfi(PPh3) (50 mg, 0.095 mmol.) with AgFFg ( 26 mg,
0.1 mmol.) in thf (20 ml). The resulting bright green solution 
was reduced to 5 ml in vacuo and then treated with hexane (50 ml) 
giving a bright yellow/green precipitate. Slow hexane diffusion 
into a CH2 ^ 2  solution of this solid yielded well formed green 
crystals of 2c.

Preparation of rPd(SgNgH) (PR3 )2 lBF4 (2d)

A partial solution of Pd(S2N2 )(FMegPhJg (50 mg, 0.1 mmol) in 
thf (15 ml) was treated with a few drops of BF3 giving a dark red 
solution. After removal of the solvent in  vacuo the residue was 
washed with Et20 (30 ml) and extracted into CHgCPg• Slow hexane 
diffusion into this solution yielded a crop of well formed 
yellow/green crystals, although the number of crystals suitable 
for X-ray work was low as many were coated in a red viscous oil 
that could not be washed off.

31p nmr studies into the protonation of M(SgNg) (PRglg

All compounds used in these reactions were prepared as 
described earlier and, to ensure maximum purity, were used as 
crystals grown by slow hexane diffusion into CHgCflg solutions. 
In most cases the two compounds were simply mixed as solids in 
the nmr tube and then solutions made up with the appropriate 
deuterated solvents.

Titration of rPd(SgNgH) (FMegPhiglBF/} against dbu

The Pd compound (38 mg, 6.8x10“  ̂mol.) was dissolved in CDC#3
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(1.5 ml) in a 10mm nrar tube and the l̂p nmr spectrum measured 
after successive additions of small aliquots of a solution of dbu 
( 10 mg, 6.6xl0“5mol.) in CDC$ 3 (0.5 ml).

85



5 15n labelled c o m p l e x e s

INTRODUCTION

In view of the fact that 31p nmr proved so effective in the 
study of compounds of the type Pt(S2N2 )(PR3 ) 2 (1 ) we decided to 
investigate the effect of introducing l̂ N ( spin= H ) into the 
system, in the hope of observing l%-31p couplings.

In Chapter Three the synthesis of 1 from Na(S3N3) and S4N4H4 

was discussed. Although the latter method is especially 
effective, since the isolated yields are high and the products 
are easily purified, it is not a viable method for the 
preparation of l̂ N enriched compounds since enriched S4N4H4 

requires a multi-step preparation which is potentially very 
wasteful and therefore expensive.

However, 99% ^N enriched S4N3C5 and (S3N2Ci?)Cfi can both be 
made by standard, high yield, methods from 99% enriched NH4CP. 
Both these compounds can act as sources of 1.

PREPARATION OF 99% 15N ENRICHED Pt(S2N2) (PR̂ ) 2

We have obtained samples of 99% enriched Pt(S2N2 ) (PEt3 ) 2 (lc) 
and Pt(S2N2 ) (dppe) (lg) by treatment of cis-PtCJ?2(PR3)2 with 99% 
l̂ N enriched S4N3CP in the presence of dbu, in an analogous 
fashion to the S4N4H4 reactions. The reactions proceed quite 
cleanly by 31p nmr, although the very dark colour of the final 
solutions indicates the presence of a variety of sulphur-nitrogen 
by-products. The presence of these impurities means that the 
reaction is not an efficient method for producing unlabelled 
compounds, compared to the very clean S4N4H4 reaction.

As we showed in Chapters Two and Three the resonances 
observed in the 31p nmr spectrum can be assigned to particular 
phosphorus atoms; the resonance at higher chemical shift being 
due to P tra n s to sulphur, PI (Fig.38).
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R P(2) .5---N(2)
3 \  X

/ \
R P(1) N---5

3 (1)

Fig.38 D e f in it io n  o f  the atom numbering system  used in  the  
fo llo w in g  d is c u s s io n.

The 3 Ip nmr spectra of 99% enriched lc and lg both show 
four line patterns for the resonance of PI (Fig.39a). Since 
nuclei have spin = M this splitting pattern suggests that only 
one of the nitrogens, probably Nl, is coupled to this phosphorus, 
with 2J(1 5N-3 1P) s 5 Hz.

The splitting patterns for P2 in lc and lg are more complex, 
consisting of six and five lines respectively, indicating the 
presence of couplings from both nitrogens. Figure 39 shows how 
these patterns are brought about. There is a large coupling of 
24Hz, presumably from Nl, together with a smaller coupling from 
N2 of about 12Hz.

The 2J(l̂ N-3lp) coupling constants are consistent with those 
noted in other systems. For example, couplings of 25 and 2 Hz 
have been measured in enriched samples of [Pt(PPh3)2 (PhNSO) ], 
corresponding to 2J(l̂ N-3lp) for P tra n s to N and c i s  to N 
respectively 48.

On the basis of such literature data we fully expected to see 
couplings from Nl but we were unsure whether they would also be 
seen from N2. The fact that a coupling i s  observed, but only to 
P2 is quite surprising. That it is P2 which is involved suggests 
that this coupling is probably best described as a 4j(15jyj_31p) 
coupling via the tt density of the N=S=N region of the ligand, 
since one would expect a coupling via the Pt-S-N route to result 
in a greater effect on PI than P2.
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2j(31p_31p)

2J (% 31P )

Fig.39 O r ig in s  o f  the v a r io u s  s p l i t t i n g  p a tte rn s  observed in  

the 31p nmr sp e c tra  o f  99% e n r ic h e d  d is u lp h u r - d in it r id e  

com plexes; a and b show the c o u p lin g s  to  P I  and P2 in  l c ,  c  shows 

the co u p lin g s  to  P2 in  lg .

Note that the difference in multiplicity in the patterns of lc 
and lg is due to the difference in the 2j(31p_31p) coupling 
constants, which was noted in Chapter Three.
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PREPARATION OF 60% ENRICHED 1 FROM (SgNgCDCg

Although there have been a number of studies into the 
reactions of S4N4 and S4N3CP with liquid ammonia 63-65f no 
investigation appears to have been made into the equivalent 
reaction of Since l̂ N labelled (S3N2C2 )C2 is
relatively straight forward to make, we investigated its reaction 
with ammonia in the hope that it would provide a quick route to 
other, less amenable, species in the enriched form.

99% l̂ N enriched (83^ 0 2 )0 2 dissolves in ammonia at -70*C 
giving a deep red solution, from which a dark solid can be 
obtained by evaporation of the NH3 under a blanket of nitrogen. 
Extraction with thf gives a red solution which reacts with 
Pt(PPh3 ) 3 to give Pt(S2N2 ) (PPh3 ) 2 (la). The 31p nmr spectrum of 
la shows a more complicated splitting pattern for P2 than was 
observed in 99% labelled lc and lg (Fig.40).

Fig.40 S p l i t t in g  p a tte rn  observed  f o r  P2 in  the 31p nmr 

spectrum  o f  P t ( S ^ £ )  (PP^3)2 p rep a re d  from 99% e n rich e d  in  
NH3 .

Eleven lines are present, including the lines found in 
unlabelled la, indicating that the degree of -̂ N enrichment is 
significantly less than 99%. As a result the sample contains a 
mixture of the four possible isotopomers ( Fig.41).
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I s o f o p o m e r 60% 30% 15N

15,

A 36 9

B
N— S

C 21

D 16

Fig.41 The v a r io u s  isoto po m ers p re se n t in  sam ples o f  

p a r t i a l l y  N la b e l le d  Pt(S£N 2 ) (PR3 ) 2 > f ig u r e s  r e f e r  to  the % o f  
each isotopom er p re se n t when the degree o f  enrichm ent i s  e i t h e r  

60 o r  30%,

On the basis of Fig.39 the splitting patterns expected for 
each singly labelled isotopomer can be deduced. Addition of 
these patterns to those of the unlabelled and fully labelled 
compounds generates the required eleven lines. This is 
illustrated later in Fig.43.

The above, unexpected, observations imply that during the 
reaction of (S 3^09)02 with NH3 there is incorporation of N from 
the ammonia into the final products. This can be confirmed by 
analysis of the initial thf extracts since upon evaporation they 
yield some S4N4 , the content of which can be determined by 
mass spectrometry. Fig.42 compares the mass spectrum of the 
molecular ion of S4N4 obtained from (83^ 0 2)0 2, via reaction with
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ammonia, with that of natural abundance S4N4. Analysis of this 
spectrum reveals the S4N4 to be ~ 60% enriched.

