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ABSTRACT".

Chagter 1. The chemlstry of tran51teoh metal complexes of
-dlthloa01d 11ganos is reviewed group by group,-w1th reference
‘both to complexes w1th and w1thout other lxgandsr

Chapter 24 The synthe51s and propertzeslofrcomplexes3of general
Aformula Ru(S~S). ol (S-s = ssz2 (k ; ﬁé;.zt;_eh), S,Chie,, 3

L = PPh PMe-Ph; PMePh 0 P(OPh) 31 CO, etc...or:L2 = diene, diars,

3'
diphos or- (thP)ZCHz) are reported. For SAS"; SéPR2,~the complexes

are carbonylated to Ru(s-S) Lco.'_ Although for S=S - S-CNMe the
complexes are hore lnert to carbonylat‘on,_all the complexes undergo
~1ligand: exchange w1th L to give elther Rn(S PMe ) LL or
Ru(s,Pie,) L , o or, in some cases, both.:_'Most_of the compounds show
tenperature varlable'iﬂ h,m.r, spectra which-for'S;S = SzPMe2 are
attributable to‘a.facile inverslon of optioal'isomers via a solvent

- assisted bond rupture mechanism which is discussed in detail; - whereac

for S-S =8 CNMe

A 2, they-are attributable to facile rotation about the

C22:N hond at higher temperatures. * Finally, Carbonylation of
VRu(SzPRa)z(PMe Ph)2 gives rise to two other comnlexes of formula
Ru(SzPMez)z(PMeéPhlZCO whose Spectralahd.structures are discussed.
Chapter 3. _The.formation of Rh(S—SL(PMeQPh)z (s-5 = 52PR2,

(R = Me_orrPhl or SzéNMez) from EgseRhCIS(PMezphls and Na S-S in
refluxing ethanol has been shown to 6ccgr via stenwise displaeement

of chloride ions'and phoephine 1igands-ahd,.by varyino the reaction»
conditions,:manj of the'intermediates have been isolated; The reactlon
.w1th KS COEt oroceeds along similar 11nes although attack on coordinated
Yanthato grouns leads to the formation of varlous d1th10carbonato

AcOﬂolexes, such as mer-Rh(S CO)Cl(PMeZPh) cis and trans

Rh(s CO”t)(S co) (PMe,Ph), and K| trans-Rh(S,C0),, (PMe Ph) ]



The spectroscopic properfies of the complexes are discussed.

Chapter k.,  The reactions of mer-OsCis(PMezph)B with S-S~
-5 = - 1 Bt) i .

(s-s SZPRZ (R = Ph, Me), SZCNMez, SZCO t) are discussed

With KS,COEt, the sole product is mer-Os(s_zcont)c:l'(pwezph)3

whereas with SZCNMe2 and sszé’ the final products are
cis-Os(S-S)z(PMezph)o. As for ruthenium, those complexes show
temperatu.c variabie 1H Nemere spectra which are similarly

interpreted although for S-S = S_PMe fhe optical inversion

2 2!
appears to occur via a non solvent assisted bond rupture mechanism.
The formation of gig-Os(S-s)z(PMeZPh)z appears to go via a series
of OSIII ionic intermediates with reduction to OsII as the last
step whilst for Os(SzCNHez)z(PMezPh)z, a parallgl mechanism
operates which involves an OsII intermédiate of the form
ESErOS(SZCNMez)Cl(PMezph)'which isomerises to the facial isomer
before reaction ﬁith more -SZCNMez; This facial isomer also

~reacts with solvent (EtCH) to give ggngs(SZCNMez)bEt(PQezph)3.
Finally, carbonylation of Eiﬁ-Os(SQPMez)é(PMezPh)zAgives
the analagous products to the ruthenium system except that they
are less labile and Os(SZPMez)z(PNezPh‘)(CO)2 is also formed.
AERéndix 1 outlines‘the method of obtaining activation paramefers
froﬁ experimental and computed spectra at different temneratures
and lifetimes respectively, . o
Appendix 2 The crystal structure of Singu(SEPEtz)z(PMe

zPh)z is

presented,



CHAPTER 1

A Survey of Transition Metal Complexes with Dithioacid Ligands

Dithioacidg may be regarded as being derived from any oxoacid
having two or more functioﬁal oxygen atoms by reblaéihg two of the
functional oxygen atoms in fhat acid with sulphﬁr atoms. Since tho
' ‘results presented in the later chapters of this thesis.refef to
complexes of N,N-disubstitgted ditpiocaroamates (-SZCNRZ),'0-substituted>

dithiocarbonates (TS_COR) (hereafter referred to as xanthates), and

2
P,P disubstituted phosphinodithiocates, it is considered of interest
to review the results that have already been published on transition

metal complexes of these ligands.

1) Bonding in transition metal dithioacid complexes.

Thé versatility of'dithioacid ligagds is evidenced by the fact
that they are able:to stabilize wide ranges of oxidation states for
many metals, This phenomenqn is perhaps. best expiained because,
apart from being Jd-donors, the sulphur atoms are also capable.qf
acting as weak Ar-donors (from the filled 3p orbitals), thus stabilizing
high oxigtibn statés, or IT-acceptors (to empty 3d orbitals) thus
stabilizing lower oxidation ;tates. This T-donor ability has also
ﬁeén‘used to explain fhe'change iﬁ the mdde of bonding of thiocyanate
ions from N- to S- bonded when potassium «.hyl xanthate is reacted1
with[Cr(NcS)J?™ to give [Cr(SCcN), (s,COEE )} 27, whilst the Tr- acceptor

properties are confirmed by the covalency of the out of plane “-bonds

. . _ . ' 2,3
in Cu(s S)2 (S-S = Sa.NR2 or S2

COR), as detected by e.s.r. spectroscopy.
There are differences, however, between the dithioacid ligands;

e.g. lower oxidation states tend to be better stabiiized by

phosphinodithioates than by xanthates or dithiocarbamates, ‘Thus,



whereas the xaﬁtﬁétes and.dithiocarﬁamatesvbf Mn(II), Fe(II) and
Co(II)kaare relgtivély difficult to prepare since they are readily
oxidised to the M(III) complexes, the phosphinodithiqateé of the
divalentlions‘are easier to prepare ahd mére stable than their
éorresponding‘M(iII) compoundsS'G. _An explénation of this is
forthcoming from a considefation 6f.théudifferent_resonance
-structureS‘thatfcan ﬁe exhibited by the #ari;ué.iigands, and of
the effect_of tﬁese on the donor_énd.acéepféf properties of the
ligaﬁds. . |

Since all the dithioécid aniéhs havé ?ﬁs'terminal.sulphur atoms;
either of these may be. doubly bonded £o thewgéighbourihg atom (C or P),

in the free ion, while the other supports the upihegati;e charge{

\ Pl,_'—’R IS . v ) \P__—-R
4/? ‘\ai R o .. '- /// ‘NgezR

For -SZCan_and -SchR, however, a further resonance form

is possible in which a lone pair from the oxygen or nitrogen atocx

is donated to the carbon atom and each sulphur atom supports &a

uhinegative charge7’8.

i.e.

S R S R S R
AN o / N\ /
/C—NA Ce—s C—N — /c=

s/ R S R S R

S R K R S R



- 3.5 
On accouhthéf>the greater‘;lecf}onégafivity of oxygen
compared with that of nitrogen, it hasVSéen suggested? that
donation of tﬁeflone pair from the oxygeﬁ.atpﬁ is less likely
and thefefore_this resonance structgré'wi;libe less important
CNRZ’ and thisihag'been.shown by infra-

and eray techniqueslo’11

for. "szcc'-n than for 5

)7,9

2

red (i.r. ﬁé'be;expgrimentally
the case. A

Thus, the'foliowiné order ofvnegafiQévégéféé density on
the sulphur at§ms of the dithioacid liganAS ﬁéy be drawn up, and
this order will correlate directly with the aon§r properties of
the ligands butvinvgfsely with their écceptof"bropertiesa and
consequently difect3y vith their aﬁiii£y,t6:stabiiize hféher

oxidation states of metals:

scrm2> szcon> S,PR,

2 PR

Another facet of the‘versatility:of‘difhioacid anions as ligands
arises from tﬁe diffesrent ways in whigh they may coordinate to métals.
‘Thus, apart frém'actinglés simple countér aﬁiéns, they may act as
unidentate one eiettron dénors,

i.e. ; | : L- S

M

or a lone pair of the uncoordinated'sﬁlphur atom may then donate

either to the same metal atom'or_to‘ahother one, forming a bidentate

or bridging ligand.

i.e. : o » o : \P,
S '_ s/ ¥
N__ .--R or ‘ . TN
M ’ . \.'_‘ 'P—‘ . : ) » M " . | .\“ M



Occasionally, a further two electrons may then be donated to -
another metal atom to form a five electron donor ligand bridging

either two or three metal atoms.

i.e. ' _— o
/ \ | R R
or ' R
\ ‘R . ’ /"\
M | MT h‘ﬁ M
- Complexes which exhibit all these types of boﬁding have been
made (vide infra) and i.r.12-16 and n.m.r.17 téchniques have been

developed to distinguish between them.
.Finally, some reactions occur in which mc2ification of the

dithioacid ligand takes place. These include attack on the alkoxy

18,19

group of S_COR by nucleophiles to give dithiocarbonates;

2

€eJe
+

N\ |e ~, /\
\/COEt SCOEt —-—>'/ ~ /

L/ S | 1 S
and the formation of coordinated carbenes by the reaction of Mo(11)

“acetate with ~s_cNr_,20"22 R.N

2 2 ' - 2 \C*~ | ) o C/NR

- J. T s ] s

Mo OCOMel, + NaSCNR, ——> M | Ler l\
S S

RN—C C—nNR,

C=0 + EtS ,COEt

in which a molybdenua atom apparently inserts into a C-S bond.
Transition metal complexes of these three dithioacid ligands

will now be examined triad by triad.
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2) Complexes of Copper, Silver and Gold.

a) Binary compounds.

The coinage metals are thé only transition elements for
which univalent dithioacid complexes are known. | These metals
all have a dio electronic configuration in their +1 oxidation
siate and the stability of the closed sub-shell presumably accounts
for the formation of these.comélexes. There are two main modes of.
prep%ration of Cu(l) dithiocacid complexes. bithiocarbamates may
be prepared by oxidation of the metal with tetraalkylthiuram disulphides,

23

(SchRz)z, in cold benzene or chloroformzq, although in the latter

25

solvent, some Cu.(SZCNRz)2 is also formed. Yanthates and

phosphinodithioateszs, on the other hand, are best prepared by the
reduction of Cu(II) salts with the appropriate dithioacid anion.
{Cu(SZPFz)}n has also been prepared, by the action of HSZPF2 on
copper in toluene at 7O°C2?.
Since silver.and~gold both have stable + 1 chlorides, direct
reaction of these with dithioacid anions leads to the formation of
28 29,30

{M(s-s)}n (S-S = szcnnz , szcon ‘ or séPR226’31).‘ [Au(s-s)}2
' 8

(S-s = SZCOR2 ’ SzPRzzs) may also be prepared by the interaction of
Au(III) salts with Na(s-S), whereas oxidation of metallic gold with
xanthates leads to the isélation of {Au(achR)}z. However, siﬁde
higher oxidation states of silver are relatively unstable, Ag(I) salts
are not oxidised by (SZCNRz)Z but react with them or Ni(SZCNRz)2 to
produce (AgtszéNRz)}632’33.

All these dithioacidAcomplexes are found to be associated both

in solution and in the solid state and, although the degree of

association is not always easy to determine, it appears that at least



for the dithiocarbamate334-36

and phosphinodithioateSZG, the gold
komplexes are dimeric, the copper compiexes tetrameric and the
silver.compleies hexameric or of higher association.,

The.only x~-ray crystallographic data availaﬁle on these
complexes pertéin to the dithiocarbarates and these are shown
to have interesting siructures and unusual bonding modes for the
ligands. Thus, {Cu(SZCNEtz)}434 has the copper atoms arranged 
at the-corners of a somewhat distorted tetrahedron with a
dithiocarbamafe ligand situated above each face of this tetrahedron
and coordinated to all three metal atoms of the face such that each
copper atom is bou:nd to three sﬁlphur atoms in'an almost.planar
fashion; Although it is evident that one sulphur atommgf each ligand
binds to one copper atom whilst the other is coordinated to two
copﬁer atoms: the electronic nature of the bonding in this coﬁpound
is not entirely clear, but it is presumably simiiar to that in the
complex [Ag(SzéNPrzﬂ%35, in which the silver atoms are arranged at
the apices of a distorted octahedron with the dithiocarbamate ligands
again situated above six of the faces of the oétahedron and coordinated
to all three sulphur atoms of that face so that the silver atoms are
trigon#lly coordinated although not quite planar. {AU(SZCNPrz)]236
is rather different, with both of the dithiocarbamate ligands bridginag
the two gold atoms and acting as three electron donors. However, the
molecule is twisted in such a way that the coordination of each gold
atom by sulphur is essentially linear, as in mostiother complexes of
Au(I). - It is also interesting to note that in all three complexes
some of the metal-metal distances are shorter than those found in the

free metal, but this need not necessarily be due to direct metal-metal



36

bonding” .
Oxidation of these univalent dithiocarbamate complexes by
(SZCNRZ)Z leads to M(SZCNRZ)Z (M = Cu,Ag) and, whilst jhe gold

compound is oxidised slowly to Au(52CNR2)3 under these conditions,

the Au(II) complex has been detecteld as an intermediate by E.S.R.38

Cu(SZCNRz)2 may also be prepared by the reaction of Cu or CuSO4 with

23,24

(SZCNRZ)Z ia refluxing solvents , or by reaction between CuCE and

2PFz)z flth

_ (MezNCS)ZS;Bg  Attempts to oxidise Cu(s,PF,) to Cu(s
. . s

(SZPFz)z were unsuccessful, yielding only unchanged starting material.

Cu(52COR)240 and Cu(S?_‘PRz)Zlf1 have been preparedvby the reaction
of stoichiometric amounts of the dithioacid anions with_CuSOh in'water
followed by extraction of the product with CCL. Howevér, facile
reduction to the Cu(I) complexes (vide supra) means that yields of the
Cu(II) complexes are low, |
Very little structural information is available for the
phosphinodifhioates er xanthates of the divaient coinage metals

42

except that e.s.r. experiments on Cu(S_PR_)

PRy, have shown that the

hyperfine splitting of the sighals arises from coupling of the unpaired

electron on the copper ion with the 31

P nucleus of the ligand via
delocalisation through the coordinatédAsulphur atoms. This indicates
that the ﬁﬁjaired electron is in the d x2_y2 orbital of the copper
.ioh (as pre&icted.by simple crystal field theory) and contrasts with
the mechanism for the interaction of.the unpaired electron with the
phosphorus atoms in VO(SzPRé)z, which occurs by a direct interaction
_between the 3d <y orbital on vanadium and the 3s orbital on phosphorus.

However, the structures of Cu(SzCNRz)2 have been very extensively

studied and they have been shown to be monomeric square-planar species



~in solutionks, the gas phasekh,'and at high temperatures in ﬁhe,

45

solid state when they are isomorphous with-Ni(SZCNRz)z. At
normal temperatures in the sclid state, however, the complexes

. s o < 46 . .
are isomorphous with {Zn(>ZCNR2)2]z y i.e. dimeric with the two

planes of sulphur atoms parallel to cna anothér, and each copper

atom in a distorted square- pyramidai environment

(1)e For R = prlf7 or B8, it is found that
S
R CN NCR :
o N vd (1
/"S\ : ,'/S\

. 7 h) 4 Sy i .
chN\ A u\ NCR,
the sixth coordinating position of the copper atoms is occupied by
a hydrogen atom of a neighbouring dimer. E.s.r. and magnetic
" measurements also indicate‘that, apart from a weak anti‘ferromaghetié
interaction between dimersag, the individual dimers each have a
- 50 . . bo S
triplet (S=1)7 ground state because of a forromagnetic ° exchange
interaction between the two halves of the dimer which occurs through
. o (o . 51 o 50
the out of plane orbitals and the bridging sulphur atoms” . .
s . ' T SO )1 52
This has also been confirmed for the dimeric {hg (SZCNPr s . The
only non dimeric compound of this kind is Cu(SZCNMePh)2 which is

53.

monomeric in the crystél This is rationalised in terms of a-éteric

interacti&n betweén.the methyl group and the phenyl ring on each
dithiocarbamate iigand which leads to the plane of the ring,being'
inclined at 87° to the plane of the four sulphur atoms, thus maklng
it ster1ca11y unfavourable for dimerisation to occur51
As has already been noted {Au(S CNR )} slowly give Au(s CNR )3
when treated with (S CNR ) These Au(III) complexes may also be



prepared by'the reaction of AuQ% with NaSZCNR2 in slightly acid

solutionsh. This reaction occurs by stepwise displacement of the

Sk

chloride ions by dithiocarbamate ligands but if carried out in

2

basic solution or if excess dithiocarbamatelis used, {Au(SZCNRZ)}

55

is thc only product””. A similar technique has'been employed to- -
isolate Au(s Pthjvss R
2 2’3 ° R
Cationic dithiocarbamate complexes_of:ﬁu(ill), [Au(SZCNRz)zl_

[AuBr] have also been prepared, by the intefecfion of one equivalent

57

of {Au (S CMR )}2 thh half a mole of bromlne Other anions

may then replace the AuBr e1ther by the u=e of an ion exchange

column or By precipitationss. In the case of [Au(S CNR )2][AuBr4]

this decomposes on hnatlng to yxeld Au(S CNR )Br whxch may also be

2
_prepared by the actxon of one mole of bromlne thh one equivalent of
{Au(s CNR 2}2 and whxch reacts w1th excess S CNR to give [uu(S CNR

These Au(IIT). complexes (Sd ) are isoelectronxc with Pt (II) complexes

]Br}

and would therefore be expected to be spin-paired, square-planar'compounds.

',this is ihdeed tﬁe‘case and an x-rey structure of»Au(SZCNEtz)S59 has
'shoﬁn that one'of;the dityiocaroamate ligands is bidentate whilst
the other twoAare unidehtate'(c.f. the xanfhate ligands in [AsPh4]“
[Pt(s,COEL),] )69;.
but an interesting‘feafure of their crystal"structures61 is thet the
anions often pack close to the nitrogee atons of the dithiocarbamate
) ligands ano hence have an effect on the position of V C#:N ' in

the solid etate i.r, spectra61. | o

An analagous series of cationic copper complexes has also

been prepared, by the oxidation of {Cu(schRz)} 4 or {Cu(SéCNRz)

The ionic Au(III) complexeeAare also square-planar
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vith'iodine or_éetal chloridés62 an& # crystél étructure of
[Cu(SZCNBuz)z]I363 has revealed that the_copper atom is in a
square-planar‘environmgnt of sulphur atoms, with the Cu-S bond
length béing ca Q-OSX shorter than in~negtrél {Cu(SéCNBuz)zlz
which is consisfent with there-beihg a gréater positive charge
on the metal in- thé.former complex. - 4

Flnally, if three moles of Cu(S CVBu ) véfé treated with
one mole of brom1ne and one of MBr (M = Zn Cd or Hg), compounds
of formula [Cu (S CNBu )6 ][ MzBrB] _can be 1solated64 ~ An x-ray
crystal st’.t‘uctureGlt of the compound (M = Cd)-shpw; that the cation

consists of three square-planar Cu(S CNBuz)zfunits bound together

2
in sucﬁ a way'tﬁét their planes aré pafallell(z);' the two outer cépper
~S<. --Se¢
BuNC\S/ \S/CNBU
' 'S\ ' o’é .
BulNC\S/Cu\S/CNBu (2.)
»5~ 'r S

Bu NC - "‘Cu -CNBu,
\s/ ~~~s
atoms are in distorted square pyramidal environments whilst the
ehvironment of the central copper atom is a distorted octahedron.
On the basis of Cu = § Bond lengths, the outer two copper atoms
are assigned a +3 oxidation state, whereas the central atom is in

+2 o;idation state.

b) Compounds containing other ligands.-

(i) Nitrogeri donors.

No complexes of the coinage metalé containing both dithioacid

'ligahds and nitrogen donor ligands have beeﬁ isolated but solutions

65

of'Cu(SZCNRz)2 containing pyridiness, piperidinees, n~hexylamine -,

3=y b= picolines66, 3, ke and 2,6~ lutidine567 in various solvents



ﬁave been studied.by ee+8.r.techniques. All these ligands form
1:1 adducts, the base being in the apica168 position of a square-
pyramid, and thermodynamic and kinetic parameters have been
calculated for adduct formation. A similar study on Ag(SZCNRz)z69
has shown that this too forms 1:1 aaducts with pyridine, 2-, 3-, 4=
picolines and triethylamine.

(ii) Phosphsrus donors.

Complexes containing both a dithioacid ligand and phosphorus
donor ligands may either be prepared by the action of tertiary
phosphines or phosphites on {M(S-S)} n' °F by reaction of (S-S)~
with a complex of the metal which already contains the phosphorus

ligand. Thus, the reactions between [M(S-S)]} ., (M=Ag, S-S=s;

CNR27O'or s.coet°;  MeCu, $-$=5,CNR

o 70) and triphenylphosphine

2
yield M(PPh,)2 (5=S) which are definitely jonic for S-S= S_CNR 70
. P

2 2
: . 2
and probably jonic for S=S= SZCOEt-g. In contrast, reaction of

{M(schRZ)}n (M = Cu, Ag)"° with triethylphosphine leads to the

formation of M(PEt3) (52CNR2) which, for M = Cu, is rapidly oxidised

by air to cu(SZCNR2)2° Similar compounds, AulL (S-S) (L = PPhB,
B 70

: 29 :
39 S-S = S,CNR,"~ or S,COR ) have also

S-S = szc05t29; L = PEt
been prepared by the action of (S-S)™ on AuL Br, although for

S-S = S,CMMe,, or S,CNEt,, both Br~ and triethylphosphine are
replaced to yield Au (SZCNR2)27°.

. 71 72 .
Finally, reaction of M (SZPFz) (M =cu’'’y Ag'”) with

tri-o-tolylphosphine or triphenylphosphite leads, at low temperature.
to the tetrahedral L3 M(SP(S)FZ),complex with the anion bound

through only one sulphur atom; on heating, this expels a phosphorus

"donor ligané with concomitant chelation of the SZPFZ ligand.
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(iii) Halogen and alkyl ligands.
73,'Cu74) with halogens

75

Oxidation of {M(s eNR,)} (M = Au |

(1:1 molar.ratios) leads to the formation of square=planar

H(SZCNRé)XZ, which react with Grignard or alkyl cadmium reagents
. 5 )

: . : o .
to prcduce M(SZCNRZ)Rz . These compounds may also be prepared

by the interaction of AuCL with NasS CNR2 in the presence of a

2
Grignard or. alkyl cadmium reagent. If exceés;halogen is used in
the rgact1on wlth [Cu(SZQNRz)}n’_the mop?per}c compound CuX3-

76

(52CNR2) is formed o >Magneti¢_measﬁremén;§ indicate that this
molecule has ohé unpaired electron.which'could‘be gxglained either
by invoking the presence of Cq(IV) (367)A9rmby asguminé Cu(II)
(369) and a céofdinated halogen mé;echle; éitﬁer~of these situations
would be‘exfremely,unusﬁal. |

‘Cu(SZCNRz)Cl has been prepared by.ditéét exchange between
Cu(SZCNRz)2 and éuC£77, a reactiopifhéf“ﬁasvalso_beenbused to
form compounds qontaining moré than oﬁe dithioacid ligand €eQe
Cu(s_CNEt,) (s PPf )78 and Cu(sS_CNEt_) (s_P(OEt)_)77*

2 2 2.2 TS T2 2 2 2

- Finally, the anions Au(52CNR2) (SZCZ(CN)z) have been prepared80

and shown to have the square-planar configuration expected for

Au(III) (5d8).

3. Complexes of Titanium, Zirconium and Hafnium.

a) Binary compounds.

Only one dithioacid complex of hafnium has been reported
(Hf(SZCNMeé)4)81 but the dithiocarbamates of Ti(IV) and Zr(IV) are
relatively well known. They may be prepared either by reactibn of

CNR 82, in which case stepwise substitution of

TJC}* with Na$S >

2

chloride ions by'”SZCNR2 occurs, or by insertion of CS2 into the
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M=N bonds of M(NR2)414’81. It has also been shown that reaction

. . . . 83 .
of TJ.(NRz)3 with CS2 yields T1(SZCNR2)4 along with a brown

powder, tentatively formulated as Ti(SZCNRz)ZBQ. This reaction

presumably involves initial formation of Ti(S CNRZ)3 followed by

2

dispropOrtionation to yield the products.

The compounds M(SZCNEt2)4 (M = Ti or Zr) are isomorphousss,

and a singie crystal study of Ti(SZCNEt2)4 reveals that all eight

sulphur atoms are coordinated to titanium in a dodecahedral-

85

arrangement This is not inconsistent with its behaviour in

solution86, although both Ti(IV) and Zr(1V) compounds have been
1 K 88
3¢ 87’88 and, in the case of Zr(S CNMeC F )4, %F nemer.

to be stereochemically non-rigid down to -130°C, -

shown by - H,

b) Compounds containing other ligands.

'Reactions of TiCk with dithioacids or their sodium salts in
refluxing benzene lead to complexes which contain both chlorine and
. . 82 '
dithioacid ligands. Thus, T;(SZCNRz)n . (n = 2,3 or 4) all of

which contain only bidentate SZCNRZ ligands and show rapid metal

' centred rearrangements down to ~-90°C, may be isolated from the

reaction with Na52CNR2, whilst HSZPannd-HSzPPh2 yie1§ only

TiC%(S,,PFz)89 and TiCE (52P§h2)29o respectively, This last coﬁpound

reacts with phenol to give -Ti(OPh)2 (SZPth)zgo.

.

‘The only other complexes of titanium containing dithioacid

and other ligands are (ﬁ .cSHS)2 Ti(S-S) (S-S = S CNR283 291 or

52C0R92) vhich may either be prepared by the action of the appropriate

dithioacid anion on (ﬁs--c 1’? 192 or, for $-S = S

5 5 2 2CNRZ, by
83

insertion of CS, into the Ti-N bonds of ( 7‘-05H5)2 T;‘NMez)z
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L, Complexes of Vanadium, Niobium and Tantalum.

a) Binary compounds.
Both dithiocarbamates and phosphinodithioates are known

for V(III) and are presumably tris chelates w1th dlstorted
86

octahedral stereochem1str1es. V(S CNR ) are prepared by

. N 93,94
heating V(SZCNR2)4 in.vaccuo, whilst V(SQPRz)3 are made

by the action of =S PR on VC1 under anaerob1c cond;tions. These

2 3

compounds are all air-sensitive solids, being readily oxidised to

2 23

95 89
HSZPF2 with either VCl3 or VCt

As with titanium, reaction of M(NRz)n (M = V or Nb,n=4; M=Ta,n=5)
. “ S

VO(S-S) 95. - V(S_PF_)_. can also be ﬁrepared;.by reaction of

with cs, yield M(SZCNRQ) which forvthe M(IV) species “are dodecahedralgs,

87 compoﬁnds. Although V(S CNEt )4 is isostructural with

fiuxiona1
vTi(SZCNEt2)4 , an aged solution of V(S CNEt )4 appears to contain
only unidentate lxgands.. Thesg gre presumably arranged in a distorted
tetrahedral configuration; é,f. V(SZCOEt)Q which has been shown by

€¢8S.r. experiments t6 add phosphorus donor ligands to its coordination

éphere‘at high temperaturesga. M(SZCNRZ)n (M=Nb, n=4; M=Ta, n=5)
' 99

have also been prepared from MC% and NaSZCNR2 4 but the structure of
the Ta(V) complex is unknown.

b) Compounds containing other ligands,

Reactions of VOSOQ with difhioacid'ligands lead to the formation

100 szCOR1°1 or szpnzio ) which have been

103

extensively studied by e.s.r. spectrosceny and kave been shown to

of vo(s-s)2 (s-s_=szcmz2

have square-pyramidal structures with the oxygen atom in the apical

1 .
position of the pyramid 04. These compounds all interact with

'solventsioo, pyridinegk’ioo, h-methylpyridin%04 or dimethyl sulphoxide100
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to yield 1:1 trans oc t ahedral adducts, some of which (S-S:SZCNR

L=pyridine or 4-methylpyridine) have been isolatedlog. A more recent

2’

study of- the reaction of VO(SZPRZ)Z-with pyridine, dimethyl formamide

or hexamethyl phosphoramide has shown that several products are

formed by stepwise cleavage of the v;s bondsios;
ioeo 0 - . O ; S-\ O
e R I N L I
S/V\\S 5/ \S—\ L/ \Q
| | s 1*2L S
-0
(S\"‘\l} 0l ses
o | =g t/’\ [ I
S— - -

'The‘interesting VO(SZCNRZ)S may AISoAbe prepared by the reaction

of VO SO4 with NaSZCNRz, but only in the presence of hydrogen peroxidelos.

This compound, like its niobium analogue, prepared by *he reaction of

NbC% with NaSéCNRz in cold, anhydrous methanolloG, has a'penfagonal-
: ' 107

bipyramidal configuratioh with the oxygen atom in an axial position .

The reaction . of Nbcg or Tan_with NaSZCNR in cold, anhydrous

2
methanolhas, however, been shown by other workers to produce MCl(OMe)E

(S CNR ) 108, anotﬁer pentagonal-bipyramidal mclecule with axial
methoxy groups, whilst in less polar solven s (06 ¢ oF CHZC%)’

M(S CNR ) C% M(S CNR )35 or M(SZCNRz)zg% are formed, depending upon
the relatiye rgtios of the starting materialslog;

The only other dithioacid complexes that have been isolated are

the ionic [(ﬁs--csﬁs}z VS COR] (s COR)lio, prepared by reaction of
i - vCL ' -
‘SZCQR with ( ﬁ CSHS)Z and these complexes with Bph4 or BF4

‘as counter.énions,_[(7 -CSHS) V(SZCOR)]X.iii
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5. Complexes of Chromium, Molybdenum and Tungsten.

a) Binary compounds.

Dithiocarbamate complexes of Cr(II) may be prepared by
interactiﬁn of hydrated chromous chloride with NaSZCNR2 in
carefully degassed waferé. The resultihg yeiléw—green complexes
are pyrophoric in air and oxidise readily in solution to yield
>Cr(III) sr:ciesk. However, they have been shown to be isomorphous>
with {Cu(SZCNRz)ZY2 and are thus dimeric with each chromium ion
surrounded by five sulphur atoms in a square-pyramidal arrangement.
Magnetic meésurements indicate thgf tbe complexes are low-spin d
vsygtems which, in contrast to their Cu(II) analogues, have rather
low‘magnetic monients on account of an anti-ferrdm;gnetig.intefaction
between unpaired electroﬁs on the two chromium ions of a dimériiz.

‘M02(0C0M9)4s on the other hand, reacts with NasacNR 22,

21,1i3

2

NaS_COR

o or NaSzPth22 to give dimeric, diamagnetic complexes

with fousr bridging dithioacid ligands and very significant metal-
113 '

metal interaction o Care must, however, be exercised in the

preparation of M°2(52CNR2)4 since prolonged reaction in alcohols

leads to the sulphur bridged carbene complex mentioned earlier21’22

(page 4) and, in air, oxidation to the oxo-bridged M0203(52CNR2)4‘

readily occurszz.

Reaction of CfC% with dithioacid ligands leads to the formation

114,115’ s.corl’S, s pr 31,116,117 __

of Cr(s-s)3 (S-S o oPR,

S?‘CNR2

SZPF2 |
close to their spin-only value8118’119, as expected for a d3 configuration,

An x-ray crystal structure of Cr(schEt)B120

121,122

27), all of which are monomeric compounds with magnetic moments

, as well as low temperature.

119,123

absorption and emission spectra and solution electronic spectra
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-indicates that all these complexes have trigonally distorted
octrahedral stereochemistries. These distortions towards
trigonal prismatic geometry are perhaps. best exélained in

terms of the steric nature of the ligands, which'seem to requiré
vthat thé S-Cr-S angle (both sulphur atoms in the same chelate)
be ca. 75°, somewhere between that for an octahedr&n (90°) and a

trigonal prism (ca 70°¢). Mo(szPFz)3 mav also be prepared, by

the reaction of MOC% with HS PFz, which again indicates the reducing

2

nature of thé -SZPFZ anion124.

The dodecahedral complex Mo(SZCNR2)4 may be prepéred'either by
125 ‘

/

treatment.of Mo(C0)6 with (SZCan)z

the Mo-N bonds of Mo(NR2)4126; whilst w(SZCNR2)4 is best prepared

or by insertion of CS, into

by reaction of WCL(MeCN)2 with NaSZCNR299. Both these M(IV)'species

(R=Et) may be oxidised by iodine or bromine to [M(SZCNEt

. _ 2)4
(X=I,Br)?27,vin which the cation again posesses dodecahedral

stereochemistryiaso

11X

b) Compounds containing other ligands.

(i) Oxygen.

Ox;;en contéining complexes of these matals with dithiocacid
ligands are limited to those of molybdenum in relétively high
12" witn

oxidation states (IV, V and VI). Reactions of | Moo,

NaS,CNR, in alkaline solution yield MoO, (schR2)2114 whereas if

the reactions are carried ont in neutral or slightly acid solution,

the singlv oxo-bridged M0203(52CNR2)4 are isolatedizg. These may

ﬁc-
also be prepared by the action of NaS,CNR, on[MoOCgTé 106,130 or

[Mood3- 134 45 acid solution. If 1:1 ratios of NaSZCNRé and

[MoOdB- are employed, the product is the doubly oxo-bridged:
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Hozok(SZCNR2)2131a.‘ Similar compoundsvbut with sulphur bridges,

Mo, O. S (SchR)2 have recently been prepared by the reaction of

2 2 2
. 131b A
M02 03 (52COR)4 with alcohols . With xanthates, however, both -

[Mo Odz- and[Mo Oéf- give Mo, 03 (SZCOR)Q, the former requiring

three moles of KS

occurisz. Reaction of[Mooﬁ-_with HS_PPh_ yields MoOz(SZPPh2)293.

2COR per mole of molybdenum =o that reduction can

2 2
The monomeric Mo(VI) species Mooz(f:-s)2 have been shown by

133 134

X=-ray y dipole moment measurements

130,134

and i.r. spectroscopy

(two vV Mo = O near 900 cm ) to have a cis arrangement of

oxygen atoms, although the dimeric species [MOO2 (SZCNRO) have

2)2lz

also been reported, as arising from the oxidation of Mo(CO)é

L(SZCNRZ) (L = PPh_, AsPh3 or SbPhs) in non-polar solvents 1>,

However, in the Mo(V) species, although the terminal oxygen atoms

'are_always cis to the bridging oxygen, they may be either mutually

136 or S_CNR 130

cis (S-S = SZCOR oCNR,,

) or trans (S-S = SzP(OEt)2137) and

their diamagnetism has been explained in terms of interaction between

the unpaired electrons on each molybdenum ion via the linear oxygen

bridge3°.

Reductions of Mozo3 (SZCNR

. . 138 <
. 4“w1th zinc™”", or of Mod, (~.2CNR2)2
139

o)

with triphenylphosphine produce MoO (SZCNRZ)Z’ which readily

coordinate unsaturated C=C bonds.in their vacant position140 and are
presumably isostructural with the corresponding VO (SéCNR2)2103.
The analagous MoO (SZPFZ)Z is formed by the reactisn of MoOCl with

124 . < s . , 124
HSZPF2 s and reacts with pyridine to give [MoOpyh ]-[ SZPF2]2

(c.f. reaction of VO (Sszz)szith pyridine)ios.

(ii) Nitric oxide.

Complexes containing nitric oxide and dithioacid ligands are
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known for all the group Vlia metals;. thus,ithe monomeric cis -

»M(NO)Z (_SzCNRz)z are readily prepared either by reaction of

141 with_Na S CNRZ, or by interaction

{M(No)glz}n (M = Mo or W) o

of Cr£°COM3)49 NO and Na S

2CNR2 at lowvtempefatureslkz. . In all

these complexes, the NO ligand acts as a'threebelectron donor
making them eighteéﬁ electron_systéms. ‘Ihe>molybdenum and
tungsten specieg both show temperatufe dépehdg%f h.m.r. spectra
whicﬁ have'been:interpreted in termé of a ruéfure of a metal -
sulphur bond,‘followéd by recombination éf_éhéjligand with the
environments of'theiﬁ groups interchanged14§. _ij(NO)2 (SZCNEtajz_
may also be prepared by reaction of [é;(ﬁo)#‘(ﬁecﬁih] [PF6]2 with
144 "

o In contrast, reactions of{MoNOC%-} with NaS_CNR
. : . , n 2 2

145

As (SzcﬁEtz)3

give the interesting pentagonal-bipyramidaiiMo(NO) (SZCN'RZ)3 which

are also eighteen electron systems and their témperafure variable

ne.m.r., spectra have“been explained in a similar fashion to those of
. 143 '
M(Nq)z (szcnnz)2 (M = Mo or W)™ .
A series of e.s;r.-experiments on compounds containing

: \ ' 146 146 14
[CrGEp)SFO(S-S)]+ (s-s = S,CNR,""", S,COR or S IR, ) has

revealed that the water molecules in this cation are facially.

149-151 a

afianged, and that reactions with nitrogenika, phosphorus: _ nd

153

_arsenic donof'ligands only produce substitution of the water
molecule trans fo the nitric oxidé ligand, which is an effective
demonstration of. the huch lower six-coordinate trans effect of the
;sulphur ligandifhan éf NO. The only exception to fhis battern occurs
 for the very nucleophilic trialkjlphosphiteé which also replace

one of the water ﬁolecules trans to.sﬁlphﬁr, but only with scme

difficultyP*1155,
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:finally, (CSH5)2 MoNO(S CNMe ) 156 has been prepared and at
low temperature contains one '72- and oneA ﬁﬁ- cyclopentadxenyl
-rzng, as requxred for the molydbenum atoﬁrto be an eighteen

electron system. ‘However, on warmzng, the ﬁ - ring first becomes
fluxional and thxs is followed by site exchange of the two
c&clopentadienyl rings together with intereoﬁversion of the

environments of the two methyl groups cn the dithiocarbamate ligand15 o

(iii) Carbon monoxide.

Reaction of Mo(CO)dQE with NaS,CAR, under anaerobic conditions
. 157

has been shown to yield Mo(CO)B(SZCNRz) wh1ch loses carbon

monoxide reversibly under high vaccuum to give Mo(CO)z(SZCNRz,)2

158

and can thus acf'as'a carbon monoxide‘carrier e . The similar
stabilities of fhe two complexes gsesemablyiarises from less steric
crowdingiin the dicerbenyl counter~-balanced by the preferable
eighteen electron system of the tr1carbony1.

The complexes (ﬁ -C )M(CO) (S-S) have been extensively

studxed being prepared from ( -C )M(CO) Cland Na(S-S) (M = M0159
9 3 .

160 161' S-S - SZCNRZ; M = Mo,S=-S = ssztzlsz), reaction of

{(7 -C H;MO(CO)S}2 with (SZCNR ) 163 or from the interaction of

(S CNR ) on {(5 -C H M(co) } Hg (M = Cr, Mo or W)16lt In the

last react1on, (7 -C H )M(CO) Hg (SZCNRé) is also isolatedieé.