Fig.42 Comparison o f  the is o to p e  p a tte rn s  o f  M+ in  the mass 

spectrum  o f  S 4 N4  p repared  (a ) from  99% 1&N e n ric h e d  (S c jN ^  ) &  in  

l i q u id  ammonia, w ith th a t o f  (b ) n a tu ra l abundance S 4 N4 .

A similar degree of labelling in la would give rise to the 
observed ratios of the lines in Fig.40, although the poor 
resolution of this spectrum meant that precise integration of the 
lines was impossible.

If a mixture of 1:1 unlabelled and 99% labelled (Sĝ CiOCfi 
is reacted with ammonia in the same way, the S4N4 obtained is 30% 
enriched, indicating that there is complete intermixing of the 
nitrogens in the system. When this mixture is used to produce 1c 
the eleven line splitting pattern for P2 reflects the change in 
the ratios of the various isotopomers (Fig.43). Compared to the 
60% enriched case there is more isotopomer D present and very 
much less A, the latter being indicated by the small size of the 
outer two lines of the pattern.
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Fig.43 The com bination o f  c a lc u la te d  s p l i t t i n g  p a tte rn s  o f  P2  

f o r  each isotopom er in  2 0 % 1 &N e n rich e d  la ,  to g iv e  the o bserved  

e leven  l i n e  p a tt e r n.
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One problem with the interpretation of the spectrum of 60% 
enriched la is that it proves impossible to unequivocably show 
the presence of the splitting pattern due to isotopomer B since 
it is coincident with lines due to A. As a result it cannot be 
shown whether the coupling from N2 is real or virtual. If the 
latter were true then the coupling from N2 would only be seen 
when a 1% was also present at Nl.

This problem is resolved by the spectrum of the 30% enriched 
compound since in this case there is very little isotopomer A 
present and the splitting pattern due to B can be clearly 
distinguished. Thus the coupling from 1% at N2 to P2 is real 
and is independent of the nature of the nitrogen at Nl.

In conclusion, a in position Nl can couple to both PI and 
P2, with coupling constants of 5 and 24Hz respectively; a -̂ N at 
N2 can only couple to P2 and does so with a coupling constant of 
s 12 Hz.

The above method can also be used to produce enriched 
samples of [Fd(S2N2 ) (PPI1 3) ̂ 2 by reaction of the initial thf 
extract with Pd(PPh3)4, although the insolubility of the product 
means that only IR can be used to analyse it. Unfortunately the 
reaction with Pt(PPh3 ) 3 does not produce [Pt(S2N2 ) (FPI1 3) ]£ or any 
of its precursors.

IR SPECTRA OF 15N ENRICHED COMPLEXES

The only pure sample of a fully (99%) labelled compound 
isolated in the above work was Pt(S2N2 ) (PEt3 )2 » obtained by PTLC 
purification of the products from the reaction of 99% 1% 
labelled S4N3C5 with PtCJ?2 (PEt3 ) 2 and dbu. The most obvious 
feature of the IR spectrum of the product is the absence of the 
S-N stretch at 1050 cm”! ( Fig.44).
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Fig.44 Comparison o f  the m id -fre q u e n cy  area o f  the IR  

spectrum  o f  99% e n ric h e d  Pt(S£N 2) ( ^ ^ 3 )£  (lo w er) w ith  th a t o f  
the u n la b e lle d  com plex.

The absence of the S-N band in the fully labelled compound 
is consistent with a drop in frequency of the stretch of around 
15-20 cm~l. A similar drop in frequency is seen for the other 
main S-N vibration which is lowered from 682 to 664 cm“l. A 
decrease in the frequency of the S-N stretches is consistent with 
the introduction of the heavier isotope into the bond.

The introduction of into the system also helps to confirm 
the assignments made to the stretches in Chapter Three. It is 
especially helpful at the low frequency end of the spectrum, 
which in the case of unlabelled lc consists of a medium strength 
band at 360 cm“l together with a weak shoulder at 345 cm“l.

In the fully labelled case only one, slightly broad, peak is 
seen, centered on 350 crn'l (Fig.45). The implication is, 
therefore, that while the stronger band drops in frequency, by
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about 10 cm”l, the position of the weaker band is not affected 
by the presence of 1%. These results are clearly consistent 
with the assignment of the stronger band to S[N-S] and the 
shoulder to vfPt-S].

Fig.45 Comparison o f  the low  fre q u e n cy  end o f  the I R  spectrum  

o f  99% 1&N e n rich e d  1c (lo w er) w ith  th a t o f  the u n la b e lle d  

com plex.

The band at 466 cm"̂  in unlabelled lc drops by some 4 cm“l 
upon sustitution, tending to confirm its assignment to 
vfPt-N]. Table 11 summarises these assignments and substitution 
effects.

Frequency (cm“l) Assignment
Unlabelled 99% enriched
1054(m) * v[N-S]
682(s) 664(s) v[N-S]
610 (w) 600(w) 8 [N-S]
466(m) 462(m) v[Pt-N]
360(mw) 350(mw) S[N-S]
345(sh) ** v[Pt-S]

[* obscured by phosphine band;** obscured by S[N-S]]

Table 11 Comparison o f  I R  sp e c tra  o f  u n la b e lle d  and 99% 

e n rich e d  P t ( S 2 ^2 ) (P E t$)
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In the case of complexes with a degree of enrichment less 
than 99% their IR spectra show the peaks due to all the 
isotopomers present and so are somewhat more complicated.

The spectrum of 60% enriched la shows a broad band between 
1050 and 1030 cm-!, which is consistent with the presence both 
vf-̂ N-S] and vl^N-S] stretches. Similarly there is a vfl̂ N-S] 
band at 665 cm“l. In contrast to the high frequency band in lc, 
which disappears behind a phosphine stretch upon substitution, 
the mid-frequency stretch in la is re v e a le d from behind the 
masking phosphine when ±s introduced.

The IR spectrum of 60% enriched [Fd(S2N2 ) (FPI1 3) ]2 also helps 
to confirm the assignments suggested in Chapter Two. The band at 
940 cm""l, assigned to v[N-S], is affected in much the same way as 
the high frequency band also assigned to v[N-S].

PREPARATION OF 60% 15N ENRICHED rPt(SgN2H) (FPh3)?1BF4

To date we have only preliminary results of investigations 
into the effect of protonation upon the -̂®N—31p coupling 
constants, but it does appear that, surprisingly, N2 is more 
affected than Nl, even though it is the latter which is actually 
protonated.

Treatment of 60% enriched Pt(S2N2 ) (PPhg^, prepared from 
enriched (Sĝ CPjCfl in ammonia and Pt(PPh3 )3 , with excess BF3 , 
exactly as described in the previous chapter, yields the enriched 
protonated complex. The 31p nmr spectrum of the product shows 
only a four line splitting pattern for P2 ie it is coupled only 
to Nl, with 2j(15N-31p) ~ 44Hz.

This result implies that the presence of the proton on Nl 
somehow impedes the coupling from N2 to P2, while at the same 
time increasing the magnitude of the coupling from Nl. These 
changes are presumably United to the change in geometry at Nl, 
discussed in the previous chapter. Although there is much more 
work needed to fully confirm this, and to try to explain it, it 
does seem to verify the idea that the coupling from N2 is v ia the
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N=S=N fragment of the ring, allowing it to be disrupted by 
changes at Nl.

One intriguing experiment, that we have yet to perform, is 
an investigation into the effect upon the 31p nmr spectrum of 
enriched [Pt(S2N2H) (1^3)23BF4 of titration with a base, such as 
dbu. As the degree of protonation drops so the coupling from 
N2 should start to appear.

15N EXCHANGE IN NH3 SOLUTIONS OF (SgNgCjQCa AND S4N4

As part of a reinvestigation of the reaction of S4N4 with 
ammonia we prepared 60% enriched S4N4 by the aforementioned 
method and then added it to liquid NH3. The S4N4 dissolves when 
the temperature is raised to about -4 0'C and after the NH3 has 
evaporated off a reddish residue is left. If this is extracted 
into thf and then the solvent allowed to evaporate off in a dish, 
crystals of S4N4 can be retrieved. Mass spectrometry reveals 
this S4N4 to be « 45% enriched.