Photolysis if M(CO). with [(PnP) N]{F,Ps,] gives only

5]

[(Ph N][ M(CO)Q(S PF )] (M = Cr, Mo or w)165, whilst the

products of the reactions of Mo(CO) and [M(CO)3 NO diphos] FF

3 2 2

with NaS,CNR, are Mc(CO), L(S,CMR ), (L = pth, AsPh

cis M(CO)(NO) dlphos (s CNR,, ) (M Mo or W, diphos = Ph

6
or SbPh )135 and

166
2PCHZCHZPPh )

All these complexes contain only bidentate dithicacid ligands and are
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eighteén electron systems, However, cis = Mo(CO){(NO) diphos~
(SZCNRZ) exhibit temperature variable ne.m.r. spectr31§6 which have
been explained by the same mechanism as that invoked for

143
Mo(NO) (S, CNR,), """

6. Complexes of Manganese, Technetimm and Rhenium,

a) Binary compounds.

React.ions of Mnﬁi'or MnSOu with dithiocacid anions under

anaerobic conditions lead to the formation of Mn(S-=S)_. (S-S =

. 2
4’16?, S COEt168, S_FR 31,169 or S_PF 27),

S,CNR 2 2 2 2 2

,CNR, whose stapilities

are very dependent upon the nature of the éithioacid ligand. The
dithiocarbamates, like their chromium analogues, are very unstable,

being pyrophoric in air4 and being oxidised readily in solution to

Mn(schR2)317o. The xanthates and phosphinodithioates, however,

are relatively stable to oxidation and Mn(S-S)3 (S-s = S,COEt or

SZPRZ) have not been isolated, although reaction of three moles of

KSZCOEt with one mole of MnCé in the presence of [Et4N101 leads

to the formation of [Et,N] [Mn(SZCOEt)3]168. presumably a distorted

cctahedral Mn(II) anionic species. .

The structures and magnetic properties of these ligands also
seem to be dependent upon the dithioacid ligand present and sometimes,
even on the ligand substituents. There seems to be conflicting

evidence about the crystal structure of Mn(52CNEt2)2 as it has been

L,171

reported to be ssostructural with {?u(SZCNEtz)z 248 (i.es

dimeric with a square-pyramidal arrangement of sulphur atoms around

172

the metal) and with Ni(SZCNEtz)z (i.e. a monomeric square-planar

species). However, whichever of these two structures is correct,

it is clear that the tetragonal distortion from octahedral symmetry
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171

_is sufficient for Mn(SchEtz)2 to have a 4E ground state which,
although unusual for MnﬁIXBdS), may be explained in terms of simple
crystal field theory by the presence of three electrons in the

53 . PN 2 2
de and dyz orbitals, one in each of the dky and dz orbitals

PR_) .

. . ‘ 34 5 r'd
and no electrons in the dx2;y2 orbital, In contrast, Mn\s2 2o

all have 6A ground states and are isostructural with their Cd(II)

1
¢ : o
analogues ', which for R = Me is polymeric with SZPMe2 bridges and
~ each metal atom in a tetrahedral ernvironment, whilst for R = Et, the
compounds are dimeric, again with tetrahedral coordination but with

| 6
PEt, ligands per dimer . Mn(SZPFz)2

is monomeric and probably tetrahedral in solution but, in the solid

two bridging and two bidentate Sz

state its pale pink colour is indicative of octahadral geometry, which

27

can be aphieved by forming a layef type of polymeric structure ',

As has been noted earlier Mn(SZCNRz)2 are not very stable in

solution and are readily oxidised to Mn(SZCNR2)317O. The magnetic

moments of these Mn(III) compounds are temperature invariant and are

close to the spin-only values expected for a high-Spin tlli configuration

5

This is consistent with a

A3

E ground state with the first excited state

173,174.

T1) being rot-too-=low-lying " The structures of Mn(52CNR2)3,

175 and electronic spectraizs,

as indicated by x-ray analysis (R = Et)
deviate widely from octahedral geometry in a way which is best
expléined by a Jahn-feller distortion arising from the high-spin dlk
.configuration (0h arproximation) superimposed upon the trigona1>‘
distorfion noted elsewhere for Cr(SchRz)3 and aftributable to the..
steric requirements of the ligands. This deviation from octahedral

geometry, together with the change in ligand field stabilization

“energy on changing from octahedral to tfigonalhprismatic symmetry, has

118

*



béen correléted;with'thé activation énérgy’gf inversion of the
two possible optical enantiémorphs by_ﬁeans of a trigonal twist
mechanism vi&_é trigonal-prismatic intermediate, which has been
invoked to account for the temperatu*e varlable 1H nem.r. spectra
of Mn\SZCNRz) 176¢  

These Mn(Iii)icomplexes have been Shéwn ﬁo oxidise slowly
in air to give Mn(IV) spec1e317o whose struééu;éq.are not known;j
and eight coordznate Re(V) cationic spec1es [Re(S CNEt2)4] have
been isolated along with other products from the reaction of

(SZCNEtz) with Re(CO) Cl in bernzene or acetbne177(a)

b) Compounds conta1n1ng other 1lgands.

The most extensively studied non binary dithioacid complexes

160,163 178

of group VIIa metals are M (CO), (S=S). (M = Mn or Te 7,

A
S-S = Szcmz‘ L’1'=’f1~‘to.179'180 or ~Re189' s-S = ssz ), which are

prepared by the interaction of M (CO)_ X (X = C1 or Br) with

5.

dithioacid anions. For S-S = SZPRZ’ these complexes have been

shown to undergo reversible loss of carbonrpnoxide with concomitant

180

dimerisation under high vaccuum to yield {M (CO)3 (Sszz)}2 (3),

in which the phosphinodithioate ligands act as bridging five electron

donorsiei. Reactions

. R,P-.
e s
oc. ,s‘ .CO

~No -
So -7 -

oc:‘/M\“l /M\co o

\PRg o

of M (CO) (S PR., ) w1th various ligands have also been studied and

it is found that wlth monodentate non 1V - acceptor ligands, such as.
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* ammonia, a stepwise displacement of SzPR2 occurs to give first

M (co)Q(NHB) (SP(S)Rz)bahd then M (C°)4(NH3)2 S,PR, 182. In

contrast, monodentate ligands which are capable of back bonding

simply replace one carbon monoxide molecule to yield fac- M (Co)f-

59 Asph3 or SbPh3)182, which, for
L = PPh_, is also the product of reaction of {y (CO)B(SZPRZ)}2

with triphonylphosphine183. If bidentate 17~ acceptor ligands

L(SZPRn) (L = pyridine, PPh

are reacted with M (CO)k(SzPRz), one carbon monoxide molecule

is lost and tﬁe SzPR2 ligand becomesvunidentate so as to accommodaté
the chelating ligand, the prqduct being ggg-M (CO) (L-L)(SP(S)RZ)
(L-L = 2,2'-bipyﬁdy1 or Ph,PCH,CH, PPh, (diphos) )182. For L-L =
diphos, 1t has been shown that this reactlon occuzrs via a dimeric
species with a diphos bridge (4). Finally, reactions of {3e(co)5-
(s PRZ{?Z with ammonia at low temperatures give {Be(CO) (NH )=
'(SZPRZ)IZ (5) w1th the bridging S - 2 groups actxng as three electron

donors, which convert to Re(CO)S(NHB)(SZPRZ) on warmingi84.'

co co | Co R -NH3
TN . .
oc.._ | TP | L0 oc.._ | .5 e | ol
oc | S S | co oc” | N | co
s—" NH3 P Co
2
(4) - (5)
o i ' ; i
If Re(C )501 is treated w;th (SZCNEtz)z, no Re(CO)4(SZCNEt) is
isolated, but various other dithioacid species are produced and their
natures depend upon the conditions for the reaction. Thus, if the
reaction is ‘carried out in benzene, the main products are ReCl-
(S CNEt ) Re(S CNEt ) ReCl1, (S_CNEt ) and ReCO (S CNEt ) 177(a)
27 2, 24 4 72" 2

.whose Xx-ray structure indicates a pentagonal-bipyramidal structure with
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1 ' '
an axial CO grqup'7?(%L acetone, however, Re(CO)(S CNEt )
. . 4 . ' 177(a)
again isolated along with Re(S,CNEt,),  ReC1(CO) (s CNEY o)
In contrast, Re(CO)SCI and Tl(SZCNEtz) react togethér to give the
dimeric {Re(CQ)3(52CNEt2)}2, which is similar in structure and
3

Re(CO) (PPh )(SéCNEtz) which may also be prepared by reaction of
177(a) ' h

properties to {Re(CO)B(SZPRZ)}z, €ege reecfing with PPh_ to give

T1 (s CNEt ) on. ReCl1(CO) (PPh3)2

ReZOB(SZCNR )4 have been. prepared by the act1on of NaS CNR

185, Re0013185 1186 or Rezq Clépyg 185 and, in

contrast to their molybdenum analogues, have a iinear O = Re=O=Re = 0

on {gec1(000Me}2}2

backbone (6); whereas reaction betweéh,ﬁeNClé(PPhs)z and NaS,CNEt,

‘leads to the monomeric square-pyramidél ReN(SchEtz)z with an

apical nitrogen-atom.' S B . .

(6)
The only non binary xanthate complexes of manganese that have

been reported‘are Mﬁ(S COR) (N-N)16 and { Mn(N-N) 3](S COR) 187

(N=N = 2 2'-b1pyrxw1or 1, 10-phenanthroline) prepared from stoichiomet:ic
amounts of MnC1,, (N-N) and_KSZCOR;and Mn NO(SZCOr()2 which, like

their dithiocarbamate analogues are square pyramidal (apical NO) and
: ' 188

have only one unpaired electron -,
Finally, the nitrosyl complexes (35-R65H4) MnNO(SchRlz) have

i ' , k) ,
been prepared by the reaction of Na$ cMR} . with [y -RCSHAMnNO(CO)Z]PF6189

2 2

(R = H or alkyl); and the reaction of ReCl; with NaSZCNEtz gives
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190 . . '
the diamagnetic ReClz(SZCNRz)_ "y which was originally formulated
as an unusual low-spin tetrahedral complexigo but ﬁay in fact be

03

a trimer derived'from‘the well known ReBC]9 cluster1 o

7. Complexes of Iron, Ruthenium and Osmium.

Reactions of FeSO4 with NaS CNP.2 in oxygen-free water yield

2
Fe(52CNR2)24, high-spin complexes which are isomorphous with

{Qu(SZCNRz)Z}z, being dimeric with each iron atom exhibiting
4,48
L]

square-pyramidal coordination These complexes are readily

air oxidised, whilst the complexes Fe(SZPRz)2 (prepared similarly)169

are remarkably stable. Fe(SZPRz)2 are isostructural with the
corresponding manganese complexes, being polymeric for R = Me and

dimeric for R = ht169. Fe(SZPFz)o is monomeric (tetrahedral)

in solution but, again like its manganese énalogue, appears to be

polymeric in the solid state with each iron atom surrounded by an

27

octahedral arrangement of sulphur atoms”’, If the reactions of
FeSOh with Na(S-S) are carried out in the prescnce of a large cation,

€ege Et4N+, the interesting high-_spin191 distorted octahedral complex

anions [EthN][Fe(S-S)S] (s-S = S, CNR, or S,COR) are. isolated®®,

In contrast to the Fe(II) complexes, Fe(III) dithiocarbamates
are much more stable than the phosphinodithioates; All these

trivalent complexes are prepared by reaction of FeCl_ with Na(3=5)

3
192 szcor{193 or szpaz%(b)’i%) but Fe(s

194

decompose in air . These Fe(IlI) complexes have interesting

(S=s = S_CNR

oCNR, PR_ ). readily

2 2°3

structural and magnetic préperties which are very dependent on the

ligand. In general, all‘Fe(SzPRz)3 are high-sbin complexess, all

165

Fe(SZCOR)3 are low-spin and Fe(SZCNRz)3 represent spin cross-over

systems, the magnetic properties of which are dependent upon R and

96

the temperature of measurement1 .
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It is clear from simple crystal field theory considerations,

5

vthat since>for a high-spin 4~ system there are two electrons in
the eg set_of'metél orbitals oann Actahedral complex, whereas in
the 1ow-spin éystem the five electrqns~aré.gl} in thé tzg' set of
metal afbifals, the-;oordinating atoms of the ligands are more
shielded from tﬁe-ppéifive charge on the ﬁetal ioﬁ and hence, the
metal-ligand bonds are longer in higﬂéspin C§ﬁblc£es'than in
low=-spin .complexes,  On account of this;}théfé'is more interaction
between the ligands and the eg orbitals f9; £he low-spin case and.
hence A (low—épinj is greater than Zﬁ(highespip) for a given.set
of ligands. If it happens thaﬁ the enefgy re§uired to pair'twd
electroné in a ﬁég .orbital lies befﬁgen Zﬁi(iow—spin)‘and

FaN (high-spin), it is difficult to predict'which of ﬁhe two spin
states will produce the lowest enefgy systéﬁ. It has béen shown
by semi-empirical célculations that this'is, in.fact, the situatibn

195

s and this has been used to

107

in certain Fe(III) dithiocarbamates

197

explain both their temperature” and pressure variable magnetic -

moments, and the contraction of Fe-S bond length Ovae(SZCNEt2)3198

from when the structure is measured at 279K (high-spin) to when
it is measured at 79K (low-spin), as well as the difference of

ca.0°1% . in the Fe-S bond lengths of known high-spin (Fe(SZCNBu2)3199@

200,

) and known low-spin (Fe(SzCOEt)3201

200

Fe(SZCN(CHZ)Q) ’ Fe(SchMePh)3 )

3

compounds. However, it has not been possible to decide whether the
electronic structures of the iron atoms in these cross-over systems

are in a rapid spin state equilibrium (2T2:§56A1), or whether they

Q
represent genuine mixed spin state?systemsi’g. Correlations have,

-however, been noted'betweentleff and both the steric size of the

R gxoup5195 and'thé pKa of the parent secondary amine (NHRz)zoz.
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These have been rationalised in terms of the effect of the

R -« N - R angle or the donor properties of the NR2 group on the
bond order of the C==N bond, which, in turn, affects the electronic
properties of the sqlphur atoms and their capacity to act as

1r ~acceptors from the filled tZg orbitals on the metal, which

acceptor capacity is greater for low-spin systemsigs’goz.
M (S--S)3 (M = Ru 203 or 05204, S-S - S,CNR,; M = Ruzos,

S-S = SZPRZ)'have also been prepared, by the reaction of RuCl3 or

[Nﬂblz-[ 05016] with Na (S-S) but, being of 2nd and 3rd row

eiements; these complexes do not exhibit variable magnetic properties

203

and are all low-spin dS compounds .
Like the trivalent complexes of Cr, Mn and Co, the iron
complexes exhibit substantial deviations from octahedral geometry.

Thus, Fe (SZCNB'uz)3 has a distortion towards trigonal prismatic

99

geometry in the crystal1 which was originally thought to be due to

crystal packing forces because of the large difference between solid

103

state and solution magnetic moments . Howefer, distortions of

this kind have since been shown to occur both in the solid statezoo’zo1

] 123

and in solution for other similar iron complexes and are attributable

to the steric reQuirements of the ligandszco. It is interesting to
note that the distortions of the high-spin domplexes from octahedral

geometry (ca.30°) are significantly greater than those of the low-

spin complexes (cgzoo)zoo.

[ Fe(SZCNRz)B] X cations have also been prepared, by oxidation

of Fe(SZCNR2)3 with BF_ in air (X = BF&)zos, by the action of

3

(SZCNRZ)Z on FeCl3 in ether (X = FeClk)62, or by electrolytic oxidation
. - 207
] 3 ) F .
of FP(SZCNR2)3 in the presence of BF, (X =B 4) _

1x. . Fa 208
The complexes [Fe(SZCNRz)le’ M(schRZ)B (M = Fe or Ru” ) and



Fe(SZCNRz)2 (phen)168, made by the interaction of FeClz,
NaSZCNR2 and 1,10-phenanthroline, have all been shown to be
steriochemically non-rigid on the n.m.r. time scale and, as

for the analagous Mn(SZCNR253, this has been attributed:to

an intercbnversion of the two possible optical isomers of the
complexes'via»a trigonai twist mechanism, The activation
energies (ZXG* ) for this process follow. the order of the M ~ S

bond strengths, i.e. Fe(II) (s = 2) { Fe(III) (S = S/‘?‘:.-"S = 1/2)

= Fe (IV) (S = 1) with Fe(III) (S = 5/’2) < Fe(II) (S = 1/2)209.
Ru(SZCNRé)3 are less lgbile than any of the iron compoundszOB.
The activation parameters fcr the racemisation have also been
corrgiated with_strﬁétural factors of the grouxd state and changes
iﬁ ligand field stabilization ene;gies on péssing from the ground
state to the trigonal-prismatic transition state209.

Finally, [Ru(SZCNMez)B] BF4 has been prepared by the o;idation

of R\;(52CNMe2)3 with BF_ in air but, unlike the iron analogue, this

3

compound is strongly associated in solution and diamagnetic21o.

b) . Compounds containing other ligands.

Thé“most extensively studied non-binary dithioacid complexes

of iron are FeNO(S-S), (S-S = S,CNR, or §,COR) which have the iron

in a formal oxidation state of +1 and, as such have a doublet211

7

ground state characteristic of a low-spin d configﬁration. Several

methods have been devised for preparing these complexes, including

reaction of Fe(S-S)? with (NH,, OH)2 SO, or nitric oxide2 !>,  The

214

green crystalline complexes212 have been shown by e.s.r. and
x-ray215"217 methods to have.the iron atom in a square-pyramidal

environment with the nitric oxide group at the apex bound through

the nitrogen atom. Disorder in the positions of the oxygen atoms
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at room teméerature in ceftain of the crystaISZiG has led tb

some doubt as to whether the Fe = N -« O group is linear, but this

ﬁas been resoived-by a low temperature x-ray study of FeNO(SZCNMe2)2217
which shows the Fe « N = O angle to be 170°, This small deviation

from linearity is attributed to an electrostatic attraction betwe:zn

S+

a lone pair on the-oxygen atom and the N on a dithiocarbamate moiety

This explanation i:s supported by the observation that changing from
-SZCNRZ to fSZCOR causes a shift in W NO which is attributed to the

smaller positive change on the oxygen atom of the xanthate group

218

producing less attraction to it of the nitric oxide oxygen atom .

219,220

I, and e.s.r.220 studies on Fe NO(SZCNRZ)2 in different

solvents have shown shifts in ‘\)NO as well as in the eds.r. parameters

.gav and Aiso (14N) which correlate well with the coordinating ability

of the solvent. ‘This has been interpreted in terms of coordination
of the solvent in the vacant site of the iron atom (trans to NO) and

the large changes in e.s.r. parameters are due to the presence of the

unpaired électron in the dzz orbitalzzo.

Since the compounds Fe NO(SZCNRZ)2 are seventeen electron systems,
they easily form adducts with one electron donors, However, in

contrast to the solvated species, these adducts are all cis=-

Fe{NO) X (SZCNRZ)Z (X = I, Br or Noz)zai.  The original reports

of addition of NO to FeNO (S-S), to yield cis-Fe(NO), (5_5)2142,213,222

have now been shown to be incorrect; the correcf formulation of the

products hbeing FeNO(NOz) (SZCNR2)2221, which is more consistent

with their diamagnefismzzzo
Ru(SZCNRz)B.reacts with nitric oxide under mild conditions

to yield RuNO (52CNR2)3223, the first comnlex to be isolated

I . sl . .22 .
containing a unidentate dithiocarbamate ligand 4, which can also

217



- 31 -

be prepared byreaction of NaS,CNR, with K, RuNO(CN)5 at 0°C223.

Square-pyramidal. complexes of Fe(III), Fex(82CNR2)2 (x = c1,

Br, I or NCS) have been prepared either by the reaction of Fex3

with Fe(52CNR2)3’ NaS_CNR, or (SZCNR2)2225' or by the reaction of
Fe(SZCNRz)2 with the appropriate.haloacidzzs. These complexeé are
interesting in that they have a QA grouﬁd state (three unpaired
electrons)zzs and one, FeCl.(SzCNEtz)2 esnibits ferromagnetismzz?izzs.
The zérd-field quadrapole splitting of Fe X (SZCNRz)z has been shown

to be dependent upon the nature of x225

and is reduced markedly on
passing from the solid state to solution, presumably because the
asymmetry of the iron atom is decreased by coordination of a solvent
cas 229 A
molecule in the position trans to X.V -
Reactions of FeC1(82CNR2)2 with sodium dithiolates give
=S)t] T(5-S' = N . N
[Fe(s,CNR)), (S-5)'] "(s-S' = 5,C,(CN), or S,C,(CF,),) which can

230

be oxidised to Fe(SZCNRz)z»(S-S)' These Fe(IV) complexes,

which may also be prepared by reaction of Fe(SZCNRz) n (n =2 ofv3)
Ces . . . .231,232
and Naz(S-S)' followed by oxidation by air or Cu(II) in acetonitrile e
exhibit magnetic properties of spin cross-over systems and their
temperature variable, contact shifted, n.m.r. spectra have been
interpreted as arising from two processes, the one of lower activation
energy being an inversion of optical isomers via a trigonal twist
mechanism (as for Fe(SZCNRZ)B)’ and the other a fast rotation about
..... ' 231,232
L 4
Other non-binary dithioacid complexes of metals in the iron group
are all prepared by the action of dithioacid anions on compounds
already containing other ligands. Thus, Fe(CO)4 Br, reacts with

2
NaS_.CNR_ to yield cis - Fe(Cb) (s,CMR,) 163
2~ g £is 2 Pa"als

160

whilst re(CO)BI o gives

| . 5
rise to Fe(CO)sI (SZCNRZ) . Rea§t1on of {(ﬁ -CSHS)Fe(CO)zl2
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. . 5 160 . . .
with NaS_CNR, gzves.(ﬁ -CSHS)FeCO(SzCNRz) whilst the reaction

with HS_PF_ yields ( ﬁS-CSHS)Fe(CQ)z (SP(S)F_), a rare example

2 2
. s . 159 3
of a complex containing a unidentate SZPF2 ligand . . ( ﬁ -CBHS)
Fe(CO) yields (% =C_H )-Fe(CO)‘(S CNR_) when reacted with
3 2 1 7735 2'727 2 s .
, 160 .
NaS 2CNR 2 °

In ruthenium chemistry, fewer complexes have been made,
However, PuClz(PPh3)3 reacts which Na(S=S) to produce Ru(S-S)é;

233
or $,COR)“*?, {(CgH ,) RuX,} and

2

(PPh,), (5-S = S,CNR 1

' . . 234 . . .
Na§ZCNMe2 give (CBHiz)Ru(SQCNMez)2 ¢ reaction of the red solution

(obtained by passing CO through an ethanolic solution of RuClB) with

. : - 235 .
(SZCNRZ)z gives Ru(CO)n (SZCNRZ)Z (n =1 or 2) ~and the reaction

between K3 [RuzN(,:.8 (Hzo)z]-and Na52CNEt2 has recently been shown

to yield the interesting nitrogen bridged compound Buz(N) (SZCNEt2)4C1

which is thought to be polymeric, at least in the solid state236.

Finally, apart from a brief mention of OsO2 (SZCNR2)2237, the only

osmium complex of this kind to have been prepared is Os(bipy)z-

(SQCN(CHZ)S)CI,‘made from the interaction of Os(bipy)2C1 and

2
. . . 204
KSch(CH2)5 (bipy = 2,2'~bipyridyl) ..

8. Complexes of Cobalt, Rhodium and Iridium,

The stabilities of complexes of cobalt with dithioacid ligands
~ depend very much on the particular dithioacid ligand involved.

23 238 e o
Thus, whereas Co(SZCNRz)2 and Co(SZCOR)zl have only been briefly

reported, being prepsred from reaction of Co(II) salts with the

appropriate dithioacid anion in strongly acid solutions, (Co(S-S)3238’239

are isolated from solutions of pH2.2 to 10.1), the phosphinodithiocate
complexes Co(SZPRz)2 are well known and quite stable, These are

B ~
-prepared by reaction of CoCl2 with NaS_PR 5,25(b) or HS_PF 27 and,

2 g 2 To
for R = Ph2* or s-5 = s_PF 27

oFF, 'y are monomeric, tetrahedral high-

: 6
2PRZ)2 (M = Mn or Fe), Co(SZPMez)z

spin 3d7'species. As with M(S

is polymeric with dithioacid ligands bridging the cobalt atoms in
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’

such a way that the environments. of the cobalt atoms are
tetrahedral, whilst Co(SZPEtz)z6 is dimeric, again with
tetrahedraliy coordinated cobalt atoms and two bridgiﬁg and

two bidentate SZPEt groups.

2

The dithiocarbamate and xanthate complexes of Co(III),

on the other hand, are much more stable than their phosphinodithioate
analogues, Co(SzPEtz)3 decomposes even under nitrogen at room

. 5, co(sPR) C (R =
temperatur§ to yield Co(SZPEtz)2 $ po(SZPR2)3 (R = Me or Ph)
decompose on mild heating whilst Co(SZCNRz)3 are indefinitely

stable in air. M(S—S)3 are prepared by the reaction of

239'or' SZCORZOB, n = 2;
o onm 203,241 242 27
M = Rh or Ir, S-5> = S,CAR, + S,PR, or S PF, s = 3)

OR : I ) Loe .
or for Co(s,C )3 by reaction of ‘CO(NHB)G] 013.w1th KS,COR to

MCl with Na S=S (M = Co, S-S = S_CNR
n 2 2

give first [Co(NH3)6][ SZCOR]S'whiéh loses ammonia on heating

. - 2L .
to give the product 3. Co(SzPR2)3 are hest prepared by reaction

R .
of NaS PR, with Nas[C§(N02)6] whilst Co(SZPFz)3 is obtained from

. . . 27
thg oxidation of Co(Szsz)2 w;th (SZPFZ)Z .

All the complexes Co(S-S)Blhave been shown both Sy their
N 6,123

electronic spectra and by x-réy studieslo’11 to have the

sulphur atoms arranged in a distorted octahedron around the

cobalt atom, as has been described for M(S-S)3 (M = Fe and Cr).

Also, Co(SéCNRz)B208 are stererchemically non-rigid on the n.m.r,

9

time scale {in contrast toi{h(SZCNRz)Szo which are rigid up to

200°C), and this has again been attributed to a metal centred

inversion of optical isomers occurring via a trigonal twist
mechanismzoa. Excellent support fér the theory that an intercenversion

of optical isomers is occurring is available because, on account of

the high activation energy QBG*), the optical isomers can be obtained
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in an optically pure state by reaction of NaSZCNR

optically active K[CGEDTA] or K| CoPDTA]244. The racemisation

2‘w1th
of CO(SZCNRZ)B may then be followed by the more usual technique
of monitoring the loss of optical activity of a solution of one

of the isomers with time, and this produces an activation energy

. . (A
for the racemisation of Co(SZCN(CH2)5)32’4 of 99.5 KJ mole-i,
very closé +o that obtained from n.m.r. data for Co(schBz2)3
(99.1 KJ mole-i)zoe.'

Finally, oxidation of M(SZCNM (M = Co or Rh) with BF

e
2)3 3
in air leads to the formation of [M(52CNMe2)3] BF, which, like

the ruthenium analogue are diamagnetic and probably polymeri021o.

b) Compounds containing other ligands.

Being a coordinatively unsaturated fifteen electron sysfem,

Co(SZCNMez)2 readily reacts with nitric oxide (a three electron

donor) to form the square-pyramidal CoNO(SQCNMez)z245 in vhich the

- NO group is at the apex and the Co;N-O angle is 1350246’247. As_
in FeNO(SZCNMeZ)z; there is some disprder of the'oxygen atoms in
the crystallout for the cobalt complex, the oxygen atom lies
alternately over the two C-S bonds of one dithiocarbamate 1igénd247.
Co(SzP'Fz)2 also reacts with NO to form ag eighteen electron systgm
but in this case the tetrahedral Co(No)_2 (szsz) is the product,

which also arises from the reaction of Co(SzPFz)3 with nitric oxide27.
1A
Co(SZPRz)2 react with pyridine5’26(b) or 2,2';bipydﬁy12'8 in
dimethyl formamide to yield Co(SZPRz)zL2 (L = pyridine;vL2 = 2,2'bipyidyl).

On account of the inertness of the eighteen electron trié-
chelates, M(S-S)3 (M = Co,Rh or Ir), few reactions have been carried
out between them and donor ligands, although nixtures of Co(SZCNEtz)Bi

and Co(SZCOEt)3 have been shown to produce Co(SzCNEtz)2 (SZCOEt)zgg.
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Other cobalt complexes of mixed sulphur ligands include

[Co(bi)z(s-s)jz', [Colbi)(s=s),]" (bi = bisbiuretate,

249

S=5 = S,CNR, or S COR) prepared from K[Co(bi),] and Na(s-s)™"7,

2
and Co(SZCNRz)2 (SZCZ<CF3)2), a low-spin, distorted octahedral

complex of Co(IV), prepared from the irteraction of CoClz,

231 - 3-
H F
NaS,CNR, and Nas,C,(C 3)2 o The anionic [Co(CN)2 (coz)z]

complex re=sts with NaS-S to give anionic cis - [co(CN)z{S‘SE]-

250
(S=-s = SZCNR2 or 52C9R) .

Interesting differences are observed in the reactions of
Rh(I) complexes with different dithioacid ligands; for example,
{Rhci(co)z]z reacts with NaS,CNR, to afford the monomeric

RY - .
Rh(co)z (SZCNR2)‘“3, whilst with CsS_PF,, the chloiide bridges

: ' . - 251
are'replaced by SZPFZ bridges producing the dimeric {Rh(CO)z(SZPFz)}z

which reacts with triphenylphquhine to give monomeric RH(CO)(PPh3)~
251
) 5

(SZPFZ . A similar compound Rh(CO)(PPhB)(SZCI‘Ne%z}B may be
prepared by the interaction of stoichiometric amounts of trans

s whilst excess of the latter reagent

233

Rhc1(co)(Pph3)land NaszcuMe2

gives Rh(SZCNMez)B(CO)(PPhS) s a Rh(III) complex with one bidentate
and two unidentate dithiocarbamate ligands; ‘Reaction of

: . - ' 233 °
{
RhCl(PPh3)3 with excess NaschMe2 yields Rh(52CNMez)3\PPh3) .

with two tidentate and oneunidentate dithiocarbamate ligands

whilst if 1:1 ratios of the reactants are used, the Rh(I) complex,

. . 2 : . . i s .
Rh(SZCNMez)(PPhS)2 is isolated 33. The reaction of stoichiometric

‘amounts of RhCl(PPh3)3 and HSZPth, on the lother hand, yields the

252

dimeric {Rh(SZPth)(PPhj)}z (7), which is thought to contain

.bridging SZPth ligands acting as five electron donors,



- 36 =

Phy

P

| _Ph'f\ s< >s
/ \

. N

Some other interesting rhodium complexes, Rh(SZPth)BPPh3 and

[Rh(SZCNRz)z(PPh3)2]BF4, have been prepared by the reaction of .

dithioacid anions with a solution containing [Rh4]2+ in the
253. '
3

The only non-binary dithioacid complexes of ividium that

presence of PPh

have beein reported are cis-Ier(S-S)(EPh3)2 (E = P or As,

S-S = SZCNR2254, SZCOR254 or Ssz2255), prepared by the action

of Na(s-S) on‘IrH3 (EPh3)2.

9, Complexes of Nickel, Palladium and Platinum. .

a) Binary compounds.

Since N:’.SO[‘t is often used in the extraction of dithiocacids
N o k14256 .
during their preparations ¢ nickel complexes of almost all
dithioacid ligands have been reported. However, they are more
‘usually prepared by reaction of Ni(II) salts with the appropriate
free dithioacid or its sodium salt. The complexes so formed are

all of stoichiometry Ni(S-S) (s s = s.cnr, 27 s COR243, S_PR 169

_ 2 2 ' 72 2.2
or SzPF227). Many of these complexes have been studied by x-ray
diffraction and all of them have planar NiSA skeletons, In
general, the atoms which make up the chelate rings (C or P) are

coplanar with this skeleton but in N1(S PMe )2258, the phoSphorus

atoms are sllghtly out of plane. The degree of interaction between
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molecules, in the solid state, varies from none for Ni(schEt2)2259,

via weak intermolecular hydrogen bonding interactions (CHé"f'S) in‘

260

Ni(SZCNPrz)2 , to fairly strong Ni-S interactions which give the

nickel atom a distorted octahedral environment in Ni(SZCOEt)ZZGI.

Ni(SZCNRz)2 have also been prepared Ly insertion of CS_ into the

2
. 262 . . .. . . . «
Ni-N bonds of N1(NR2)4 but it is interesting to note that CS,

will not :insert in to the Ni-O bonds of alkoxy complexes of

nickel to form xanthate5262.

Square-planar dithioacid complexes of Pt(II) and PA(II) may

also be prepared, by the action of Na(S-S) on Kz[PtCIQ] or PdCl2

43 1€9

to give M(s-5), (s-5 = s5,cMR 2%, 5 cor®*?, 5.pR 17 or 5 pF %),

272 2

NaS,CNR,, also give Pt(SZCNRz)2 witﬁ Kz[PtCIG] but in this case,
it may bz shown conductimetrically that the displacement of
chloride ions occurs in a stepwise‘manner263.

The dithioacid complexes of these metals are diamagnetic in
the solid state and the PA(II) and Pt(II) complexes remain so
in solutibn.  The Ni(II) complexes, however, become paramagnetic
on dissolution in strongly cqordinating solvents and this has been
attribuééd to solvent addition to the complexes forming distorted
octahedral complexes in which the'energi separatién of the dZZ'
and di2_y2 orbitals is less than the energy required to pair two
electrons in the sz orbital and thus each of these orbitals holds
one unpaired electr0326 .

Anionic [M(Sns)s]-'haie also been prepared, by the action
of KS,COEt on NiCl, in the presence of a large cation (M = Ni,

265 . . . .y
S-S = 5,COEt)""”, by the reaction of PA(S,PF,), with [Pr, N][SPF,]

(M = Pd, S-S = SZPF2)27 or by the interaction of [ PhyAs][s,COR]

with Pt(S,COR), (M = Pt, S-S = S,COEt or szcolpr)266; The nickel
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complex has been shown to be octahedral with two unpaired
electrons- whilst [Pd (S_FF ) ]"27 and [Pt (S_CCR) ]"'60 are
2 2'3 2 3
diémagnetic square-planar anions containing one bidentate and
two unidentate dithioacid ligands (c.f. Au(52CNEt2)359).
Some dithioacid_¢6mplcxes of nickel, palladium and platinum
in higher oxidétion states have been prepared but, apart from

267

Ni(SZCNEt , detected atlow temperature by its e.s.r. spectrum

233
in solutions of Ni(SZCNEtz)2 with an 80-fold excess of S2CNEt2)2’

. they are all ionic complexes with the metal in oxidation state +ls,
This interesting complex of Ni(III) has a low spin d7 electronic
configuration and, presumablyton account of the Jahn=Teller
distortion that acises from this éonfiguration is a square-pyramidal
complex2§7. |

The diamagnetic, low-spin, d6 complexes [M(SZCNR2)3]X
(M = Ni,Pd or Pt, X = C1, Br or 13) are prepared by’the action

176,268

of halogens on M(SZCNRZ)2 (M = Ni) , reaction of NiX with

2
)76,268

(52CNR2)2_at_elevated temperatures (M = Ni or by oxidation
Nr 269 . '
= ' =
of M(SZCNRZ)Z (M = Ni, Pd or Pt) with M (SZCNRZ)XZ (M Cu or Au),
The crystal structure of [Ni(SZCNBuz)B]Bg indicates that the complex
is a genuine example of a distorted octahedral complex of Ni(IV)
rather than a complex of Ni(II) in which oxidation of the ligarnd
70

to give a coordinated tetrabutylthiuram disuphide unit has occurred2 »

b) Complexes containing other ligands.

Apart from reactions of NiX_ with dithioacid ligands in the

2
presence of triphenylphosphine, which yield NiX(PPhB) (s-3)

(X = Cl or Br, S-S = 52CNRZ_271 or SzCOR272), all non binary.
dithioacid complexes of elements of the nickel group are prepared

by addition of neutral moleculesto M(S-S)z, either with or without
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simultaneous oxidation. Thus, M(SZCNRZ)Z react with halogens

to give cis and trans oxidative addition products, MXZ(SZCNRZ)Z
y273

(M =Pd or Pty X =Br or I although at low temperaturés the
reaction with iodine gives N?ZI(SZCNRZ)2 which ﬁisproportionate'in
ethanol to give Ni(S,CNR ), and [Ni}SQCNRZ)B]I3274. The reactions
in which oxidation does not occur are of two kinds; for nickel,
stepwise a??ition to form five and six coordinate products is

the most usual reaction pathway, whereas for palladium and
platinum, on account of the strongly antibondiﬁg character

of the dxz_yz *metal! 6rbita1, reactions involving the stepwise

clea?age of metal sulphur bonds tend to occur,

(i) Nitrogen donors.

Although there appears to be no reaction when Ni(SZCNRz)2

is treated with pyridine265, heterocyclic bases form high-spin
trans - N_iL2 (S-S)2 (L = pyridine, S-S = 52C0R275 or SZPR2276;

"L =_thiophene, S=S = SZPRZS) when reacted with Ni(S-S)z. These

reactions are thought to occur in a stepwise manner but none of

the five coordinate intermediates have been isolated although

there is some spectroscopic evidence for .the existence of

Ni(SzPth)zpy in solution277. Quinoline, on the other hand,

only forms 1:1 adducts with Ni(sszt2)2278. Tertiaryaliphatic

amines do not react with Ni(S-S)2 but primary amines form both

1:1 and 1:2 adducts with Ni(S-S)z (S-S = SZCOR or'sszz)279 and

this has led to the use of Ni(S_PR_)_ as paramagnetic shift reagents

2 2°2
i 280

in interpreting the 1Hn.m.r. spectrum of NH2 Pr The reactions

of secondary amines depend very much on the nature of the dithiocacid

ligand present in the metal complex; thus, NHR'2 react with

i .
COR) to give Ni(SZCNR )., by attack

N1(S-S)2 (Ss=s = s 2

2CNR2 or S 2)s
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on the ligandzg;'whilst with Ni(SZPEtz)é, 1:1 square-pyramidal
279

adducts are formed™ In the reaction of N:l(SZPEtz)2 with

ammonia, both éddition and displacement of 152PEt2'occu:, the
. ‘ 5 - .

product being [Ni(NH )6][ S PEtz]2 .

 Bidentate n1trogen donors also react w1th Ni(s- S)z, to
produce cis - N1(S COR) (N-N)«(N- =2 2!eb1pyr1dyl, pyrazine .
or 1, 10-phenanthr011ne) 2, or- coord1nat1on polyners (s-S = SZPRZ’
N=N = 2 s2'=bipyridyl or pyra21ne) ; Solvent molecules are
often clathrated by cis- Ni(SZCOR) (N=N) on cyrstallisatxon, but

' . 282

they may be removed by pumping .

. The reactions of nitrogen donors with M(S-S)2 (M = Pd or Pt)

have been less éxtensively studied; ‘but,‘aé for the Ni(II)

complexes, M(S-S)é (S-S = S,CNR, of széOR)‘;e5ct with secondary

281
2)2 ¢

reactions of M(SZCOEt) (M = Pd or. Pt) with pyr1d1ne ind1cates

amines (NHR'z) to give M(S CNR! A brief report of the

that compounds M(SZCOEt)zpyz, w1thvun1dentate xanthate ligands
' ' 284
®

_oécur in solution, but these could not be isolated

(ii) Phosphorus donors.

" The reactionubetweeﬁ Ni(SZCOEt)2 and PPh3 to produce the
square-pyramidal Ni(SchEt)z (PPhS)275 represents-the only example
of adduct-formationiby Ni(S-S)z with pﬁosphorus donor ligands,'
but reactions of M(S-S)ZV(M = Pd or Pt) with.phosphinés have
been mofe ekténsiveiy.studied.