Thus we have two distinct sets of results; the reaction of 
99% enriched (S3N2C5)Cfi with ammonia results in a reduction 
of content to 60% ( ie decrease of 40% ) whereas the reaction 
of 60% enriched S4N4 with ammonia yields S4N4 which is 45% 
enriched ( ie a decrease of 25% of the original content ).

We are continuing investigations into these systems and so to 
date have only preliminary suggestions as to the reactions 
involved. One possible explaination of the first result is that 
the major product of the reaction of with NH3 is
S3N3”, possibly formed v i a  a salt of the known cation (S3N2NH2) + > 
which contains an exocyclic NH2 group, by way of deprotonation 
followed by ring expansion ( Eqn.8).

2 NH3 2 NH3
(S3N2C5 )CP ------ > (S3N2NH2 >C5 ------- > (NH4)(S3N3)

- NH4CP -NH4CS
Eqn.8
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In thf, during the work up, the S3N3" decomposes to S4N4, the
content of which will be 66% as one 1 %  has been incorporated 

per (S3N2Cfi)C$. This figure is somewhat higher than the measured 
amount ( 60% ) but this could be explained by the presence of a 
slow exchange between the ammonia and the sulphur-nitrogen 
species. In future work we propose to test this by leaving the 
(S3N2C£)Cfi in solution in the ammonia for longer periods; if 
there is a slow exchange between the nitrogen in the NH3 and the 
S3N3~ then the S4N4 produced in this way should have a 
content of significantly less than 60%.

There is, however, one problem with the above 
rationalisation. The S4N4 produced in the reaction of (S3N2C5)Cfi 
with ammonia is 60% enriched in as much as the probability of any 
one nitrogen being a is 0 .6  . In other words a sample of 
this S4N4 contains molecules of S4I5N4 together with S4^%4 and 
all the mixed isotopomers such as S4I5NMN3 etc. This can be 
clearly seen in Fig.4 2 (a); note the size of the 184 and 188 

peaks. Eqn.8 would give rise to S3N3” with one 1%  per anion. 
Therefore, if S3N3” produced in this way really is the source of 
the S4N4 retrieved during the work-up then the results show that 
the decomposition of 8 3 ^ “ to S4N4 must proceed v i a  a mechanism 
which allows for complete intermixing of the nitrogens.

These observations therefore cast some doubt upon Eqn.8; 
possibly the reaction proceeds v i a  a much smaller unit, such as 
NS*, which would allow for the observed intermixing of the 
nitrogens. We hope that future work will result in a better 
understanding of this reaction.

Similarly, we have yet to fully rationalise the results 
obtained from the reaction of S4N4 with NH3. Again the nitrogens 
in the system are fully intermixed; this would suggest that 
S4N5-, which has been proposed as the major product of the 
reaction 6 4 , can decompose back to S4N4 v i a  a mechanism which 
allows for this mixing. The observed decrease in content 
during the reaction is reasonably consistent with the formation 
of S4N5-, by addition of one ammoniacal nitrogen to S4N4, 
followed by decomposition to S4N4 involving loss of one of the 
nitrogens.
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One key point to bear in mind when considering these 
reactions is that the ammonia is present in massive excess.
Taking the density of liquid ammonia as 0.8, and on the 
assumption that about 10 ml is used in each reaction, this means 
that (0.8xl0)/17, or ~ 0.5, moles are present. Since 0.15 mmol, 
was the usual scale for the this means that these
systems contain ~ 1700 atoms to every 1 1%. Obviously there 
can be no fast exchange processes present otherwise the 1 %  would 
be completely '’washed” from the sulphur-nitrogen species.

In conclusion, therefore, it is clear that a lot more work is 
required to fully understand the nature of the reactions of S4N4 

and (S3N2C5 )C£ with ammonia. The work we have performed so far 
has only been done as an aside to the investigations into the 
metal complexes; the non-metallic chemistry of the systems being 
beyond the general brief of this work. However, future work will 
reinvestigate these systems purely from the sulphur-nitrogen 
point of view.

EXPERIMENTAL

General procedures were as previously described. 99% 
enriched S4N3C5 and (3 3^ 0# )Cfi were prepared by standard methods 
from 99% enriched NH4CJ? ( Amersham Int. )10,134

High Field 31p nmr spectra were measured using a Bruker V7M 
250 spectrometer operating at 107.2 MHz, and are referred to 
external 85% H3PO4.

Mass Spectra were obtained using a VG2020 machine.

Preparation of 99% -̂ N enriched Pt(SpNg) (FEtg)g

A suspension of 99% enriched S4N3CP ( 21 mg,lxl0“̂ mol.) in 
a solution of P tC $ 2 (E Et3 )2  (50 mg,lxl0“4mol.) in CDCJ?3 (2 ml), in 
a 10mm diameter nmr tube, was treated with dbu ( 2 drops). The
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3 Ip nmr of the resulting deep purple solution was measured then 
the solution placed on a PTLC plate and eluted with EtOH/CH2̂ 2̂ 
(1:4). The yellow/ brown band was taken off, eluted with CH2CP2 

and a pure sample of the product obtained by addition of hexane. 
Yield s 10 mg. Mass spec. 525 (M+), 478 (M̂ -̂ N̂S).

99% enriched Pt(S2N2 ) (dppe) was made in the same manner 
although the product was only observed by 31p nmr and not 
isolated.

Preparation of 60% 1% enriched PtfSgNg) (PPhgig

Solid 99% enriched (30 mg., 1.5x10“̂  mol.) was
added to liquid ammonia (~ 30 ml.) at -70 *C giving an immediate 
dark red solution. The mixture was allowed to warm, with the 
NH3 evaporating off under a blanket of nitrogen, leaving a dark 
coloured residue. This was extracted into thf (10 ml) and the 
resulting red solution added to a solution of Pt(PPh3 )3 (0 . 1  

g,lxl0”4 mol.) in thf ( 10 ml) giving a dark green solution which 
was evaporated to dryness in  vacuo. The residue was extracted 
into CH2C#2 (5 ml) and a pale green- yellow solid precipitated by 
addition of hexane (50 ml). The 31p nmr of this crude product 
was measured in CH2CP2/CDCP3 .

30% enriched product was obtained in the same way using a 
1 : 1  mixture of labelled and unlabelled (S 3^05)05 and the 31p nmr 
spectrum measured in CDgCPg •

Preparation of 60% enriched S4N4.

The above reaction was repeated and the initial THF extract 
evaporated to dryness in  vacuo. S4N4 was sublimed from the 
residue ( 80*C, 0.003 mm Hg) onto a liquid nitrogen cooled cold 
finger. Mass spectrometry revealed the product had a 1% content 
of ~ 60%.
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Reaction of 60% 1% enriched S4N4 with liquid NH3

The S4N4 (~ 10 mg.) was prepared as above and added to liquid 
ammonia (~ 10 ml) at -70*C. After warming to -40*C the S4N4 

dissolved giving an orange/red solution. The ammonia was 
evaporated off under a blanket of nitrogen then the resulting 
residue extracted into thf. After standing for 2 hours the thf 
was evaporated off in a crystallising dish and crystals of S4N4 

picked out from the residue and submitted for mass spectrometry 
which revealed a content of ~ 45%.
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6 HALOGENATION OF rP t(S 2N2H) (H^lglEF^

INTRODUCTION

Initially, we reacted compounds of the type 
[Pt(S2N2H) (FR3)2 ]X (2 ) with bromine in the hope of partially 
oxidising the platinum, thereby giving products with the 
potential to exhibit a greater degree of electrical conductivity 
than the parent compounds which, despite their ID stacking 
structure, are essentially insulaters. There are numerous 
examples of this kind of reaction, giving the so-called "Krogmann 
salts" as products 6 6. For example, the reaction of K2Pt(CN)4 

with 1 / 6  Br2 yields K2 [Pt(CN)4]Bro,3 *3 .2H2 0, the solid state 
properties of which have been extensively studied 67.

Unfortunately, however, crystallisation of solutions of 2 
containing 1 B^: 6 Ft yielded only the green crystals of the 
parent compound, and it soon became clear that whilst attempts at 
partial oxidation, at least by this simple method, appear 
fruitless, the platinum can readily be fully oxidised by 
stoichiometric amounts of bromine, yielding stable Pt(IV) 
complexes.

REACTIONS WITH BROMINE

Treatment of [Pt(S2N2H) (FMe2Ph)2 ]BF4 with a dilute solution 
of Br2 in CH2CI2 results in a dark red solution from which a 
claret coloured solid can be precipitated with ether. This 
solid, after washing with a small volume of cold CHCI3 , analyses 
as the Pt(IV) dibromo complex, [Pt(S2N2H) (Br)2 (PMe2Ph)2 ]BF4 (3).

If a CH2CI2/CHCI3 solution of 3 is cooled overnight large 
orange crystals are obtained. X-Ray crystallography confirms 
the micro-analysis result and reveals the bromines to be c i s  to 
each other (Fig.46).

This isomer can actually be crystallised in two different 
forms. In the above case ( from now on labelled the <x form ) the
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N-H is hydrogen bonded to the BF4 anion. Alternatively, if the 
complex is crystallised by slow hexane diffusion into a CH2CP2 

solution one obtains thin needles of the a form together with 
darker prisms of the £ form in which the hydrogen bonding now 
occurs between the N-H and a bromine of an adjacent cation, 
forming "dimers" of cations ( Fig.47).

Fig.46 X -r a y  c r y s t a l s t r u c t u r e  o f  th e <x form  o f  

[P t  (S2 M2 H) (B r ) 2  (R le 2 P h )2 1+ (3x ) .

As Figs.46 and 47 show, in addition to the difference in 
hydrogen bonding between the two forms, there is also a 
difference in the orientation of the phosphine tra n s to N1 
relative to Brl; in 3<x the phosphine phenyl ring is a n t i to Brl ( 
Brl-Pt-P2-C torsion angle -176.0(5)* ) whilst in 3)3 the phenyl 
ring is approximately gauche with respect to Brl ( Brl-pt-P2-C 
torsion angle -73.7(3)’ ). Interestingly, the nmr spectrum of 
a solution of 3 reveals four methyl resonances ( split into 
doublets by ) between S = 1.8 and 2.3, with no noticeable 
variation in the spectra recorded in the temperature range -70 to 
+70'C. This implies that there is no free rotation of the 
phosphines about the Pt-P bonds, since had this been the case 
then the methyl protons of each phosphine group would become 
equivalent and one would only see two methyl resonances.
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Br(2)

Fig.47 S tru c tu re  o f  the P form  o f  [ P t ( S ^ 2 ^ )  (B r ) 2 (F^ e£ P h )£ ]+ 
(3 P ), to g e th e r w ith  the hydrogen bonded d im ers w hich i t  fo rm s.

There is little difference between the bonding parameters of 
the two forms of 3 ( Table 12).
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Pt-Brl 2.498(1) [2.494(2)] 
Pt-S 2.324(2) [2.329(4)] 
Nl-Sl 1.582(6) [1.564(H)] 
N2-S2 1.668(6) [1.652(9)]
Pt-Nl-Sl 120.4(3) [118.1(6)] 
S1-N2-S2 124.4(4) [124.1(8)3

Pt-Br2 2.562(1) [2.549(2)] 
Pt-N 2.083(5) [2.109(8)] 
S1-N2 1.522(6) [1.541(12)]

N1-S1-N2 108.2(3) [110.3(5)]
N2-S2-Pt 102.3(2) [101.9(4)]

Table 12 Bond le n g th s  (A) and a n g le s  (' ) in  3x [3 P ] .

The 31p nmr spectra of both forms of 3 are of course 
identical since the differences between them are purely solid 
state properties (Fig.48). A point of note about this spectrum 
is the small size of both the lj(195pt_31p) (2134/2122 Hz) and 
2j(31p-31p) Hz) coupling constants, which is consistent with 
the presence of Pt(IV).

25 -25 ppm

Fig.48 ^ lp  nmr spectrum  o f  c i s - [ P t ( f r ) 2 ( ^ G2 ^ 1^ 2 ^ ^ 4 '
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If, however, the 31p nmr spectrum of a freshly prepared 
solution of 3 is measured it does not show the same pattern seen 
in Fig.48. Instead, it initially shows an asymmetric AX pattern 
(Fig.49a), which gradually changes to a more symmetric pattern 
upon standing. Fig.49 shows this change in an MeCN solution of 
3, with the total time for the change from a to f being about 20 
minutes.

Fig.49 thus represents the isomerisation of the initial 
product of the reaction to the c i s  dibromo species. It is 
probable that this initial product is the tra n s isomer, a 
conclusion supported by the fact that the 31p nmr of the parent 
compound, [Pt^^H) (PMe2Ph)2 ]BF4 , is also very asymmetric and 
would be likely to retain a roughly equal ratio of coupling 
constants upon conversion to the tra n s dibromo species.

To date we have been unable to stablise the tra n s dibromo 
species long enough to allow it to be crystallised and so do not 
have X-ray confirmation of the structure. Attempts to stabilise 
the tra n s form by addition of excess FMe2Ph fail since upon 
addition of the phosphine the solution decolourises and 31p mm* 
reveals the presence of both PtBr2 (FMe£Ph) 2 and 
[Pt(S2N2H) (PMe2Ph)2 ]BF4 . Bromine is no more successful at 
stabilising tra n s 3 since it simply desolublises it and results 
in its precipitation as an amorphous solid.

If a solution of 3 is allowed to stand, under nitrogen, for a 
few days the 31p nmr changes quite dramatically. Fig.50 shows 
the 31p nmr of the solution in Fig.49f after standing for ten 
days. The most obvious features are a singlet at 8 = 60 ppm 
together with new metal compounds at S = 23.5 and 24.5 ppm whose 
lj( 195pt-31p) coupling constants ( 3300 and 1776 Hz) are 
consistent with them containing Pt(II) and Pt(IV) respectively.

Following page;
Fig.49 31p nmr sp e c tra  o f  a CD3 CN/CH3 CN s o lu t io n  o f  

[P t  (S ) (B r ) 2 (FMe2 Ph) 2 JB F 4 taken a t  tim e in t e r v a ls , o v e r a 

to ta l p e r io d  o f ~ 2 0  m in s.
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Fig. 50 31p nmr spectrum  o f  the s o lu t io n  shown in  F ig .  49f  

a f t e r  sta n d in g  f o r  1 0  days ( peaks marked "a” a re  due to  the  

P t ( I I )  com plex P t  ( ( ^r ) ( 2 ^ ) *  P ea î:s marked "b” a re  due to  
an unknown P t ( IV )  com plex ) .

The new Pt(II) compound can be isolated by PTLC as a bright 
yellow-orange band ( rf= 0.5, CI^C^) and X-ray analysis of 
crystals, grown by hexane diffusion into a very concentrated 
CHCI3 solution, shows the compound to be Pt(S2N2H) (Br) (FMe2Ph) 
(4) (Fig.51, Table 13).
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Fig. 51 S tru c tu re  o f  P t ( S ^ l2 H) (B r) (FMe2 Ph) (4 ),

Pt-Br 2.475(1) Pt-S 2.222(3) Pt-N 2.033(11)
Nl-Sl 1.564(10) S1-N2 1.555(15) N2-S2 1.652(14) 
Pt-Nl-Sl 120.6(7) N1-S1-N2 108.0(7) S1-N2-S2 120.9(8)
N2-S2-Pt 105.0(5)

Table 13 Bond le n g th s  (A ) and a n g le s  ( ' )  in  

P t  (S 2 N2 H) (B r) (FMe2 Ph).

An interesting feature of the crystal structure of 4 is the 
herring-bone packing array ( Fig.52) of the molecules, and the 
associated N-H.. .Pt contacts.

Fig.52 The h e r r in g  bone p a ck in g  a rra y  in  4.
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To date we have been unable to identify the phosphine 
compound at S = 60 ppm or the Pt(IV) species. Like 4 the latter 
is very soluble and will even dissolve in warm ether. It is not 
clear whether this species is an intermediate in the production 
of 4 or a seperate product; for this reason we cannot be sure of 
the mechanism of the reduction of 3 to 4.

This reduction can also be achieved simply by stirring a 
solution of 3 with silica for a few hours followed by PTLC 
pufification. Again we have not been able to assertain the 
phosphine/bromine containing side products of the reaction.

[Pt(S2N2H) (FMe3 )2]BF4 reacts with bromine, again giving a 
dark red solution. The 31p nmr spectrum of this product shows an 
asymmetric AX pattern, consistent with that for the tra n s dibromo 
isomer of [Pt(S2N2H) (Br)2 <PMe3)2 ]BF4 ( S -14.5 ppm [ 
ijt^Pt-^P) 1641 Hz] and -21.3 ppm [ lj( 195pt_31p) 2064 Hz]; 
2j(31p_31p) 14 Hz ).