In genera1,>1ntefact10ns of M(s- S, M = Pd or Pt,
S-S = SZCNR218f19,'szc0R18 19, S,PR, 1?<16 o§ szpF227) with tertiary
phosphines (L) lg;d.to the stepwise displacement of a dithioacid

-1igand giving first.M(S-S)zL wnich contain both unidentate and

bidentate dithiocacid ligands (1:1 adduct), followed by
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[ M(s-s)L, ] ;-s:“(1:z) adduct.

i.e.

\/ _L/ \ / +|_' \M/
v \ B \ | (S/ AN

1:1 Addﬁctgf, 1:2 adduct

For S;S = SZCOR,_'tﬁé 1:2 adducts»»r}'eac:t fpukx-'-i;vl;‘éx»‘.tpAgive .MLZ(SZCO)
and RS,COR by attack of "S,COR on thgrcoordihétéd'xantﬁate
ligand 8’ 19 (see page 4). All these’izlnand"l:z complexes
‘undergo 1nterconver°10ns both 1nter - and 1ntra;molecu1ar in
origin whicfx _give rise to inte‘rest'i:ng_ tempe‘rature variable n.m.r,
.spectra16. | _ » |
A related- study on react?ons of ('7 C H )Pt(S-S) (S-S

SZCNRZ or SZCOR) with tert1ary phosphlnes (L) shows that, although
‘the fir}al .products _:m_ each case are [(')‘CSHS) PtLZ] [ s-s], the
intermediate (1: 1)_comp1.exes can have either a 4,1-a11 vl group
and 'bid;x;tate dit};io liga;nd or a unidentate dithio ligand and an’

’73 ~-allyl group, _ahd wh;ich of 'tbgse occﬁrs depends upon the
dithivoacid vligand"andv the positién of_:' any gﬁbstituents on the

allyl group285 .

—y -

L
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CHAPTER 2

Dialkyl, Diarylephosphinodithioato and N,N- Dialkyldithiocarbamato

‘Complexes of Ruthenium (II)

Introduction

F6110wing the work carried out on the reactions of M(S-S)p

19 15,16

or S_PR ) with tertiary .

(M = Pd or Pt, S-S = S S.PR,

CNR

o
2 s S,CR

2
phosphines,.in which stepwise displacement of é (S;S) ligand éccﬁrs
(see paée %1 ),;it was considered of interest to extend this wofk‘

to cofer'complexgs of ruthenium;vandlthi;.§ﬁ§§ter details the results
-of this investigatioﬁ. A short survey of.éom§ o§ the cheﬁistry of
halo-~ and ﬁydrido- complexes of rutheﬁidﬁ ééﬁtaiqiug phosphorus donor
ligands is inCIﬁded'in order that the'resu1£5 bresented"may be better

286 -

understood .

3

different products,”depending not only on the particular phosphine

The reactions of RuCl, with tertiary phosphines give several

used for the reaction but also on the reaction conditions., Thus,

shaking RuCl, with triphenylphosphine in methanol (1:2 molar ratio)

3 .
produces RuCl3 (PPh3)2 Me0ﬁ287, whereas if excess PPh3 is employed,
the product is-RuCiz(PPh3)4287. However, if the reaction is carried

287

out under reflux conditions, RuClz(PPh3)3 s a square-pyfamidal

complex with trans basal chlorides ioms and the sixth position

blocked by an ortho-hydrogen atom from one of the phenyl rings of

~

a basal phosphine group,is formed68 o Similar compounds RuC12 (L)n

(L, = R,PCH.CH pr_289

‘ g . 200 -
oPCH,CH PR, or o-phenylenebisdimethylarsine y n = 4) are .

similarly prepared but complexes of this type containing monotertiary
phosphines (not_PPhB) have only_recently been prepared, by the reaction
.of RuClz(PPhB),,:'or 4 with excess of the phosphorus ligand in non-polar
i 7. :

“solvents (L = PMezph?91, PMePh2291 292 2291

91

or P(OPh),"""s n = 44 L = PEtPh

or PEtzth sy n = 3). In polar solvents,'these compounds (L%IW‘Ph)B).
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rearrange rapidly to the triply bridged cationic species

[Ru Cl LG]CI which are also formed from the long-term reaction

289

of RuCl and L‘in refluxing ethanol Short term reactions

3

between RuCl3 and L in EtOH/HC1l mixtures produce mer - RuC13L3

(L ﬁ P(OPh)S) which again give [Ru C13L6]Cl on warming in polar
293

solvents .

293

The dimeric'cationic species are fairlynsfeble to reaction

with other Lew1s bases (although reactions wzth CO under pressure or

294 , and RuC0L3C12 295 respectively)

but heating [RuéCléPEtzPh)6]C1 in methylacetate,produces

in 2-methoxyethanol give Ru(CO) ols 01

[Ru2C13(PEt2Ph)6] lRuClB(PEtZPh)S], in wh1c§»the anion has a

meridional configuration297, whilst; if the same compound is heated

in n-propylpropionate, Ru CIQ(PEt Ph) 276

(1) results, in which
the anion replaces a phosphine group in the co-ordination sphere,

L ct L

L—\—Ru-—m-\—- {-L' o Cl——Ru~Cl>Ru<L
L \c'./ N T 01/ Ny
L = PEtPh U= PBu,

(1) I (2)

A related compound which formally contains Ru(II) and Ru(III),

Ru2C1§PBu$)4 (2) has been obtained, along with the doubly bridged

with PBu_ in 1:2,2 ratios298.

3 3
An interesting feature of the crystal structures .of Ru Clg(PEt Ph) 299

{RUCIB(PBuB)éZZ’ from the reaction of RuCl

and RpZCIS(PBus);BOO-is the observation that the bridging Ru-Cl bonds.
are significantly shorter when trans tq chleride than when trans to

a phosphine, a reflection of the greater trans-influence of tertiary
,phosﬁhines thanﬂef chloride in both Ru(II) and Ru(III) complexes.

A similar effect is responsible for the different rates of replacement
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‘of the chléridé ions in RuC1,CO(PMe bh)_. (3). The chloride ion
trans to phosph1ne is replaced relat1ve1y easily by shak1ng

with a zo-fold excess of Nal in acetone, the maximum amount of
RuIClCO(PMeZPh)3 (Ca.85%) bexng reacheg afterAelevenlhoufs,

whilst conversion té the diiodo complex'uhder'thé saﬁe conditions
takes six weeks, indicating the mgéh.lowér gzgﬁg-effect of CO than .

of PMezPh in ruthenium chemistry295.

(3)

| Many react1oﬁs of these halo-~ruthenium phosphlne complexes,
part1cu1ar1y those 1nvolv1ng d;rect excnango of phosphlnes with
other Lewls bases,_have been\studxed but sxnce the resultq presented
concern react19n$ 1nAwh1ch replacement'of chloride ion occurs, this
review will bé confined to régctidﬁs ih.whiéh halide ion is repiaced,
either with o; withoﬁf'Simultaneoﬁs'loss of all or some of thre
pﬁosphine groups;' ’

The"reactionsnof RuCIZ(ééhS)S with either B-diketones in the

presence of triethylémine,'sodium carboxylates or Na(S-S) yield
| 301 233

S
. ..:ZCNR2 or SZCOR

‘ 301 233
Ru(PPh,), (L-L), (L-L = P-d;x:etone » Reo,

which-for the oxygen donor ligands haﬁeVCis-stereochemistry, whereas

in the react1on of RuCl (AsPh ) ,MeOH with NaS_PPh oy all thé»arsiné

302

2

ligands are. replaced and Ru(S PPh ) is the sole product If the

react1ons.between RuClz(PPh and-carboxylate ions are carried out

373
in the presence of hydrogeﬁ or any other source of hydride ion, the

303

only products are RuH (OCOR) (PPh ) and the reaction between

RuClz(PPhB‘)B' or.[.Rq2C13(PblePh )gl€1 and 1‘1cS

o s ' _
5 produces (7 -CSHQRJCJLz
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o 304
(L = pph3 or.PMeth) .

Reduction of RuClz(PPh3)3 with'NaBPhé in benzene produces

305 -

RuHCl(PPh3)3 which can also be preparéd by reaction of RuCl

3.

306
"when RuClz(PPh3)3 is used to. catalyse the hydrogenation of
‘ 305

HCHO and PPh and this is thouéht to be the active catalyst

unsaturated substrates

. The cis-dih&drido species, RuH2L4

Al reduction-of RuCl_ in the presence
‘of triphenylphosphine (L = PPh3)3o7g_or fro@'the reaction of

may be prepared either from Et

o and hydrogen under

6]Cl with hydrazine, PMePh
1,308 '
2’

[Ru,C1, (PMePh,)

pressure (L = PMePh , whilst reac;ion 6f‘{RuClz(PPhB)OIZ with

Et3N and hydrogen in benzene yields Ru Hé(?ﬁh3)3309g310 which

undergoes variots interesting reactions; e.g.lwith NoC1, RuHLL(PPhs)3

30? whilst with NO or SO, the products are

gives Ru(NO) (PPh,)_C1 o
, 309
2) .

- . ’ 3 2 3
RuLz(PPh3)2 (Luf.Ng,or sO

. . ~
cis Rqu(PPh3)4 with CS

The interesting reaction of
has recently been reported to produce

2
. : i e g e 310
c1s-Ru(SZCH)2(PPh3)2 by insertion of CS, into the Ru-H bords™ ",

RuH,L, (L = PEt,Ph, PMe,Ph, PMéth'br PthOMe) have been shown to

be stereochemicaily non-rigid on the n.m.r. time scale and the
mechanism for.the“exchahge of the environments of the phosphine
grbups and of the hydride ions is said to involve a pseudotetrahedral

transition state infwhich the hydride ions exchange via face and

edge tunnellingsii.

Finally,~it is'interesting to note that the only complexes of
Ru(IV) containing phosphorus donor ligands that have been isolated are

th - NPR_)C PR_)_ = F '
the unusual mer Bu ( 3) 13 ( 3)2 (R3' Ph,Et, PhEt thMe or Et3)

2!
which are fqrméd by attack of PR3 on a co-ordinated nitridé ligand312.

Results and discussicn

1. Preparations of Ru(S-S)ZLZ.

Although there has recently been an increasing interest in the
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phgmistry of ruthenium as well as in the chemistry of complexes
of sulphur-~containing ligands with various metals, reseérch into
ruthenium complexes containing dithioacid ligands has been confined
to relatively.féw paperé and most of these have been goncerned with

complexes containing N,N-dialky;dithiocarbamato groups, Thus, to

recap, complexes such as Ru(52CNRR1)3 R = r! = Me, Et, nBuZOB;

1 208
= = Y )
R = Me, R vPhCHz 2l
235

' 2
’ Ru(SZCNRz)z (co)2 (R = Me, PhCHz) 35,
233

)s [R“(Sch(PhCH (00)2101235

C
’ Ru(SZCNRz)2 0

(R = Me,Et)

- " ' 313

Rg(SZCNRZ)2 (PPhS)z (R = Me, Et, Ph) ’ Ru(SZCNEtz)z(MeZSO)z .
1 S - 1 _ 231

Ru(52CNRR )2 (SZCZ(CFS)Z) (R=R" =Me, Etj R = Me, R = Ph). '

_..223

and RuNO(SzCNRz)3 (R = Me, Et) have been reported (for details see

- pages 28 - 32 ) but the latter is the only example to date of a
ruthenium compound containing a ‘dangling' dithioacid group. Related
1,2-dithiolene complexes of ruthenium of type Ru(SZCZ(CFB)z

314,315

In contrast, apart fiom brief reforences to the syntheses of

Ru(S_PR_) (R = Et,205 pho02

2 2'3
dialkyl (or diaryl) phosphinodithioates . : has been made.

), no investigation of ruthenium
_ ' . . . ' . . 15,16,19
By analogy with earlier palladium and platinum studies ’
our first attempts to synthesise a range of ruthenium dithioacid .
compounds were made either by reacting tertiary phosphines directly

with Ru(S,,PR3)3 or by refluxing an - ethanolic solution of RuCl .nHZO,

3
NaS PR, and PMe,Ph. In both cases, the main product was Ru(S_PR_)

2 2 2 33
which provides an effective demonstration of the substitutional
inertness of the Ru(III) (ds) co-ordination sphere in this instance.
This contrasts with éhe behaviour of Ru‘(SZCNRz)3 towards NO, which
reacts to give RuNO(SZCNRz)B:even at low temperatureszzs. ' However,

this can be rationalised in terms of the loss of entropy in going

from reactants to product being more than compensated for by the
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.reduction in epﬁhalpy of the systemlpfoduced by the greater sfrength
of the Ru-N'bond than of the Ru-S bona; and the more faVoufable
eighteen electr;n eonfiguration of the product. Since tertiary
phosphines are dnlyvtwo electron donors, the products of reacgions
of ﬁu(S_PR ) :with fhem wbuld only be seféntéen electron systems

22’3 v
(1ike Ru(S_PR_).) and the reduction‘in enthalpy of the system would

2 2°3 , :

not be nearly as great as in the formation §f;RuN6(82CNR3)3. This
1s evidently not-sufficient to combensate for the loss of entropy by
the s}stems, at ;east at the temferatureé>é£>which the reactions were
éttempted, and hence no reaction occurred. |

Therefére;'we attempted ﬁo prepafe éoﬁplexes of ruthenium
c§ntaining bothlﬁhoéohine and ditﬁioacid liéénds from reactions of
halo-qomplexes of ruthenium which glreadyv¢§ﬁtéined phosphines with
alkali metal saltsjéf dithioacid ligands.'A.As previously pointed out
(page 44 ) this méthod hadvalfeady béeﬁ shown'to be successful in
the_preparation_of k;iu(S—S)z(PPh3)2 frém RuClz(PPh3)3 and Na(S-S)
COR)233 and proved to be extendable to other

~ 287
3)n (n= 3 or 4)7°°,

291

‘(s-s = S,CNR, or S,
related systems.. Thus, when RuClz(PPh

315 ~ -
, Ruvlz(PEtth)B

293

N ' . .289
Ruqls(Pphs)z MeNC,, ' [RUZCLB(PMeth)G]C*

or mer-RuCls(PMezPh)j are gently refluxed in ethanol with an excess

of NaS,PR (R = Me,Et or Ph) for ca. two hours, orange solutions are

2

formed. Cooliﬁg the orange soiutions, arfter filtration to remove
any sodium chloride formed, causes orange crystals of composition

Ru(S_PR_).L. (L = PPhy, PPh

2 27272

éMe, PMe,Ph or PEtPh,)(A) to be deposited

 J .
in high yield, Similar products are formed using acetone or methanol

as solvent, except that reaction of»[Ru2C1 (PMePh2)6]C1 with NaS_PMe

3 2

Shorter reaction times Qith stoichiometric amounts of NaSzPR2 give
pafamagnetic species which have not been chafacterised, but they are
probablf similar to some of the Rh(III) and Os(III) complexes reported

in Chapters 3 and 4.



in methanol also produces a red solid, believed to be of

composition Ruzcls(PMezPh)5 (SZPMez) which is similar to the

complexes obtained by pyrolysié of [Ru,Cl_(PR_) ][S Pﬁ ] 317
ple 2°7373%6 2 2

(c.f. the pyrolysis of [Ru2013(PEt2Ph)6]C1 in n-propylpropionate
296

(see page 43 )) o In this insténce, the dimer is readily separated

from Ru(SZPMez)2 (PMeth)2 by the technique of dry column

318

chromatography” = . For RuClg(PPh3)3 and Nas Pth, Ru(SzPth)g'

2

(PPh3)2 is only obtained in a pure form in the presence of excess

PPhS; with no added PPhB, analytical.and molecular weight data
(see experimental section) indicate that a mixture of Ru(SZPth)z(PPhB)?
J ]

and Ru(SZPth)ZPPh is formed (other reactions in which similar

3

results occur inciude the formation of mono- and bis~ carbonyl

235 . .
and of RuClz(PPh3)n

dithiocarbamato complexes of ruthenium
’ 287 . . : . g

(n = 3 or 4) by slight changes in the experimental conditions).

However, by reaction in the presence of excess sulphur (an effective

tertiary phosphine scavenger), pure Ru(SéPPha)zPPh can be isolated,

3
Ru(_52CNMe2)zL2 (P PPhs, PMeZPh or (OPh)B) (B) are prepared
in a similar fashion to (A) by reaction of RuClz(PPh$)3,287

EggrRuCI;(PMezPh)Bzgs or SQCIZ(P(OPh)B)éZQZ with NaS,CNMe,.

Compounds A aﬁd-B have been fully characterised by elemental
analyses (Tables 2.,2) and the usﬁal spectroscopic techniques (see
later),.and the monomeric formulation has been confirmed by osmometry
and by an x-ray énalysis of Ru(SzPEtz)2 (f’MezPh)2 (see Appendix 2},
The compounds are non electrolytes and diamagnetic (by Evans' method)sig,_
and exhibit sharp 1H NeMer, resonanées. However, exposure of
solutions of A to air rapidly produces broaderning of the n.m.r.
signals and the growth of a weak e,s.r. éignal, both of thch are

attributed to facile oxidation to paramagnetic ruthenium (III) species.
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The rate of oxidatidn which can be substantially'reduced by‘

addition of excess tertiary phosphine is also dependent on the
nature of L, a qualitative order being PPh3> PNeth> PMezPh.

The solvent medium is also important, since stpdies indicate_that
increasing the percgntage of CDC].3 in CDCIS/CS‘ mixtures increases
the rate of oxidation. 'After several weeks, sharp resonances are
again seen in the n.m.r.'spectra of compounds A, but, éince identical
signals are obtained from aged solutions of Os(SZPMez)sz (sce
chaptér L), they cannot arise from metal containing species and,

‘ since for L = PMeZPh, one Qf the signals (a doublet at T8-03,_

PH

of the complexes probably occurs.

J.... = 13 Hz) corresponds to PhMeZPS, substantial decomposition

In the reaction of RUCIZ(P(OPh)3)4 with excess NaS,PR,,

the product formed depends critically upon both reaction time and
solvent medium, Thus, in refluxing ethanol for one hour, reaction

i ' PM op ’
with excess NaszPMe2 gives a sample of Ru(S2 ez)2 (p( h)3)2'.
However, if refluxing is continued for a further hour, a mixture of
rroducts is obtained which proved impossible to separate by chromatographic
or sublimation techniques, However, the mass spectrum of the mixture
reveals the parent ion and fragmentation pattern ﬁeaks expected for

- N . m
Ru(SzPMez) o (POEt(OPh)z)z together with a peak at /e 780

102
(

Ru isotope) which can only arise from the species Ru(SzPMez)§
(P(OEt)2 OPh)z. since there is no way of obtaining a fragment of this

mass number by degradation of Ru(S PMez)é (POEt(OPh)z)2 s Consisteat

2
with this interpretation, the 1H nemer, spectrum of the mixture shows
two sets. of ethyl resonances of.approximate intensity 3:1 (the ratio
varied from sampie to sample) attributable to the mono- and

bis~ ethoxy phosphite complexes respectively. The experimental

carbon and hydrogen percentages for the mixture are also in good



. the resultant oil shows peaks attributable to Ru(SzPMez)z(P(OEt)

- 50 _i;'

agreement with calculated data hased on this ratio,
Fﬁrther refluxing (24 hours) gives a yellow solution from

which no solid product could be isolated butia masS'spectrum of

372 °

togethef'with‘alhumber of other tertiarf'phosphite compounds (see

experimental section). However, :if the feaction between

R“CIZ(P(OPh)3)4: and excess NaSzPMé2 is carfiéd out in refluxing

methanol, even for comparatively short réactibﬁ'times, a pure
sample of Ru(SZPMez)z (P(OMe)'B)2 “can be isolated and phenol and

trimethylphosphite can be identified in the filtrate.  All these
phosphite cohpodnds'are more resistant to oxidétion in solution

than the corresponding tertiary phosphine cdﬁplexes. -

320

Muetterties et al have reported”thai_triphenylphosphite,.when

co-ordinated to ruthéniuﬁ, does not appear to undergo tfansesterification
by alcohols, wherea§7such reactions readily occur with the free ligands.
Therefore, at,firsf sight, the transesterification of the tertiary

appears surprising.

phosphite groups in "Ru(SZPMez)z(p'(oph\ ),

'3

However, since the starting material has four_phosphites per ruthenium

and the product only two; then two must be released during the reaction,
presumably as freevtertiary phosphite. This free triphenylphosphite
may then be transesterified giving, in the case where methanol is

solvent, trimethylphosphite. The trimethylphosphite, being a stronger
321

nucleophile than its.triphenyl-analogue , (as well as less bulky),

can then replace the co-ordinated P(OPh)s groups to give

Ru(SZPMez)z(P(OMe)3)2 e This conclusion is supported by the

observation that Ru(SZPMez)z(P(OPh)S)2 may be recovered urichanged

. - B ) : -
after refluxing in degassed methanol for 2% hours, Presumably the

, . 322 . ' , ' . s .

In a recent paper3 Roundhill et al suggest that transesterification of
tertiary phosphites occurs when the phosphites are co-ordinated to platinum.
However, since in each case where transesterification occurs, there is free

‘phosphite present in the system, a better explanation (in view of Muetterties -

work320)-might be that the free phosphite is transesterified and then this
replaces & bound phosphite which is, in turn, transesterified etc.
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ease of formation of the P(OMe)3 complex, compared with the
_P(OEt)s_complex, is a reflection of the gfeater nucleophilicity
of the methoxide ion compared to the ethoxide ion,

in dimethyl

Finally, reaction of {RuClz(diene)}nrwith NaSOPMez

formamide or ethanol.g1ves Ru(dlene)(szpyez)zl(d1ene = C7H8 or C8H12)’

L. l l. s . o
analogous to Ru(C8H12)(SZCNR~e2)z which fsJPrepared by a similar

methodzsb (see page 32 ).

2. Reactions of-‘Ru(S-S)zLn complexes,
'~
All the compounds of type (A) readily react with carbon monoxide
under very mild conditions to give the monocarbényl species

Ru(sszz)cho (C)s ForlL = PPh3, AsPh_; R = Me, the same ccmpounds
are also formed'by prolonged interaction of cis - RuClé(CO)sz 287 with
' . 233

'NaszPMez. In contrast, in agreement with;éarlier work ™ ”“, attempted

carbonylation of the corresponding 'Ru(SZCNRz)z(PRj)z compounds
' ' - o ' ,
(PR3 = PMezph,PPhB),.even under pressure, gives only unchanged starting

material. Furthermore, attempts to displace the remaining L group

vfrom Ru(Sszc)zLCO to give Ru(SzPRz)z(CO)2 have also’ proved

ﬁnsuccessful. However, the dicarbonyl complexes Ru(SzPRz)z(CO)2

(R = Me,Ph) have been synthesised from CSZ[RUCIQ(CO)Z]BZB, NaS,PMe,

*

and f#om Rus(CO)la, .,

" Ph PSZH combinations respectively, Similarly,
reaction of Rus(CO)12 with tetramethylthiuramdisulphide gives. the
previously characterised Ru(SzCNMez)z(CO)z e A small amount of

this product is also formed by prolonged reaction of cis- RuClz(CO)z(PPh_)2
e I 5
with NaS CNMe,,  Although Ru(SZCNRz)Q(CO)A does not react with PR}, the

3
corresponding Ru(SZPRz)z(CO)o are readily converted to

' . ) -
Ru(SZPRz)z (PRB)CO « Thus, it appears that the products Ru(SaPRz)zLCO

,ére thermodynamically very stable, being readily formed from eithe:r

Ru(S,PR,) L, or Ru(S,PR,),(CO), whereas with (5-8) = S,CMR,, no

'We thank Dr,- J.R. Jennings of I.C.I. (P. and R) Ltd. for a sample of
this compound, ;




' evidépce has bgéﬁ found for the mixed species. For L % PMezPh,
reactiovs-of' Ru(SZPRz)z(PMezph)z‘ and carbon monoxide give, in
addition.of RQ(SZPRZ)Z(PMeZPh)CO, two other complexes whichv
both analyse fér Ru(SZPRz)z(PMeZPh)zco . Compounds of this
typevhave notvbéen observed with other tetti;gyvphoéphines. A
detailed spe;troscbbic analysis of fhése compounds, together with
proposéd structgres an& a possible genefal'mééhauiSm for these
carbonylation reéctions are presenfed later in this chapter,.
All the. Ru(S-S)sz compouﬁds_undef§§f1igand exchange reactions

with other phosphorﬁé ligands of greater>bé$icity. Thus, for
Ru(S_PR_)_L. where L = PPh_ or PMePﬁzgnfegétion with PMezPh(L')

2 2’272 3
gives Ru(S_PR ).L! s similarly, both L groups are displaced by L

2 27272
. . A . . . - ’ . :
when L =.PPh3, L ,‘PMeth and_alsp with gu(SZCNMez)z(PPh3)2 and
excess PMe Ph, Ru(ScCNMez)z(PMezph)é is exclusively formed.

These results can be readily ratioﬁalised'op the basié that the
compounds Ru(SfS)zL; are both Steriéally gég electronically

favoured compareﬁ.wifh the mixed ligand complexes Ru(S-S)zLL' .
However, when the‘phosphine complexes are treated with P(OPh)B,

steric effects become more important. Thus, Ru(SzPRz)z(PHeﬂFh)2
. . 4

and P(OPh)3 give only the mixed ligand complex Rﬁ(Sszo)z(PMe Ph)(P(OPh)S)

2

» --‘ S- = s N
whereas with Ru(S S)z(PPhB)2 (s-s S,Phe,, S QNMez), both

2
Ru(S-S)z(PPhS)(P(OPh)S) and Ru(S-S)z(P(OPh)3)2 can be isolated,
the amount of each depending on the conditions employed. This is
presumably beéaﬁse there is a fine balance between the large difference

in basicity of PPh and'P(OPh)3 (which will favour the bis-phosphite

3
complex) and the greater steric crowding in the bis-phosphite complex
_éompared with the mixed phosphine-phosphite species.

On-account~of the lability of ruthenium-olefin bonds, the complexes

Ru(SZPMe2)2§;ene (diene = C7H8.or C8H12) have proved very useful as
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starting materiéls for exchange réaétions4and react with CO or

PPh3 to. give Ru(s PMez)sz (L =co or PPh ). The diene complexes

also react with ditertiary phosphlnes to nge Ru(SZPHe ). (P-P)

(P-P = Ph PCH,_CH PPh (diphos) or Ph,, PCH Pth) which, because of

2 2
289 are only obtained in

the 1r=olub111ty of trans - RaCl (P-P)
low yield from the reactlons of these comﬁounas with NaSéPMeéf

With o-phenylenebxsd1methy1-ars1ne (d1ars), Ru(S PMe ) (C7H8

gives an off whxte compound which analyses for Ru(Q PMe ) (d:ars)
after‘reflux1qg'1n ethanol, but ;écrystall;satlon of this compound
from toluene either in the presence or ab§e5¢e»bf.e1ementa1 sulphut
gives orange Ru(S PMe ) (diars). : Unfoftuﬁ;tgly, Ru(S PMe ) (diene)
do not react w1th tr1pheny1ar51neband since’ attempts to prepare
287

316
or Me, N [RuBr L (Asph3 ),]2Me CO

Ru(S PPh ) (AsPh ) from RuCl (AsPh ) MeOH
'and'NaSZPth only gave rise to the fOrmatlon of Ru(SzPPh2)3, we have
not succeeded in préparingAany complexes of.ruthenium which contain

both dithioacidrligands and triphenylarsine;apart from

cis-Ru(SZPMez)ﬁ(AsPh)BCO (see above),

, 3._ Spectroscopic Properties of Dithioacid Complexes.,

(a) Infrared Spectra:- The infra-red (ir) spectra of all the

complexes reported'are réther complicated, showing'gbsorptions due

to the tertiary phosphine or phosphite.groups, as well as the
phosphihodithidéte iigands. Héwever,_regent work in this laboratoryiﬁ,
indicates that fof blatinum and palladium (II)_diphenylphosphinodithioate
vcomplexes,'théréiappéars to be an empirical-i.r. mathod of distinguishing-

Pth groupe.

between bidentate, ionic. and unidentate co-ordination of the S2

Thus, bidentate bo-ordination is charactefised by two bands at
,603,' 70-cm-1; 1on1c, 650, 560 e and unidentate,. 645, 540 cm-i.

Sxm:larly, plat1num and palladlum (II) d1methy1phosph1nod1th1oates



have characteristic bands at 570-585 <:m"1 (bidentate);.
610 cm™? (ionic) and 600 cm™ . (unidentate). In this instance,

the'lower energy band (ca 500 cm-i) is masked by strong ligand

vibrationsls.
An examination of Table 2.3 reveals that all the Ru(SZPRz)zL? ’
t
q{Y ®
Ru(SZPRz)zLL and Ru(SZPRZ)z(u—L) qomplexes contain only i.r.

‘absorption= characteristic of bidentate S_PR_ co-ordination,

2
Similarly, in spite of complications arising from the pressnce of

carbonyl bending modes dgco) in the region 600-500 cm-i, all the

PR )‘(co)2 show only

compounds'of:type Ru(Sszz)zLCOV and Ru(S2 0) o

lﬁidentate' SzPRz co-ordination. The latter also‘have two FEO bands
indicating.a‘gig~configuration.v‘ For the compounds Ru(Sszz)z(PMezPh)zco .
in addition to the 'bidentate' bands, there are absorptions at

645, 540'¢m'1 (S,PPh,) and ca 600 cm‘i‘(sszez), indicative of

unidentate co-&rdination,altﬁough the presenée of a carbényl bending
vibraticn in‘this reéion-is a compiicating factor. In the i.r. _
spectrum of Ru(Szpﬁez)z(diars)z, the only band in the'700-5(')0:<':m-1 ’

region is a strong peak at 600 cm'.1 with a shoulder at 595 cm-i,

which suggests that both S

2PMez groups are unidentate, This

observation, which is supported by n.m.r. data (see later) together
with the rest of the data in Table 2.3 clearly indicate the generality
of these empirical methods for distinguishing between differentAtypes

of SZPRZ co-ordination in platinum metal compléxes.

PR ) (PR%)Z

(b) Mass Spectra:- The complexes of formula Ru(S2 5)o

are all of high melting point and decompose at low enough temperatures
t@ make it impossible to obtain mass spectra for these complexes;
 However, the phosphine/phosphite; bisphosphiﬁé, diphos and diene

compounds are more volatile and excellent mass spectra may te recorded
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at gg_&hok. ihese'consist éf well«?#ﬁned parent ion peaks
together with fragmentation patterns e.g. the spectrum of
Ru(SZPMeZ)z (P(OMe)3)2 (Table 2.4) which shows successive loss
of methyl groups and oxygen atoms from the phqsphite groups,

The carbonyl-containing compounds, Ru(SZPRz)zLCO and

Ru(S_PR_)

o . .
oFR, 2(PMeZPh)ZC g are also mQre volatile than their

bis-phospiiine parent compounds and thus give reasonable mass
spectra. For L = tertiary phosphine, parent ion peaks together
with fragmentation patterns-¢orresponding to loss of carbonyl,

loss of tertiary phosphine and loss of both carbonyl and phosphine
groups are observed. There are also metastable ions corresponding
to the loss of carbonyl gfoups and in some cases, doubly positively
- charged species [Ru(SzPRz)zL]2+ are observed. For the
Ru(SZPRz)z(PMeZPh)ZCO éompounds, exactly the same parent icn and

fragmentation pattern is observed as for Ru(S_PR_) (PMeZPh)CO

2 2’2

due to ready loss of a PMe_.Ph group. The phosphite complexes

2

containing a carbonyl group give more complicated mass spectra e.g,

the spectrum of Ru(SZPMez)z(P(OPh)S)CO (Table 2.5) which shows

.successive loss of carbonyl, phenoxy and‘vszPMe ‘groups.

2

(c) 1H n.m.r. spectra.

3 " R S =
i) Complexes of formula Ru(SZP 2222 For L = PMe Pha or

PMeZPh, the room temperature resonance arising from the methyl groups
on the phosphines (a Hth'H'ﬁ second order tyﬁe spectrun n = 3 or 6324
consists of a sharp doublet with a broad hump situated between the .
doublet' (see Figure.2,1b, page 57). Comparison with other

similar ruthenium tertiary phosphine compiexes is c¢f interest,

Thus, for trans- Ruc12CO(PMe2Ph)3 ' the'iﬂ ne.m.r, spectrum consisis

Referred to hereafter as a 'pseudo-triplet! pattern.
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of a 'virtually' coupled 1:2:1 triplet from the trans phosphines
and a doublet arising from the cis-phosphine,. due to the fact that

in this compound, Jb#(trans) is very large and Jbﬂ(cis) is
325

effectively zero . However, in some complexes, where the

cis-phosphines are in equivalent chemical environments e.ge.
: Lo 201 1
[Ruzc13(PMe2Ph)6-]m and cis- RuCl,(PMe,Ph), , the methyl "H n.m.r.

éignal.is a pseudo-triplet, very similar inAshape to those observed

PR.)_L (L = PMe

) oly Ph,PMeth),n~ This however is not

here for Ru(S

2 2

true in every case, e.g. the cis-phosphines in cis- Rqu(PMeZPh)4
{which are also in thivalent chem;cal_envirgnments) give rise to a

308 (iees Jpp is effectively zero). Thus, the

single sharp doublet
pseudo-triplet péttérn could arise either from éis-phosphines with a
relatively large Jé'lor trans phosﬁhines with~é relatively iow

. P
324

Jpp’ and hence no definitive conclusion'about stereochemistry

can be drawn frbm these peak';ontgurs ét‘foom temperature,
Ho#ever,on:cbo;ing the PMé2Ph coﬁplex;lthe methyl resonance
signal broadens and at 250K, consists of two pseudo-triplets
separated by-25”13Hz'(Figure 2.1c, page 57)3; raising the temperature
reverseémthe'procéss. The best explanation for these observations
is fhat the complex h;s a gig—cqnfiéuration and at lower temperétufes,
rotation aBout the'hﬁthenium-phosbhprus bond is slow and the
inequivalence of the chemical éhvironments of thé two methyl groups
(a and b) is seen in the n.m.r. specfrum (Figure 2,2 pagé 58). This
non;equivalencanhas 5150~been noted for the trans phosphines of

325

cis- RuCIZCO(PMe PL) . If A (L =-PMeéPh) had a trans-configuration,

2 '3

then the two methyl groups on the one FMe _Ph ligand would be in
,idenfical chemical environments, giving rise to one resonance,

_irrespeéti?e of. the rate of rotation about the ruthenium-phosphorus bond.
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YA

R 4 - t
-~ Methyl regicn of "H nem.r. spectrum of RU(S,,PHe ) (PMe_Ph), in CD Ci
at different temperatures. = 277272 272

a) 338K | . b) 301K c) 253K



Fig. 2.2

Diagrammatic representation of cis - configuration for

Ru(SzPMez) 5 (PMeZPh) 2°
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The process by which the. phosphine methyl groups of

cis-Ru(S_PR,) (PMezPh)2 exchange at highér temperatures cannot,

2 2°2
~ however, be simply an increase in the rate of rotation about the
Ru-P bonds since this does not lead to coalescence behaviour, but
rather to a gradual decrease in the separation of the two phosphine
methyl resonances until they coincide (see for example:-
. 'y - ‘ ) :- _
cis rm(szcm»xe.,)_)2(1‘>Me21>h)2 (page 73 ) anz zis Ru(SZPMez)z(PMeZPh)CO
(page 66 ) ). Hence, the dynamic process which equilibrates the
environments -of the phosphine methyl groups is probably the same

as that which equilibfates the environments of the S PMe2 methyl

2
groups af higher femperatures, namély an interconversion of the

two optical enantiomorphs of cis - Ru(SZPMez)z(?MézPh)z_p (sec below).
For L = PHeth, the siﬁilarity of the sbape of the pseudo-triplet

to that for L = PMe Ph, and for L = P(OMe)S, the close similarity

of the observed second-order spectrum with that obtained for

cis- Pt X‘z(P(OMe)B)2 326

is further evidence for gig;stereochemistry
in these compounds.

However; full confirmation of cis stereochemistry for all theSe
tertiary phosphine and phosphite compiéxes comes from an examination

of the low temperature 1H n.m.r.‘spectra of the methyl groups of the

J),L, , two types of inequivalent

S PMe2 ligands., For cis-~ Ru(SZPMe2 oLlo

2
dithioacid methyl groups (¢ and d in Figure 2,2, page 58) are present,
which should give two signals, each split into a doublet by the )1P nuclei,
whereas for trans stereochemistry, only one doublet should be obser#ed.

Experimentally, the low temperature, 1H nem,r. spectra of all the

bisphosphine and bis-phosphite compounds consist ef two doublets,
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_ indicative of gig.stereochemistry, at'ieast:at low temperature..
(see Figure 2.1c, page 57 and Table 2.6),

However,,ph'warming io room tehperature or above, these two
doublets first cpalésce and then sharpen teo a_single doublet (with
a veryvsimilaf'JéH):(Figure 2.1a, page 57 §ﬁ3VTab1e 2,6). This
process, whichlbécurs at different raté$ er different L, is
completelf‘reveﬁsiﬁié; At first éight,'thééé-§b§ervation$ are
consistent withiéifhe¥ a reversible gigfiggggliéomerism or a rapid
interconversion of the two possible 6ptica1‘éﬁanti§mers of the cis
compounds at‘eié?ated temperatures.,  >ThereHéréjSdera1 reasons why
the latter'explénatién is preferred. .\Fi;éﬁufhe sh#pe of the
resonancé due.tbhthé methyl groupg,éﬁlthe éﬁééphihes remains almost
unchanged thrdughéqt:thé temperatuféAghangg;(ﬁhereas.gig-zzggﬁ isomerism

should produce-largé changes in J énd hence in the shape of this

PP
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resonance . In general, it has been found that the more stable

isomers of ruthenium complexes have a cis-configuration and that

_quite often onvhéating,'the trans isomer undergoes an irreversibie

287,328

conversion to the cis isomer This is the reverse of the

' behaviour found in these complexes, Furthefmore, the related
Ru(SzPRz)z(CO)z' coﬁplexes, which have a cis configuration in both

solid and solution state (two'VEo), show no'evidence for formation of

the trans isomer at higher temperatures (no change in i.r. spectra).

X=ray anaiysis has confirmed the cis-configuration for

Ru(SzPEtz)z(PMeZPh)z‘ (see Appendix 2), and the related compounds

310(b)

R Ee . = . . - - : t °
Ru(gcsz)z(Pphs)z and Ru(pys)z(PPhS)z (pyS = pyridine - 2 - thiolato)

also possess cis. stereochemistry in the solid state.
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Finally;'the high fémperature déubiet-is approximately halfway
between the positions of the doublets at low température,
irrespective éf L (Table 2.6). This phenomenon is cbaracteristic
of a proceés such as rgpid inversion wbich averages the'two
chemical environmenté of the methyl'groupé c and d but not, of an
interconversioh of geometrical isomers wﬁere it is extremely
‘Vgnlikely that the chemical shift.of,the methyl gréups of the EEEEE
isomer will always coincide with the meén of tﬁose;of the
cis isomer.
Thérefore, all the evidence suggests that:the variation in
H n.m.r..sbectra 6f fhese>comp1exes gi§-Ru(52PR2)2L2 with temperature
is due to the faCiie intefconvefsion of optical isomérs“and
the ﬁechanism of this process is discussed in detail later .in tﬁis
chapter. ' |
The chemical shifts §f the methyl resonances of the:SzPMéz
ligands are also of interest in that the position of the lower field
doublet remains almost unaitered by Changing L whereas thatAof the
higher field.doﬁblet is very sensitive to chénges in L, varying from
'ﬁ8,08 (1T= P(OMe)s) to't8.94 (L = PPhB) Tatrle 2.6). A possible
exﬁlanétion of this is that the lower field doublet arises from thé
methyl groups anti fo the phosphorus ligands (d in Figure 2.2, page 58)
'-and the higher field doublet from the methyl groups (c) syn to the
phosphorus ligands., Then, the syn methyl groupé are more iniluenced
by the. ring currents of the phenyl rings on the phosphorus ligand,
cauéing them to be more shielded than the anti methyl. groups which
accounts for their higher field position. Furthermore, increasing

the number of phenyl groups on the tertiary phosphine leads to

increased shielding of the syn methyls; making them resonant at even
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higher fields. Similar effects have been observed in the
compounds [M(S-S)(PR13)2] EPh, (M = Pt or Pd; S-S = S,CNR, or
SZCOR) where the R and R1 resonances are shifted ca.C.2-0.,47 .

upfield with respect to their positions in the corresponding

'PFG- and C1~ sa1t516’19, as well as in recent studies on the
interaction of benzene with arsénic, antimony and bismuth
dithiocarbamates 22, For L = P(OPh) 5, tiie higher field doublet

resonates atT8.35., This is lower than that in the PPh_, complex,

3
presumably because the phenyl groups are further away from the syn

methyl groups and hence produce less efficient shielding,

(ii) Complexes of formula Ru(SnPMez)n(L-L).