However, unlike the PMe2Ph analogue this does not seem to 
undergo isomerisation, at least not as quickly as the latter, nor 
can it be crystallised and so the structure cannot be confirmed. 
Like 3 it undergoes reductive elimination upon standing to give 
Pt(S2N2H)(Br)(FMe3) (6).

Similarly, treatment of [Pt(S2N2H) (PnPr3 )2]BF4 with bromine 
gives a dark solution which, upon standing for a number of days, 
gives Pt(S2N2H) (Br) (PnPr3) (7). This can be characterised by TLC 
( bright orange/yellow band rf 0.5, CH2C 52 ) and ̂ y *̂ P nmr» 
although the high solubility of the product means that only oils 
can be isolated. These results suggest that reactions involving 
trialkylphosphine compounds proceed as for trimethyl, giving 
eventual products of the type Pt(S2N2H) (Br) (PR3). However, 
similar reactions involving compounds of PPl̂ Me and PPI13 do not 
proceed in this manner.

If [Pt(S2N2H)(PPh3)2 ]BF4 is treated with one equivalent of 
Br2 and stirred for 30 mins, the resulting solution is not as 
dark as in the reactions producing 3. The 31p nmr spectrum of 
this solution reveals the presence of both the starting material 
and PtBr2 (PPh3 ) 2 ( ratio ~ 1 :1 . 2  ), the presence of the latter 
being confirmed by comparison with the spectrum of a genuine
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sample of the dibromide prepared from PtBr2 (cod). Thus the 
sulphur-nitrogen ligand is completely removed.

If this mixture is treated with further amounts of bromine, 
and stirred for longer, a precipitate is obtained and the 31p nmr 
spectrum of the remaining solution reveals the presence of a 
small amount of PtBr2 (FPh3)2 * Crystallisation of the product by 
hexane diffusion into a CH2CP2 solution gives yellow crystals 
which analyse as a mixture of the dibromide and PtBr4 (FPh3 )2 .

Thus there is a distinct contrast between the reactions 
involving the PPh3 and H^Ph complexes. We have yet to fully 
characterise the products of the reaction of the intermediate 
case, ie [Pt(S2N2H) (PPh2Me)2]BF4, but the results we have suggest 
that it reacts in the same way as the FMe2Ph analogue, giving a 
very unstable Pt(IV) dibromo complex which begins to decompose 
within minutes. The 31p nmr spectrum of the main product of this 
decomposition consists of a singlet S = -9.7 ppm ( 1«J( 195pt_31p) 
3584 Hz). Although this chemical shift is consistent with a 
formulation as [Pt(S2N2H) (Br) (FPl̂ Me) ], the coupling constant is 
rather large, and we have yet to isolate a pure sample to confirm 
its nature.

Thus comparison of the reactions of the R^Ph complex, with 
those of the FPĥ Me and PPI13 analogues, reveals two distinct 
differences. The first of these is the apparent destabilising 
effect of introducing more phenyl groups into the system. Hence, 
while the PPĥ Me complex appears to react in the same way as the 
PMe2Ph analogue, in as much as they both form a Pt(IV) dibromo 
complex, the product is much less stable and quickly reduces to 
Pt (II). This suggests that the decrease in the nucleophilicity 
of the phosphine containing more phenyl groups hampers its 
ability to stabilise Pt(IV).

In the case of the PPI13 complex there seems to be another 
effect at work; the reaction is much slower and involves loss of 
the S2N2H" ligand. Although, on the basis of the above 
arguement, one would expect the PPh3 complex of Pt(IV) to be very 
unstable, there is no evidence to suggest that a complex of the 
type [Pt(S2N2H) (Br)2 (PPh3)2 ] BF4 is ever formed in the reaction. 
Rather, it appears that the reaction of the bromine is slowed
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down, possibly by steric hindrance from the very bulky PPI13 

groups, and it attacks the system in a different manner, more 
conducive to loss of the S2N2H” ligand.

Another confusing aspect of these results is the fact that, 
whilst the aforementioned work suggests that Pt(IV) complexes of 
PPI13 are unstable, the isolation of a salt of the [PtBr5(PPh3 )]“ 
anion, described below, disproves this. Thus it may be that the 
steric aspect is more important than the electronic.

One could argue that the tra n s labilising effect of the PPh3 

group is larger than that of FMe2Ph, which results in a more 
ready loss of the ligand and replacement with bromines. However, 
this is somewhat at odds with the results from previous 
chapters. For example, the 3Ip nmr work in Chapter 4 revealed no 
difference in the basicity of the nitrogens in the two cases. 
Since the basicity of the nitrogen will be at least partly 
dependent upon the Pt-N bond strength this result implies that a 
change in phosphine should not labilise the S-N ligand.

In conclusion, we can see that the nature of the phosphine 
has a crucial role in determining the course of the reactions of 
2 with bromine; however, the reasons for this are not clear and 
are probably a combination of a variety of influences, both 
electronic and steric in nature.

Preparation of [Pd(SgNgH) (Br) (PMe2Ph) ]

In Chapter Four we showed that complexes of the type 
Pd(S2N2 ) (PR3 ) 2 can effectively deprotonate their protonated Pt 
counterparts, due to the greater basicity of the nitrogen in the 
Pd complexes. In view of this we mixed together solutions of 
[Pt(S2N2H)(Br)(PMe2Ph)] and Pd(S2N2) (FMe2Ph) 2 in the hope that a 
salt of the type [Pd(S2N2H) (FMe2Ph)2] [Pt(S2N2) (Br) (FMe2Ph) ] could 
be crystallised from the mixture. The crystal structure of such 
a salt would be interesting since it would contain both cations 
and anions capable of forming stacking arrangements.

In fact îp nmr reveals the presence of Pt(S2N2 )(PMe2Ph) 2 in 
the resulting solution, together with a compound whose spectrum
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consists of a singlet with no satellites. After extraction of 
the latter with hot ether it can be crystallised by slow hexane 
diffusion into a CHCP3 solution. The product turns out to be the 
Pd complex [Pd(S2N2H) (Br) (EMe2Ph) ] (8), as shown by IR and 
micro-analysis; we have yet to obtain X-ray crystallographic 
confirmation. The reaction therefore proceeds v ia Eqn.9.

[Pt(S2N2H) (Br) (FMe2Ph) ] + [Pd(S2N2) (FMe2Ph)2]

[Pt(S2N2) (FMe2Ph)2] + [Pd(S2N2H) (Br) (FMe2Fh> ]
Eqn.9

Thus,in addition to the transfer of the proton, which we 
fully expected to see, there is also a swop of bromine and 
phosphine between the Pt and Pd. It is difficult to come up with 
a rational mechanism for this transfer of ligands. If the 
reaction is performed in an nmr tube, thus enabling any 
intermediates to be observed, one sees only a mixture of starting 
materials and products; there appear* to be no intermediates 
stable enough to be spotted by 31p nmr.

So far we have only made preliminary investigations into this 
reaction; future work will include an investigation into the 
possibility of performing this reaction with complexes of 
different phosphines, with a view to producing mixed phosphine 
complexes of the type [Pt(S2N2) (PR3 ) (FR3)].

Crystal structure of rdbuHl fPtB^fPPI^) ]

During initial investigations into the reaction of 
[Pt(S2N2H) (PPh3 )2 ]BF4 with bromine 31p nmr revealed the presence 
of a product at S = -7.0 (lj(195pt-31p) 2140 Hz). This product 
was readily crystallised by slow hexane diffusion into a CH2CJ?2 

solution; while the IR of the resulting red crystals showed 
strong bands at ~ 1610 cm“l, which we knew to be associated with
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dbu, it did not show any typical S-N stretches. Micro-analysis 
suggested the formulation [dbuH] [Ptlk^FPhg) ], which was 
eventually confirmed by X-ray crystallography ( Fig.53).

Fig.53 S tru c tu re  o f  [d b u H ][P tB r^ fP P h )̂].

As Fig.53 shows, the sulphur-nitrogen ligand has been 
removed, together with one phosphine group, and replaced with 
five bromines. To date this is the first X-ray structure of a 
complex of this class. Although salts of, for example, 
PtBr5(FMe3 )“ have been known for some years, they are reported to 
be unstable and have not been characterised by X-ray 
crystallography. Quite why this particular example is more 
stable than others remains a mystery.