In all of these tris-chelate complexes (L-L = C Hgy C

78" Cglia
PhZPCHZPth, diphos or diars), the stereochemistry of the molecules

is confined by steric factors to be cis and, although for

L-L = C8H12’ the resonances from the diene protons are difficdlf

t6 see and for L-L = diphos, only the phenylnresonénces are clearly
seen on account of'thé complicated nature éf the 1H‘n.m.r..signals
;rising from a PHZH;Pl spin system, the resonances arising from (L-L)
in the 6;hef complexes are easily distinguished and are all
consistent with cis stereochémistry-(Téble 2.6).  Thus, for

L-L.= C%HB’ signals arising from the three distinct sets of protons
(Figure 2.3, page 63) are_seen‘and are assigned as arising ffom
Hy,Hy Hg and He at T6.15, H, and Hé at 5.9 and B, and Hg atv8.7;

(o] .
I 33 type spectrum arising

for L-L = diars, a poorly resolved AALBB
from the phenylprotons is observed, centred at T2,40, whilst the
methyl groups of the diarsine give rise to two sharp singlets at

8.2k and T8,60; and for L-L = Pn,PCH,PPh,, apart from the phenyl

resonances, a sharp triplet atT¥ 5,03 is scen which arises from the
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Diagrammettxc representat_lon of Ru(SZPMez)z ‘(C7H8). ’



splitting of'the:methylene.proton resonance;by the two chemically

31

equivalent P nuclei. As for Ru(s PMe ) Lz, the methyl groups

“on the SZPMe2 ligands give rise to two doublets at low temperatures;»

“however, in contrast to the behav1our of Ru(s2 Mez)zLo’ the

resonances rema1n sharp on warming up to 37)K 1n C6H Cl. Above.

5

this temperature, for L-L £ diene, the sxgﬂals begxn to broaden

but since the boiling point of C6H5C1 is 403K the condition. in

which fast exchange of the env1ronments of the SZPMe2 methyl groups

is occuring, is never reached (Table 2 6).

Finally, Ru(S PMe ) (d1ars)2 gives rxse.to'a well resolved
aa‘ee’ 330

type set of resonances in the ohenyl reglon (Figure 2.4,
page65) as well as ‘a sharp sxnglet from the dxars methyl groups fr8.02)

and a sharp doublet from the methyl groups of the S, PMe ligands 8.46),

2.
This spectrum 1s 1nvar1ant from 233K to 333K and this is best explained
~if the two.szPMe2 groups are bothAonidentate’and mutually’trans. since
if they were cis, two resonances would be expected from the methyl

groups of the diarsiﬁe ligands. . o

. (iii) Complexes of formula Ru(SZPRz)nLCO and Ru(SzPRﬂ)LL .
X AT Nt .

In all the-Ra(sszz)Lco complexes, the methyl group(s) of pﬁe
phosphorus ligand proouoeva single ooublet at high temperature in-
the 1H “.m;r. sﬁectrum, an observation_consistent with either Eiév
or trans stereoohemistry. However,'ioﬂtoe.low temperature spectrum
of Ru(Sszz)z (PMe Ph)CO “two doublets.from the §hosphine methyl

groups are seen whzch on warming graduaily:move tnoether withcut

broadening until_they are coincident.
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spectrum.of‘traﬁs - Ru(s PMez)2 (diars)z.



The onl&ftyﬁe of mechanism thaﬁ‘coul&.givé rise to this
behavioqr is pﬁé iﬁ,which the chemical'enfirqnments of the‘two
methyl groupsidn-one phosphine beéome mére_gquivalgnt-at
' higher temperaturés; withéut there seiﬁg gnyﬂexéhangé of methyl

groupc Betweeﬁ the fwo environméntév(sincéJﬁo:¢oalescence
phenomenon is obsérréd).' | |
dne such mQéhéﬁism could arisé:frdm’tﬁejkéét.fhat at léw

temperatures (when rotation about the metal-ﬁhbsphorus bond is

slow) there will:be.one‘ or moreApreferred, diScrete orientations

of the‘phosphiné moiety with respéct‘to,fheyreéérof the molecule,
fhesé éreferred orientaticns will be detérﬁ;ﬁe& by'a combination
'of steric and'eiéctrgnié factors.rt S;h§e fﬁére is no symmetry elemegf
of the,mqlecqlé,that.inéorporéteé fﬁé_metai;phﬁsphorﬁs ﬁond,_then,
under these conditions, fhe énvironménts éf{fhe two methyl groups oﬁ”
one phosphine Wiil ﬁe differgntranditwé_&ifféreht signa1s will
'therefore be seer invthe 1H n.m.r; ?ééétrum.

| Now, when,th; ériehtation qf-éﬁe phosphine iigénd differs

from that préferred,'each methyl group will be in a different

chemical environment from that in the preferred configuration,
Thus,'aslthe temperature is raised and the rate of rotation ebout
the metal-phosphorus bond is increased, each methyl group wiil spend

" less time in its preferred envirohment’ahd more in other enviromments,

In this instance, there is probably only cne preferred rotamer since
further cooling does not give rise to additional signals which is what
would be,expected if, when no rotation is possible, the phosphine group

could tékerup more_than one preferred configuration,
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Its cbémical shift will:then bevan a#eragéqu the chemical shifts
of eacﬁ_environment, weighted accordiné'toithe amount of time spent
in each environment, When,; at higher températdres, the phosphine
group is rotating freely, each methyl group}ﬁill'speﬁd an equal amount(
of timc.in gli environments, hence, the é;gtage environment of each
is the saﬁe and'a-;in91¢ resonancé ié expéqteq,

It is_impottaﬁt'to noté that exchangé.§?€fﬁe-énvironments
of the methyl g;;ups aoes not occuf in thj§;§;§éess since, aithough
at differént«timeé,_each may_occupy.the-s€@; position‘re1ative to the.
non-phosphine ﬁért ;f'the molecule, their en?ifonhént_with respect to
the orientation-ofAthe other methyl gféuﬁvénd fhé_phenylvgroup
attached t§ thexﬁhoéphorus atom wi;l'élwéyé'ﬁe aifferent}

Fpr_the_éémpoupds Ru(SzPﬁz)szL;>the ﬁ;fﬁ?l groups on the
'phosphine exhibit a single sﬁarp doublet which is temperature

!/

independent except for R = Ph; L =’PMezPh; L =.-,P(0Ph)3 (Table 2.6).

However, as for the Ru(s PMez)sz compounds, examination of the

.SZPMez methyl resonanceg_prov1des an unequivocal de@onstration of
§i§ stereochemi;try. If tﬁe éomplexes Ru(SZPMez)thr or Ru(SZPMez)zLCO-
had a Eiéég c§nfi§uration, the methyl groups of t'ne'SZPMe2
occupy two dlfferent env1ronments, ‘either s _1_ to the ligand L or
syn to L (or CO) wh1ch would g1ve rise *o ‘two signals, each split
into a doublet by coupling'with a B;P nucleus, For.a'gig
configuratibn,‘ai; four ﬁethyl groups will,be in different chemical

environments (Figure 2,5, page 68) and foir resonasces (each

a doublet) should appear in the 1H n.m.r. spectrum,

ligands would
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Fig.2.5

Diagrammatic representation of cis-configuration for Ru(SZPMez) 2LL

a) L = mezph, L = P(OPh)3; b)v L = P(OMe)B,LI =CO0} ec) L = PPHB, L = p(:)ph_)3



- 69 -

Af low:temperature,'the 1H n.m.r.'spectra of all these
complexes (with the exception of Ru(szPMéa)z(PMeZPh)(P(OPh)B)
ang: Ru(SZPMez)z(P(Oﬂe)B)CO 5 consist of four qéublets arising
from the SZPMe2 groups, For Ru(SzPMez)z(PMeZPh)(P(QPh)B)
the two higher field doublets are superimposed (Table 2.5),
These two reéénances éresumably arise from the methyl groups syn
éo the phosphine and syn to the ﬁhésphite ligands (e and
respectively - Figure 2.5a, page 68). In this instance, although
the'PMezPh group»has.fgwer phenyl rings ﬁhan P(OPh)S, those. on
the phosphite are further removed from the methyl group f by the
presence of the oxygen atéms, thps producing similar shieldingA
effects and hence identical chemical shifts for e and f. This
conclusior is supported, in part, by fhe observation that the

chemical shifts of the methyl gfoups (¢) in the bis - PMe_Ph

2
and'biS'- P(OPh)Svcowplexes are fairly close, beingT8.14 and 8.35
respectively, |

For. ﬁu(SZPMez)z(P(OMe)S)CO s the twe lower field doublets are
superimposed (i.e. g and h in Figure;z.Sb, page68). This is not
uneipected since the chemical shifts of the low field douﬁlets in the

‘bis - P(OMe)3 and bis - carhonyl compounds occur at T8.89 and 7;86
resbectively (Table 2.5). In support of this interpretation,

- heteronuclear phosphorus-hydrogen spin decoupling experiments confirm
that two methyl groups attached to different phosphorus atoms are
accidentally supefimposed.

The methyl resonances of the'dithio ligands of the cis -
Ru(SZPMez)zLCO and cis - Ru(SZPMgz)Z(CO)z ‘complexes are
femperature in&ariqnt up to ca 330K (although measurements on

cis - Ru(SZPMéZ)z(PPhB)(CO) at higher temperatures in chlorobenzgne
indicate similar behaviour to that described below for |

A : !
P .
Ru(Sz- Mez)z(PPhB)(P(ophp ).. However, those of the Ru(SzPMez)le..
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compounds show marked changes at lower temperatures. For
v'éxample; on‘warming Ru(SéPMéz)é(PPhB)(P(OPhiB) . the four | |
methyl'doubleis present at low temperature (Figure 2,6a, page 7i)
begin to bréadén, the inner two coalescing-at ca 280K (Figure 2,6b
page 71) and the outer'two.edntinuing'to broaden untillat 320K, .
~ the spectrum consists of a slighfly b%oédened doublet sﬁperimposéd
§n é-brqad signal which represents the co=lesced peak_of the»
outer doublets (Figﬁre 2.6c, page 71). At even h;gher temperatures
(in chlorobenzene), the-spectruh consists of two doublets'situ;ted |
halfway between.the origina1>inner'and outer douﬁlet positions
respectivel&'(Figuré‘z.Gd; page 71) (Table 2.5). This behaviour-
is éttriﬁuted to_the facilé ih£erconversioﬁ of opti;al isomers at
higher tgmpe;atures, thevdifférent coalescencé temperatures for the
twoApaifs of doublets befngvdue tp theirldifferent separations.,

At this'juncture, if is of.interest to consider which resonahces
in the 10& temperature spectrum of this compound correspond to ﬁhich
methyl groups of.thé'complex ﬁegausé such informatibn will be
.iﬁfortant when the detailgd mechapiSﬁ of the invérsion process is
" the ring currents of the>pheny1 rings on L,(or—L'f,shield the methyl
groups nearest to them, the methyl resorances of Ru(SéPMaz)z(PPh3)(P(OPh)B)
are assigned as h, g, f and e respectively.(Figure 2,5¢c, page 66) in
ascending order of chehical shift‘(Figure 2,6a pag» 71). This is
based on the féct that mefhyl groups e-and.g are closer to the PPh3
gfoup (which has the gréater shielding effect) than are f and he
These conclusions are supported by the fact that irradiating the
bhospﬁorus’spectrumAat 40481983 3% collapses the doublets labelled

" e and g whereas irradiation at 40482100 Hz decouples. f and h.
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Hethyl region of "H n.m.r,, spectrum ‘of Ru(s PMe ) (PPh ) (r(OPh) )
at d1fferenu temperatures,

(a) 233K in CHCL; (b) 283K in CH,C1; (c) 31ox in CH,C1,

(d) 363K in C6H5C1.
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This confirms that the methyl groups giving rise to resonances
e and g are attalthed to the same phoéphorus atom whereas those
giving rise to resonances f and h are attached to the other phosphorus
afom. Thus at higher temperature, the chemical environmenté of
groups h, e and of g, { are interchanged but there is no éxchange

*

between any of the other environments. A possible interpretation

of these observations is presented late:i' in this chapter,

(iv) Complexes of Formula Ru(S,CNMe ) L, .
. =

233

It was reported earlier that the 1H NeMmere, spectrum of

Ru(SzCNMez)z(PPh3)2 Mezco shows\SZCNMe methyl resonances at

2
v 7.18 and 7.30 (with an intensity ratio of 1:2). The authors

concluded that the structure was trans, attributing the methyl group
splitting to different orientations of the methl groups, which

they suggested is probably caused by stgric effects emanating from

3

(in both cold and refluxing acetone), a crystalline yéllow solid,

the bulky PPh_, groups. However, on repeating this experiment,

analysing for Ru(SZCNMez)z(PPhs)2 Mezco'was formed, whose n.mfr.
spectrum contains two methyl resonances of the same intensity at
T 7.06 and 7.253 there is also a peak at1t 7-86 (acetone), This
spectrum is consistent with a cis - configuratior., Similarly, for

~ Ru(S,CNMe, ), (PMe Ph), , prepared from mer - RuClB(PheZPh)S s the

Homonuclear double resonance experiments at low temperature,
in which irradiation at the resonant frequency of ocne of the lines of
d@ublet h causes partial collapée of the corresponding line in
doublet e but no collapse of doublets f and g, confirm: that exchange

331

is orly occurring between methyl groups e, h and f, g,
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low temperature 1H nem.r, Sspectrum consists ofvtﬁo pseudo-tripiets

(PMeZPh groups) and two singlets-(SZCNMe2 groups) which is

~ indicative of a cis - configuration. | On warming, the two pseudo
triplets move together without broadening:until at 263K they are
coincident whilSt the methyl double: éoalesces to a singlet at

ca 300K, = A similar behaviour is observed at 318K for the

bis --PPhB complex (Table 2,6). Ebr these compouﬁds, the
coincidence of the pseudo=-triplets at higher temperatures is again
attributed to‘the free fotationAaround the Ru-P bonds, However,

the process equilibrating the methyl groups ét higher temperatures is

pfobatiy due to facilecﬁzhlbond rotation'rathér-than inversion of
optical- isomers. This conclusion is based on tho results éf a

kinetic line shape gnalysis on the compound ﬁu(SZCNMez)z(PPhB)(P(OPh)s)

which.reveals different rates of exchange for the two sets of methyl
groups. Tﬁis is discussed in more detail later in this.chapter.

Fiﬁally, the reaction 6f cis - ﬁu(SZCNMeé)z(PPhs)z with excess

\PMeZPh'in ethanql gives two products which both anélyse for

_ Ru(sz»CNMez)z(PMe'zph)2 . The 1H nem.r, spectrum of the more so}uble

'species”z71% vield) is identical to that obtained from mer -
RuCls(PMezPh)3 and NaSZCNMe2 (i.e. the cis isomer). However, the :
1H nem.r, spectrum of the minor product {21%), which is temperature

 invariant up to 315K, has a sihgle, sharp peak at ©7.20 (89CNMe groups)

2
and a broader pe&k o7 the same intensity at?t8.2? (PMeZPh groups),
indicative of a Esggﬁvconfiguration, with JPHc::-Jleand a lgrge valuz
of JPP” On further heéting, this compound rearranges irreversibly to
the gig'isomer. Therefore, in this instahge, there is evidence for'the_

287,328

irreversible trans - cis isomerism found elsewhere s and on this

evidence, it is also possible to interpret the 1H nNem.r. spectrum of
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233

Ru(SZCNMez)z(PPhB)z' observed earlier as a 50/50 cis/trans

mixture of isomers with the trans methyl resonance accidentally

superimposed on one of the cis methyl resonances,

L, Mechanism of Inversion of Optical Isomers .of Ru(SnPHezlzk?.

.A great. deal of interest has hoen shown in recent years in the
mechanisms of interccn&ersions"of optical.isomers of metal comblexes
and a comp:;ﬂensive review of the publications in this field has
recently appeared332. Most of the results which havevbeen presented
pertain to tris-chelate complexes although comﬁlexes of general formula
Eig-M(cheléfe)éxz have also been.studied332. - In ruthenium chémistr&,
the only stereochemically labile complexes for which opfical inversions. .
heve been reported afe Ru(SZCNﬁeBz)BZO8 (see page 9 ) and RuHé (L)4311
(page 45.). |

Apart from the tunnelling of hydride ions in RquLA, twé main
first-steps have'begn postulated for thevinVersion of opticai iSomers.
First, an extensiqﬁ of the normal vibrations of a molecule can lead
to a twist of one half of the molecule with respect to the other half'

about an imaginary C_, axis, as has been noted for M(SZCNRZ)B(M = Fe,Mn or CO)

3
(see chapter i); or second, rupture of a metal - ligand bond to give
rise to a squaree-pyramidal .or trigonal-bipyramidai transition state
may occur, ‘ollowed by some form of rearrangement of the transition
state, and recombination to give the optical isomer, as in Al(acac)(hféc)2
(acac = acet&lacetonate, hfac = hexdfluk:roacetyl-axmonatesss).~f

In Table 2,7, the activation parameters for the inversion of the
optical’isomers of Ru(Szpuea)sz, as célculated by'fuli line-shape -
analysés,,are givén and a detailed example of how these parameters

are obtainedbfrom variable temperature 1H n.m.r. and computer

simulated spectra is included in Appendix 1. The results are
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presented.graphically in Figure 2.7 (page 76)._ For .
v.gig - Ru(szpmez)é?Wgoph)3), where four methyl groups are present
at low temperature, inversion rates and activation parameters
were determined by separate line-shape analyses on the exchange
pf>the inner methyl doublets (§ and f) and the outer doublet$
e and hv(Figure 2,6, p;ge 71). The close similarity of the
calculated values. for these rates and activation parameters
(see Table 2.7) indicates that the same process‘is responsible
for the interchange of the chemical environments of these two V
sets of meihyl protons, | For cis - Ru(SZPMez)z(PPhS)CO, the
activatioh paramefers éiven inlthe Tabie were calculated by using
fate data obtained from the exchange of bofh the inner and outer
doubletS'respecfively, which again suggests that a cdmmon kinetic
process is in operation. | |

From Table 2,7, several other points of interest emerge
which must be considered whenlcontemplating possible mechanisma
of inversion. For example, the rate and assqciatedbactivation~
parameters are dependent upon the solvent medium in>whi§h the
measurem;ntsAare made. For cis - Ru(SZPMeg)z(PMezPh)z, meésurements

in c6H6' C6H5C1 and CDCl_ respectively (Figure 2.8, page 77)

3

show an increasing inversion rate accdmpnnied by ‘a substantial
ST + : .
decrease in AH and AS values, particularly on changing from

Cglig to C6H5C1 (or CDC13). In addition, measuring the rate of

inversion {by line sbape analysis) at 301K for CSZ/CDCI solutions

3

of cis - Ru(SZPMez)z(PMeZPh)2 in which the CDCl1l_ component is

3

increased from O to ca. 40% reveals a first order dependence

on CDC1, concentration (Figure Z.9, page 78). Solvent dependences

3

have been noted in the inversion of other complexes by bond rupture
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. Arrhenius plots (log 16 k. Vs, 1/,1) for various cis - Ru(_szPMez)sz.
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_ Arrhenius plots;(logio k Vs. 1/&)f0r cis - Ru(SzPM__ez)z(PMeZPh)2 in

various solvents,
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mechanisms but in generalrthéy are relatively insignificant,
producing small changes in A,S*' and negligible changes in AH*.
They are attributed to the different charge separations and

degrees of solvafion in passing from the ground state-of a

333

molecule to the transition state with a dangling ligand .
However, the mechanism for exchange of the phosphine methyl
groups in (PhMezP)fél M (OOCHj)z (M = P{,Pd) has been postulated
as involfing a solvent assisted rupture of the M-O bond of a
bridging carboxylate group followed by rotation of one half

of the molecule about the other bridging ligand and reformation

of fhe M=0 bond with expulsion of solvent?sg.

In a given solvent (CDCIB), the inversion rate is also
dependent on the group L, the relative order being

) PPh3> PMePh2> P(OMe)3> PMe,Ph >P(OPh) 3 > diphos ~~

;’ N Py ~ ] . ‘ P
Ph2PCH2PPh2 “dxars)>C0 C7HB’§)C8H12' which is qualltativelyx

the same as the order found for the rates of oxidation of

. - . - I ¥ .
cis Ru(SZPMez)zL2 in soluthn (page 49)

Finally, for the compounds cis - Ru(s PR2)2(PMe2Ph)2 (R = Me or Ph),

2

the two pseudo-triplets arising from the PMe_Ph methyl groups at low

2

5 are separated by 13Hz and 8Hz and these

coalesce at ca 278K and 273K respectively, From this data, the

témperature in CDC1

free energies of activation for the processes which average the

methyl protons are estimated to be 57.4 and 58.6 k.':'mol-1 respectively.

.
78

is different from that obtained by line shape analysis for the exchahge

Although the value onBGz for this process for cis - Ru(SZPMez)z(PMeZPh)2

of the SzPMe methyl groups, (63.4 KJmoi-l) the coaleccence approach
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assumes a small line width compared with the separation of the peaks .

2

In this case, the assumption is invalid since the line width of each



pseudo-triplet is ca.12,0Hz which is comparable with their
- separation (IS;OHz). _This fact coupled with the observation
>that fast rotation around the metal phéSphorus bond does not
' lead to coalescence phenomenav(see_p;ge 66) indicates that
_ there is probably.only one kinetic exchange process occurring
(inversion of optical enanticmers) and this exchanées both
the phosphine methyi groups, and the methvl groups of the
SZPMe2 ligands.
' The possible mechanisms for the inversion process jn
‘cis - Ru(SZPMez)zL2 will now be considered? starting with
intramolecular twisting mechanisms,
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(a) Bailar (or trigonal) Twists” " :- In this mechanism, the

three atqms comprisiﬁg one face of these octéhedral complexes are
rotated through 120° about the imaginary three-fold axis (i-cz)'

‘ which passes through that face, whilst keepingvthe opposite face
fixed. In the complexes cis - Ru(Sszez)zLL,—, there are four
such axes aéiillustrated in Figure 2,10 (page 81) and diagrams

of the complex as viewed élong those axes are given in Figure 2,11
(page 555. « The bositions of the methyl groups e, f, g and h
shown in these Figuresvare consistent with the defailed.assignhents
made earlier for L = PPh_, L = P(OPh)3 {page 72) and the starting

3
configuration arbitarily chosen is designated cis -/\ on the basis

of rules suggested by the recent IUPAC commission336.

- The problem is now to consider the effect of a trigonal twist
around eaéh axis in turn (clockwise and anticlockwise) in order to
determiné if such a process gives the optical isomer and also

interchanges only the chemical environments of the methyl groups

e, h and g, f respectively, Examination of Figure 2.11a (page 82 )



Labelling of the four imaginary C

. ) ] s
o eis = N - Ru(szﬂiez)zLL- complexe

i-c_ (1)

W

i-c. (2)
i-c. (3)

i-C

Y ) A%} W

(&)

axis through plane of atomS-Sl, L, S

1]

1"

o /
" L,L,S

Vo

T . : Me,
~ Fig210

axes (iécs) for the

S,y Ly L,

S, Ly Sy



eis-A

4 :S‘.ericuuy impossible
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[, Mrens 0 Sy

Sterically impossible
since S, would be
trans {0 S‘ .

cis-A
Sterically impossible
.. since S, would be trans
©to ang S,’would be
- trans to S‘
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t

Bailar (trigonal) twists for a ¢is-A-[Ru(S;PMe,),LLY
compound about the four i-C, axcs in clockwisc (+) and anti-
clockwise (—) dircctions. For ease of interpretation, the
direction of the P-Mc bonds arc drawn as the same as those of
the Ru—-L (or L’) bonds to which they are syn or anti

v rt——
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and Table 2.8 ‘shc%ws ‘that the roiatioﬁ about. the i'CB( 1) axis

in a clo;kwise éirection gives the 35225 jsémer whereas an
anticloékwise #;isf gives the cis = isome;.~_ Hoﬁever, the
_PSZPMe2 me£hyi*groups will finish in the ;amé chemical environment
as they started'énd,hence this twiéting mbtioh predicts inveréion
without any scrambiingrof ﬁethyl resbhaﬁég;;. bRotation about

1-63(2) orl_x-C3

it leads to a céhfiguration in which a S

(3) in a clockwise directionis. iupossible because

zPMeé group wohld have

to sp#n Egggg'positions. Anticioqkwiséi;oiation about these axes
gives the OptiEai‘iéomer-together with scr%@ﬁlipg of all methyi'
groups. Hence, if this were the in?érsionmﬁééhanism, a single
methyl-resonancé should be observéd'at\elevéted temperatures and
careful éxperiménté with cis - ﬁukszéﬁéz)é‘PPHB)(P(d?ﬁ)s)_

‘and cis - Ru(SzPMéé)Z(PPhS)CO (see pégeé,Sé and 70) show that-v

this is not the case, Fina;ly, tofatiQn aﬁout'i-CB(é) is sterically
§Mpossib1e in~an gﬁticlockwise direction but.in a clockwisé direction
givés the cis fj\; isomer and énlyiﬁartial.scrambiing of methyl groupé.
.Thus, groups e,'f aﬁd g, h resbéctively are interchanged (Figure 2,114,
page 82 and Tébie'é.S). However, examination of Fiéure 2.5 (page 68)
shoﬁs that for Lr=_L[,’groups e and-f and groups g and h ar2 chemically
equivalent.and, theféfore, if this were the inversion mechanism, the

1H n.m.r. spectra of the compounds gié - :ku(szpﬁez)sz should be

temperature invariant, This is not the case and therefore a mechanism

involving a trigﬁnel>twist about this axis. is also rejected.

z)sz !

(b) Ray Dutt (or rhombic) Twisto>'s- |  For‘gi§ - Ru(SZPMe
this inversion méchanism ﬁay be visualised’és follows:- the two
L grbups remain”fixed while the two chelaté;rings rotate in their
vplénes in &iffefent directions through.an angle of 90° about axes

which are perpendiéular to their respective planes and pass through
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the ruthenium ion. For cis -.vRu(SzPMez)z'L2 this does not

produce any scrambling ‘of the methyl resonances and so this
twisfing mechani;m‘can also be'discarded, |

Final rejection of a trigonal or rhombic'twist mechanism
comprising rotation about one or several §f these axes is based
on a consideration of steric effecté on the expected trigonal
prismatic transition state.‘- If a twisting mechanism is important,
the activation energj for the process should be deﬁéndent on the
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size of L, being higher the bulkier the ligand . However, the

results given in Table 2,7 reveal no apparent correlation with the

3

than the bis - PNeZthcompléx which is smaller than the bis - P(OPh)_3

size of L e.gs. the bis - PPh_ complex has a smaller activation energy
compound. The large dependehce of rate and associated activation
parameters oin solvent composition is also not compatible with a

twist mechanism339.

Therefcre, it is necessary next to consider inversion mechanism

arising from initial cleavage of a ruthenium-ligand bdnd.

" (¢) Cleavage of a ruthenium-ﬁhosphorus bond: = Since .the activation

energies for the optical isomerism of the compounds cis - Ru(SzPMe2)2L2

depend on the Iigand L, it seems reasonable, at first sight,'to
postulate that the inversion mechanism'might involve dissociation of

a phosphorus ligand to giye a square pyramidal or trigdhal bipyramidal
intermediate followed by recombination as the optical isomer, However,
if this were the mechanism, the. 1H NeMers Spectrum of a mixture

of two.comélexes containing different L groups should‘show sc¢rambling

of all the methyl resonances of the -SZPMe groups, This is not

2
the case for a mixture of cis = Ru(SZPMez)z(PPhs)2 and

cis = Ru(SzPMez)z(PMezPh)_2 in CDCl3 which shows only the
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uﬁchanged 1H ne.m,r, spectral patterns bf_the two componenfs.
quthermore, the 1H nem.r, spectrum of a mixture of

-cis - Ru(s,PMe,),(PMe Ph), and free PMe,Ph in CDC1, at:

ca 330K indicatesno exchénge of free and bound phosﬁhine; Thus,
cleavage of a ruthenium-pﬁosphorus bond may beAeliminated as a
possible first step in the inversion p;ocess.

(d) Complete dissoriation of a dithioacid ligand:=  If this was

an impoftant process, a mixture cf the two compounds cis = Ru(SzPRz)zL2

and cis - Ru(52PR12)2L2 should give some of the mixed ligand species
cis - Ru(SZPRz)(SZPRZI)L2 under exchange conditions. This does
not occur and therefore, the racemisation mechanism cannot involve

complete dissociation of a dithioacid ligand. -

(e) Cleavage of a ruthenium-sulphur bond:= . In the symmetrical

complexes Si§ -ARu(SZPRz)ZLé, there are:two types of ruthenium-Suiphut
bond;b thoée thch are trans to_aﬁother sulphur atom and those igéggl
to a phosphorus ligand. If optical isomerism occurred via a
cleavage of ‘a ruthenium sulphur bond trans to another sulphurAatom,
then the activation energy for the reaction would be relatively
'insensiggve to changes in L. Thus, if a btond rupture mechanism is
correct,.it must involve cleavage ofva ruthenium-éulphur bond, which
is trans to a phosphorus ligand, This statement can be rationalisad
on the basis-that the larger trans influence (the extent to which a
ligand weakens the bond trans to itself in the equiiibrium state

of a comp]ex)zko.of'the phosphorus ligahds, as compared with the

SZPR2 groups, should preferentially weaken the ruthenium~sulphur

- bonds trans tb them, This suggestion is supported by the bond length
in cis - Ru(S,PEt,),(PMe_Ph), (Appendix 2) where the Ru-S bonds trans

o the PMe2Ph groups are cCa. O.ZX'longer than .those trans fo another
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sulphgr atom,

Siﬁ;e a first prder depeﬁdence»éﬁ'SO;vent concentration is
~ found for thg»?évefsio§ of cis f.Ru(SéPMéz)z(Pﬂezphfz,bif.followsv
that, if.thé first step of the inversioﬁ prscéss iszfate détermiﬁihg,
that.stép musf iﬁv&ive an'SNz attéckfon tﬁf‘cémpléx by a molecule
of solvent to fofﬁna:seveﬁ co-ordiﬁafé ;réngitioﬁ state, | Furthermore,
since the activatidh:parameters (Taﬁle.2:7);f6;;£he inversion of
cis -~ Ru(s PMe ) (PPh )(P(OPh) ) are of the ‘same order of magnitude
as those for- cis - Ru(s, PMe,,) (PPh )2,' it 1s prcbable that the
mechanxsm of inversion for these two compounds is the same, Thus,
the mechanism which is postulated for cis -~Ru(s PMe ). LL must obey
the principle’ of mxcroscopxc revefsxbllxty, not only for the case
where L = L’,gbntAalso for comple#es ;n'wh;qh'L and L‘ are different.
lThus;.no mechanism»Q%ich invqlveg»an'étfaék;$§*solvent on the ¢ompiex
. to-form A seven co-ér&in&te ipter@ediéfe; ruptﬁfg'of é Ru-S_bénd{then
reéttack by theldaﬁgling sulpﬁur~iigéﬁd'foll§wed by expulsion §f solvent
to give thé optic;1>isomer, éaﬁ bé:ébrrect Sinéé for L #,L'; if the |
‘RuéS bond whicﬁ.is'ofiginally iségg.to L were thé one to break in the
second S;ep, fhé ﬁu-s bénd'formed in the third steﬁ'would be that of
thé sulbhur-atom_gﬁiég eﬁds ﬁp i:géé'fo L' in the optical isomer,
hence violéting.theiﬁrinciple of_micrqscépic revgrsibility;

Thus, the ﬁéchénisﬁ must ihyolyeléf igast'five stepss the first
two, as‘befdfé, invoive the formatiéﬁ of é.seven:co-ordinate transition
state and'rupfuf; ofig metal suiphuriboﬁd £s§E§Ato L (say) then, at this
point an exchange of bidentaté and uni@éniafe sulphur ligaﬁds similar
to that found i;zva?(S'zPMez)zL must oc.c‘_ur16.'A

_i.oeo'.. ) S
S, s S

= LS S~S=S,PMe,

e L

\/
S/\
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This is then foliowed by reattack of-the.ffeé sulphﬁr atom in
“such ; positio;'that, Vhen'the solvenf'is‘e#pelled, it (the.
S atqm)'becoﬁeé:igggg to L. There.afe fﬁo Qain ways in which
this éan oécu;; one (Figure 2,12a, page 88) involves attack
of a solvent molecule (Y) in a posiition’clos:-e‘ to the Ru=S bond
~to be broken, éo'tﬁét the>solveht,éiﬁplilfékésAthe place.of the
dxssociat1ng sulphur atom in the co-ord1natxon sy here- the other
involves a pentagonal-b1pyram1da1 1ntermed1éte 1n wh1ch the leaving
sulphur atom and. the attack1ng solvent molev;le are in the two axial
positions (Fxgure 2.12b, page 88). As caﬁ;bezggen in Figure 2,12,
(page 88), L and L_'in this seven po-éfdiﬁaté;frAnsition state may
bé next to oﬁe énother in the plaﬁe of.the.éenfaéon Jor they may be
Beparated by a éulphur atom and after cleavage of the Ru-~S bond,
.:either LorL ‘may be trans to the co-ord1nated solvent molecule (if
any of the sulphur atoms takes up the position trans to Y, the
mechanisms which ensue can ail beAsﬁoQﬁ tc Aisobey the principle of"
microscopic reveréibi}ity). From'figure 2,12a it is clear that only
the environﬁent$ of methyl groﬁﬁs e and h éﬁd of £ and g are exchanged
(as required for gig - Ru(SZPHez)z(PPhS)(P(OPh)3)) and ﬁhat thigvonly
occﬁrs if the positioﬁs of Sz and S; are intercharnged, the other two
sﬁlphur atoms remaiﬁing inbtheirusriginal.positions. Thus, the last
mechanism in Figure 2,12b may'be disc;rdeé because it averages the
environments of différent @ethyl‘groupgjthan»obéeried experimeﬁtally
for cis - Ru(s; P‘Me ) (PPh )(P(OPh) ) (sep page 72).
These mechanisms are also cons1stept with many of the other
exberiménfal.obéérvations. Thus, tﬁe solvént attack on the complex

.1s.coﬁsistent with the first order depéndeﬁce on CDC1_ concentration

3
in.CSZ/CDCi3 miktures, although this does not necessarily mean that.
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the first steﬁ is fate determining,.since if'ﬁnyllater steps

(aparinfrom thé-last) were rate determining; a first order

dependeﬁce 65 éélvent would still'be seen?é?,-_ On changing to

a less sol?atiﬁg medium such as benzeqe, the first sfép should

be slower and thé Qveral; inversioh ra£e éhouid décrease, as is

observed experimentélly. Also; Sinee iﬁé'ﬁéih factor influencing'

the rate oflsub-step(i) (apart from the Eﬁéiéé;bf'solvent) should

be the stefic ;iZé'of the ligaﬁds,vbeing'§i§;ér.the bulkier the

ligands, and'since a direct corrélatiénﬂbét;;en inversion rate

And bulk of L i§ n6£ observed, iftjs evidéh{_thg@ step (i) alone

is probably not'rgte'determining.f Siﬁpé»ém§§9d ;erelation is

found betwgen-the'rates of:invérsion~ofigi§;; Ru(szPMez)sz and the

Egggg-influéncéf_of.L as estabiiéhéd iﬁdependehtly by 1H n.m.f. and

der. stuéiésjl*z', v_15 PPh3> PMePh2>I Puézph}é(b}qe)gv P(ophi_3> Cco, it .

is likely that step (1ii) also contribhfaés' to the determination of the

rate of invergion Since this.stéﬁ‘invdlves ihe rupture of a Ru=S bond

traﬁs to L, whpée strength is Aireéfly influenced by L.  The

.anomalous posifi&n Qf P(OMe)3 in the order of inversion rates is

probablfwbest epr$ined by its small steric size making step (i)

eaéier and‘speeding'uﬁ the inversioﬁ process, Thus, it appears that

both steps (i) and-(iii),contribu£e to the rate expressions for this

reaction and it'remainsbto detérmine ¥he feiativé qontributions of these

two steps. - |
From-Table”2;7,'the‘activation-pafameters for

1

m01-10

cis - Ru(SzPMez)z(PPh3)00 in CGHC1 are N 119.3kJmo1.'1;As*,125KJ'

There is a 1:1 correlation belween trans influence and trans effect

342

.in six cd-ordinatefcomplexes .



Since the seégnd step of any of the'mechanigms postulated for
the inversion iéllikeiy to involve rupfﬁre';f the weakest Ru-S
bond in thé moieéulé (that originaily £t2§§ to.PPh3 in
gié - 3u(ssz¢2)2(Péh3)cq); it is éikélyffhéﬁgtﬁe ra£e of fhis
étep shéhld nbt';ary greatly with L{; a1Fh9ggh,a'sma11 Aecrease

in rate might be expected in changing L from ??h3

of the smaller size of the CO group. . Héwé?éf; gince the overall

to CO onvaccount

rate is consideiabiy s;ower for gig ;:3§ﬁ§é?ﬁéé’§(?9h$)co than for |
i_EiE:-.Ru(SzPMeé)é(?PBB)z, the_raﬁe?of_steéi(;ii) must_be considerably
slower* and hehée tﬁe observed Acfivétipn pafam;fefé for

gig - Ru(SzéMeziz(Péﬁ3)QO must.cofresﬁénéﬂééitévclésely t§
those for steﬁ (iiii'alone. Tﬁi§ iﬁ§§£até$.that'sfep (iii) is
characi':exfbi_sed‘ﬁ'yl large bositivie AH* éndlasfvlal-ues-,’_which are

consiétent'with thé“éxchange of unidéntaté:and bidentate,SéPMez

IigandsAoccurfing by:a dissociativé mechani$m339>to”form a five

‘co-Qrdinatevtransitiqn state iﬁ.whiéh the two unidentate S_PMe

2 2
"ligénds are mutually trans (4), (cef. one isomer. of VO(SZPRz)zpy2
(page 15 ) ), the breaking of a Ru-S

w

bond trans to Ltibeing rate determiningh.

This rules out an intermediate in which L is trans to Y since in
~ this caSg,'the rate of step (iii) should be insensitive to changéé

int/.
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For ligandé'of higher Ezégg influénce:than Cco, it is

reasonaple to éééume thétl&H* for tﬁis'pfocess would be much
lower but thdt'tﬁe value ofASt should not be very different
since AS* depends on the breakdown of:the_sqﬁation,sﬁhere of the
moleculé by tﬁe dangiing SZPMe2 grbups. :itégé? the invérsion rates
for cis - Ru(S PMe2)2L2 in CDCl3 must ﬁave‘an~appreciab1é contribution
from sub-step (1) since lkS for these complexas are close to zero.
Since the first:step is associative,‘a‘largeahegative AS, should be
assocxated w1th 1t and thus if there are.eontrlbutlons from both
steps (i) and steps (111), the p081t1ve AS* from step (111) and the
negat;ve‘AS from step (i) will cancel ong anotheerut.

» ‘The overaliifa#e deérease, acéompanied;gyVsubstantial increases
in<AH*_éndvA$*’which are obsefved Qhénfcis“: Rﬁ(s PMe,, ) (PMezph)z is

‘examined in C6H6 rather than CDCl (or CGHSCI) (Table 2,7) is

explicable on the basis that in such a poor solvatlng med1um,
step (i) not only becomes cons;dergbly slower be;aqse it is no longer
a solvent assistga.pfocess, but aléo becomes diésociative in nature,
However. the Siﬁilarit§ of thé high temperature ﬁ.m.r. spectra 6f'
c1s - Ru(S ,PMe, ) (PPh )(P(OPh) ) in c6  and C6H5C1 (two methyl
doublets)-1s cons;stent with retention of the same overall
mechanismf(Figufe 2;13(b), page 92).

It only'reﬁaingito explain:the acfiVation parameters found
for the-tris-the;agé éomplexés Ru(sszez)z(L-L).1 The high
positive valqéSEBf’Aﬁ* and AS* found for’Rﬁ(Sszez)z diphos (Table
2,7) (and presumably for the other tris éheiate complexes although
insufficient dafg could ﬁe ébtained fér aﬁ'Arrhenius plot) could be
_éxplgined by eifher‘sub;step (i) or sub-step (iii) being slow and
_thetefofe fate-éeﬁérmining. Thgt is, eithér-the chelating ligands

have low’trans‘ihfluences, thus making'step (iii) slow, or they
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Postulated rﬁechanisms of inversion for Ru(S 2PMez)z'LL
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pfevent the so;yeﬁt from entering the.co-ordination sphefe for
steric reasone,iéhus making step (i)‘eiéeociative and gloﬁ._
Thejliterature'aeailable on the Ezggé-influenees of . these ligande
is semewhat erratic>since, altheﬁgh.diepesAeil.appeaf te have low
Ezégg-iﬁfluehcee; di?ﬁos can have alhigh er a»;bw §£§é§-inf1uence,
depending upon‘hoﬁ'if is measured.; .bie;e;‘op the other hand, is
generally censidered'to have a high-iségé;iﬁflﬁeneeSQZ. ' However,
examination of tﬁe'seven co-ordinefe'traheitéeﬁ state in the last
mechanism in;Figgre 2.12b, (page-88)eehe;e;£ﬁet L and L/ are
separated by atéulpﬁﬁr atom, and fhis is eot; ef,ceurse,sterically
Vpossible>if L aﬁd_L’ are joiﬁed as eppesifeiehds ef a chelate.
Tﬁus, it_appeare'thet this mecheniem'(Figuféxz.iBa,'page'92) best
fits the.observations that we‘ﬁaveeﬁede'andiif.should be pointed out .
- that the seven cd—o;dinate fransition.state:in which L and L[ are.not
adjacent in the piaﬁe of the'peptagenei-ﬁipyfamid'is the least
sterically hindefed of the poesible.trensitien states postulated.
finally, supéorﬁ for the faet:that the six co-ordinate

intermediate with a unidentate SZPMe2 ligand in fact has the

stereocﬁemistry pestulated comes from the carbonylation under mild
con&itions of cis - Ru(S,PMe,) z(mfééph) o+  The product from this ,
reaction hes the formula Ru(SzPMez)z(?Mezph)éCO and has been shown
to have the same.stereochemistry as‘thet of the intermediate

postulated (L = L = PMe_,Ph; Y = CO) (see later). Unfortunately,

2
however, this.doee'net show exchange of Sidentate and unidentate
sulphur ligands on‘the nem.r. time seéie'even at 323K. The reason
for this is not elear‘although it ma& be thet a six co-ordinate
,cempiex in.whicﬁ all‘co-ordinetion sites afe occupied by fairiy strong
doner ligaﬁds ie generally less labiIe thanvone in which one of_

the sites is occupied by a loosely co-ordinatéed solvent molecule.
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- This might eiso:explein why step (iii)i(alnon solvent assisted
'rupture_of an hn-s-bond trans to L) hesla‘conparable rate to.
step (i) (e solvent essisted rupture of en'hués bond trans to L)
in the postulated mechanism, when L = L £ CO. .

. 5e c=N bond.rotation in cis = Ru(S CNMéEL

For cis = Ru(s CNMez)L2 (L = PMe Ph, PPh or P(OPh)B) the

3

iow temperature 1H NeMere spectra con51st of two S CNMe methyl

2
»singlets which coalesce at higher temperatures (qee page 72 and |

Table 2.6). : ?he rates and activation peraneters.at 298K for this
process are given in Table 2.9;h ‘The roon temperature 1H n.m;r.
spectrum of cis'-,Ru(SZCNMev) (PPh )(P(O°h) ) consists of three

methyl sxnglets of relative 1nten51ty 1:2: 1, 1nd1cat1ng ac01dente1
.superp031t10n of two of-the methyl'resonancestr' At higher temperatures,
the highest field singlet at't7.37 and one of the superimposed 1
resonances atvt7.13 coalesce to give a‘81nglet atf:7.23 (Tc 318K)
whilst the'lowest,f;eld 51gnai at‘§6.86 and 'the remaining resonance
et't7;13'hroadenfconsiderablf anélnove towards each other (see Table
2.6). Thus, the'high fielo pair of Singlets.end the loﬁ field.pair'

- of szngiets are undergoing exchange and the rates and activation
parameters at 298K for these exchange proceSses are. given 1n Table o.9).‘
These data clearly show that although;the:rates are fairly similar at
298K,. the activetioniparameters.arevvery different.. This can only
mean that the'kinetic.processes.exchanging thesestwo_sets of methyl"
signals are'independent’of each other éhé’iﬁe best ekplanation of this
is that these n.m.r. changes are produced by fast rotation about the

C2°N bonds of the S CNMe groups svn to PPh

o and syn to P(OPh)

3

not by a facile inversion procass, In support of this conc1u51on,

.the two sets of actlvation parameters found for cis = Ru(SZCVMe )

(PPh )(P(OPh, ) -are reasonably similar to those found for the
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bis-PPh3 and bis-P(OPh)j complexes respectively. The large'

~difference in-AS* values for the C>>N bond rotatzon process is .
probebly caused by substantial differences in the degree of
eolvationvof the compleiee which might arise es a consequence
of replacing phenyl with phenoxy groups.,

Finally, further heating of cis - Ru(s oCNMe,, ) (PPh ) (P(OPH) )
to 403°K in CG 5Cl causes both,exchangiug eets of methyl gréups.
“to give rise to sharp singlets which do not, however, show any sign
of.broadening_or coalescence pheromene with‘ene apother.' Thus;
the ectifation energy»for the inversion of this complex is very high,'

which iseprobably due to the much greater strength of the Ru-S bonds

in SZCNMe2 complexes than in-SzPRz‘complexesic. -

6. Mechanism of carbonylation of cis = Ru(S PRzl,,(pMe Ph)

When cis - Ru(SZPRz)z(PMe Ph) (A) (R = Me, Ph) is carbonylated

in ref}qxing ethanol or acetone for'aAprolonged perio&, a mixture

of 9_13 - Ru(SzPRz)z(PMe Ph)CO (C) and Ru(S,PR,),(PMe, Ph) ,CO0 (D)
is always formed although these_can be separated by dry column
chromatography. However, when D is redissolved, partial rearrangement
te Cc sle;ly occurs whereas if the reaction of.A-end Cco ie carried out
in>the presence of excess sulphur, only C is formed. - Conversely
reaction of»A and CO in the presence of excess PMe Ph gives pure D,
In addition, another complex of formula Ru(SZPRz)z(PMe Ph) CO (E)
‘-may be isolated if the carbonylation reaction is carried out in the
cold for a very short time (ca one minute), In solution, E éloﬁly
and irreversibly gives first C and then some of D, This process can
be monitered by Both 1H_n.m.r..(sjnce all the compounds have different
epectra)'or by obserring the. change inAVCO position since for

- R = Me; V(E)

= 1967em™ 1 YV (C) = 1945 em™ 13 V(D) = 1940em™ " (a11



-9 -

measured in CﬁCI:).» Méasureméht'of'the rate of loss of the
carbonyl band 1ntensxty for. E g1ves'é raté constant for this
rearrangément reactzon of 1.7 x_v1()"-'l”.¢;e‘¢:""'l at 323K (t} = 65 mins)
‘andtalso_confif;s:that the processbis;first order with respect
te Eo -

‘Thus, these oﬁsérvatiogs areiééhéiétéétvwith the carbonylétion
mechanism shown:ﬁeibw:- viz. facile formatlon éf followed by a
Qlower convefsidﬁ.to C which then,undergogété pgrtxal revers1b1ev
-rearrangement to D.- | -

‘fast

Ru(S PR, o)s (PMe Ph) 4+ CO— Ru(SZPRz)z(P\Ie Ph) ,CO

w % Cow

Ru(s PR ) fpMe, ptﬁco (C) + PMe,Ph —-—\Ru(sszz)z(pMe Ph) 5CO

(C) o .‘_.v ':,-;;tf ?. (9) _-
‘it now oﬁiy femainéjto determiné t£e~stru§t;fes of D and E in order
:to‘establlsh the stereochem1ca1 pathway of the mechan1sm.

Assumxng that ruthen1um (Ii) retalns 1ts usual S1x—co-ord1nate
stereochemistryt, anq we'thereforenhave un;dentate and bidentate
s PRl groups‘;t theré;éfé.fouffﬁoésible'isomers for cbmpbundsldf

\

_formulae Ru(SzPQZ)z(PMe Ph) CO (Figure 2, 14, page'97). For

R = Me, the rogm temperature 1H n.m.r. spﬁctrum of D consists of

A reasonable assumption since to-our:khowiedgé only one ruthenium (II)

seven co-ofdinatg compound has been claimed i.e. RuClz(CO)z(MeC(CHZSEt)S) ?&3.

‘This is suggestéd by the i.r. spectra of D and E (see earlier)

(ct. Ru(l\O)(S CNR ) 223



- 97 -

; o RhM
PMePh « >~V %M e
S. 5‘P~R R, ;,5~ R Es)‘
K Vs co RN | SR,
PMe Ph CO Sé 2 R
I o
| - PMZZPh 'CO |
| R\}: S/R PMZZPh P\ S iy P’v‘le ,Ph
RN Nco \s/ \PMezph
SR S R
SR-- IR

m v
- Fig. 2.4

Possible isomeric forms for Ru(SZPRé)z(PMe_zPh)ZCO assuming bidentate

and unidentate S,PR, co-or dination,



- 98 -

two doublets (from the SZPMe2 groups) and a 1:3:3:1 quartet

for the PMe_Ph groups (i.e. two overlapping 1:2:1 'virtually-

2
couéled' triplets as is seen for R = Ph) Table 2.6)., At higher
temperatures, these collapse to a single triplet although a detailed
observation of this proéess is obscured (for R = Me) by the increased

tendency to rearrange to compound C at these higher températures.

In contrast, the two S_PMe

2 5 ddublets are almost temperature

Anvariant, except for a slight broadening at ca 330K vhich again
is obscured bécapse of the facile rearrangément to C at this
‘témperature. Examination of Figure 7 reveals that this n.m.r.
specfrum corréspénds to that éipected for struétuﬁe I‘ELEL‘EEEEE
PMezph groﬁps wiin slow exchange of uhi/bidentate SZPRZMQrdups.

Assignment of this structure tc D would also account for the

similarity in the position of WE to that observed for C (Table 2.3)

O
since‘in>each case, the carbony; group is situated 35&23 to a.sulphur
atom-pf'a 6identate dithioacid ligané.

| The 4 nem.r. Spectrumvof E (R = Me), whic£ is téﬁpefature
invariant from 220 to 320K, (although ovér longer perioas, it slowly
cpnvert;“to a mixture of C and D), consists of fourteen lines
(Figure 2.15,.pa§e 99). By means of heteronucléuf spin decoupling
experiments it can be shown that the four phosphorﬁs atoms in the
molecule are -all in inequivalent chemical enviroﬁménts and this is

31

confirmed by measuring the proton noise decoupled P nem.r, spectrum
of the complex (Figure 2.16, page 100). The decoupling studies
(see Figure 2.15, page 99) also indicate that the 14 line 1H NeMeTe

spectrum is comprised of 8 doublets (with four of the doublets
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[ : : .

) 7 7 'H N.m.r. spéctrum of [Ru(S,PMe,),(PMe,Ph),CO)

. . (E) [methyl region] ‘at 273 K; irradiating at 40 432 120 Hz

decouples 1 and 1/, at 40 480 770 Hz decouples 2 and 2°, at

40 473 777 Hz decouples 3 and 3%, and at 40 477 700 Hz

Cdecouples 4 and 4 (nofe Assignments of 2 and 2/, 3 and 3, 4
and 4 are arbiteary)

- 66 =
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95 ~15-8 P-p-m.
Fig.2 .16
| ,31!’ n.m,r. spectrum of Ru(SgPﬁéz)g(PMeéph)ZCO (E) Chemical shifts are in p.p.m. to high frequency of 85% HBPOI,,'

cef. cis - Ru(SPMe,),(CO), + 92.65 cis-Ru(S,PMe,),(PMe Ph), + 88.1, + 2lebe
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parti#lly superimposgd)‘. Thus, all the methyl groups are in
inequivalent chemical environments,'and there is restricted
rotation (even at 320K) about the Ru-P bonds. This n.m.r.
evidence is, in fact, compatible with a seven co-ordinate complex
with only bidentate dithicacid grouns. However, addition of
ﬁeth&l iodide to a dichloromethané solution of E produces an
immediate increase in conducti?ity. A simiiar increase is
obserfed_for Pﬁ(SZPMez)ZPMezph‘ (where uni/bidentate co-ordipation
is well established)'’and compound D, but with Pt(s,PMe,), and |
Rg(SZPMez)g(PMeZPh)2 there is no.change. This conductivity
inqrease is‘attributed to the formation of the complex
[Ru(séPMez)(Meszrnez)(?Mezph)zcc]I by methylation  of the
unco-ordinated sulphur atcm. Furthernmore, tﬁe 1H Nem.r. spectrum
of the éonducting solution is not significantly different from that
of E, except for extra signals at 6,46 (-SMe.group) and ©7.93 (excess
Mel) which strongly suggésts thét Mel is not reacting with a bound
sulphur atom of a labile seven-co-ordinafe species,
Examination of Figure 2.14 (page 97)~indicates that neither

structu;; 1 (already assigned to D) not structure IV (which has a plane

The irradiution frequencies given in Figure 2,15 (page 99) are
different'from the frequencies of the phosphorus nuclei obtained from
the Fourier transform sbectrum (Figure 2,16, page 100) because the
former are obtained from the HAiOO spectrometer (with Schlumberger
FS30 frequency synthesiser attachment) whereas the létter are directly
measured on the XL100 machine, and theseAh3ve slightly different

reference frequencies,
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oPh groups equivalent) fit the

of syﬁmetry making the PMe

1H and 31

P n.m.r. data. = However, ii and III are both possibie
_structures sinée in both cases, hindered rotation about the |
rgtheniumfphosphorus bonds is reasohable-én stéric grounds and
fufthermore, the ruthenium atom is.poéentially a éhiral centre

and thus, no matter how rapid the rotation about the Ru—S-bond

of fhe unidzntate SZPMez ;igand; the two Me grcups wili alwayé
reﬁain inequivalent. 'However, ITI would be expected to have a
»EO band in a similar position to that found_in compounds C and.D
since the CO groﬁp is trans to a sulphur atom of a bidentate
,-SzPR2 ligand whereas I1 sﬁoula have a higher'iéo_since the CO group
is trans to a stronger TT-acceptor ligand and hence_bacﬁ‘donaticn
into the_TT‘ 6fbitals of the CO:group will}bebfeduced. The latter
 is experimentally the case (Table 2.3) and hence structure iI is
ﬁréféfred. The analagous compounds Ru(OCOR)z(PPhS)ZCO ﬁave
recently been prepared344 and are‘élso thought-(i,r..evidenCe’ to' 
have structures similar.tovII.

| The heteronuclear &ecoﬁpling informatibnvgivén.in Figure 2,15,

>(pége 99) déterminesvwhich sets of methil'protons in E are attached
fo phosphorus atoms 1 fo 4 (whiéh are labelled in the ordef they
occur in'théBlP NeMmer, spectruﬁr(Figure 2.16, fageuioo). Assuming
structure I ié'more féasible thaﬁ III, then these phosphorug,atémé
canAbe gsgigned as fullows:=- P1 and Pz beloﬁg to fhe SZFMezlgroups

and P3 and P4 to the PMezph groups., This assignment is based on
the chemical shift positions of the 31? nuciei'compared with those .
in Ru(SZPb!ez)z(CO)z and Ru(szp§xe2)'2(P§1e2Ph)2 (Figure 2,16,

page 100) together with the fact that the lower field methyl doublets -
(which correspond to the SZPMe2 methyl resonances) are decoupled by

irradiating at frequencies corresponding to phosphorus atoms
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P. and P..  In Ru(S_PMe_.)_ (PMe Ph)CO , the separation between the
1 2 2 2°2 2 .

methyl dithiocacid group syn to'PMezPh and that syn to CO is 33Hz,
which ié close in value to the separation of the methyl gfoups
1 and 1,.attached to Pi.(hth). In contrast, those attached to
. P2 (2 and ZL) are only separated by %4z, = VWe therefore assign P,
to the phosphorus atom of the bidentate SZPMe2 group andiPé'tO-the

unidentate SzPMe2 group. Finally, since P_, couples to P, whereas

3 1
Ph does not (Figure 2,16, page 100) it seems likely that P3 is

more nearly trans to P1 than is_PQ and therefore P, and Plt are’

3
assigned-acéordingly (see Figure 2.14, page 97, structure II).
The stereocheﬁical pathway of the éarbonylation mgchaniSm is

inen'in'Figure 2017 (page 104), Thus, E is formed by -cleavage

of thé wgakest Ru-S‘bond i.e. that trans to a PMeZPh group.
This is consistent with the bond lengths found in

cis - Ru(S PEt ) (PMe Ph)2 » where the Ru-S bonds trans to

the PMeZthgroups are ca o.zX longer than those trans to anothér
sulphur atom (Appendix 2), This, incidentally, is aﬁother reascn
why structure II rather than III_is preferred for E since to form
the latg;r, the Ru-S bond Ezggé to a sulphur atom musf bevbroken..
.‘Next, steric repulsions, together with the favourable energy change
associated with the‘conversion of unidentatg to bidentate SZPMe2

co-ordination, results in the expulsion of a PMe_Ph group and the

2
formation of C, Firally, the high affinity of PMeZPh for

ruthenium(II?z1 is demonstrated by its attack on the Ru-S bond trans

to PMeZPh to give D,  The inability of cis = Ru\SZPRz)z(PMe Ph)CO

to give cis - Ru(Squz)z(CO) is presumably a reflection of the

fact that the favourable steric change is more than offset Ly the

unfavourable electronic change of replacing a Ru-PMeZPh bond with a
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CPMePh PMepPh

 Fig217

Proposed mechanism for carbonylation of cis - Ru(SDPRZ)z(PMezph)z
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vRquO bond.' ‘This rationale is supported by the fact that

cis - Ru(s,PMe,),(CO), reacts with excess PMe_Ph, even in

—_— T2 - Tatan . S 2

the presence of;CO‘to give'D gnd'with excess PPh, to give

3 .
cis - Ru(S PMe ) (PPh )co . The failure to‘observe compounds
of’ typ- D or E with- 11gands other than PMe Ph is vrobably due

to the smaller.trans effects (tertlary phosphxtes) and nucleophilicities

(tertxary phosphines) towards ruthenxum (II) of hese other ligands

 compared to PMezPh26, although doubtless a sxmzlar mechan1sm of

carbonylation is_applicaole. It ;sdoiso‘feasonable to postulate

a simiiar mochdﬁistio:scheme.fof'formatiod ofvﬁho"oixed ligand

speoies» RQ(SZPFZ)ZFLf although;%agaio no'gotormodiafes ofd

type E (or D)‘hAQe‘oQén obserQod.vt . i'£A  . j_ 
Finally;'fheyuhsuooesofui atfooots'to oofoonylote the

.cis - Ru(s CNRZ)ZLz complexes aré prooaoif.due_to the stronger

nucleoph111c1ty of S CNR compared to SZPR2 (seévpage 95 ),

2

'preventlng formatxon of a compound of type E.'

The one possible exception is with Ru(SzPMoz)z(P(OMe)3)2 where
carbonylation-gi#es a transient species wi{hfvco 1997 <:m-1 (type El)
but unfortunétely, this could not be separated from starting

material., -
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Exgerimentai;v

Microanalyees were by the Nat1ena1 Pu§s1cal Laboratory,
Teddxngton, A. Bernhardt, West Germany and the Un1vers;ty of
Edlnburgh Chemlstry Department, Molecular wexghts were determined
on a Perkin-Elmer H1tach1 osmometer (model 115) at 37 . Imfra-red
spectra were recorded}in‘the reg:on 4000-250 cm 1 on a Perkin-Elmer
457 GratingiSpectremeter uSing.nujol‘mgliedepfeacsium iodide ﬁlates;
Solution:specrrafuere'run_in‘potassium:bromdde’eeils. Mass spectra
were oﬁtained om.an.AEI MS9 mass-speefremererfand conductdmify
measurements om'a medel 310 Portiand-eiecéromics conductirity bridge.
1H n.m.r. suectra and solut1on magnetdc momente.(Euans' method)3 15
were'obtained'on a.Varian AssoCiates*HA-iOQ:Spectrometen“w1th,
bvariable temperature“attachmenf. VfAeeurate“iemperaturee.uere’
‘determined us1ng the separafxon of.tue two resonances of methanol
(low temperature) and ethylane glycol (h1gh temperature). ~ Spectra
" were- simulated usxng a computer progran based on that of’ Nakagawask:
vThelexchange process;was‘con51dered for the purpese»of'computatlon
AS:eonSistingcfmltwe site exchanges whererxithe multiplicify of
fhe resdmances beimg.mqnifored. fhe'ainéle_lihe simuiated spectra
were fhen.superimpeeed with euitable‘weightingrfor inteueities and
" the results-plottedfeut on the line:primter; Thus, a doublet is
.considered as tﬁo-two-sire excﬁaneeslef'imremsit? ra£io 1:1.

.The experimemtalsspeetra were fitted“teAthe computed spectra either‘
by finding the~beet.fit between theAratioref maximum to minimum
'heights in the deublets (above and‘beiew eealeseence)Abr the width =
" of the signa} af-ha;ffheight (aroundAceaieseence). Spin-spin-
_relaxatien_timese(Tz) were obtained for eaeh‘eompound bylmeasurement

iof.the peak width at half height under elow'exchange_conditions.
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The same value of T2 was used for.ali linéfghape calculations
on a éiven éomﬁspnd because for L =‘§Me2Ph and P(OMe)s, the
widths at half height in the slow and fast exchange limits differed
' by less'thén d;é5Hz. Lifetimes obtained by fhese fitting procedures
were ‘then used té cqhstruct Arrhenius plots (ioglok vs 1/T)_to which
straight lines weré»fitted by the 1eaét sqﬁéréé method, Activation
parameters and errors were then calculated-as in Appendlw 1. |

31? NeMeXe spectra were recordéd on a Varlan XL100 spectrometer
operating in‘the Pulse and Fourier Transférmi@ode at 40,5M Hz.
Heteronuclear deéoupiing experimaﬁtsAQere ;g%ried out on.the HA100
" spectrometer usiﬁg a second radio_freqhenéy'fiéié froQided_by the
Schlumberger F530 £requency synthésiser. Méltiné points were
determined w1th a beler hot stage m1crasc§pe and are uncorrected.
Materléls:.- Ruthenium tr1chlor1de tr1hydrate (Johnson Matthey)s
Vtriphenyiphosphine, dimethylphenylphosphine,-triphenylphosphite, (BDH) 3
| 347

methyldiphenylphosphine (strem)} PEtth, 1,2 bisdiphenylphosphinomethane”

: . . . 4 ' .
and 1,2 bisd1pheny1pnosph1noethane3 6 were made by standard literature

methods; carbon monoxide (Air products); bicyclo(2,2,1)- :
hepta—z,s-diehe'(Koch-Light); 1,5 cyclooct adiene (Ralph Emanuel);

o-phenylenebisdimethylarsine (Aldrich)j NaSZCNMezzﬂzo (Ralph Emanuel).
347

Sodium diethyl - .and d1methy1phcsph1nod1th1oates119 were prepared

by published methods and ammonium d1pheny1phosphinodithioate from
119 '

' PhZPSZH and. ammonia in benzene e - Operations involving free

tertiary phosphines and phosphites (with the exception of P(OPh)3
and PPhB) were carried cut under nitrogen, = The various ruthenium (II)
and (IIT) tertiéry phosphine-and phosphite cocmplexes which were used

as'starting materials were synthesised by published methods,

Dialkyl -(arvyl) phosph1nod1th10ate Complexes
‘cis - B1s(d1phenylpho=ph1nod1thxo~to)bls(tr1nhenylnhospn1ne) ruthenium (II)

. & 1
| RuClz(PPh3)3 (© 10g), NH, S, PPh, (0. 12g) and Pph3 (0.20g) were shaken
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in acetone (25pi) for 30 min, and‘thén the resulting red Crfétals

filtered off, wéshed with water, acetqﬁe'and:n-pentane; (*iéld
' 0410g, 85%). iHb&ever, if the feactidn-ié §afried out in the

.gﬁsencgvof excess Péhj,‘the result;ng fedf éfystélline precipitate
Qave o éonsiﬁténi}yilow analyéiS-for ﬁhg bisfphos§hiﬁe cémplex.

Found:- C 60.1; Hyk.2%;  Ru(S,PPh,), (PPh,), }equires C.6b.1;

' H 4,5% and st(d;phenvlphosph1nod1th1oato) (tr;pzonylphospn1np)

ruth enium (I1) O.S acetone requxres c 58 6; H 4 3% o Furthermbre,

the molecular we1gh* of the product in benzene,over a shiort period

of t1me, decreased from 697 to 649, values 1nd1cat1ve of the facile

dissociation ofA Ru(SZPth)z(PPhB) (M,1123) to . Ru(S PPh ). PPhy

(M.861) and ffeé‘PPh in solutioh;._ Hewever, by refluxlng a
mixture of RuCl (PPhB)3 (o. 10g), NHQS PPh (0.129) and sulphur
(0.0039) in acetone, a purc sample of - Ru(S PPh ) PPh (0.06g, 72%)
was isolated., Found: - C,58. 1; H, 4.1% .

01s —,B1s(dlmethylphosphlnod1th1oato)bls&rlphenylpnosph1ne)ruthen1um (II) -

RuCl (PPh ) Ma NO

2PMe2(O.Oég) and PPhS(O.Ohg) were

shaken overnight in ethanol (10 ml). The resultant brown,
‘erfystalline precipitate was filtered off, washed with water, ethanol

. §§h n;pentane to gi&é red-brown needleé of fhe goﬁglex (0.Ckg, 90%).
%gé.same'comﬁoupd Qag also prepared from',RﬁClz(PPhB)3 (9.2595 and

NgSzPMez(O.isg)-in acetone solution:(o.zig,”92%). Similarly,

¢is -~ Bis(diethylphosphinodithioato)bis(triphenylphosphine) ruthenium (I1)
vas prepared from RuCl, (PPh,) 5 (0.250) and NaSZFEt (0.12g). -

c1s-3ls(d:nethylphosph1rod1th10ato)blq(etnyld1ph°ny;phosph1ne) ruthenium (II)

RuCl'z(PEtP_hz).3 was shaken in ethanol for i2 hours with a three fold
‘excess of NaSéPMez to give the orarge crystalliﬁe complex (73%).
The compounds in Table 2,1 were prepared by the following general.

method. The starting materials were refluxéd in ethanol for the time.
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shown and then the solution cooled and filtgred. The crystals
obtained.wefevvashqd with water, ethéndl,AnQpentane and dried in
vacuo (40°). :  ' |

1f [Ruzé}s(PMeth)s]CI(0.609)Vénq Nasz?ﬁgz(o,sog) are
refluxzd in methanol (15 ml) for 24_houré;;§n orange crystalline
solid is'precipita£§&._ Dissolutionlin afminiﬁum volumn of benzene
and chromatography‘oh a dry alumina.coluhn éi;éé;ah orange and é
red band. Bofﬁ.bénds may be’eitrééted’kjth’éiéthy]ether,
'evaporated to dryness ana recrys§ai1iéed ?r;ﬁCCHéCIZ/hnpentane,

the orange band‘giving cis - Ru(SzPMez)z(PMePhé)z whilst the red

2°5° 2

gives Ru,Cl,(PMePh ) (S PMe.,) (0.979.';1,0%)f Found: - C,56.1, H5,0%;

Required C,56.13 H5.0% . BRI ST _

ciSnBis(dimethylphdsphinodithioato)bis(mefh&ldiphenylphosphine)

ruthenium (II) may also be pfepar9d~by the reaction of cis - RQ(SZPMez)é¥
(PPh,),(0.05g) ‘with PMephz(o,1o_m1) in refluxing ethanol (15 ml) for
.12 hours. ‘Cooling the solution gives orange crystals of the complex

(0.03g3 70%)s

cis-Bis{dimethylphosrhinodithiocato)bis{(dimethvlphenylphosphine)

ruthenium (II) hay be prepared in two other ways:- - a)

cis = Ru($2PMez)2(PMeth)2, (0.05g) and PMeZPh (0,05 ml) were

refluxed in ethanol (20 ml) for 4 hours. - .Cooling the solution

and partial removal qf solvent gave Orange crystals of the complex

which'were'fiitered’off. washed with n-pentane and dried in vacuo

(0.02g; 48%)., b) cis - Ru(S_PMe_). (PPh ). (0.10g) and PMe_Ph (0,03 ml)
- — 27 2’2V 2 2

were refluxed in acetone for one hour, & Removal of the solvent gave

an orange o0il from which the product was obtained by recrystallisation

from CH2C12/n-pentaﬁe (0,05g3 70%)

Bis(dimethylphosphinodithioato) (bicyclo(2,2,1)hepta=-2,5-diene) ruthenium (II)
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was'a}so prepared by add1t1onAof{BuClz(C7H88n(O.269) to a hot

solution of NaSéPMe2(0.29g) in dimethylformamide (8 ml). After

cooling and additioh of water; the brown solid was filtered off

and recrysta111sed from aqueous acetone as orange crystals (O.i?g, 41%).

Bis(d*methylphosph1nod1th1oatoXcXclo-oc*a-1 S-dlene) ruthen1um (11)

- was prepared s1m11ar1y fromA{RuCI 08 15} (0.289) and NaS PMe (0.299)
as orange crystals{ :

Bis(dlmethylphosph1nod1th10ato)(1,u—b1sd1pheny1Dhoephxnoethane)

_ruthenlum (II) was_also prepared by ref]ux1ng Ru(S PMe )2(C7 8)(0.119)

with diphos (O.lg)-ln_degassed acetone for zﬁ.bpurs. . After cooling,
Athe»orange solution was concentrated and the orange crystals collected

and recrjstallieed'from CHzclz/h-hexahe (1;09; 58%). Similarly,

Bis(dimethylphoSphinodithioato)(bisdipheﬁyibhespbincmethane) ruthenium (11)
was prepared by ehaklng_Ru(SZPMez)z(C7H8)‘(0.059) with (thP)chz.(o.lg),
rin ethanol (20 ml) under Nitrogen.  The orange'crystalline solid

was filtered and dried (0.13g, 80%); and trans-bisﬁhmethvlphosphino-

d1th1oato) b1s(o—phenyleneb1sd1methy1arqzne) ruthenlun (II) was prepared "
by refluxing Ru(S PMe ) (C H )(0.0Sg) and diars (0.2 mls) in degassed
ethanolniio mls) for 10 m1nutes. The complex separated as pink
crystals (0,085g, 97%) but recrystallzsat1on from b0111ng toluene

gave orange.crystals of his(dlme»hylphosph1nod1th1oato)(Ofphenylenebiﬁﬂimethylo

arsine) ruthenium II iﬁ 100% yield. .

Reaction of RuCl (P(OPh) ) (0.60g) ‘and NaS PMe,, (0.489) in
ethanol (25" ml) under reflux for 5 houre qave a-yellow solution.
The solution was;flxtered hot, concentrated and allowed to crystallise
. R I o - e - 102
overnight to give a yellow solid, Mass epectrum’- /- 876 ( Ru

isotope) [Rﬁ(szeﬁé )‘(p(b?h) ,CEt), | *s 828 [Ru(s, Pre, ). \P(OPh) SOBt) -

,(P(oph)(QE£)2]+; 780, [Ru(s PMe ) (P(Opt) OPh) ] ete.
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14 nom.r. (223K); _Ru(SZPMez)z(P(OPh)zoEt)z ; T7.89 (12.5),

8,20 (12.5) S PMe, j T6.08, 8,97 (6.0) Et groups :
R’g(szmez)z(P OPh(OEt) ), T 7.91, 8.13 ("szpuez); T 5.93, 8.80 (6.0)
Et groups - Intensity ratio 6:1,

1 Qe tem . 00{, .
Analysis:- Found C,lEZ‘ 95 H,4,0° Ru(SZPMez)z(P(OPh)ZOEt)z
requires C,43,93 H,48%: Ru(SZPNez)z(POPh(OEt)z)z requires
0;37.0; He5.4%, For 6:1 ratio, calculated analysis is C,42,93
H,4.9%. .

" Reaction of Ruc12'(p(oph)3) , With NaS_PMe, in refluxing.ethanol
for 24 hours gives, on solvent removal, an oil with mass spectral

m ' . _ ~ +
peaks /_ 828, [Ru(SZPMez)Z(P(OPh)ZQLt)zr; 780, [Ru(szpmez)Z(P(o:.«,t)zoph)z] ;

’ ) ’ E [ +
732, [Ru(S PMe,),{P(OEt),CPh) (p(op,t)s)]*; 68k, [Rn(sszez)z(P(OEt)B)zl etc.

éis-Bis(dimethylphosphinodithioatb)bis(trimethylphosphite) ruthenium (fI):—
RuClz(P(OPh)3)4 (0,509) and Nassze2 (0.30g) were refluxed in

methanol (50 mi) for 3 hours.i The resultant &ellow solution was

filtered hot, énd after concentration, allowed to slowly crystallise
at_273K for 10 dayse. Thevorange-crystals so formed were filtered and

washed.with water, methanol andln—pentane (0.06g, 28%). = On further
solvent';emoval from the filtrate, an oily white soléd was deposited

which on recryst&llisation was identified as phenol (by. its 1H NeM.Y,
spectrum). >The rutheniumn complex rapidly decomposed on air exposure

to give a black solid.

cis - Bis(dimethylphnsphinodithioato)(triphenylphosphine)(triphenylphosphite)

ruthenium (II) cis - Ru(SZPMez)z(PPh3)2 {0,08g) and P(OPh)3 (0,05 ril)

were refluxed in ethanol (15 ml) for 3 hours. The sblution was cooled
and the precipitated orange solid washed with ethanol and n-pentane
(0.03g, 35%)s - The yellow filtrate was allowed to crystallisé overnight

to give a sample of cis = Ru(SzF’Mez-)z(P(OPh )3)2_ (0.04g, 45%).
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cis = Bis(dimethylphogghinodithioato)(dimethylphenylpbosphine)

(triphenylph9§phite) ruthenium'(II)ﬁ;_.'gig - Ru_(SzPMez)z(PMezph)2
(0.20g) was refluxed with P(OPh)3 (1.2 ml) in ethanol for 1 hour,
Then, after concentration and standiﬁg fof f@o days ;t 273K, orange
Vcrysta‘é were depos;ted which were f11tered off and washed with
ethanol and n-pentane (0.10g, 39%). N

cis - B1s(dlphenylnhosnhlnodlthloato)(d‘methylphenylphosphlne)

(tr1pheny1phouph1te) ruthenivm (II):- 51§ §‘ Ru(S PPh ) (PMe Ph)
(0.20g) and P(Qph)3 (0.3 ml) were shaken iq ;ich1oromethane-(20 ml).
for 7 days, Affer filtration and-additibn»off;;pentane, the resultant
' orange solution ﬁas.concentrated unti1>orange'§rystals ﬁere deposited.
These were f1ltered off and washpd w1th n-pentane (0.07g, ?9%).

cis - B1s(d1methylphosph1nod1th10ato)carboqyl(tg_LhPrylphosph1ne)

ruthenium (II):=-

a) cis - Ru(SéPMgé)z(PéhB)z_ (O.ibg)ian& PPhS(O.&Og) were
carbpnylated'in refluxing ethanol for two hours, The resulting

orange solution wés.évaporated to d;yness aﬁd the residue recryqta‘lised
ffom CH Cl /11ght petroleum (bp60-80 ) to give orange crystals of the

, complex (0 Ogg, 41%). , ,
b) cis - -Qu(sszez)z(cd)z_ (0.02g) and Pph3(o.04§) were refluxed

in ethanol'(zs ml) fﬁr two hours,. - Removalfbf solvent gave an brénge

oil which was reaissolved in die&hylethér and after leaving at 273K

for 12 hours, oranqe crystals of the product were deposited (O 03g, G2 );

c) cis - RuCl (co) (PPh )y (O.ng)_ahd NaSZPMe (o.zeg).were

2
refiuxed in acetone (20 ml) for 60 hours. The resuvltant solution
was filtered, evaporated.to dryness and then chromatographed on a

ary silica.columnzz, using benzene as eluent, Cne orange band was

~.ob8erved and the central portion of the bgnd was extracted with
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~ diethylether. _ The resulting yellow,sdlutiOn was evaporated
te dryness and_the residue recrystallised from CHéClz/n-pentane
to give orange crystals of the complex (O. 08g, 73%).

cis - Bis(dimethylphosphinodithioato)carbonyl(trinhenylarsine)‘

ruthenjum (I1):= ‘cis - RuCl (CO) (AsPh ) " (0,06g) and

NaSZPMe (0.09q) were refluxed in acetone. (25 ml) for & days with
no apparent>react1on., The m1xture was then shaxen for 3 weeks to
give an qrangeseﬁﬂionand a white precipitetef‘: After filtration,-
the solution'Qasfevaporated tovdryﬁese and,;ﬁe-fesulting'orange
oil chromatogr aphed on a dry alumlna columnzg ﬁsing benzene as
eluent and waehing off the orange‘bandewith diethylether.
‘Evaporation uf:iﬁe}etherealsolﬁtion eﬁdvrecffsfallisatidn from

CH Clz/n-pentane'gave the ereﬁge céﬁn1éx‘(o}03§. 51%).

cis - Bis(dimethylphosph1ncd1th1oato)carbonyl(methyld1pheny1phosnh1ne)

ruthenium (II):-‘ cis - Ru(s PMe ) (PMePh ) (0.109) was

carbonylated in cold CH C1 fof one minute. The yellow orange

.solut1on was, evaporaued to dryness-and the product recrysta111sed

from CH2C12/p§pentane to give the orange crystalline complex (0.039; 37%),
Similarly, cérbon&lation of cis - R_u(SZPMez)z(P(OMe)s)2 (0.,05g9) in ,
CH2C12 for 10 minutee and recrystalliéation from CHZCIZ/hexane éave

/

yellow crystals of cis - Bis(dimethylphosphinodithioato)carbonyl

(trimethylphosphite) ruthenium (11) (0.01g, 25%) whereas carbonylation of

cis =~ Ru(SZPﬁez)z(P(OPh)B)2 (0,07g) in refluxing acetone for 4 hours

cave afteflrecfystallisaticn from CHZCIé/n-bentanej yellow crystals

of cis = Bis(dimethylnhosohinodithioato)earbonyl(triphenylpbosphite)

rutheniun (11) {0.03g, 60%).
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cis-Bis(diﬁethyiphosbhinodithioéto)cafbonyl(dihethylphenylphosphine)

" ruthenium (II) (C) and Bis(dimethylphosphinodithioato)éarbonyl bis

(dimethylphenylphosphine) ruthenium (II) (D)

cis - Ru(SZPMez)z(PMeZPh)2 (0.20g) was carbpnylétedAin réfluxing.