The most unusual feature is the presence of dbuH+ as the 
cation. This obviously comes from residual dbuHCfi, formed in the 
preparation of the S2N2 -̂ complex, which should be removed by 
water. However, unless the product is thoroughly stirred in 
water for a number of minutes, some dbuHCl invariably remains.
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This does not seem to be detrimental to the reactions involving 
complexes of other phosphines but is crucial in the case of 
[Pt(S2N2H)(PPh3)2 ]BF4.

Although it is obviously not particularly rational ( to say 
the least ) the reaction is actually reproducable, so long as 
care is taken to allow some dbuHCfi to be left in the reaction 
system. However, if the reaction is repeated using compound 
known to be free of dbuHC5 then none of this product is formed.

REACTIONS WITH IODINE

The reaction of [Pt(S2N2H) (PMe2Ph)2 ]BF4 with iodine is much 
slower than with bromine. Intermediates of the type 3 cannot be 
seen; if [Pt(S2N2H) (I)2 (FMe2Ph)2 ]BF4 is formed it must be much 
less stable than the bromine analogue. However, the iodo 
analogue of 4 can be isolated.

If [Pt(S2N2H) (FMe2Ph)2]BF4 is treated with iodine and the 
resulting solution allowed to stand for a week, then treated with 
silica, in air, Pt(S2N2H) (I) (FMe2Ph) (5) can be isolated by PTLC, 
in the same manner as 4. Like its bromo counterpart, it can be 
isolated as well formed micro crystals, although they are a more 
orange/brown colour than 4. Crystals suitable for X-ray work can 
be grown by the same method used for 4; in this case they form as 
exceptionaly long needles, often over 1cm in length. X-ray 
crystallography reveals a similar structure to that of 4 (
Fig.54).

The structure of 5 also shows the herring bone packing array 
seen in the bromo analogue ( Fig.52). In the latter the H. .Pt 
contact distance is 2.73 A, in the iodo case it is slightly 
longer at 2.94 A.

The l̂p mnp of [Pt(S2N2H)(I)(PMe2Ph)] consists of a singlet 
at S = -25.6 ppm with a lj(195pt_31p) COupling constant of 3416 
Hz. The fact that this coupling is larger than in the bromo 
compound is consistent with the lower electronegativity of iodine 
which means less electron density is withdrawn from the Pt-P bond.
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We have yet to investigate reactions of iodine with complexes 
of phosphines other than FMe2Ph.

Fig.54 S tru c tu re  o f  the io d o  com plex [P t (S 2 N ^ l) ( I )  (FMe2 P h )]

(5 ).

Pt-N 2.010(17) Nl-Sl 1.576(16) S1-N2 1.545(23)
N2-S2 1.645(21) Pt-S 2.228(5)
Pt-Nl-Sl 121.3(10) N1-S1-N2 106.6(10) S1-N2-S2 122.3(11)
N2-S2-Pt 104.1(8)

Table 14 Bond d is ta n c e s  (A ) and a n g le s ( ‘ ) in  

[ P t ( S ^ 2 U) ( I )  (M e 2 P h )]
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REACTIONS OF CHLORINE

Our first investigations into the reactions of chlorine were 
performed upon Pt(S2N£) (FPhg^ and resulted in the production of 
PtCJ?4(PPh3)2 * For this reason we expected chlorine to be too 
powerful an oxidising agent to give Pt(IV) complexes of S2N2H- 
and so tended to concentrate upon reactions of the other 
halogens. However, once the aforementioned dependency of the 
bromine reactions upon the nature of the phosphine became 
apparent, we investigated the reaction of [Pt(S2N2H) (FMe2Ph)2 ]BF4 

with chlorine and found evidence for the desired Pt(IV) 
complexes. Unfortunately, since most of our work has 
concentrated upon the reactions of bromine and iodine, the 
chlorine reaction products have yet to be properly characterised.

If [Pt (S2N2H) (Me2Ph) 2 ]BF4 in CH2C 5 2 is treated with a few 
drops of C#2 saturated the solution initially takes on a
dark colour then lightens to a pale red/orange. 31p nmr shows 
this final solution to contain a Pt(IV) complex with an 
asymmetric AX spectrum; $ = 10.5 ppm (lj(195pt_31p) 15 7 2 Hz), S = 
21.0 ppm (lj(195pt_31p) 2085 Hz). This spectrum is consistent 
with the formulation as tra n s- [Pt (S2N2H) (C£) 2 (PMe2Ph) 2 ] BF4, 
although we have yet to isolate the pure compound. Also present 
in this solution are two more Pt(IV) complexes whose spectra are 
both singlets; S = 6.17 ppm (lj(195pt_31p) 2192 Hz) and S = -3.7 
ppm (lj(195pt_31p) 2131). The latter can be assigned to the 
PtCfi4(PMe2Ph)2 by comparison with known samples; we do not yet 
know the nature of the other complex.

From these results it is obvious that chlorination is less 
efficient than bromination since the amount of tetrachloride 
produced is so high. One obvious problem lies in the fact that 
it is difficult to add stoichiometric amounts of chlorine, 
although on this point it should be noted that addition of an 
excess of bromine to [Pt(S2N2H) (PMe2Ph)2 B̂F4 does not affect the 
nature of the final products.

Future work on the chlorination reactions will include 
attempts to assertain whether the Pt(IV) dichloro species can be 
reduced to [Pt(S2N2H) (C5) (PMe2Ph) ] in the same manner as the
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bromo analogue.

GENERAL PROPERTIES OF THE HAhOGENATED COMPLEXES

The Pt(IV) dibromo complexes (3) are much less soluble in 
chlorinated solvents than the parent Pt(II) complexes; they are, 
however, much more soluble in acetonitrile. In contrast, 4 and 5 
are very soluble in most common solvents other than hexane.

Table 15 lists the micro-analysis results for all the 
compounds actually isolated in the above work.

Compound %C %H %N
tra n s 3 23.8 (23.7) 2.8 (2.9) 3.3 (3.5)
<x c i s  3 23.8 (23.7) 2.8 (2.9) 3.4 (3.5)
P c i s  3 23.5 (23.7) 2.8 (2.9) 3.4 (3.5)

4 19.0 (19.0) 2.2 (2.4) 5.4 (5.5)
5 17.3 (17.4) 2 . 1 (2 .2 ) 5.0 (5.1)
6 8 .8 ( 8.1 ) 2.0 (2.3) 6.1 (6.3)
8 23.3 (23.0) 2.9 (2.9) 6.5 (6.7)

Table 15 M ic ro -a n a ly s is  r e s u lt s  f o r  the halogenated compounds 

( c a lc u la te d  v a lu e s in  p a re n th e se s).

nmr spectra

As pointed out in the earlier discussion the main feature of 
the l̂p nmr spectra of these complexes is the relationship 
between the coupling constants ( both lj( 1̂ 5pt_31p)
2j(31p-31p)) and the oxidation state of the platinum. Thus 
whilst in the Pt(II) complexes these couplings are in the region 
of 3000 and 24 Hz, in the Pt(IV) examples they drop to around 
2000 and 10 Hz respectively.

Table 16 lists all the 31p nmr data for these complexes.
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Compound SA ljA SR ljR 2J
tra n s 3 -19.1 (1615) -28.7 (2117) 10

a c i s  3 2 .0 (2134) -19.9 (2 1 2 2) 10

/3 c i s  3 2 .0 (2134) -19.9 (2 1 2 2) 10

4 -23.5 (3367)
5 -25.6 (3416)
6 -33.0 (3355)
7 -3.7 (3294)
8 0.4

Table 16 3 Ip  nmr data f o r  the halogenated com plexes.

IR Spectra of the halogenated complexes

As mentioned in earlier chapters, the IR spectra of complexes 
of the type M(S2N2H)2 have been fully analysed in a number of 
separate studies. By reference to these studies, and to the 
partial analysis of the bands in Pt(S2N2H) (ERg)̂ * complexes by 
Warrens e t a l . the bands in the spectra of 3 - 6  can be 
assigned with at least a reasonable degree of confidence ( Table 
17).