. acetone for ca-1 hour and the reéultiﬂg solution evaported to dryness.

Thé rgsidue wa5~chromatographed on a dry alumine column using :

‘benzene and_éave a yellow band (r.f. value ca O.S).and an orange

- band (r;f. value ca 0.1) which were rémoved separateiy with diethyl.

. ether, evgpbrted to‘dryness and recrystailised‘from CH2C12/n—pentane.

The yellow band consiéfed,of cis - Ru(SZPMez)z(PMeaPh)CO (0.01g, €%)

and the Qfaﬁge Ru(SZPMeé)z(PMeZPhECO -(popfiguraﬁion D) (0.1597 80%)i.w |
CIf Siif .Ru(SZPMez)z(PMeZPh)z 4 (0.109)7and sulphur (0‘O5g) were

cérbohylgted'in refluxing benzene for 6 hours, a telece of the.

_resulting ﬁrange solution:showéd:a‘single orange band together with

a.yellow ﬁand witﬁ the sémé r.f; value és sulphﬁr; The solution

wasievaporafed t; dryneés to give an orénée oil.-_ This'was.dissolved

in diethy;ether:and after filtering off excess sulphur, left overnight

at 273K when orange crystals of cis = Ru(SZPMez)z(PMeQPh)CO

(0.659,'60%)1were deposited. .
v cig~ Ru(SzPMez)z(CO)2 (0.10g) was suspended in ethanol (50 ml),

presaturated with carbon mornoxide and PMe_Ph (0.14 ml) added. The

2
solution was then refluxed in a stream of CO for 2 hours to give an

orange solution whick on leaving ovefnight at 273K gavé only

. " Ru(s_Pue,)  (PMe,Ph) ,CO (D) (o.osg, 50%) .

Bis(dimethvlphosphinodithioats)carbonyl bis(dimethylphenylphosphine) -

ruthenium (I1) (E):= cis - Ru(SZPMez)z(PMeéPh)z (0.20g) was

dissolved in Cﬂzciz (10 m1) and carbon monoxide passed through the
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solution for 45 secs. The resulting yellow solution was evaporated
to dryness under vacuum at 273K'and the residﬁe recrystallised by
dissolving in a minimum amount of CH2012 and adding excess
éiethylether (0.15g, 80%).

cis-Bis(diphenylphospninodithicato)carbonyl(dimethylphenylphosphine)

ruthenium (I1) (C):= cis- Ru(szPPhé)é(PMézph)z (0.35g) was
dissolved in CH2012 (30 ml) and carbonylated for 1 houf at room
temperature, The yellow solution formed was evapofated to dryness

and eluted from a dry silica column with CH C12. Two yellow bands

2
were found and the first was extracted with CHZCI2~aﬁd the solution
evaporated to dryness to give the crystalline ﬁroduct (0.0Lg, 13%).
The other band was removed with diethylether, the solﬁtion evaporated

~to dryness and the residue recrystallised ffom CHZCIZ/light pétroleum

(bp 40-60°) to give Ru(s_PMe,),(PMe Ph)CO (mixture of isomers D and
2 2°2 2 2

E) (0.05g, 14%).

Bis(dipheny}phosphinodithioato)carbonyl bis(dimethylphenvlphosphine)

ruthenium (II) (D)s- cis-  Ru(SZPth)z(PMezPh)2 (0e30g) was
carbonylated in refluxing ethanol (40 ml) for two hours to give a
yellow ;;lutinn.' Concentration to dryness, followea by chromaﬁography
on a dry alumina column with benzene gave two‘bands. The first was
eluted with diethylether, evaporated to dryness and the residue
recrystallised from benzene/ligﬁt petroleum (bp 100~120°) to give

a very small amount ~f cis- Ru(Szpphz)z(PMezPh)CO « The second

(more intense) orange band was also eluted with diethylether and after
evaporation to dryness (in the cold) was recrystallised from

benzene/n-pentane to give the required product (0,109, 31%).
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'Bis(diphenylphosphinodithioato)carbonyl bis(dimethylphenylphosphine)

ruthenium (I1) (E):- cis- Ru(S,PPh,),(PMe,Ph), (0.20g) was

2.

carbonylated for one minute in cold CH_C1

Gl Then, pgntane was

added and the resulting orange solution evaporated to dryness and
the orange solid collected without fufther purification (0.21g, FuUC¥).

cis-Bis(dimethylphosphinodithioato)bis(carbonyl)ruthenium (II):-

a) gig-Csz[RgCIQ(CO)z] (0.50g) and NaS,iMs, (0.509)'Vere refluxed
in ethanol (20 ml) fcf six hours to give a yellow solution. = After

filtratioﬁ,vthis was cooled giving yellow crystals wﬁich were washed
wifh water, ethanol and n-bentane (0.14g9, 39%)s b) CO was passed

: tgrough a solution of Ru(szpnez)z(c7n8) (o.1§) for three hours, '
Thg resﬁlting yellow solution was concentrated . and ailoﬁed to
erystallise to give the complex (0;0659, 70%).

cis-Bis(diphenylphosphinodithioato)bis(carbonyl)ruthenium (II):~

'Rus(CO)iz and excess PhZPSZH were refluxed together in tetrahydrofuran

for 18 hours, The resulting yellow solution was evaporated to dryness,
the residue extracted with diethylether and crystallised at 273K to

give the yellow nroduct.

N.N.=- Dimethyldithiocarbamate Complexes

cis-Bis{dimethvldithiocarbamato)bis(triphenylphosrhine)ruthenium (II)

Acetone:= RuCl_(PPh_) (0.26g) and NaS_CNMe_.2H_O (0,15g) were .
- 2 3°3 a 2 272" .

shaken in acetone (25 ml) for two days., The solution was then
-filtefed and the orange crystals washed with water, diethylether
and dried in vacuo at 40°.

cis-Bis(dimethyldithiocarbamato)bis(dimethyiphenylphosphine)rutﬂenium (11):~

mer- Ruc13(PMezph)3 (0.15g) and NaS,CNMe,2H,,0 (0.16g) were shaken
in degassed CHzcl2 under nitrogen for eight hours, The resulting

greenish-yeliow solutioﬁ was filtered to remove any precipitated
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sodium chloride énd evaporatéd to dryness, Chromatography
on a dry aluﬁina coiumn with benzene gavé an inteﬁse yellow band
(SE r.fe. value 0,6) together with a number of weaker bonds pfv
léwer r.f. value, The vellow band was removed with diethyl ether,

giving on removal of solvent the yellow product (0.13g, 88%).-

trans-Bis(dimethvldithiocarbamato)bis(dimethylphenylphosphine)

ruthenium (II):- cis- Ru(s,CNMe,),(PPh,), (0.20g) was
refluxed with PMe, Ph (0,15 ml) in ethanol (20 m1) for 12 hours,
The resulting.yéllow‘solution was filtered hot and allowed to
crystallise, The first crop of yellow crystals were filtéfed off,
washed with ethanol and n-pentané to give the desired product
(6.039, Z1%). The yellow filtrate later deposited more crystals
shown to be cise RQ(SZCNMez)z(PMeZPh)2 (0.10g, 71%).

cis-Bis(dimethyldithiocarbamato)bis(triphenylnhoaphite)rutheniﬁm (1I):=-

RuC1,(P(OPh) ), . (0.209) and NaS,CNe,2H,0 (0.16g) were refluxed
in ethanol_(ls ml) for one hour, The resulting ygllow solution
was fiitergd hot and on cooling give yellow crystals of the
product (0.06g, 41%).

cis-Bis(dimethyldithiocarbamato)(triphenzlzhosphihe)(triphenylphosphite)

ruthenium (II):~ cis- :Ru(SZCNMez)z(Ppﬁs)z (0.10g) and P(OPh),

(0,04 m1) in refluxing CH,C1, gave an .orange solution. Addition of
ethanol and evaporation of CHZCI2 gave the yellow crystalline product
which was washed with etharol and n-pentane (0,073, 69%).

cis-Bis(direthyldithiocarbamato)biscarbonyl ruthenium (IT):-

a) Ru3(C0)12 (0.20g) and tetramethylthiuramdisulphide (0.4Cg) were
refluxed in ethanol (15 ml) for 2 hours. _On cooliny, the yellow

solution gave the yellow crystalline product (0.20g, 54%).
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_b)- eis- RuC1,(CO) (PPh,), (0.10g) and NaS,CNMe,2H,0 (0.20g)
were refluxed in ethanol (20 ml1) fér seven'da&s; The resulting
'pale yellow soiutioh-was filtered, chromatographed on a dry
alumina column with benzenevand the yellow band éxtréctéd'with
_'diethylethef. Removal of solvent,aﬁd recrystallisation from

hexane gave the product (0.001g, 2%). -



TABLE 2,1

Preparative methods for some ruthenium complexes (see page108:)

" -Starting materials

mer— ﬁuCiS(PMePhO)S (0.20g) and

| Nnészpphg(o.zsg)
-[Ru2C13(PMePh2)6]CI(O.089)

and NaSszez(O.lcg)

mer- RuCl,(PMe,Ph), (0.59)‘_

and NH, S

A zpph2(1;Og)

mer- RuClB(PMeZPh)3'(O;7Qg)E

A..and NaS,PMe, (0.70g)
'” _Ru¢i2(P(0Ph)3)4 (0.8091
and NaS,_PMe,, (0,60g)

mer- RuC1,(PMe,Ph), (0.50g)
and Naszpstz(q.9og)
{Ru012C7H8}A(Q.29)

and Nasszez(o.hg) |
EEEEE.RuClz(diphos)z(O.Zg)

and Naszpﬂgz (0.29)

50 ml_

20

70

: o

25
25

Jol.EtOH

ml-

ml

ml

ml .

ml

ml

ml

Reaction

Time

bn

EE

3h

15m

1hn

3 h
S h

2k h

Yield

- (56%)

0905§
(62%)

0.70g

. (100%) -

00 709

- (L6%)

04399

(71%)

O. 2g
(60%)

00069
(39%)

(100%)

cis-

cis-

cis-

Ru(SZPMez)

Product

 Ru(§2PPh2)2(PMePh2)2v

Ru(SéPMez)z(PMQth)z

Ru(§2PPh2)2(PMe2Ph)2

gu(szpugz)a(PMezyh)z'

- 6ir -

v’ég(szﬁﬁez)z(p(éph)sjé L

Ru(SZPEtz)z(PMeZPh)z

2(C7H8) ~

Ru(SaPMe‘,l)2 diphos



TABLE 2,2

Analytical Data for Some Ruthenium'Complexés

Complex Colour
cis- Ru(S,PPh,), (PPh,), " Red
~¢is- Ru(S,PPh,), (PMePh,), Orange
cis- Ru(S,PPh,)_(PNe Ph), Orange
cis- Ru(S,PMe,),(FPh,), 'Red-Brown
cis= Ru(s,PMe,), (PMePh,),, Orange
cis- Ru(s,PMe,), (Pie Ph), Orange
cis- RU(SZPMez)z(P(OPh)B)z Yellow
cis- Ru(S,PMe,),(P(0Me),),  Yellow
cis- Ru(szpnez)z(PEtphz)z Orange
Ru(sépnez)z(diphés) Orange
Ru(SzPMez)z(PhZPCHszhz) Orange
Ru(Sszez)z(diarS) Orange
EEQEE-Ru(SZPMéz)z(digfs)z Pink
_c_gg-nu(szpztz)z(PPh3)2 Red
gigg.Ru(szPEté)z(PMezpu)z Red
cis- Ru(52CNNé2)2(P(0Ph)3)2 Yellow
cig=- Ru(SZCNMez)z(PPh3)2 M?zco Yellow
cis- Ru(S,CNMe,),(PMe Ph), Yellow'
3:222-.Ru(SZCNMez)é(Pﬁezph)z Yellow

~Mp(°c)
193-195

116-118

247-248 -

139-142

Found %
C H 'Others
64.2 4'7
60,1 4ok
54.7 407 5’1408;P014.2

5447

279-280(d) 47.8

212(4d) 38.3

145=-147

213214

158

2287230‘

bo.3

20,1

48,7
L7.7

230-233(d) 47.5

238-240(d) 28,6

236-237(d) 31,3

124-126

156-157

150-152

168-169

204-206»

5643

h2,7

51.7
58,1
42.8

42,8

be7
5.0
5.2 5,20.639.19.6
L,6

5.0

4.9

4,8

4.3

4.9

53
6.1 5,189
4,5

LB N,3.3

6182
973+5°
599

749

5.5 N[.7$5,20,6,P,10,1

5.5 Ny4a8

c
6he1

60,1
5k,7
5Lke9
47.9
38.3
Lo,k
20,0
49.3
48,0

47.3

26,4

31,2
5647
42,2
52,4
58.3
42,8

42,8

H

4,5
4.6 X

4,8
4,8

5.1

-
L3

5.0

S5eb -
4.8 .

4,6
bob
4,8

5.4

6.1

b b
4.9

5¢5

5.5

Required %

Others . Mb
S,14,63P, 14,2
S,20;6;P,19.8 627
971
599
1
-
1S
(e
749
S418,7
Ny3.2
N,4¢535,20.7P,10,0



TABLE 2,2 (CONTD.)

Found % . ‘ Required %
Complex Colour Mp (OC) c H Others M c H Others M
cis- Ru(s2PMe2)2(Pph3)(P(OPh)3) Orange | 182-184 5161 ko5 | 52,0 4.6
cise Ru(SzPMez)z(PMezPh)(P(OPh)s) Orange 124-125 bbb L7 k5,0 4.8
cis- Ru(SZPth)z(PMezph)(P(OPh)B) ‘Orange 182~1844 56,9 4,6 , , © 5743 hJb
cis- Ru(SZCNMez)é(PPhB)(P(OPh)3) ' ~ Yellow 201-204 55,0 4,6 C Ny3e1 . 55,2 446 Ny3.1
cis- Ru(S,PPh,),(PMe, Ph)CO - Orange  194-195 51,6 - 4.0 763§3 51,7 41 766
" cis- Ru(SzPMez)z(PPh3)CO Orange 123-125 43,3 L,3 | N -Z;giBb 43,1 4,2 ‘ . 641
cis- Ru(szpnez)z(PMeth)co '~ Orange 161-163 37.3 L4 ‘ 57921b 373 L3 579
cis- Ru(S,PMe,), (Phe, Ph)CO Yellow 43~ Lk 30,2 k.6 | gzgzib 3002  ho5 | 517
cis- Ru(sszez)z(P(oph)3)co Yellow  193-19k L0,0 . 3.9 680t1d  40.1 3.9 689
cis~ Ru(sszez)z(P(Oﬁe)3)co Yellow  117-119 19.3 Lol 502:1b 19,1 . . 4.2 ‘ ,503
eis- Ru(S,Ple,), (AsPh,)CO Orange  104-106 40.8 k3 687t2° 40,3 3.9 . 685
Ru(SZPPhé)z(PMezPh)ZCO-d | Yeliow 95-115(a) 5349 L,7 o -~ 5'%5 A7
Ru(SQPMez)z(PNeZPh)zcoq | Yellow  134=135(d)  38.2 5.2 | 38,5 5.2
Ru(S,PMe, ), (PMe,Ph) ,CO € Yellow  102-118(d) 38,7 5.1 ' o 38.5 5.2
cis- Ru(S,PPh,),(CO), Yellow .89~ 90 47,8 3.2 : 655¢1° 47,6 3.1 655
cis~ Ru(s,PMe,),(CO), Yellow  159-160 17.9 3.0 ' so7+1b 17,7 2.9 Lo7
cis~ Ru(S,CNie,),,(CO),  Yellow  230-231  2k.5 3.1 N,7.2 | 24,8 3.0 N,7.1
_ Ru(sszez)z(c7H8) Orange 167-170 29,9 k.6 _443t1b 29,8 4.5 : 443
Ru(S PMe,),(CgH ) ~ Orange  184-185 30,7 5.1 : - 45924b 31,3 5.2 ’ 459
| a) Molecular weight measured _osmometiically at 37° (CGHG) d) Configuration D
b) Molecular weight from parent ion peak (1°1Ru izotope) in mass spectrum e) Configuration E

¢) Sublimes at 160°C ; ' ' £f) Sublimes at 170°C

B 44
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TABLE 2,3

- . " Infrared Spectra of Various Ruthenium Dithioacid Complexes._v .

(shoulders are underlined)

Complex .
cis- Ru(SzFMez)z(PPhs)2

cis- Ru(S,PMe ), (PMePh,),
cis- Ru(S,PMe ), (PMe, Ph),,
cis- Ru(SzPMez)z(P(OPh)B)z
gi§rlRu(SZPMez)zﬁP(OMe)B)z
Ru(SZPMez)é(d%phos)
Ru(SZPMeZ)é(thPCHzpphz)
Ru(Sszez)z(diars):
EEEEE‘R“(Sszez)g(diarS)2
cis- Ru(Sz?Meé)z(P?hS)(P(OPh)3)
cis- Ru(S,PMe,) (PMe, Ph)CO .
lgu(sszez)z(PMezph)zcdb
“Ru(SZPMez)z(PMeZPh)chC

cise- Ru(Sszez)z(PPhs)CO

0

is- Ru(SzPMez)z(PHePha)CO

0
[N

Se= Ru(szpuez)zﬂp(ome)B)co

0
pade

S= Ru(SZPMez}z(co)2

'Ru(szpuez)z(c798)-
Ru(SzPMeé)z(Csﬂlz)
cis- Ru(S,PPh,) (PPh,), |
Eig- Ru(S,PPh,) (PMePh, ),

cis- Ru(SzPth)z(LMQZPh)z

“S_PR_ bands (cm-i)

22
Bidentate
583

587
588
589
589
585
589
580
| 600,595
589
570
589,579
- 580
581
581
' 581
582
589

591

Unidentate

600 '

598

606,572,568

609,570
611,573

cis- Ru(SZPth)Z(PMeZPh)(P(QPh)3) 609,572,568

cis- Ru(szpphz)z(pMezph)co .
‘b
Ru(S,PFh,) ,(FMe,Ph),CO "
: Cc
ARu(SzPth)z(PMezph)zco

cis- Ru(SzPth)z(CO)2

610,570
611,570
607,565
608,568

645,540
645,542

PMeasured in CHC1_ solution

< Confiquration D ~

3

cConfiguration E

Measured in CDC13 solution .

. "
Vbo(cm )

1933(1945) %

1939,1929(1940)2

1961, 1944 (1967)%
1934
1930 -

1955,1938

2045, 1989, 1970

. (2042,1967)2

1920(1948)d
1939(1946)¢
1989 (1084) ¢

(2030, 1950)?

.EEo(cm',)

564

569
569
569

- 612,560
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TABLE 2.4

" Main peaks in the Mass Spectrum of Ru(SzPMez)z(P(OMe)3)2

102 a

Mass No. of Ru'-peak® .~ Probable Ton
600 . . a [Ru(szpnez)z(P(one)3)2}+
585 : o [Ru(SZPMgz)z(P(OMe)B)(P(OMe)20)]+
569 ' » | A‘[Ra(szfﬁez)z(P(OMé)S)(P(dMeyg)}+
507 ' | ' | A [Ru(SzPNez)z(P(OMe)B)P]+
oz - : . [Ru(szpuez)z(P(one)zo)p]f
476 - | IRu(SZPMeé)ZP(OHe)31+

e [Ru(SzPMez)zP(OMe)2P1+

61 4, [Ru(szpuezizé(CMe)zo]4
‘w or [Ru(sszez)zp(omé)pp]+'
L4s . o [Ru(SZPMez)zP(OMe);i+ _

or [Ru(s,Pre ), (P (oMe)P]*

383 3 , o [Ru(spe,), P]T
377 (metastable) A 600 —3 476
352 k [Ru(SZPMez)z]

a All peaks show the characteristic ruthenium . isotopic pattern
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TABLE 2,5

Main Peaks in the Mass Spectrum of Ru(s_PMe_)_(P{oPH ., )co
2 5

Mass No. of Ru102 peaka-

690
662
635
597

569

537
476
435

L12

352

331

{metastable)

(metastablé)

2=2—

Probable Ion .

[Ru(522M§2)2(p(oph)3)co]f

[Ru(s,Pre,) , (P(oPh) )] *
690 —> 662

[Ru(;zpﬁez)z(p(oph)z)co]*

[Ru(SZPMez)z(P(éph)z)]+ '

‘[Ru(szpnez)(P(oph)3)]+

' +
[Ru(sz?Mez)z(P(oph))]
662 — 537
[Ru(P (0PR),)]*
[Ru(szPMeé)ZCO]+
[Ru(SZPMe2)2]+

[Ru(sszgz)z(P(oph)s)]2+

All peaks show the characteristic ruthenium isctopic pattern.
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" TABLE 2,6

14 n.m.r. Data for Various Ruthenium Dithiocacid Complexes

P

" Phenyl

Complex C Solvent Tnmp(K) Dithioligand(Me groups) L Tc(K) Me(phosphorus ligand) : ¢ Te(K)™ groups
' ' . ' " T Value (JPH)b' . S T value® S T Value
cis- Ru(s,PMe,),(PPh,), cDCl, 319 8.34(12,0) | 256 . I 2,4-3.1
| 215 - 7.73(12.0) ' 8.94(12,0)
Ru(S,PMe,), (PMePh,), cb013 329 . 8, 28(12.5) R L s.05%(8.0)T _ - |
: T R ‘ 2?8 o S e 2,4=3,0 0
- 213  7.83(12 5) . 8. 61(12.5)- PR '8 o1e' E -"; _» »; S S
Ru(SZPMgz)z(PMeZPh)é~‘ ch13 ‘;41.J f . 8 01(12 5) ‘ kikAV{‘f L ;;_ v 8.38 (9 o) B
* - : 298 & 278 2,7-3.1
- 232 7.69(13.0) 8. 14(12 o) . . 58.30 (9.0) 8 43° (9.0) ‘ '
Ru(S,PMe,), (P(OPh),), CDCI, 297 7.95(12,5) 8.35(12.5) 330 - = - o - 2.6-3.1
1
- Ru(S,PMe,), (P(OMe) ), CDCl, 301 | “ 8.03(12,5) B - A 6.279(10.0)f : .
Rp(SZPth)z(PMeth)z CD§13 301 - - . - 8.08%( &, o) - 2.2-3.1
' . e.
Ru(szpphz)z(PMezph)z lCHZCIZ 301 - - - 8.45 \ 3.0)

253 - . - 8.41°8.0)F  8.49°8.00F 273 2.0-3.2



Complex

> iS= Ru(SZPMez)z(PPhB)CO

c1s- Ru(S,PMe, ), (4sPh,)CO
I Ru(SZPMez)z(PMephz)co

ciSg= Ru(SzPMez)z(PMezPh)CO

~jg= Ru(SzPMez)z(P(OPh)3)00
ig-~ Ru(SZPMez)z(P(OMc)Z)CO
is- Ru(SzPMez)z(CO)2

ig- Ru(szpphz)z(pMezph)co

is- Ru(S,PMe,), (PPh,) (P (OPh), )

Ru(SZPMez)z(PMeZPh)ZCO

(Configuration D)

CH_C1

ig- Ru(§ZPMe2)2(PMezph)(P(oph)s) CchC1

i S- Ru(SnPth)z(PMeZPh)(P(OPh)B) cDC1

Solvent Temp(K)

CGHSCI

C6H5C1

CDC1
3

CcDC
1

cnel
: 3

CDC1
3

"CbC1

W

CDC1

v

CDC1

(%)

(CDS) co

V)

H_Cl

272

CH_C1

22
3

3 .

cocl!
3

301

243

301
301
301
333
301
363
298
233

. 333 .

253
301

233
301 .
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 TABLE 2,6 (CONTD.)

, _ o _ : ~ Me(Phosphorus
Dithioligand(Me group) Te(K) Ligand) Tc(K)
i | | .
cs2dd 8.6t - 355"
8.101(13.6) 8.33(12.5) 9.04(12,5) _ : ' | -
‘ 368" .
7.94 (13,0) 8.00(13.0) 8,04(12,5) 9.04(12,5)
7.90 (13.0) 7.96(13.0) 8,00(12.5) 9.,07(12.5)%330 = = -
7.88 (13,0) 7.94(13.0) 8.05(13.0) 8.62(13.0)3330  7.839(9.0)P -
7.83(13.0) 7.96(13.0) 8,06(12,5) 8.33(12,5) 8,119(9.,5)"
7.80 (13.0) 7.94(13,0) 8,05(12.5) 8.35(12.5) 8.109(9.5)"8.129(10.0)"
7.89 (13.0) 7.96(13:0) 8,09(13.0) 8.20(12,5)>330 ~ - = - -
A 7.911(12,5) A 8.00(12.5) 8.10(13.0)>330 | _ 6.259(10.5)h -
- 7.86(12.5) 7.99(12.5) ~ >330 - -
- L - 8.169(10.0)“8.21‘3‘(10.0)h -
8.323(12.5) ' 8.45k(1z.5) 28:'»""1
! m
7.83(13.0) 8,12(13.0) 8.45(12.5) 8.97(12.5) , ,
8.19(12,5) - 301° 8.05%(9.5)"
7.86(8.0) 8,03(8.0) 8.41%(12.5) v - 7.99%(8.0)" -
‘ . | : 8.049(9,0)"
- ‘ - 7.999(9.0)78,029(9.0)® -

8011(1205) _‘ 8.91(1205) . K - 7.86p(800)f7090P(800)f -‘

Phenyl
Groups

203-208
2.4-_2. 9
2,2-3,0
2,2-2,8

2.6—300

200-300'

2¢2-3.3

243-342

2,1=3,2

2.2-2.8



Complex
Ru(sPMe,),, (PMe,Ph) ,CO
(configuration E)
Ru(szpphz)z(PMezph)zco
(configuration D)
Ru(SZPth)z(PMezph)ZCO
(configuration E)
cig- Ru(SZCNMez)z(PPhs)2
' .MeZCOq

Elg-<RU(SZCNMe2)2(PMeQPh)z

trans- Ru(SZCNMgz)z(PMeZPh_)2
cis- RU(SZCNMez)z(P(OPh)3)2

2is- Ru(SZCNMez)z(PPhB)(P(OPh)S)v

is- Ru(S,CNMe,),(CO),

Ru(SzPMez)z(diphos)

Ru(szpmez)z(pthcuzppbz)

Ru(S,PMe, ), (diars)
iEEﬂE'R“(SzPMez)g(diarS)
Ru(S,Pie, ), (C_Hg)

A
Ru(SZPdez)z(Csﬂlz)

' cpC1

2

CDC1
3

Solvent Temp(K)

273

(CD3)ZCO 333

"CDC1
3

CbC1

CDC1
3

CDC1
3

CbC1
3

CDC1
CDC1

CDC1
CDC1

w W

CDC1
CchC1
CDC1

W W W uw

3

273

.301

313

2ko

543
330
301
330
301
298
301
301
301
301

301

301

~ 7.06

j Dithioligand (Me group)
7.80(12,5) 7.87(12,5) 7.93(12.5) 8.36(11,8)

r

6.67°

7.07"

6,94

6,867
6.72"
7.90(13,0)
7.85(13.0)
7.65(13,0)

7.78(12,5)
8.20(13,0)
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TABLE 2,6 (CONTD.)

7e1k
6.76%

7.20"

7.10"

7.10 |
7.13°

8.46(12,0)
8.15(13,0)
8.75(12,5)

6,75

725"

6.75"

e}

7e&0
7.23.
737

<

Lo B |

9.25(13.0)
8.88(12,5)
8.26(12.5)

- Me(Phosphorus
Te(K) Ligand)

- 8,249(8,0)"8,26%(8.0)"
8.43%(9.5)"8.489(10,0)"

- 8.34P(7.0)%

8.34p(7,o)f8.39"(7._o)f
- 8.25%(7.0)"8,339(9.0)"
8.349(9,0)78.369(8.0)"

318 -
8.51°(8.0)°
305 8,48%(8.0)%8.53%(8,0)f
- 8. 278
225 -
318" -
> 403~ e
>uo3™ 5.037(10,0)
>403™ 8,247 8.60"
_ 8.02"
>L03™ " See text

red (k)

Phen&l
Groups

2.4-3.0
1. 8"3.0
1.8-3.0

2.3-3.2

247=3.0

20 3"3.0

2.7f3.2

2,0-3,2

" 260-3,0

2.0-3.0
2. 1-?4.8
2.1-2.6
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TABLE 2,6 (CONTD.)

:'0.01, 1 ; ' - : , o Coaiesceneeftempereture for euter_doublets -
v::T,bouglet;:JPH”inTparenthesee (;O.ZHé):':ﬁ o n ;Eroadened u0ubiet'eubertmpoeed:en eroed’signel -

Coeleecenee temperature of:dithioaeid ' _ = - Coalescence temperature fer:doubiets at

methyl resonances » - B | . T8.03, 8,41 and1;7.86, 8.41

Coalescence temperature of metmyl groups v ' p Virtually coupled 1,2,1‘trip1et

attached to phosphorus ligands

Q. '
HnPP“Hh type spectrum (pseudo-triplet) . .Methyl singlet (ecetone) at 7.86

+J fl Singlet .-

2

JPH P’ in paremtheses (:O.éﬁa) -
Doublet .f S | .,,' ' | o - gjmfi‘sl" Broadfsinglet?a:' :
in paremtheees ( O;ZHZ)V 'Vifﬁﬁi‘;TWO singlets superimposed.
Two doublets superimposed , ' " - Tv v _Singlet from coaleJcence of peaks att:?.i} and 7.37
Doublet from coalescence of inner doublets 'w Coalescence temperature for.resonances atT 7.13 and 7.37
"Doublet from cealescence of outer doublets _ B x l‘In 06H501
Conlescemce temperature for.inner doublets R A Triplet from.CH protons



- 129 «

TABLE 2,7

! .

Rates and Activation Parameters obtained by Line Shape Anélysis for the Inversion Process cis-[};&cis:/\
in some Ruthenium(II) Dimethylphosphinodithioate Complexes

b * + +

' Compound Solvent  log,, k298a Ea AHZ!}B" A$298c AGZ98b
cis- Ru(S,PMe,), (PPh,), CDCl; 3,83 £0.02 49,621 47.1%1 -1 13, 51.1%o0.1
cis- Ru(S_PMe_)_(PMePh ) cpc1 3,08 20,02 60.5%2 58,02 2 937 554 %0,2
== 2" 22 2’2 3
cis- Ru(S,PMe;) (P(OMe) ), - CDCL;  2.53 $ 0.3k  67.8 %2 65,3 %2 23 213 58.6 = 2
cis- Ru(S PMe,), (PMe Ph), CCl,  1.91%0.12 62.0%1 59611 -9 %4 62.1%0,1
CeHsCl 1,31 20,01 69,721 67.2%1 624  655%o0.1
CeHe 0,3k 20,12 126 %4 123.5%4 176 ¥ 11 71,0 ¥ 0.1
cis- Ru(S,PMe )Z(P(bPh)3)2 cbc13 0712001 73.7%2 712t 828 68.9%0.1
cis- Ru(SzPMez)z(Pth)(P(OPh)B) CH,C1, 1.99 * o0,05% 47,3 £ 49 4.8 ilédv -56 £ 159 61,6 ¢ 0.3¢
1.92 2 0,03° 42,5 23° 40,0 £3° 74 2% 62,0 % 0.,2°
cis- Ru(s,PMe,) , (PPh,)CO r CgHeCl  =1.62 20,087 121.8 £ 29 119,53 £ 29 125 279 82,0 ¢ 0,49
Ru(S,PMe, ), (diphos) CeHCl  =3.2 20,3 113427 110,927 65220 o91.kl2
a sec-; . ' d.Obtained from‘ahalysis of exchange of inner doublets g and f
kJmol"1 € Obtained from analysis of exchange of outer doublets e and h
c -1 -1 f . ; : . L
JK “mol For cis- Ru(SZPMez)z(CO)2 s no scrambling of methyl groups at 330K
9

Obtained from analysis of exchange of inner and outer doublets
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TABLE 2,8

Assignment of Methyl Group Stereochemistries for cis -~ Ru(szPMez)zLL’

after Twiéting and Bond Rupture operations_

Methyl Group Stereochemistriesb
: : ’ X )
syn{toL) anti(to L) . syn(to LL) anti(to_L')
For cis- O isomer® . e 9 f h

Established experimentally for

e —

cis-A = cis- N e=h g=1 =0 h—==e

Methyl Group Stercochemistries of Product

Operation - . Product. syn(to L) anti(to L) syn(to L) “anti(to L)

(on cis- ). S L 5_.

. a) i-CB(i)+ : trans-isomer e,h T gy _ gt . e4h
- - ] , : v -

- 1-03(1) cis- A\ _ e g T ~h
o ‘ a : .

g b)) i-c (2)° | | |
- 307 : . _ .
‘o i-c_(2) cis- \_ : f h g e
A=) 3% = , o - c

L .

< ) i-c (3)° | o

» 37 _ o Lo
o i-co(3) cis-N\. - h f e .9
'% ’ + . - ' N R .
o d) i-c3(4) - cis- N . - I h e g .
3 i-c (4)"

3

1751 .

Bond Rupture : o _ o :
mechanism (Figure2337nis-_ﬁL : h - f g e
& A and.J\isomers defined on basis of rules suggésted by I.U,P.A;C. commission336.
b See Figure 2.5for assignment of e,g,f and h groups in cis< [\ isomer.

c By variable tempéfature 1y n.m.r. studies for cis= Ru(SZPMez)z(PPhS)(P(OPh)S)
d

These twist operations are sterically impossible since they produce a

configuration in which a -SzPMez group would have to span trans positions.
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TABLE 2,9

Rates and Activation Parameters obtained by Line Shape Analysis for the interchange of

Methyl groups in some Ruthenium (II) N,N-Dimethyldithioéarbamato.Complexes

Compound Solvent
Ru(SZCNMez)z(PMezPh)z .cnc13
Ru(SZCNMea)z(PPhS)z c0013
Ru(SZCNMez)z(P(OPh)3)2 c0013,

Ru(SzCNMez)z(PPh3)(P(OPh)S) CDCIB

secC
kJmol~

JK “mol”

Obtained from

® Obtained from

exchange of

exchange of

b £ + *
10910 k298a Ea AH298b Aszgs" A6298b
1,01 ¥ 0,01 94,0 % 2 91,5 2 81 %7 67.3 * 0,02
0.52 £ 0,02 105.7 *2 103.2%2 111 %6  70.0 2 0.2
0,31 20,02 79.2%3 76.7%3 189 713 % 0,07
0.53 £ 0,01% 109.9 * 22 107.4 2 2% 126 £ 5% 70,0 % 0.07%
0.45 £ 0.05° 57.8 £ 3% 55,3 13°% _su % 11° 74,5 % 0,07°
d ) '
high field pair of singlets

low field pair of singlets
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Chéﬁter 2'1"

Reactions of mer - RhCl_(PMe_Ph)_ with Dithioacid Liggnds,
— o ' > a3 <

Introduction .
As has aiready;been noted (page47 );Areactionq of

mer-RuCl (P}e Ph) ‘with haSZPRz (R Me or Ph) lead to the

formation of paramagnetlc (presunably Ru (III))s ~ecies which
proved 1mposs1b1e to isolate and wh1ch were thought to be

1ntermed1ates in. the formation of c1s - ?u(SZPRz)z(PMe Ph)

In order to galn more informat1on on complexes of this tyve, it
.was dec1ded to 1nve t1gate the complexes formed Irom the reactions

of Rh (III) complexes with dlth]OaCld anions sxﬂce, not . only is

Rh (11Y) generally considered to be.less labile than Ru (III)208 286b

but itvdoes\hot_haieia stable +2 oxidatibnAstate And it forms

phosphine contalnlng complexes 1n the +3 o"1da+ion state which are

 comparable with ‘those of Ru (III)286b Thus, reactlons of RhC1

3

with excess tertlary phosphlne 1n refluxing ethanol lead to the

formation of mer-RhC13L3 (L = alkyl or alkyl-aryl tertiary phosphlne)’ %3

with fac-RhC1_L_, which has been shown (L = PEtZPh) to be formed

373
on irradiation of mor-Rh01 (PEt Ph) 349

348

s often occurring as a

by-product The merid1ona1 1som9rs, wh1ch have three terminal

\)Rh-01 in their i.r. spectra’ 350

, (as pred cted by group theory), have
been shown-tO”undergQ metathesis y1th_other anions and the chlqr1de'
ion trans to a.ﬁﬁospﬁine.g}oup is-more Iabile than the other two

-although reflux1gn'w1th excess X~ in éthaﬁéi-gives mer-RhX3 3
(X = NCO, ~uN, Br or 1)350. In contrast to the behaviour of alkyl

‘and alkyl-aryl fertiary_phosph1nes.towards RuCls, prolonged'reactions
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3

account of the 1nstab111ty of Rh (II) complexes, but binuclear

‘'with RhCl, do not give complexes of the type [Rh Cl L6]CI, on

species with double halide bridges, {RhCl 2}2(1) have been

isolated from the reaction of 1:2 molar ratios of RhCl_ and L,

3
. . NP . cos 348
or from stoichiometric quantities of RhCl and mer=-RhC1,_L

s e, by .
For L = P(Bu)s,’a further dimeric species!ARh2C16(P(Bu)3)3, has
been isolated and is’ thought to have the triéié nalide bridged

)23,

structure (2
ClL. Cl_ oL ,'-' -

Cl""IWh’ Cl”"’ |~“‘cn o cn’”//// '\\\~Cl//// \\\\\

- - S a2) U=Pay,

In contrast, . to the alkyl and alkyl-aryl tertlary phosphines,

triphenylphosphine reacts with RhCl
)y 352,353, |

to givé pdrpie, or orange,

3

RhCl(PPh This'compléx has been Qery fully investigated

since it has been shown‘to be an4éice11ent-catalyst for the homogenecus
hydrogenation of olefin3353. RhCl(PPh3)3 also undergoes oxidative
addition with many other substrates including [PhéAs]CI;HCl which
gives [PhkAs][RhC;é(PPhS)zl316. Similar Rh (III) anions containing
: _ . 4 316

[ )

more basic phosphinres may be prepared by<éichange of PPh3 for L

The reaction of RhCl(P?h3)3 with‘CS2 is also interesting since the

product, Rh(CSz)z(PPh3)201 contains._-two‘CS2 groups which are

differently bonded (3)354.

S
C
S
PhP | S o
T RN E )
TN B
Ph,P” c S
m I
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Since fhédium does have a‘stabié +1 oxidation state, it was
considered pqséible_fhaf‘reactions of Rh_(IiI)'complexes Qith
dithicacid aniéﬁs,AWhich are usually éonéidefed to be reduciné in
hgture, might'lead_to the formation of-Rh,(i) species. However,
this is-unlikélf siﬁce reactions of Rh (I)’cémplexes.such as

RhC1(PPh,) ; and: RRC1CO(PPhy) , with excess NaS,CNR, have been shown

ito cause oxidapibn‘to Rh (III) spécﬁ.esz33 (ﬁégé 35 )e

The reactidﬁs of rhodium comblékes~witﬁ -SZCNRZ’ -SZCOQ and
-S PR have already been d1scussed (pages 32 ~ 36) but |
other 1nterest1ng compounds of rhodlum with sulphur donor 1ligands
should be noted. Reaction of a solut1on coﬁtalntng [Rhg] (page 36 )
‘y1e1ds the v=ry urusual

with Nasz?(OEt)é in the presence of PPh3

Rh (SZPOEt)S(PPhB)3 which is said to contain three unidentate,

dithioacid ligandsgss,»and reactions of RhCl3 with NaSZCR give

Rh (S,CR), (R = Ph or Bz) whilst the ionic NH NH, | [’nC1,(S,CB2),] is
355
L]

isolated from the reactlon of [

[ Rne1 6] with Nas_CBz

]3

" Results and d1SCUSQ1on

Since mer-RhCl (PMe Ph) is readily prepared from RhCl_ and
: : 3
Ix'-‘I‘TeZP}'a-sl}8 (see'above), its reactions with various dithioacid anicns
were investigated and the results of this investigation are
presented in this chapter;
Reactions.bf ggg-RhCl (PMe Ph) ‘with an excecs of an alkali
metal, or ammonlum,d1th1oac1d ealt under re‘ ux for one hour lead
to the formatioﬁvof several different products in everv case.
Theée products may be separated by fractional recrystallisation
. 318 L .
or dry column chromateography or, in general, each may be synthesised

_és~the sole prdduct'by slight changes in the conditions of tre

_reactioh, ‘ Analytical data for all these new compounds are given
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in Table 3.1 and spectroscop1c propertles 1n Tables 3,2 and 3 B

1. NN-dimethyldithiocarbamato complexes;- : Refluxxng mer-RhCl (PMe Ph)
with an axces;iof NaSZCNMeéZHZO in etﬁanol for one hour leads to the
formatibn of'twé products. Thgse are readiiy Sepa;ated, since one

of theg; RhClz(sécxNez)(PMezph)é (1), %siip§Qiﬁble in coid ethanol
wﬁereas the'chér ié very soluble; : Aftéf re;oval of (I), the other
is prec1p1tated in hlgh yield as a.yellow cfyétalllne complex by
_add1t10n ofvexcess NaBPh4 or NHQPF6 i ?ﬁesg cqmplexes-are stronglyb
conducted in CHéClz'and analyse for,{Rh(szcﬁﬁez)z(PMeZPh)al Y(IIa,Y‘=

BPhA-; IIb, f ;'PFé-); | Longér fgégtiéﬁ #?ﬁgglin ethanol lead
exclusively to fhis ionic productbbn édditioﬁ:of>Y-.

However,‘if a suspénsiop“ofVés:;RhCIS(ﬁﬂézPh)s and”
NaSZCNMeZZHZO‘isishgkeh in methanol for ioéé'the orange, methanol-
insoluble complex RhClz(SQCNMe )(PMé-Ph) '(111) is formed,‘but'on
recrystallisation ffom-CH Cl /hexane, th1s is converted into (I},

If GII) is shaken in methanol with a mixture of NaBPhé, and PMe Ph
~for 24h (1) is again formed together with a new compound of formula
[RhCl(S CNMe )(PMe Ph) ] BPh (IV). Attempts to prepare (IV)
dlrectly from mgs-RhC}B(PMezPh)3 by'réaction with NaSZCNMe uHZO
NaBPhh and PMezphxthé proved abortive. Instead; the yellow,

356

conducting solid thClz(PMeZPh)Q]BPhA is formed which, on leaving

in CDCl3 for 48h, reverts to mer-RhClB(PMezPh)3 and free PMeZPh.‘

Finaliy,'if mer-RhC1,(PMePh,) ; .is used instead of

mer-RhCl(P}e Ph) the long-term reactioh'in refluting ethanoi

3’
with excess Na52¢Nhe92H20, followed by addition of NaBPhA'gives two

ionic compounds, both of formula [RQ(SQCNMez)z(PMePhQ)zlBPhk (va and
. VIa) together with very small amounts of Rh(SZCNMez)B' Similar ionic

compounds [Rh(S,CNfe,),(PMePh,) JPF, (Vb and VIb) are formed by
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addition of NHQPst.

2, Diphenyl- and dimethyl-phosphinodithioato complexes:-= - If
mer-RhC1 (PMezPB) is—refluxed in ethanol for 60m with an excess

| NHASDPth, addition of excess NaBPhh or NH PF 6 leads to -

precipitation of the expected [Rh(S?PPhQ)z(PMeéph)z] Y(V1Ia,

Y= HPh4-3~ VIib, Y = PF6-). Ih addition, very small amounts

of an ethanol-insoluble compound analysing for.ﬁhCIZ(SZPth)(PMeZPh)é

_(VIII)-are obtained. Howefer, if the reactibn is carried out using

NaS PMe22H?O, the analogous compounds are not formed. Instead, a-

red solid of uncertain c;mposition is obtained since this exhibited

variable analyses_(carbon and»hydrogén) éach'time the reaction‘was

attempted. | The ;H n.m.r. spectrum of this material cohtains.only

‘broad peaks; whiéh'are temperatﬁre invariant; .The broadness of these

v51gnals probably'ar1sesvfrom a paramagnet1c 1mpur'ty since. the

substance exh1b1ts a weak esr 51gna1 (cf the preparatxon of RhCl(PPh ) ?53‘
The compound [Rh(SBPMez)z(PMezPh)zjBPhQ(IX) can however,'

be prepared as a yellow,'microcrystalline solid-either by excluding

oxygen completely from the react1on in ethanol or by reactzon of

Ph) 348

fac~RhC1 (PW

with excess NaSZPMeZZHZO in acetone, followed

by addit1on of NaBPhA. Compound (IX).is,'in fact, stable both in
the éolid state and in solution. However, a red solution is r#pidly
formed when (IX) is dissolved‘in ethanol or methanol iﬁ the presence of
excesé‘NaSszezgﬂzo and air. |

~Short term reactions between EEE-RhCi3(PMe2Ph)3 and
: NaS PMe 2H 0 or NHASZPth also differ slightly from one another, The
"_dimethylphosphinodithioato ion behaves like the NN-dimethyldithioel
carbamato ion, giving, after shakiné for 10m in methanol, or;hge

RhClz(SzPMez)(PMezPh)3 (X) which, on recrystallisation from c0013/
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hexane, éives RhClz(SZPMez)(PMezph)2 (x1). ‘Recrystallisation of
(X1) from hot toluene gives mainly (X1), together with a small amounf
oannother compound (XII) with the'same‘analyticai data but different
spectral properties from (XI).

In contrast, shaking gg;-nhc13(PMezph)3'and NH, S _PPh, in
ethanol for 10m gives only Rhc12(szpph2)(PMe2Ph)2 (XII1). Compound
(XIII) has different'spectral properties from (VIII) although
recrystéllisation of (XIII) from hot ethan01 gives small amounts éf
(vIIn.

Finally, attempts to prepare the compound [RhCl(SZPMez)-

(PMeZPh)B]BPh4 by reaction between RhClz(SZPhez)(PMezPh)3 (x),

357
4

(XIV) or, if oxygen is excluded, a mixture of [RhClz(PMeZPh)Q]DPhA

NaBPh, and PMe,Ph in methanol vieid only [RhOz(PMezPh)QIBPhA
' 556

(XV) and Rhc1z(52PMez)(pMezph)2 (XI). Compound (XIV) is also

formed as the sole product from the reaction of Rh{S PMez)B'PMeZPh

2
and NaBPhQ.

3e O—ethyidithiqcarbonate (xanthate) and dithiocarbonate complexes:-
The reaftion of KSZCOEt with Egs-RhC13(PMe2Ph)3 leads to an even
wider range of products than thoée found with the othervdithio ligands,
,sincé there is.the added possibiiit& of aftack on'a co-ordinated
xanthafe liéand by a nucleophile to yield dithiocarbonatu complexes
(e«g. the formation of P£L2(52CO) from [Pth(SZCOR)][ 52COR] (see
page &) )1811%,

Thus, when Egz»RhCiS(Pﬂézpﬁ)s is refluxed in ethanol
with excess KSZCOEt for GOm, no fewer than four different compounds;
.which may be separated.by dry column chromatography, are isolated.

" Analytical and spectroscopic analysés ihdicateAthe formulations
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: | - - . o .
,RhCl(szco)(PMezph)3 (xv;), K[Rhc12(szco)(PMe2phg (XYII) and two
isomers of Rh(szco)(szcoxst)(mezph)2 (XVIII) and (XIX).

However, if the reaction is carried out in a less polar

solvent such as acetone, or anfethanol/CHCl mixture, ncne of these

3
products. are obtained but instead, orange RhClz(SZCOEt)(PMezph)2
(XX) is isolated.

As for (5-S).= S_CNMe

o o+ Shaking ggg-RhC_lS(PMeZPh)3

and KSZCOEt in methanol for 10m gives the dark orange complex
Rhc12(szcost)(PMe2ph)3 (XXI) which yields (XX) on recrystallisation
from hot methanol or-CHClB/hexane. - This interconversion can also
' be affected by heating (XXI) to its melting point (120-123°C)
whéreupon PMeZPh is evolved and the orange residue consists largely
of compound (xxX).
Finally, if RhClz(SZCOEt)(PMeZPh)3 (XXI) is shaken in

éthanol with excess NaBPhA for severaliweeks,'a'small amount of

[RRC1(S,COEt) (PMe,Ph) ] BPh, (XXIT) is deposited. This compound can
- also be prepared in high yield by reaction of mer-RhClS( Me,_Ph)

2 '3

and KS,COEt (1:1 molar ratios) in refluxing methanol for 60m,

followed by addition of NaBPhQ. Longer reaction times (5h) give yellow
_solutions from which compounds (XVI) and (XVIII) have been isolated.

L4, Spectroscopic properties of dithioacid complexes. .

. a) Infrared spectra:=- The three infrared active YRhC1
strétéhinQIVibrations for tﬁe compound t_ngr_-RhClB(_"Mezph)3 have been
assigned to the peaks at 339, 313 and 373 cm;l with the hand at
lowest energy arising (ﬁredoﬁinantly) from the stretch of the
rho@ium-chloride bond Isgég to a PMeZPh groupBSO." Thus, an analysis-

of the RhCl stretching region of some. of these new complexes should

yield information about their structures. Also as previousliy

See Erratum (page 205)
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pointed out.(pege.SS), the position.ef'thelsulphur ligaﬁd
ebsorptioﬁ'baﬁds’should‘givevsome ihfofmation about the:mode of
- bonding of tﬁe eithioacid greup.

For ‘each of the complexes RhCl (S-S)(PMe Ph) (s-s =
'S,CNMz,, S PMe, ' SZCOEt), the\)QhFl reglon is “similar to that of
mgz-RhC13(PMeZPh?3 (Table 362) except teag tbe.lowest‘VRhCI bagd has
disapbeared, ineiceting'that the eﬁiofide i§5té§é§§ to phosphine has
been replaced.f; Thie is in agreeﬁent’with-eﬁe'larder trans. labilising
effect of PMe Ph corpared to chlerlde.iee‘and isvcons1qtent with the

350

results of other'exchange reactions . (see page 132). In addition,

for (S-S) = s 1 16

PMez; the absorptlon at. 601 em™ and for (s-s) =

2 :
1 14 233

SZCNMe the p081tion of'VCN below 1&70

o both”suggest that

-the sulphur 11gands are co-ord1nated through'onIV‘one sulphur atom, -
Since there is- 11tt1e change in: the‘VRhCl region from

thCl (S S)(FMe Ph) -to RhClz(SfS)(PLeZPh)zlana slnce all the

dithio ligand absorptions now heve che}acteristic'frequenciee for

bidentate co-oreiﬁeﬁionv(see Table‘S.Q), if.seems reasonable to infer

' that the chlofe_g?oups remainimutﬁally.igggg.and that chelation_of the

dithio<;igandioccers with concomitaptfloss ef a PMezPh group. From aﬁ

i.r. standpoint thefe is'vefy litfle difference between the YRhC1

region or hetween the1)PS reglon for the dxfferent isomers of

“ RhC1 (S PR )(PMe Ph) althoggh_other partS~qf their i.r. spectra

and their 1H‘h.m.r..spectra are substantially different (see iater);
The‘remain;hg cempouﬁdS'all appeereto.COntaie only chelated

dithio groups and have only one er ﬁe'VﬁﬁCi bands and hence,-liftle

stereochemical.information can be_gieanedffrom i.r. studies., Nemer.

,epeeeroscopy bee;—hovever, pro#ed an.inveleable tool in assigning

‘structures to all these compounds.



,h)’.N.m;r. specsra:- - The only,differences bethen the H n.m.ry‘
, spectra_of RhC;é(SfS)(PMezPh)j anq QEE;RhC;B(PMeZPh)S is that
~difhio-ligand_resonances occur in the_forper and that the positions
of the'friplep end‘fhe doublet arising:fromuphe'phosphine groups
are ve;y sliohtijréifferent (Teble.Ssjzi:presﬁmablj because of the
different shiemin’g effects of the dithio:.liga'nds from that of the
chloride ion. In agreement w1th the 1.r.-data, th1s confirms the -
structure of these compounds to be A, (see Scheme 3.1) since 1f
'Aexther of ‘the other chlor1de 1ons had been replaced tre p‘ane of
'symmetry pass1nq throuqh the three phosphorus atoms would have

been removed and because of hxndered ro;at1on:about the rhodium-
phosphorus bonds,‘r»o treplets should ar1se from the.mephyl oroups
“of the mutually trans phosphlnes (cf c1s-RuCl CO(PMe ’h) 325).

In fact the 1P Nem,re. spectra of the complexes [RhCl(S CNMeV)— -
-(PMe Ph) ]BPh (IV) and RhC1($S CO)(PMe Ph) (XVI) do show two triplet_s
arising from the Esggg phosph1ne qroups indicating that there is no-
._plane of symmotrp through these phosphlnes and hence the former is

e351gned structure gl(see Scheme 3.1).»

Further evidence‘thet compound:(iV) has structure B stems
from the fact that.af 301K, phere are two resonences arising‘from the
methyl groups on the d1th1ocarbomato 11oand whlch can only be erlalT”il
if there is no plane of symmetry perpendlcular_to the S CN plane in the
molecoie'and-if:rotefion ahout the CLiiﬁ bond iS'hindered.- Since the
two’resonances remain.sharp up to_320K,'§tveppears that free.rotation
about the C;LLN'bono is not occuring,;ereniat this pemperature. The
dithiocerbonete,compiex (xv1i) thch can be assigned structure C is most
: 11ke1y formed - from [RhCl(S COEt) (PMe Ph) ] HPh (XII) by attack of -

-a prevxously d1splaced chloride 1on, or excess 'SZCOEt, on the
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co-ordinated_xeﬁrhato group. 7
The cpmpieges_RhClz(S-S)(PMeZPh)z'(§f53= S Citte,, (1)
SZPMez(XI), Szﬁphz(XIII) and SZCOEt(XX))shoy on;yvone dithio -
ligand resonance in each case,‘togetﬁer¢with cne HG§P’H’6 pseudo~
doublet® which eriees from the PMeZPh greépe.: Since Joy is small
and there is‘only.ege phosphine metﬁyl reepnapce, the phosphine groups
must be mutually cis’and the phospﬁorus atqﬁe;ﬁvsi lie on the plane ef
symmetry of the. molecule. The sﬁlphur iigeﬁ& must also have plenes ef
symmetry both 1n the S-Rh-S plane and perpendxcular to 1t, sxnce
if either of‘these were absent, e1ther the.eompoupd with (S=S) = SZPMez
or that with (S;S)~='SZCNMe2—w9u1d‘gire rise"ro Egé di#hio ligand
resonances, | .
Th@s, tﬁe.only poésibleAetruerﬁre'forifﬁeee compounds_ie one wifh
trans chloridelgroébs (as éuggeetedeby i.r; studies) es in strueture D.
For RhClé(SZPMezy(PMeZPh)z.(XiI);Aeince the M nem.r. spectra
Veontains no tripletvpatterns, the eomﬁeund.cannot‘contain EEEQE—PMeZPh
Vgroﬁps.' Tﬁe.egiyfﬁossible strucfere for this isomer is one contéiniﬁg
szg-chloridesxenelgig-phesphiﬁes (étructure E). This structure should
exhibit“}our pﬁos§hine methylvdoublefs but only two arexobserved
(Tabie 3). This,eohld‘be due ro fasf_rotation aﬁout'the metal-‘
phosphorus:bonde afrrbom teﬁperature“but;sihce the soiutions used
for this n.m.r;:study were very week (5ecause of the smallvyield of-XII)!

it is possxble that further small sp11tt1ngs are: obscured by the high

noise level, Furthor support for the "orrectnesq of this cis, c1s,

Ab'pseudOFdoublet"is analagous to the 'pseudo-triplet! referred to‘in
Chapter 2, Héowever, in this case, the much lower signal intensity between

the two m&in lihes of the signal is indicative of a smaller but non-zero

324 -

value for Jod, than is indicated by a pseudo-triplet
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'c1s-1somer formulatlon for. (XII) comes from recent studles of the

isomerisation reaction of RuClz(CO)z(EPh )2 (E = P,As) where

recrystallisation of trans-RuClz(CQ)z(EPh ). gives the more stable

. s -~ 302
cis, cis, cis-isomer .

The 1H_h‘.m.r.vspectrum of K [ﬁhCl (S CO)(P”e Ph) ] (XVIIi)
consists of‘broadiooaks.in the,pheoyi.region.of the spectrum, together
with a single shorb ‘triplet .at‘ta.zz‘ . Tmscan only occur if the
phosph1ne groups are mutually 1523_ ('v1rtua11y-roup1ed' triplet with
large J 1)3 v-and thus the compound is a551gned structure F. A
possible mode of-format1on of thls rather urusuallcompound is by attack .
.of potassium chlorlde, formed fron tho r°ac;oon of‘mer- RhCl (P\iez}"h)3
and KS,COEt on RhCl( S CO‘(PMe Ph) (XVI). Tho PMe_Ph group released
could then attack (XVII) to reprodocov(XVI);wifh loss of potéssium
chloride. Since ooth'compounds are“found-in the reaction mixture, it
seems likely.tﬁot ih-fhe pregenoe_of-e¥cossuK01'aod PMeZPh, ah‘equilibrium
is set up bétweon fhe two compounds;

Thev1H n.m{f;:sfectra of the £wo compoundsvof formula
1 gh(SzCO)(SZCOEf)(PMeZPo)z both.contain ouarfet‘and triplet signals
1in the ;ositions-oxpocted for an -CEt group but the pattefn arising
from the methyl.groupo on the two ohosphines'is qoite different in each
case. COﬁpouno (XVIIi)'contains a singlef‘virtoally-coupled' triplet
.iodicative of Eiggg'phosphines kstructure G) whereas (XIX) shows four
doublets (Flgure 3.1a, page 14*) wh1ch suggests that the two phosphine
groups’ are mutually c1s,‘and in d1ffere”t chem1ca1 environments and that
there is hindered rotation about the_rhodiom-phosphorus bonds. A similar
phosphine meth§1>pattérn is oboerved for isomer E of the compoundf

Ru(SZPMez)2 (PMeZPh)ZCO (page 99 ). For (XIX), the proton noise decourled

31P Ne.m.r. spectrum shows two resonances (indicating the phosphorus atoms
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are magnetically inequivaleﬁt) each gplit into a doublet of doublets

.. (0]
by coupling to the rhodxumi 3

The 103eh nem.r. spectrum of (XIX) has also been measured by decoupling

nucleus and the other phosphorus atom.

the proton spectrum. Each peak arising from a methyl group in the

103

1H N.Mers Spectrum is rather broad (2-3Hz) due to Rh—lﬂ éouplfng

and hence, irradiation in the rhodium range of frequencies sharpers

'some.of the signals but not others>(Figvrs 3.1,.page 144), In this way,
the'rhodium spectrum mayvbe_éeen to consist of four resonances ie. a |
doublet §f doublets arising from poupling to two ineduivalent phosphofus

atoms., The only structure consistent with all this information is H.

CNMez, Y = BPh4 or

The complexes [Rh(S-S),(PMe,Ph),] Y (s-s = s,

6 oFMe,s Y = BPhZ) all have low temperaturemiﬂ NeMere spectra:

which are consiétent with cis-phosphines and hindered rotation about the

PF.3 S-S = S_PMe

rhodium-phosphorué bonds, (structure g), namely two resdnanges corresponding
to the methyl groupé on the dithio ligands and two pseudo-doublets afising
from the phosphine methyl groups (Figure 3.2, page 145), The 1H NeM.r,
spectrum of cis- [Rh(SéPMez)z(PMeZPh)z] BPh, (IX) is temperature in;ariané
in chldroﬁenzene up to 360k but abo?e this temperature, all the peaks
begin to broaden and the solution turns dariz, indicating that decomposition
has probably occqrred. Thus,‘unlike the relatéd'gigf RuLSz fez)z(PMezph)z
complex, the inversioﬁ precess cis -[&;&.gig./k~ is very slow on the

NeMeT, timescalef This indicates that these coﬂplexes are indeed much
less labile than their.ruthenium.analogﬁes but tl.is is probably due
mainly to the factthat they are ionic, flence, the posifive charge on

the metal will tend to make thé metal-ligand bonds stronger and it is
prﬁbably this fact rather.than ény large, intrinsic differences in

lability of the co-ordination spheres of ihodium (III) and ruthenium (11)

which accounts for the difference in behaviour.






Figure 3ol

'Rhodium =103 decoupling of Y nemer. spectrum of
- ~ X
cis Rh(SZCO)(SZCOEt)(PMeZPh)z (XIX)

a) No irradiation. , A .

b) irradiaticn at 3,163,455Hz decounles 1', 2',
3', &' rhodium-methyl doublets.

¢) . irradiation at 3,163,345Hz decouples 1', 2',
3', &' more than 1,2,3 and 4. rhodium-methyl
doubléts.

d) irradiation at 3,163,337Hz decouples 1,2,3,4

more than 1’, 2', 3! anda &' rhodium-methyl

doublets, - _’ )

eé) . irradiation at 3,163,227Hz decouples 1,2,3,4

" rhodium-methyl doublets,

_ ) _ . _ -,
Triplet from methyl group of »S?COEt. Centre peak totally masks 4

rhodium-metnyl doublet, .



‘A Fig.3.2

] T -
83 84 —T
1H Nem.Te spectrum of phosphine methyl groups of c1s-{Rh(S CM‘e ) (PMe Ph),)] PF‘
in CDCI at different temperatures. :

3 ,
a) 223K b) 253}(, oo ¢c) 300K
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- The compounds, cis [Rb(SZCNmea)Z(PMezPh)Z] y (v BPh, (IIa) or
PFE (IIb)) both give rise to a single doublet in the proton noise-

3 103

decoupled 1P nem.r. spectrum due to coupling with the  ~“Rh nucleus
ahd this coupling is found to be temperature invariant in each case.
In contrast, the 14 nem.r. spectrum of (IIb) does show marked variations

with temperature giving 6n1y a singlet for the S CNMéz methyl resonance

2

and a pSeudo-doﬁblet for the.phosphine'iethyl resonance at 300K

(Figure 3.2(c), page 145)., As for cis - Ru(szpuez)z(PMezph)co (page 64 )

and cis - Ru(SZCNMéz)z(PMeZPh)z (page 72 ) the phosphine methyl resonances

do not underdo coalescence on heating, but rather, gradual;y move

A together urtil they become ccincident (Figure 3,2, page 145).4 Once

' again, this is attributable to fast rota{ion eboﬁt the fhodium-phOSphorus'

boﬁd'at'high temperatures, which on account of the chiral nature of

the catién does not_lead to exchange of the magnetic environments of

the two methyl groubs on each phosphine ligand, but rather, to an

avefage environﬁent which is tﬁe same for both methyl groups. A

similar‘proceés occurs on warming cis ;[Rh(SZCNMez)Z(PNeZPh)Q]BPhg(II(a))

but in this-.case the séparation of the pseudo doublets at lbwer temparatures.‘

is grga%er tﬁan for II(b),vaﬁd superposition is not reached even at 335°K.
Finally, the ionic compounds formed by long-ferm reaction

beiween mer- RhC];B(PMePh‘z)3 and NaS,CNMe 2H,O are, as expected,-‘

2 2

geometrical isomers of [Rh(SZCNMez)z(PMeth)z]Y. Thus, the 4 nemr.
spectra of (VIa and b) consist of one SZCNMe2 methyl resonance and a

tvirtually-coupled' triplet phosphine methyl resonance (structure K)
whereas (Va and b), which cannot be satisfactorily separated from the

trans isomer, have two S_CNMe fesonances and one pseudo-doublet

2 2

phosphine resonance in each case (structure g).

The fact that the trans isomer is formed more readily when
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A CL . _ _
the phosphine is_PMeth rather than PMeéPh can presumably be
attributed to the”greater steric size of PMePh . It should be

noted at this p01nt that the analoqeus complex [Rh(S CNEt )Z(PPhB)z]BFh

has been assigned a trans stereochem1stry 53

and,,althoqgh ﬁo,evidence
is cited to suprort this assignment. the result is consistent wifh the
still greater steric size of triphenylphosrhine.

Thus, ihisvcombinatioh of i.r; and nenm.r. studies, togethef
with-the'various intefconversionsAof compounds ﬁofed-earlier can bé(-
uéed to suggesf 2 proﬁable stereochemical»pafhway for thenoverall
reactipn between mer- RhCl3(PNezPh)3 and-these various dithioacid

1igands and this is outlined in the Schemed.].

-Experimental: - General experimental’techﬁiques and non-Rhodiunm -
» cOntaining materials were as for Chapter 2. Rhodium Chloride]&ihydraté
was from Johnson-Mattney Ltd.
mer=- RhCl (PMe Ph)3, fac~ RhCl (PMe, Ph) ‘and mer- RhCl3 (PMePh )
s 350
- were synthes1sed by published methods .

NN- Dimethyldithiocarbamato Complexes

trans- Dichloro (N,N-dlmethyld1th1ocarhamato) bls(d1methvlnheny1phosnh1ne).

rhodlum (IIIl (I) and cis- Bxs(N,N-d1methyld1th1ocarbama-o)bxs(dlmethxl:

phenylnhosphine) rhodium (III) tetraphenylborate (Ila):= mer=- RhCls-

(_PMeZPh)3 (0.25g) and_éxcess NaSZCNMeZZHzo (0.25g) were refluxed in

The presence of a small triplet at ¥8,15 and a singlet at T7.10 in the
n.m.r, spectrum of ciS-[Rh(52CNMé2)z(PNe2Ph)2]PF6 indicates that somz
of the trans isomer ‘is formed but it is only of the order cf 7% of the

total yield (as determined from peak areas).
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ethanpl_(zoﬁl)wfo;'60m. and.then;.the'resgiting orange solution

cooled and filféred. The residue was well-washed with water to

remove sodium(@ﬁlofide and then with ethaﬁol, pentane to give the
orange solidﬁ(I) (0. 07g, 30%) . The yellowffiltraté was treated with
‘exces:z NaBPhh in ethanol, the resu1t1ng yexlow prec;pltate filtered,
washed with water, ethanol, pentane and then recrysta111sed from CH 2/
ethanol to give’ (IIa) (C.20g," 51%) 1p n.m.:.;(:xa) in CIC1_3

3

4.5ppm (doublet,  JRhP 112Hz).

If mer- RhCl (PMe Ph and NaS CNMe 2H 0 vere refluxed in
ethanol for 16h, only (Ila) (0.359, 92%) was ;solgted on add1t1on of
NaBPhk S S
cis- Bis(N, N-d1methVId1th1ocarbamato) b1°(d1nethv1pheny1phospb1ne)

rhcdium(I11) hexafluorophogphate (IIb) was’ sxmllarly prepared except.
-that excess NHQPF6 was added to the: yellow ethanolxc solution, No
immediate precipitation occurred_but lardd_orange crystals were
depésited when thévgolution was'lefﬁif;r three days. These were
filtered, washedddifh water, etﬁdﬁol and péntaﬁe to give (IIb)

(003099 98 %) .

31? NeMeT, (IIb) in CDc13; 4.57 ppm (doublet)(J Hp™ 114Hz);d-147.2 pom

(heptet, = 727Hz). "

PF

cis- and ‘trans- B1s(N N-d1methz;dlth1ocarbanato)bxs(methyldlphenylphcqnh1ne)

rhodium (III) tetraphenvlborate (va) and (VIa):- As above, refluxing

oChte, ZH 0 (0.15g) in

ethanol (20ml) for 16h., Addition of NaBPh& then gave an immediate

mer- RhCIS(PMéPh2)3>(O.209) and excess NaS

yellow precipitate consisting of a mixtﬁre of the cis and trans isomers
(va) and (VIa) (1H NeMeTs and analytical evidence), On leaving the
- filtrate, yelléw miérocrystals of the pure trans isomer (VIa) were

deposited. Total yield 90%; cis: trans ratio ca 1.5; 1.0,
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~ Similarly, cis and trans- [Rh(SZCNMez)z(PNePh2)2] PFé (Vb)
and (VIb) were prepared from mer- RhClB(PHeth)3 and NaSZCNMezzﬂzo
followed by addition of excess NﬁQPF6. The yél;ow cryétals £hét.
separated first were the pure trans isomer (VIb) (1H ﬁ.m.r. evidence),
Later batches weré'oraﬁge and consisted of a ai#ture of cis and trans
isomeréa Total yield ca 70%.

mer=- Dichlcro(N,N-dimethyldithiocarbamato)tris(dimethvlphenylvhosvhine)

rhodium (III) (IXII):- A suspension of mer- RhClS(PMe Ph)3 (0.25g)

2
was shaken with excess NaSZCNMQZZHZO (0.20g) in methanol (25ml1) for
10me. = The resulting orange solid (III) was filtered off and washed with

water, methanol and pentane (0.25g, 88%). Recrystallisation from

awo - . PM . .
CH,C1,/hexane gavo trans- RhC1,(S,CNMe,)(PMe,Ph), (I). .

mer- Chloro(N,N-dimethyldithiocarbamato)tris(dimethylphenylphosphine)

‘rhodiun (III) tetraphenylborate (IV):= mer=- RhCio(SZCNMez)(PMe Ph)3.

2
(0.239), NaBPhq {0.36g) and PNeéPh (0.20m1) were shaken in methanol for

24kh under nitrogen., The resuliing mixture of orange and yellow solids
was treated with hot efhanoi to leech out the yellow solid. On'cooling,
this solution gave yellow crxstals which were récrystailised from
methanoiuio give (IV) (0.20g, 55%). Thg reméining orange solid, which

was insoluble in hot ethanol was trans- RhClz(SZCNMez)(PMeZPh)O (1),

Diphenylphosnhinddithioato-Complexes

cis-cis-cis Dichloro(diphenvlnhosphinodithioato)bis(dimethylphenylvhosphine)

rhodium (III) {VIII) and cis-Bis(diphenvlphosﬁhinodithioato)bis(dimethy1~

phenylphosphine) rhodium (III) tetraphenylborate (VII&):-. mer=- RhCl5 -

-(PMezPh)3 (0.30g) and excess NHASZPPhé (0.40g) were refluxed in.
ethanol (20ml) for 6Cm. Filtration of “he hot soiution left a very
small amount of orange crystals of (VIII), purified by washing with

water, methanol and pentane. The orange filtrate was treated with

excess NaBPhA to give an‘immediéte orange precipitate (VIIa), which
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was recrystallised from CH2012/methanol to remove any NHQBth (0.46g5 80%)
2 Qe . n 9 v P . . 3

cis [Rh(SzPth)z(PMpzph)z] PF6 ( IIb? was similarly prepare@ excepf

that the orénge, ethanolic solution was treated with excess NHAPFG'and

the complex separated, slowly as large orange crystals (0.4og, 80%),

(VIla) could also be obtained in a pure state by dissolving (VIIb) in

methanol and adding excess NaBPhA.

trans-Dici~loro(diphenylphosphinodithioato)bis(dimethylphenylnhosphire)

rhodium (I1I) (XITII):-= mer=- RhC13(PMe2Ph)3 (0.,20g) =znd NHZ*SZPPh

2
'(0.20g) were shaken in ethanol (25 ml) for 10m, Excess starting

material was filtered off and after 3 days, large‘crystals of the
_complex were formed in the filtrate. These were filpered and washed
with diethyl-ether and pentane (0,119, 50%). Recrystallisation from
ethanol gave a mixture of mainly (XIII) and small amounts of the cis,
cis, cis isomer (VIII) (i.r. evidence).

Dimethylvnhosphinodithioato Complexes: -

cis-Bis(dimethylphosphinodithioato)bis(dimethylphenylphosphine) rhodium (III)

tetraphenylborate (IX):- mer=~ RhCl3(?Me2Ph)3l(O.309) and Naszpﬁez-
2H20 (01359) were refluxed in degassed ethanol (20ml) for 1H, with
dry, oxygen-fTiee nitrogen continuously bubbling through the mixture,
The resulting orange solution was cooled (under nitrogen) and NaBPh,
(0.20g) acred. The resulting yellow solid was filteréd off under
nitrogen and washed with water, ethanol and pentare (0.30g, 61%).
Omission of nitrogeun. from the reaction gave a.red solution from which
a red sblid was_precipitatéd by addition of excess NaBPhQ. This mailerial
had different analyses from ostensibly the same preparétion e.ge Cy 51,23
H, 5.6% and C, 37.3; H, 4.7%.

However (IX) may also be prepared Sy refluxing fac- RhCl_=

3
--(PMezPh)3 (0.,07g) and excess NaSZPMezzﬂzo (0,06g) in acetone/chloroform
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(503 50 v/v) (25ml1) for 60m. Then, by evaporating to dryness,

dissolving in CHZCIZ, filtering off excess NaS'PMeZZHZO, evaporating

2
to dryneés, dissolvingjin methanol and adding excess NaBPhA,(IX) ig

obtained as yellow microcrystals.

mer- Dichloro{dimethylphosphincdithioato)tris(dimethylpkenylphosptrine)-

rhodium (TII) (X) was prepared by shaking mer-ARhC13(PMe2Ph)'3 (0.40g)

and NaS,PMe,2H 0 (C.24g) in methanol (km1) for 10m. {0.41g, 90%).

Recrystallisation from CDCI3/hexane gave trans-Dichloro(dimethylphosphind—

dithioato)bis(dimethvlphenylphosphine) rhodium (III) (XI). This. compound

was also obtained by shaking mer- RhCiS(PMezph)3 (0.30g) and NaszPMe2 -
ZHZO (0.30qg) ig,ethanol (20m1) for two days;A ?he orange crystals were
filtered from the red-brown solution énd washeQ with water, efhaﬁgi.and
pentane iO.ZZg, 80%). - Recrystallisatipn of (XI) from toluene gave

mainly (XI) togéther with small quantities of cis, cis, cis- RhClz-

: -(s PMe )(PMe Ph) (x11).

Reaction of mer- RhClafs PMe )(P”e Ph) (X) with NaBPh and PMe;Ph

(x) (0.329),ANaBPh (0.329) and Phe Ph (0.10m1) were shaken in denassed

ethanol under nitrogen for two days to give a yellow prec1p1tate of

cis- Dichlorotetrakis(dimethylphenylnhosphine)rhodium(III)tetraphenylborate

(XV), purified by washing several times with water, methanol, diethyl-
" ether and pentane (0.43g, 80%) mp 145-147°C (Found:- C,64.1; H,6.3%

BC H - . : 3 s
Calc for_C56H64 12P4Ru, C,64.33 H,6.15 %) The same compound was also

formed by reaction of a mixture of mer- Rhc13(PMe2Ph)3, Nas,_CNfe,, -

2H20, NaBP"x, and PNe.Ph. 1H NeMsT. (CH c1 )(233}{) 8,26% ('triplet?!)

(J s 48Hz)3 8,94%Y ('doublet!?) ( J 7 4 LOHz)3 at 313K

PH PH PH" PH

8,407 (singlet); Ph resonance atY1,4-3.6 . Compound (XV)'rearranges'

to mer- RhClS_(PMeZPh)3 and free PMe,Ph on standing in CDCl3 for 48h,

If the reaction between (X), NéBPhq and PMe, Ph is carried



- 152 =

out in the presence of air, the white solid cis-(oxygen)tetrakis-

(dimethylghenylphosphiné)rhodium (1) tetravhenylborate (XIV) is
. formed (0,409, 80%) (b-0 ,‘841,869cm'1; cf 841, 870 for [Ruoz(PMeZPh)h]-
C104357. The same coﬁpound is formed when Rh(SzPMez)3 is reacted

with excess PMezPh in the presencerf NaBPhA. mp 129-130°C (Found:-

€,66.2; H,6,6% Calc, for C BOP,Rus  C,66.8; H,6.4%) 1H fein. .

56 Hen,
(CH,C1,) (300K) 8.88Y ('triplet!) ( J, +7,,, 1 = 7Hz); 8,99% ('doublet’)
(J [/ ) = 8Hz) Ph resonance 2,2=3,6Y,

PH' PH

Reaction of potassium O-Ethyldithiocarbonate (xanthate) with mer- Rh(:l3 -

(PMezPh)3

mere RhClB(?Me Ph)3 (0.30g) and excess KS

5 COEt (0.30g) were refluxed

2
in ethanol for 60m and the resulting yellow sclution filtered hot in
order to remove potassium chloride. It was then evaporated to dryness
and the yellow o0il dissolved in'CHZCIZ. Excess KSZCCEt was filtered

off and the solution allowed to stand whereupon yellow neadle-shaped

crystals of potassium cis-dichloro{dithiocarbonato) trans-bis(dimethyl-

phenylphosphine)rhodate (III) (XVII) were deposited. (0.02g, 7%).