Compound vfN-Hl S[N-H] vfN-SI v[N-S] vtPt-Sl/S[N-S3
tra n s 3 3190(s) * * ** 345(m)/310(m)

c i s  3<x 3170(s) * * ** 330(w)
c i s  3/3 3130(s) * * ** 340(w)/325(w)

4 3190(s) 1170(w) 1040(m) ** 360(vw)/345(m)
5 3220(s) 1170(m) 1035(m) ** 355(vw)/340(m)
6 3275(s) 1065(m) 1030(m) 695 340(m)
8 3280(s) 1055(m) ** 360(w)/330(m)

[ * obscured by BF4; ** obscured by phosphine bands ]

Table 17 A ssignm ents o f  the bands in  the IR  sp e c tra  o f  the  

halogenated  com plexes; [P t (S 2N2H) ( 2 ( FMe2Ph)2  ̂ ^ 4  (3 ) and 
[M (S^!2H )(X )(P R 3) 1 ( M = P t :  X  = B r , FR2 = PMe2Ph ( 4 ) ,  PMe3 (6 ) X  

= I ,  PR3 = FMe2Ph ( 5 ) :  M = Pd, X  = B r , PR3 = FMe2Ph (8).
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IR spectra of M(S2N?H) (X) (FR3 )

The most prominent band in each of these is the N-H stretch, 
which is much stronger than in complexes of the type 
[Pt(S2N2H) (PR3 )2 ]X. By comparing the position of the N-H stretch 
in Pt(S2N2H) (Br) (PMe2Ph) (3190 cm“l) to that in the other 
complexes we can assess its dependence upon the nature of the 
halogen, the phosphine and the metal present.

The frequency of the N-H stretch in [Pt(S2N2H) (Br) (FMe2Ph) ] 
is some 30 cm-! lower than in the iodo anolalogue, presumbly due 
to the greater degree of hydrogen bonding in the former, brought 
about by the larger electronegativity of the bromine compared to 
the iodine.

That the frequency of the N-H stretch is dependent upon the 
metal present is evidenced by the fact that it occurs some 90 
cm"l higher in Pd(S2N2H) (Br) (PMe2Ph) than in the Pt analogue.
This is consistent with the studies in Chapter Four which showed 
that in the bis-phosphine complexes the Pd compounds are poorer 
acids than their Pt counterparts. In other words the N-H bond is 
stronger in the Pd compounds and so, assuming the same is true 
for the bromo complexes, will occur at a higher frequency.

The N-H stretch is also dependent upon the nature of the 
phosphine present, as can be seen by the shift to higher 
frequency in Pt(S2N2H) (Br) (FMe3) (3275 cm~l).

Fig.55 compares the spectrum of 5 with that of the parent 
compound, Pt(S2N2 ) (FMe2Ph)2 , in the region between 120 0 and 1000 

cm“l. The two bands common to both can be assigned to phosphine 
(1100 cm”!) and to vfS-N]. By analogy with the assignments for 
Pt(S2N2H)2 ^8 the peak at 1170 cm “1 can be attributed to S[N-H]
(in-plane mode).

Since all the PMe2Ph complexes have inherant phosphine 
stretches at around 700 cm“l only 6 provides a clear view of this 
part of the spectrum, and reveals a strong peak at 695 cm"l 
which, by analogy with the 82^^“ complexes, can be assigned to 
v[N-S].
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Fig.55 Com parison o f  the m id -fre q u e n cy  IR  sp e ctra  o f  

P t(S£N 2) 2 Pt(S2N 2H ) W  (FMe2 Ph) ( lo w e r), the e x tra
band in  th e  la t t e r  b e in g  due to  % [N -H J.

Finally, the low frequency bands Eire the hardest to assign 
accurately. Both 4 and 5 show a strong land at 345 cm“  ̂and a 
weaker one at 380 cm"!. The latter is probably a phosphine band, 
the former can be assigned to S[N-S] by analogy with the spectra 
of the S2N2 “̂ complexes, discussed in Chapter Three. Both the 
complexes show a very weak band in between these two; this could 
well be the v[Pt-S] stretch.

As with the S2hT2 _̂ complexes there is an anomaly in the IR 
spectra of these complexes, when compared to other systems such 
as Pt(S2N2H)2 « Again, the spectra show only two major S-N
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stretches, at ~ 700 and 1040 cm“l, in direct contrast to the 
latter which has an extra band at around 900 cm~l 57. The only- 
apparent difference in the two types of complexes which could 
account for this variation is the number of S2N2H“ ligands 
present. This would suggest that the mid-frequency N-S stretch 
in M(S2N2H)2 may be enhanced by interactions between the ligands, 
v ia the metal. This is somewhat at odds with the results of 
studies upon Pb(S2N2 )^ , in which this same band was observed, 
though it should be noted that in this particular case no mention 
was made of the relative strength of this band; possibly it is 
only weak.

IR spectra of the different forms and isomers of 3.

Comparison of the IR spectra of the two forms and isomers of 
3 reveals a number of significant differences, which can be used 
to distinguish between them. Fig.56 shows the three areas of the 
spectrum which vary most; these are best considered one at a time.

As Fig.56 shows, the N-H stretches in tra n s 3 and 3a are both 
much higher than in 3jB, which is consistent with the greater 
degree of hydrogen bonding in the latter. This also tends to 
confirm the structure of the tra n s compound since it implies that 
it contains hydrogen bonding more akin to that found in 3a, ie to 
adjacent BF4~ anions, rather than to bromines, which would be 
unlikely in the tra n s configuration.

The pattern in the phosphine stretches between 700 and 800 
cm”l provides a good method for distinguishing the c i s  compounds 
from the tra n s. As Fig.56 shows, both forms of the c i s  compound 
show two stretches, either side of 750 cm”l, whereas only one 
large singlet is seen in the tra n s case. The phosphine bands are 
so complicated that it is impossible to explain the precise 
reasons for this difference.
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Fig.56 Com parison o f  the JR  sp e c tra  o f  3&, 3x and tra n s  3.

Finally, the low frequency end of the IR spectra shows the 
biggest variation between the forms of 3. Attempts to 
rationalise these differences invariably fail; there would, for 
example, seem to be no obvious reason why there is such a 
difference between 3<x and 3/3 when, by previous reasoning, the 
only stretches seen in this area of the spectrum are vfPt-S] and

123



S[N-S]. Comparison with other Pt-Br systems indicates that these 
frequencies are too high to be Pt-Br stretches 6®.

EXPERIMENTAL

General procedures were as described previously.
MeCN was dried and distilled from calcium hydride. Bromine 

was used as received.
The standard bromine solution used consisted of 0.2 ml (

3.9xl0"3mol.) Br2 in 20 ml CH2CI2 .

Preparation of tra n s fPtfSg^H) (BrigCPMegPhlglBFfl (3)

A solution of [Pt(S2N2H) (FMe2Ph)2 ]BF4 (0.2 g, 3. Ixl0“^mol.) in 
CH2CI2 (10 ml) was treated with bromine solution (1 . 6  

ml, 3. Ixl0“̂ mol.) added over a period of ~ 30 seconds. The 
resulting dark red solution was reduced to 2ml in  vacuo and the 
crude product precipitated as a dark claret coloured solid by 
addition of Et20 (50 ml).

After washing with CHCI3 ( 2x5 ml) at -20’C the solid 
analysed correctly for the desired product. Yield 0.21 g ( 84%).

Preparation of crystalline c i s  FPt (S2N2H) (Br) g (PMegPh) g IBF4

The above reaction was repeated and the crude product 
extracted into a hot CH2CI2/CHCI3 mixture (1:1,~ 3 ml). The 
resulting solution was cooled at -20 *C overnight during which 
time large, well formed orange crystals of the product (3oc) were 
deposited, and were retrieved by decanting off the mother liquor.

Yield 0.14 g (56%).
To obtain samples of 3jB the pure tra n s complex was prepared 

as above then dissolved in CHgCPg ( 5 ml) then hexane layered on 
this solution ( at room temperature ). Slow diffusion of the 
hexane yielded thin red/orange needles of 3a together with darker
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prisms of 3/3. The ratio of the two forms obtained was variable ( 
possibly temperature dependant ).

Preparation of PtCSgNgH) (Br) (FMegFh)

A solution of Pt(S2N2H) (PMe2Ph)2 ]BF4 (0.16 2 ,2 .5x10-^ 0 1.) in 
CH2Cfi2 ( 10 ml) was treated with bromine solution (1.3 
ml,2.5xl0-^mol.) and, after five minutes stirring, a dark solid 
was precipitated with Et20 ( 50 ml). This was redissolved in 
CH3CN/CH2C£ 2 (1 : 2  mixture, 20 ml) and the resulting solution 
allowed to stand for two weeks.

After this time the solvent was evaporated off in  vacuo and 
the product taken into CH2C52 (2 ml) and placed on a PTLC plate. 
Elution with CH2C$ 2 revealed a bright yellow/orange band (rf ~ 
0.5) which was removed and the product washed off with MeOH.
After removal of the MeOH in  vacuo the residue was taken into 
CH2Ci?2 (1 nil), hexane (20 ml) added, and the product obtained as 
well formed micro-crystals by evaporation of the CH2Cfi2 in  vacuo.

Yield ~ 21 mg (17%).

Preparation of Pt(S2N2H)(I)(FMegPh)

A solution of [Pt(S2N2H)(PMe2Ph)2 ]BF4 (0.1 g,1.5xl0“4mol.) in 
CH2C#2 (10 ml) was treated with a solution of I2 (40 
mg,1.6xl0“̂ mol.) in warm CH2C£ 2 (10 ml) giving a dark purple 
solution which was allowed to stand for four days. After this 
time silica was added to the solution , in air, and the mixture 
stirred for ~ 30 minutes. The silica was washed with CH2C£ 2 (5 
xl5 ml) until the washings were colourless and the resuting 
solution concentrated to » 2 ml in  vacuo then placed on a PTLC 
plate and eluted with CH2C#2. The orange band rf 0.6 was 
removed, extracted into MeOH, and the product isolated in the 
same manner as the bromine analogue, as orange/brown 
micro-crystals. Yield 15 mg (18%).
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Preparation of Pt (SgNyH) (Br) (TMe3)

A solution of [Pt(S2N2H) (FMe3 )2]BF4 (.08 g, 1.5xl0“4mol.) in 
CH2 CS2 (10 ml) was treated with bromine solution (0.8 
ml,1,6xl0“̂ mol.) and the resulting dark red solution stirred for 
five minutes then reduced to 2 ml in vacuo and a dark solid 
precipitated with Et20/hexane (3:1,70 ml). After drying in vacuo  

the solid was redissolved in CH2CJ?2 (20 ml) and crystallisation 
attempted by slow diffusion of hexane (50 ml). After one week no 
crystals were apparent, only an amorphous red solid and a 
yellow/orange solution. The solution was filtered and evaporated 
to dryness in vacuo.

The residue was extracted into CH2C52 (1 nil) and hexane (20 
ml) added precipitating a brown solid. This was redissolved by 
heating the mixture and crystallised by cooling overnight.

Yield s 5 mg (8%).

Preparation of PtfSgNgH) (Br) (P^Pr^)

A solution of [Pt(S2N2H) (PnPr3)2]BF4 ( 0.27 g,3.9x10-^01.)in 
CH2^2 (10 ml) was treated with bromine solution (2.0 
ml,3.9xl0“^mol.) giving a dark red product. The solvent was 
removed in vacuo and the resulting oily solid thoroughly dried to 
remove all bromine. The resulting red solid was redissolved in 
CH2CP2 (30 ml) and allowed to stand. The solution was monitored 
by TLC; after one day elution with CH2CP2 revealed only a red non 
moving band and a purple band at rf = 0.3. After two days the 
desired product was visible as an orange band rf = 0.5, and this 
band became stronger with time.

After five days the solution was removed in vacuo and the 
oily product extracted into Et20 (6x 20 ml), filtered, then the 
Et20 removed and the residue taken into CH2C3?2 (2 ml) and run on 
a PTLC plate in the same manner as the previous examples.

The 31p nmr Qf the product is consistent with the formulation 
although the product could only be isolated as an oil due to its 
high solubility. Yield 30 mg (15%)
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Preparation of rPd(S2NpH) (Be) (PMe2Ph) 1

Solid samples of [Pt(S2N2H) (Br) (PMe2Ph) ] ( 22 mg., 0.043 
mmol.) and Pd(S2N2 ) (PMe2Ph)2 ( 20 mg., 0.042 mmol.) were mixed in 
a 10 mm nmr tube and CDCP3 ( 2 ml) added. After measurment of 
the l̂p nmr spectrum of the solution the solvent was removed in  

vacuo then the residue extracted into warm Et20 (30 ml). After 
removal of the ether the residue was taken into CHCtfg (0.5 ml) 
and placed in a 5mm nmr tube; hexane was layered on the solution 
and slow diffusion yielded a small crop of orange crystals, 
confirmed as the desired product by micro-analysis.

127



APPENDIX; CRYSTAL STRUCTURE DATA

The following table gives the various crystallographic 
parameters for each of the crystal structures refered to in the 
text; with the exception of two structures, [dbuH] [P̂ tlk̂ PPĥ ) ] 
and [PPI13NH2] [PMS2N2H) (S2O3 ) (PPI1 3) ] for which we have yet to 
receive the data. Details of the latter two will be published in 
due course. Atomic coordinates and thermal parameters of each of 
the structures have been deposited at the Cambridge 
Crystallographic Data Centre. All the following structures were 
determined by Ray Jones and Dr. David Williams of Imperial 
College, with the exception of the two aforementioned cases and 
the structure of Pt(S2N2 ) (FMe3 ) 2 w îch were determined under the 
direction of Dr. M.B.Hursthouse at Queen Mary College, as part of 
the SERC crystal structure service.
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Compound L a tt ic e  Type Space Croup a (A) b (A) c  (A) «  C ) P  C ) _ y  C ) U (A3) Z #j(cm~l )* D „(g  cm**3 ) M R R,,
P t(S 2N2 )(PPh3)2 m onoc lin ic P2i 14.635(7) 12.758(4) 15.405(8) 117.77(1) 117.77(3) 117.77(3) 2548 2 128 1.68 1289.3 0.052 0.054
P t(S 2N2 (FMe3) 2 m onoc lin ic P2i 8 .962(2) 11.667(8) 7.046(2) 110.79(2) 689 2 102.6 * * 2.12 439.39 0.0253 0.0247
P t(S 2M2 )(PMc2Ph) 2 m onoc lin ic C2/c 17.111(6) 13.742(7) 17.924(7) 109.52(3) 3986(3) 8 168.0 1.88 563.51 0.045 0.046
[Pt.(S2N2)(PPh3) l2 m onoclin io P 2 i/n 9 .270(3) 14.809(4) 14.679(4) 99.59(2) 1987 2 174 1.88 1122.0 0.049 0.042
|PU.S2N2H)aMo2Ph)2 ]nF4 m onoc lin ic P 2 i/n 8.568(2) 17.092(5) 16.135(4) 104.83(2) 2284 4 150 1.90 651.3 0.034 0.038
[ I ' t ( : ; 2N2!I)(IWo2I1i)2]C5 m onoc lin ic P 2 i/c 9 .710(4) 25.871(11)i 9 .805(4) 90.62(3) 2463(2) 4 157 1.74 642.44 0.036 0.040
[PL(S2N2lI)(R4c2Ph)2 )PF6 m onoc lin ic P 2 i/c 8 .853(2) 17.162(5) 14.403(8) 104.06(3) 2418(1) 4 150.1 1.96 709.49 0.036 0.038
[Pd(S2N2H)(PMe2Ph)2 ]BF4 roonoclin ic P2x/n 8.584(1) 17.158(3) 16.155(3) 104.93(1) 2299(1) 4 100.5 1.63 562.44 0.038 0.042
a [P t(S 2N2H )(B r)2 (PMe2Ph)2]BF4 m onoc lin ic P2x/n 10.572(6) 8 .507(2) 18.153(4) 110.00(2) 2550(1) 4 172 2.12 811.15 0.044 0.042
P [ P t (S2N2H) (B r ) 2 (FMe2Ph)2 ]BF4 t r i c l i n i c P I 10.667(3) 10.785(3) 11,250(2) 83.24(2) 89.37(2) 77.39(2) 1254.1(5) 2 175 2.16 811.15 0.037 0.041
[P t(S 2N2H)(Br)(FMe2Ph)] orthorhombic P2x2x2x 6.303(3) 13.857(5) 16.166(8) 1412(1) 4 258 2.39 506.26 0.036 0.037
[P t (S2N2H) ( I ) ( FMe2p h )Zl orthorhombic P24242 6.616(3) 13.887(6) 16.195(9) 1488(1) 4 378 2.48 553.28 0.050 0.048
[PPh4 ] [S 3N3] te tra g o na l P4 17.579(5) 7 .447(2) 2230 4 37 1.38 477.6 0.063 0.074

* Cu -Kq. ra d ia t io n ,  X = 1.,54178 A. tt Mo-Kqj ra d ia t io n , X = 0.71069A
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