These were-filtéréd off and recrystéiliged from CH2C12/methanol.' The
yellow filtrate was placed onto an alumina dry column and eluted with
C!&Ciz to give three poorly resolveé bands coloured yelloﬁ, oraﬁge and
yellow respectively, Each band was:extracted with dieth&l-ether and
then héxane added. Slow evaporation of these solutions qave crystals
in each case,

The first yellow band gave trans-(dithiocarhonato){0 -ethvl-

dithiocarbonato)bis(dimethvirhenylphosnhine)rhodivm (IIT) (XVIII)

(0.05g, 17.5%). The orange band gave mer-chloro(dithiocarbonnto)tris

‘(dimethylphenylphosnhine)rhodiua (III) (XVI) (0.05g, 16%) and the

second yellow band yielded cis-{dithiocarbonato)(O-ethvldithiccarbonato)

bis(dimethylphenylphosphine)rhodium (III) (XIX) (0.10g, 35%)
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31p hom.r.(XIX) in CDC1.; 9.13ppm (doublet of doublets); 0.46ppm (doublet

35

118H; J 110Hz;

of doublets); J P_Rh

. | J. = 18Hz.
9 'p P

If the initial ethanolic solution is allowed to evaporate

slowly, the first product to crystallise:out is (XIX) (0.20g, 70%).
Then a mixture of (XIX) and {XVI) are deposited followed ﬁy small
amounts of pure (XVI) (0.05g, 16%).
_ When EE_,:_'Rth(PMeZPh)3 (0.309) and KS,COEt (0.08g) (103
1.05 molar ratio) were refluxed in ethanol for 5h and the resulting
yellow solution worked-ﬁp’as before, two bands.were eluted coﬁtaining
(xv1) (0.05g, 16%) and (XIX) (0.02g, 7%). |
waevef, vwhen: mer- RhClB(PMeZPh)B'(O.SOQ) and excess
KS_COEt (0.30g) were shaken in acetone (25m1) for 16 hours, ard the
resulting orange solution evaporated to dryness (after removing KCiAA:
by filtration) recrystallisation of the orange oii from CH2012/heianeA

gave orange crystals of trans- Dich1oro(O-ethvldithiocarbonato)bis_

(dimethylphenylphosphine)rhodiun(III) (XX) (0.20g, 72%). This compound
was also prepared by carrying out the same reaction in a réfluxing
solution of ethanol/CHC1

..... 3
same way., Recaction of (XX) with KS COEt gave (x1x).

and working up the 6range solution in the

COEt(0,30g) were

(PMeZPh)3 (0.30g) and xs2

If mer- RhC1,

shaken in methanol (25ml1) for 10m. the orange complex mer-Dichloro =

(0-ethyldithiocarbonato)tris(dimethylvhenylphosphine)rhodium(III) (XXI)

(0.30g, 88%) was depositeds Recrystallisation of this compound from

methanol (or CHc13/hexane)'gave trans- RhCL,(S,COEt) (PMe Ph),, (XX).
Finally, if 535-'Rhc12(szcost)(pue2?h)3 (XXI) (0.12g) is

shaken for 4 weeks in ethanol (20ml) with NaBPh, (0.12g), a small amount

of the orange compound mer-Chloro(0-ethyldithiocarhonato)tris(dimethyl-

phenylphosphine)rhodium (I1I) tetraphenylborate (XXII) is deposited

(oo 02g, 9. 5%) o
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However, this compound can .be prepared in high yieid by reaction

COEt (0.C9g, 1:1 molar ratio)

of mer- RhClB(Puc:_tzPh)3 (0.379) with KS,

in refluxing methanol (20mi) for 60m followed by addition of ‘excess '
NaBPhh. Recrystallisation of the resulting yellow solid from CH2C19/

methanol gives (XXII) as crange microcrystals (0.45h, 80%).
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TABLE 3,1

Analytical Data for some Rhodium Complexes

Complex
(1) trans-RhC1,(S,CNMe, ) (PMe,Ph)
(I1a) cis-[Rn(s,ChNe,) , (PMe Ph) ] BPh,
(11b) cis=[Rh(s CNMe,)  (PMe,Ph),] PF,
(111) mer- Rhc12(szcque-2)(P§1ezph)3
(1v) mgz-[RhCl(SZCNMez)(PNezPh)3] BPh,
(Via) trans-[ Rh(S,CNVe,), (PMePh,) JBPh,
(VIb) trans-[ Rh(S,CNMe, ), (PMePh,) ] PF¢
(Va),(VIa) [Rh(SZCNMez)z(PMePhg)z]BPhhb
(Vila) gig-[Rh(SZPth)z(PMezph)z] DPh, -
(VIIb)  cis-[Rh(S,PPh,),(PMe, Ph),] PF,
(VIII) cis,cis,cis RhC1,(S,PPh,)(PMe,Ph),
(1x). cis=[Rh(S,Pie,) ,(PMe,Ph), | BPh,
(x) mer- RhC12(52PMe2)(?Me2Ph)3‘
(x1) trans- RnC1,(S,PMe,) (PMe,Ph),
(X11) cis,cis,cis-RhCl, (S, PMe,) (PMe Ph),
(X111) trans- RhC1,(S,PPh,) (PMe,Ph),
(xv1) mer- Rhc1(szco)(PMe2ph)3.
(xviI)  K[RnC1,(s,cO)(Pie,Ph),]

© (XVIID)  trans-Rh(S,CO) (5,COEt) (FMe,Ph),,

f

Colour

| Orange
' Yellow
Yellow

Orange
Yellow
Yellow
Yellow
Yellow
Yellow

‘Orange

Orange

Yeliow

. Orange

Orange
Orange
Orange
Orange

Yellow

 Yellow

M. p. (°C)
207-208
178-180
204206
189-195(a)
176-178
192«195
230

110-112
128-130

208-210
72=73
140-142(4)

"235-237(d)

184-186
228-229(qd)
150-155(a)

- 195(a)

150-153(d)

C

39.9
58,7
3446
45,4
61.4
62.4
4343
6201
6348

L7.3

- 48,0

57.2
k3,9
37.8

7.8

48,1
45,9

34,9

Lo.5

4,6

Found %
H N
L9 2.6
5.7 2.8
b5 3.7
5.5 1.7
509 1.3
5.6 2.7
he3 3.1
5¢6 2.4
5,2 -
4,2 -

L5 =
5.9 =
5.8 -
4,9, -
Le9 =
L8 -
5.2 =
3.8 -

(03 §

12,5

61,7

.40.0

5849
34,6

45,8

633
43,2
6343
6lse2
47,0
48,1
5547

53;8

37.6

376

48,1
k6.5

351
4o.5

" Required %

H N
49 2,5
5.8 3.0 °
b5 3.7
5.5 2,0
6.0 1.k
5.5 2.6
4,3 3.2
5.5 2.6
502 . =
hei -
he6 =
507 -
5.5 =
4y -
4.9 -
b6 -
5.1 -
3.8 -
L6 -

afConc,
10 M

 64,8(3.5)

77.4(10,5)

50,0(10,2)
5302(5.,4)

- 68.1(8.7)

74.0(2.0) '
74.0(10,5)

49,2(9,2)

64,0(5,2)



- 156 = °

TABLE 3,1 (Contd,)

Found %' ‘ B Required. %
.' 1_§2Eﬁl§§  -! . B ~ Colour :‘M.p;(oc)‘ - .C - .H'”b_ N . C1 57::¢   .'3. I N 'ﬁﬁci S
(XIX)  cis-Rh(S,C0)(S,CORt)(PMePh), '  Yellow 172-173(4) 40.6 47 ~ = 40,5 4.6 = =
(xx) trans-RhClz(schEt)(PMezph)z .. . Orange 155-157 40.1 48 - - 12,2 39,9 L7 - 12,5
(XX1) mgr_-nhciz(s?comt)(pMez'Ph)3 Orange. 120-123(d) 45,4 5.5 = 10,3 45,6 5,4 © - 10,0
(XxX11) Egg-[RhCl(SZCOEt)(PMezPh)S]BP 4 Orange .‘89-91 © 596 5.8 - - 61,7 5.8 - -

o é in‘l-icm?molbig, meaéured in CHSNo; at 298K o bMixtu:e'of cis and transliSOmérg_(1H'n,m;r;;evidence)=.-
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Table 3.2

Infrared Spectra of Various Rhodium Dithioacid Comnlexes

Complex
mer-nh013(PMezph)3 |
her— N 1
(I1I) mer-RhC1,(S,CNMe,) (PMe Ph)
- Me
(x) mer RhClz(SZPMez)(P 2ph)3

(XX1) mer-RhCl,,\SZCOEt)(PMe?Ph)3
- c ¥
'(I) trans-RhCL, (S, NMe, ) (PMe,Ph),,
- (x111) trans-RhClz(SZPth)(PMeZPh)z ,
(viii) cis-cis-cis-RhClz(SQPPh?)(PMeZPh)z
(x1) | transzhC;z(Sszez)(PMeZPh)z
(XII) cis-cis-cis-RhC1,(S,PMe,) (PMe Ph),
- ISsn® 1 -
(xx) trans-RhClz(SZCJdt)(Pkezph)z
- 43
(1v) [meg RhCI(S,CNMe, ) (PMe Ph) ] BPh),
- RhC 2 ' )
(XXII)[ mer Rhll(SZCOEt)(PbezPh)B]BPhQ
(xv1) mer-RhCl(SZCO)(PMeZPh)3
(xviI)  K[RhC1,{s,CO)(PMe,Ph) ] -
(XVIII)trans-Rh(SzCO)(SZCOEt)(RMe?Ph)z

(XIX) . cis-Rh(s,CO)(S,COEL) (PMe Ph),

(1Ta) cis-[Rh(S,CNMe,),(PMe,Ph),]|BPh,
(11b)  cis-[Rh(s_CNte, ), (Pie,Ph) | PF,
~(VIIa) gig-[Rg(szpphz)z(Pnezph)z]BPhk
(VIIn) Eig-[Rh(szpphz)g(PMezph)2]PEG
(1X) gig—[Rh(SzPMez)z(PMezph)z]Bphh

2yceN (_S?CNMeQ)'(ref 14 and 233)

b unidentate band (for -S?PMe?) (réf

%Yc-0 (-SZCOEt) (ref 103)

4 pidentate bands (for "S,PPh,) (ref

' (shoulders underlined)

339,
339,
342,
342,
332,

340,

539,

- 330,

330,

- 338,

320

“342'
312

320

16)

15)

® bidentate band ‘(for “S,PMe)) (ref 16)

f¥e=0 (?"s_CO) (ref 281)

2

9 Higher eneray band nositions masked by BPhé_ or

4

Dithioadcid

RhC1 Ligand Ahsorptions
313, 273 - |
319 14322
309 601b
312 1200°
320 1520br"

330 645, 580°
312 630, 5767
321 589°
318 580°
325 1240°

 1549br

© 1258br°
1680br T, 1600%
1640f 16107
16700rT, 15027, 1248°
1680brT, 15987, 1255°
1540br"

- 1540br"
572919
5729
577°

PFG- vibrations,



(111)
(x)
(xX1)
(1v)
(xv1)

- (1)

(x1)
(XI1I)

(X1I)
(XVII)
(XVIIY)
(X1X)

(1X)

o (VIIa).

(VIIb)

Compound
Egg—RhCls(Pbe Ph)
mer-RhC1, (S,CNMe,, )(PMe Ph)
mer-RhC1, (S PMe, )(PMe Ph)

mer-RhC1, (S,COEt) (PMe,, Ph)
mer-[RhCl(SZCNMea)(PMeZPh)B]BPhQ
mer-RhCl(szco)(PMezph)3
trans-RhC1,(S,CNMe, ) (PMe, Ph)
trans-RhClz(SzPMez)(PMeZPh)z
trans=-RhC1,(S,PPh,) (PMe, Ph),,

trans-RhClz(SZCOLt)(pMezph)z

01s,glg,cis-Rhclz(SZPhez)(PMeZPh)z

, g
K[RhC1,(5,C0) (PMe,Ph) ]
trans-Rh(szco)(s2c0Et)(Pngzph)z
c1s-Rh($2LO)(SZCOEt)(PMeZPh)z

| cis-[Rh(SzPMeZ)Z(PMeéPb)z]BPhQ

cis-[Rh(szpphz)z(PMezph)213954
01s-[Rh(Szpphz)z(PMezph)z]PF6
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TABLE 3.3

1H n.mer, data for various sulphur

compounds (in CDClsl

| 301

1
!
i

/K Dithio=1ligand

301 | -

- 301 6.83s, _

301 74724(13.0)°
301 5.479(7.0) € 8.56t(7.0)°
301 7.1hs, 7.45s

301 -

301 6.5ks.

301 ' 7.984(13,0)°

301 -

301 5.50q(7.0)% 8.66t(7.0)®

301 7.52d(13.0)S 8,264(13.0)¢

301 -
6.30q(7.0) 8,90t(7.0)°®

301 5.44q(7.0) 8.57¢(7.0)€

!
301 7.86d(13.0)S 8.304(13.0)¢
301 -

301 -

T Value a _
Metﬁyl(phosphine)
8.04t(8,0)° 8.70d(11,0)°
8.02t(8.0)" 8.764(12.0)
7.88t(8.0)° 8,74da(11.0)
8.18t(8,0)" 8.80a(11.0)°
8.201:(7.5)b
7.98t(7, 5)
8. 31 f(11.0)
' 8,32%(11.0)
8,347 (11.0)®
' 8.29f'(11.o)b
8.10 (11.0)° 8, 29f(11.o)b
8.22t(8. 0)
8.16t(7.o)

o

c

c

8 33t(7.5) 8 854(10. o)
b

b

- 8.24d(9.0)5 8, 35d(9.0), 8.484(9.5)°

8.53d(9.0)°
8.32%(8.0)" 8,42%(8.0)°
8.38%(10.0)® 8.48%(10.0)?

* 8.zzf(1o.o)? 8.28¥(10.0)"

Phenyl Group:

8. 34t(7.5)b8.72d(1o.5)°

2.3-3.2

; 242=3,0

242=3,2
24332
240343
2,2-3.4

242-2,8

2,2-2,8
2. 2-2.8

: 2. 2'2.8

2. 1*-3Q 2
2.0-2.9

- 2,Lk-2,8

20 6-3.2

2.4-3.4
2,0-3.2
2.0-3.2



‘Compoind

(;Ia) lgig-[Rh(SZCNMez)z(?MQZ?h)z]BPhQ. -

(11b) gig-[Rh(SZCNMez)z(PMeZPh)z]PF6

(via) trnns-[Rh(SZCNMez)z(PMePhé)z]BPh4

.(v;b) frans-[Rh(SZCﬂMez)z(PMeth)Z]P
(Va) ,gig-[Rh(SZCNMeé)z(PHePh{)Z]BPh

‘o Y o ,
(Vb) ,v,ElgV(Rh(SZCNMez)g(PLeth)Z]PF6

-
6n

by

/K
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TABLE 3,3

. Dithio-ligand

301:
333
227

264

. 301
1301

301
301
301

6.96s, 7}oos~f" :

6.93s, 6,96s

6.635, 6,65s

6.67s, 6.68s
6.71s
7.608

7338
7.22s, 7.40s: L
7.00s, 7.27s -

" s(singlet); d(dcublet); t(triplet)s q(quartet)

+ 0,01

JPH(Hz)

J. {Hz)
C”3-0H2

Pseudo~doublet

o 0 o »

f= 2o

Measured in (CDj)ZCO.

I 1/ '
3 L K3 ,
Since HnPP Hn typelspectrgm, coupling constant is JPH + JPH'

Spectrum obtained from mixtﬁre of cis and trans isomers.,

T value @

' 'Metﬁyi(phoéphihe) '. L LPheﬁy1 ér6u§s4Q:"i:
8.467(8.0)% 8.56T(8.0)° ' 2,4-3.3
8.45%(10.0)® 8,50T(10.0)® |
8.327(9.5)% 8.38%(9.5)° 2,6-3.2
8.3:%(9.5)" 8.38%(10.5)°

| 8.377(9.5)° |
' 7;92t(6,5)b"’ R 2eb=3,k -
L 7.90t(7,0)° L a3a3.n o
8,187 (8.0)% . L adesa

- '_'iE:B.Qva(B.O)E:'.’ R W X Y
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Cl Cl P , X
S P=PMe,Ph 5 P=PMePh g P=PMepPh
= $—5=5,CNMe,_ (I} = S5—S=5,CNMel) = S$—S5=5,pPPh, (VII)
| SPMe, ) S,PMe, (XD} - S,PMe, (XI1)
polar S,COEt (XXI) S,PPh, (xm)
2 2 ' SLOEt (XX)
Ccl 3+ Cl Cl
= P . )
N lﬁ" attack on ' P‘le/’P L P\‘F,’\h' Ll
1s?” I™N\p| SCOEL " ' \p “+PMeph s | N\p
B c g E .
P-PMePh  \(s-5)  P=PMepPh(XVI) P=PMe,Ph (XV11)
$—S =5, CNMefIV)- COEt) " il
S,COEL (0 ¢ 5
. ) ; NCOEY
oS - S
;P\\ l /,P: :P\ ’ /,P '
» JRAC YT i CRF :
§S<| pi i 5| Np
‘ - S 4 "/\C/S - :
“-p -p -p/ g \-P
. [/ oft ‘
5 Tl s~ T 5K q;s |
S<._ | .-P| Pl | ,,S] P | .S S| P
SRED YT R IY” _RH RH_
S P S P s | s P
A N— ~—_5S \t?"s \ ’/5
- J K g G & H o
P=PMefPh ~ P=PMePh, P=PMePh, O  P-PMePHlvI) O  P-PMeph(XIX)
S—5 =S£NM2{U) 55-5CNMelV] 55 = SCNMe V) '
S,.PPh, (VI I
S,PMe, (IX

"SCHEME

~ Proposed mechanism for reactions of mer-RhC1

3

3.1

(PMeaph)3 with (s_-s)

(Compounds in dashed brackets have not been isolated)
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Chapter &4,

Reactions of mer-0sCl_(PMe_Ph)_ with Dithicacid Ligands.
- : 3 2—3 —

Introddction

The . 1nvest;gatlon of the react1ons -of . ;or-RhCI (PMe,, Ph) with
 dith1oac1d 11gands gave considerable’ 1nélght 1nto the p0531b1e nature
of some of the paramagnet1c 1nterﬁed1ates-which’m1ght be formed 1p fhe~
preparatlon of c1s-Ru(S PR ) (PMe Ph) (R = Me or. Ph) from
mer-RuCl (Pie Ph) but, on account of the stab111ty of Rh(III)
complexes w1th resnect to reductzon to Rh(II), no information can
‘be gleaned about tﬁe step at which feductlon to Ru(II) occurs, or
the nature of any Ru(II) 1ntermed;ates;.*Wﬂo%ever, 1t,was felt that,
siﬁce 6s@iuh,h¢t 9h1y has«stabieonidation_;gatgé‘ofi+g;and +3, but
gléo is considéfg&lto be'much-leéé_iébiieﬁtﬁan ruthenium in both of
: these.oiidafioﬁvs§g§e8286b, ag ip;esﬁigatiéﬁ:bf some.df‘the reactions
-of halo-osmiumjéomblexes, édntéining:bhééﬁhipés, with_dithioaciqv»
ligands miqht shed some éxtfé ijéﬁﬁ'bn“the-mechénisﬁ ol formafion
of cxs-Ru(SZPRZ)z(PLe Ph), from ggg-Rucis(PMeéPh)B

The phosphlne chemistry‘of_osmium, although less exténsively
studied’than‘fﬁ;ffof thé‘other ﬁetals.of the iron group; h#s been
'shbwn_to be similarAto that.of ruthénium, ekcept that'hiéher
o#idafion‘states:fend tc be more stéblé anq 1es$ labile than theif'
ruthenium analégueszes.' Thus;.alfhbﬁéh ;efv few phoéphine

286a

conta1n1ng complexes of Ru(IV) have been 1solated , OsX,L

L2
Prle Ph, PPr Ph, PBu Ph) may be prepared
293

s or chlorine in

X =cC1 Qr”Brw L = PPr3,

either;by oxidafion of mer-OsClBL3 w1th CClh
' 358

the presence of u.v, .light 4 Or by thé controlled reduction

of Q304 with L-in"the-presence of HX293}’  Pro1onged reaction of
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0504 with L in boiling HX gives stepwise reduct::ionvto‘mér"-OsX'BL3

93

and finally the triply bridged ionic species [Os L6] X is formedz' .

. 2x3
The harsher copdition requirgd to form [052X3L6]x293 compared
Ayith the preparation of [Ru2X3L6]X289 (see page 43 ) is probably
a reflection both of the higher stability to reduction of the
O0s(III) compound and the lower lability of the osmium complexes, -

XBLG]X may alzo be prepared by the ::action of (NHA}ZOSXG with

[Os2

L in agqueous ethgno_l289 orvby reduction of mg;-OsClB(PMezPh)s, but
in the latter reaction, trans OsClz(PNezph)4 is>also isolatedssg.
This is further evidence for the lower labilit& of 0s(II) than of
RQ(II) sinée undér simiiar conditions, RuClz(PMeZPh)_4 rapidly
rearranges to give [RuZCIS(PMeZPh)6]c1291 (page 43).
| Very little work has been carried out on the synthesis of
osmium compounds éontaining»sdlphﬁr aonor ligénds although, gpart
from the compounds mentioned in the review section (pages'26 - 32)

some spectrophotometric investigations on the reactions of 0s(III)

oCR (R = Bz or p=-MeBz) have shown that complexes

and Os(IV) with HS
of stoichiometry OS(SZCR)n (n =3 or L) are formed, depending upon’

the pH of the solution360.

. Results and discussion

As noted above, mer-OsCls(PMezPh)3 zan be prepared by the

reaction of 0504 with PMe_Ph in HCl, or, in low yield by refluxing

(NH4)205016 with excess PMeZPh in 2-methoxyethan01293, We have

2

" been able to increasz the yield of the latter reaction to ca, 100%"
by addition of HCl1l to the mixture and by prolonging the reflux for
sixteen hours. ' On account of this facile preparation of

mer-OsCls(PMez-Ph)3 in high yield, some reactions of the complex with
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dithioacid anions were-carried out and the results of this
investigation are detailed below,. ‘Tablelh.i confains analytical
data for the ;omplexes whilst their spectroscopic properties are
éiveﬁ'in Tables 4,2 and'4;3. o |

1, N N=dimethyldithiocarbamato complexes

Iflggg-OsC13(PMeéPh)$Ais refluxed with excess NaSZCNMeztfor
90 mins; in ethanol, a yellow compound of comppsition Cs(SZCNMez)z-
(PMézPh)-2 (I) is isolated in ca. 80% yield and the remaining solution
may be shown by &.l;c.) to contain three other éoloured compounds
which are present in small quantities, together yith so@e whitev
(52CNMe2)2' Shaking the two reactants in methanol for 10'mins.
produces a single-y9;1ow compoﬁnd of formgla ds(SZCNMez)c1(PMe2Ph)3(II)
~and § white solid, (SZCNMéz)z,Valong with a very small quantity of (I).
If,’howe%er, this'iatfer reaction is carried out in the presence of
excess PMeZPh, the previously known pale &ellow complex, OsClZ(PMegph)4,’
is isplated and this is oxidised quéntitgtively to<gg£-6sCiS(PMe2Ph)3
~and Meépt__;?o on standing in CDCl, (‘c.f. the reaction of [RhClz(PMeZPh)k-]*'
“with cng1 to give m-RhCls(PMezph)B (page 135) ). |

Attempts to prepére compounds of the:form_Os(SZCNMez)z(PMeZPh)3

by the reaction of (II) with NaS CNMe, in the presence of excess

2

PMéZPh weré unsuccessful, giving only unchangéd, starting material.

However, (II) does react with NaS,CNMe, in refluxing ethanol and

in the absence of excess PMe_Ph to produce, after 30 mins, (I)

2
and the cther three coloured compounds that were prepared in the
earlier preparation of (I) but in this case, (I) is only obhtained

in ca., 50% yield.

Reaction of (II) with KS,COEt in refluxing ethanol again
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produces several compounds, four of which are the same as those

produced from the reaction of (II) with NaSZCNMe and the fifth

2
is an orange comnpound of higher r.f. value than the others, In
ihis case, the five compléxes were separated on a dry alumina column
and, after recrystallisétion; were shbwﬁ to have the following
camposition, in decreasing order of r.f-value:
Os(SZCNMez)(SZCOEt)(FNezPh)z (111), (1), Os(SZCNMez)Cl(PMeZPh)3 (1v)
(but with different spectral properfies from (II))
Os(SZCNMeé)(OEt)(PMeZPh)3,(V) and a red oil which could not be
recrystallised or identified.

The stereochemistrieé of theée complexes wi;l.be discussed
in the spectroscopic section of this chapter but it is of interest

to note that, although reaction of (IX) with NaS,CNMe, does give

2
rise to the formation of (I), the yield of (I) is not as high as
from the reaction oflggg-OSCIB(PMeZPh)j with (I). Thus, although
(II) may be an intermediate in the formation of (I)‘from

‘gg£¢OsC13(PMe2Ph)3, a parallel pathway which does not involve (11)
as an intermediate must also be operating to form (I). The
meéhan£;£ic implications of this observatirn will be discussed'

later in this chapter,

2 Diphenyl and dimethyvlphosphinodithibato complexes

As for the dithioccarbamate, reactions of mer-OsClS(PMe Ph)3

2

with excess NaSzPMe2 or NHQSZPth in refluxing etranol lead to

the formation of orange solutions from which highly crystalline

complexes of formula Os(S PRZ)Z(PNezPh)z(R = Me(VI) or Ph(VII))

2
may be isolated in hiqh yield. Solutions of these complexes-
rapidly turn green in the presence of air and as with

cis-Ru(SZPMez)z(PMeZPh)z, broadening of the previously sharp

1H nem,r, signals is observed indicating that oxidation to a
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'paramagnetic species is.ﬁrobably occurriﬁg. . Agaih as for -

the rufhenium'complexes, sha:p peaks grow up in these spectra
after several weeks but thése‘ére thought to grise from
'hon-metal-containing decomposition products si§c¢-the-ruthenium
and osmium spectra are,superimposabie and one of the;doubléts in
the spectrum is assignable to MeéPhPS. _ During one ;f the
preparations of (VI), a.palg yellow compound was isolated.  This
is ihe well known [ osgc1gpnezphg]c1 which is formed when |

mer-0sC1 (PMezPh)3 is refluxed in aqneous ethanol {see vage 162).

3

As with mér-Rhc13(PMezph)3, shaking excess NaS Pre, with.

2

.Egi_dséls(PMezPh)B'in methanol ?roduces.a comﬁeund of formula

05 (5,Pe,)C1, (PHe, Ph); (VITI), but in this case, the compound is
purple and a reaction time of 90 mins, (cof. 10 mins, for Rh) is -
iequired for complete conversion. The gnalogous éompound,

- os(séPth)Ciz(PMezPh)3 (IX)-éay alsc be ﬁrepared, but by interaction |

of a methanolic solution of NéSZPPh with a solution of

2
mer-OsClB(PMeZPh)3 in CH2C12, followed by evaporation of the

) CH2012 and collection of the methanol insolublé producf. Since

(IX) is more difficult to prepare than (VITI), andllesé amenable to

1H n.m,r, studies, its reactions were not investigated'further,

but those of (VIII) were studied in some detail.

Thus, (VIII) may be recovered unchanged if it is recrystallised
quickly from CH2C12/n-Hexane in the cold (contrast the facile
'formation of Ezggggnh(SéPﬂeZ)CIZ(PMeZPh)2 on reerystallisation of

mer-Rh(S,,PMe,)C1, (PMe,Ph) ;) but if the solution is warmed and

allowed to stand, quahtitative conversion to the red mer-OsC13(PMe2Ph)3

occﬁrs, whilst prolonged reaction of (VITI) with PMe?Ph in cold

CH2C12 produces a yellow solution from which [ 052C13(PMe2Ph)6]CI may
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be isolated. Recrystallisation of (VI1I) from boiling benzene
in air gives a red compound of formula Os(SZPMez)Clz(PMezPh)z(X)

- together with some Me _PhPO, whereas if (VIII) is allowed to stand-

2
in cold benzene for two weeks, three compounds may be iséiated from
the resulting brown solution by fractional cr&stallisafion with
n-Hexane, These are, a purple, strongly conducting'oil, which is
thought t~ contain the cationic [Os(SzPMez)Cl(PMezph)s]tXI), a brown
crystalline solid of formula OS(SZPMez)Cl(P)iezph)3(XII) and
EgerSCIB(PMeZPh)B. Longer reaction.times.in c§1d benzene (4 Wéeks)
produce only (XII) and mer~0sC1,(PMe,Ph) ;. - Fina1_1_y, shaking (VIII)
in aéetone for several days again produces a highly conduéting-purple
oil, as well és ggg-OSCIS(PMeQPh)S, buf, in this.instaﬁgé, néne of .
xm. | |

As in the case of ﬁ-au(szmez_)z(mézph)z, 0s(S,PMe,), (FMe,Ph),
reacts with carbon monoxide under mild conditions. - Thus, reaction
‘of Os(SZPMez)z(PMezPhj2 with CO in refluxing ethanol, in the preéence
of a small amount of elemental sulphur, produces a compouhd of
formula Os(szpyez)z(PMezph)co (XIII) together with a brown oil

which contains (i.r. and n.m.r. evidence) both Me_PhPS and a compound

2
witﬁ two cis CO groups, of probable formula, Os(SQPMéQéPMeZPh)(CO)z (xXIv).
If the reaction is éarried out in the présgnce of excess PMeZPh, a

yellow crystalline compléx of formula Os(Sszez)é(PNezph)zco (xv) is_.
exclusively formed. Firally, reaction of Os(SZPMez)z(PMezPh)2 )
with CO in édld CHZCIZ/n-hexane gives another yellow complex,
probablyvof formula Os(SZPMéz)z(PMezph)zco (XVI), which rapidly

becomes green on exposure to air and whese structure will be

discussed later in this chapter,
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3 O-ethyidith{oéarbonato(xanthato’ complexes

| The reacf?én pf-EEE;OSCIB(PMeéPh)S_withaK52C0Et is
rather different from those with the other dithioacid anions
'stﬁdied since-both.refluxing the reactaﬁts.in ethanél for one
"hour und qhaking tﬁem together 1ﬁ methanol for 10 mins. produce
only one compound, which has the formula Os(q COEt)Cl(PMe Ph) (XVII),
Attempts to react th1s compound further w1§h.e1cher KSZCOEt or
NaschMe2 provgavébortive yieldiné onlj(gﬁc#ghged.starting materials
.in both cases. ) An attempt to prgpare co@ééﬁndé of the type
Os(SZCOR)z(PMézPh)é by reaction of QgsfoéBféfpﬂész)S (made by
metathetical h?lide exchange of Qg:-dgCls(Pﬁezph)s)with kS2COEt
aléo proved frﬁitlé;é-since, aithquéﬁ no solid product could be
isolateq, an'h.m.r.‘spéctrum.éf‘tﬁéureéultéht.orange 0il indicated

that Os(S COR)Br(PMe Ph) (XVIII) was the only identifiable producte

4, Spectrosconlc prqpertleq of d1th10ac1d complexes

a) Infra-red spectra
Like ggg-RhC13(PMe2Ph)3 (page 138), mer-OsClS(PMeZPh)j has

-three i.r. active_Os-Cl stretching vibrations and these are assigned
to the—;SsorptiOQS-at 350; S;Z'and 270 cm-l. Again by analogy

with the rhodium Qbmplei, the band of lowest energy (270 cm-i) is
assigned'és ariéihé‘predominantly from fhéfbs-c; bond trans to

the highest trans-influence ligand‘(Pyézph). ‘Then, the two
absorpfions at BSO“and‘Siz cm-i are assigned as:arising predominantly
from the’symﬁét;ic Snd aéymmetric_éifos-Ci stretches. Although

the exact assignment of . these two sﬁféf;ﬁég to'V; am’l"\r’as is'npt

361

possible y Since in a molecule of this size mixing with other
. vibrations of‘the same symmetry may be occurring, this region may

be used as a 'finger-print' in assigning stereochemistries to
_ ger=p g

similar molecules,
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Analysié of the 0s-Cl stretching regions of.
Os(SZPR;?‘)Clz(PbieZPh)S (R = Mc or P‘h) (Table 4.2) indicates
that in both cases tﬁe chloride:ioncgggng tc phosphine has been
removed, which is expected‘invview of the»greater isggg—inflpence
-of PMezPh as‘compared with chloridc. v This fact, coupled wich
the obsérvaticns that absorptions in the P=S stretching regions

"indicate that only unidentate SzPR grcups are present, and. that

2
Rh(SZPNez)Cl(PMeZPﬁ)3 has the-mcridional configuration (sec_
page 140) leads to the conclusion that compounds (VIII) and (IX)
both have the structure A (see-Scheme 4.1); The ccmﬁound
OS(SZPMez)clz(PMeZPh)z has a strong absorption a? 300 cm-i'and
the sfrength of this absorﬁticn together with its position indicates 
tﬁatbit probably arises from a trans-Cl-0s-Cl group (C)._

' The éimilaerOS-Cl_frequehcies of complexes (XII), (II) and
(XVII), all of which have formula Os(S-S)Cl(PMezPh)3 (s-s = |

SZPMe , SZCNMe or S_COR), indicate that these complexes probably

2 2

2

have a common stereochemistry. Since the other isomer of
'Os($ZCNMe2)c1(mtezph)s (IV) has a lower V0s-Cl, it is likely
that iﬁ‘fhis compound, the chloride ion.is trans to a phosphine

group (F) and is tﬁus more labile, whilst the other comﬁdunds

'((XIi), (II) and (XVII)) probably have a meridional configuration (E),
The other complexes, apart from those containing CO, all have
ditﬁioacid ahsorptions characteristic of bidentate co-ordinaticn
(Table 4,2) and little information ac to their stereochemistrics
can_be gleaned from their i.r. spectra, although the presence of

a €-0 stretching frequency at 1030 cm-i in-Os(SZPMez) Okt (PMe

2Ph)3'

is in the region of an ethoﬁy group which is directly bound to a

metal(iOOO-iiOO cm-1)362.



For the carﬁonyl céntaining species; although once égain
fhe region from‘700-500 cm-1 in their i.r, spectra is complicated
by the presénée of C=0 bending modes, it can be séen frqm Table 4,2
- that the ?wo complexes of formula Os(SZPMez)z(PMeZPh)ZCO‘as well as
‘_Os(SZPMez)z(PMeZPh)(CO)2 probably contain both unidentate and
bideﬁtate 52PMe2 groups and that the last compound has the two co
groﬁpS'in a gig configqration (fwé'VCO}. The higher value of
YCO for Qs(SzPMez)z(PMeZPh)ZCQ (XVI) than for.the_other two
monocafbonyl?species indicates thaf the'CO groups in (XVi) ﬁa& bei
' trans to pMegéh (c.f. Ru(séPMez)z(PMeZPh)ZCO(E5 (page 104)).
Finaily, the aﬁsence,of a peak at,GCO cm_I, in tbe,i'}f spectruﬁ
_ of Os(sszez)é(PMezPh)CO'(XIII) indicates that this compound ‘

probably-does not contain unidentate S_PMe,_ groups.

2 2

b) Mass spectra

The mass spectra of Os(S,PMe,),(PMe,Ph)CO (XIII) and
0s(S,PMe,) , (PMe,Ph),CO (XV) are identical since (XV) readily . -

loses PMe

,Ph at high temperatures to form (XIII)., Their mass

spéctra show well defined, intense osmium isotope patterns'which
“ ' , ' . 1+ . +
correspond to [0s(S,PMe,), (Pie, Ph)CO] (698, » [0s(s PMe,), (PMe PR)] ™ (580),
. + . + ]
[0s(s,PMe, ), (PMe,Ph)]™ (580), [0s(s,PMe,),]" (44k2) and
[Os(SZPMez)z(PMeZPh)]2+.(290), as well as several weaker. patterns
corresponding tb loss of methyl groups and large metastable ion
signals at. 560 and 347 asMeU, which correspond to the loss of CO
. + +
[ D Y b
from [0s(S_PMe,),(PMe,Ph)CO] and.éf PMe,Ph from [Os(sapwez)z(puezphn |

respectively,

192

Numbers in brackets fefer to m/é ratio of Os ~ peak,
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ihe maés'sﬁectrum ofp05(52CNMeé)C1(PMeZPh)B(II) is also
of interest since it not only shows the parent ion and fragmentation
pattern correspond1ng to this compound but also those for two other
compounds, Os(S CNMe ) (PMe Ph) (I) and Os(S CNMe,, )Cl (PMe Ph) (see
‘Tablc 4;3). ' Since there is no evidence for (I), or an isomer of
(1), in the n.m.r; epectrum of (II) and since_the relative
intenSities of»tne'mass spectral'signele anieing.fron these two
compounds'are,conparaﬁle,in twovdifferent’senples, it seems likely
that (I) is forned fron (11) undef the entnene.conditions of the
mass spectrbmeter (26000) ._ However, since. the 1nten51t1es of the
:maSs spectral s1gnals arising from Os(S LNMe )Cl (PMeZPh)3 vary
con51derab1y relat;ve to those of (II) from one samp;e'to another,
it is 11ke1y ‘that th1s componnd 1s an 1mpur1ty in- (II). 'This is
quite possible since the mode of preparat1on of (II) is similar
to that of Os(S PMe )Cl (PMe Ph) 3 and the presence of this 0s(III)
impurlty might also exp1a1n the broadness of the signals observed
in the n.m.r..sioneie of (II) (see iater)o- .

<) 1y n.m.r. spectra

The H n.m.r. spectra of mer-Os(SzPR )1, (PMe Ph) (R = Ve(V11I)
or Ph(IX)) and of trans-Os(S PMe )c1 (PMe Ph) (X) all show ill
defined, contact shzfted resonances from whlch very little

" structural data may.be obteined. -Theee spectra are indicative

of paramagneticfspecies and eolutionvmagnetic moments (see

)319

Table 4.1)'(5y ivane' method lie'weil within the nange.expected'
for one unpaired electron and are consistent with.the formulation

of these-conple;es,ae containing Os(III);.. On account of the

. troedneSS of tne eignals, little structurel data may be obtained

from these 1y nem.r. spectra but the structures of (VIII), (IX) (A)

and (X) (C) indicated by their i.r. spectra are consistent with
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those of the aneiegou5’diamagnetie Rﬁ(iII)Veomplexes (page 160)

as Qeil-as with'their modes of preparatibn thch involve replaéeﬁent
of the most labile chloride ion in mer-OsCl (PMe Ph) by a
unidentate (s-s) ligand ((vnx), (IX)) followed by chelatlon of
this axtﬁloac1d ligand with concomltant loss of phosph1ne to form
(X) (see Scheme h.l). The remaihing cemplexee are all

" diamagnetic andfgi;eirise-te sharpiﬁ;ﬁ;rt1eiéﬁeis?£fom which

their structuree-inAsdlution may te Qnéqﬁivéé;11y assigned.-

The methyl groups on the phosphlne 11qands of Os(Q—S)X(PMe Ph)
(x = c1, S-S = Szp\ie (*{11) or szcost(wn); x - Br, SeS = szcost(xvxn))
gjve rise to two v1rtua11y coupled trlplets;and a sharp doublet
in their 1H nt@:r.tspectre; Thetdeepiet.ﬁestbarise’ffﬁm a single

phosphine groep Whieh ﬁas'a pléne!of_s&mﬁetfj-fassing through the
'0Os~-P bond (since'tﬁe methyl groeps.6h'thet3phosphine’are'equivalent),'
whefees the faetjtﬁet teo triplets:are-otsefyed is'indicative of

twe trans phosphines with no plene‘of;eymhetry through the Os~P bonds,
, This, togethe" w1th the presence of only one methyl doublet from

the bzPWez qroup of (XII), conf1rms that these completes have the
meridonal structure (E).

At low temperature, the 1H~n.'m'.r.Aspectra..of- comple#es
Os(SZCNMez)X(PMezph)' (x = 01(1v) or Obt(V)) consist of two
pseudo~doublets and a sharp doublet'ar1s;ng from the methyl
groupsrof the phospeines as well as;e sharp'singlet at lower
field frdm”tﬂe ﬁéthyi groups of the dithieeerbame?e ligand,

For (V), there.e:e also a quartet and_eitriplet arising from the
OEt group, This»inforﬁation indicates tﬁat the complexes do not
, eontain mutueli& t:égg phosphine groups'and hence must have a

facial configuration (F,G). Then, the phosphines trans to the
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sulphur ato@s gfe chemically equivaignt ahd §ive rise to the
pseudd-doublété (tbere'are two such'pséudo-dpubléfs since, there
being no plang of-s§mmetry through the'Os;Pabqnds,’hindered-
rotatioh about theée bonds makes the'tﬁd mefhy;”groﬁps on one
'phosphihé inéquivaiént). The phosphjnezﬁzggg.to X is unique
and, since a planéxéf symmetry_paséés thrépgh that Os-P bond,
gives rise-to a?si;gle methyl doubiét..” Atiﬂ&dﬁe; temperatures,
the two pseuﬁoﬁéﬁﬁbléts of (V) be§§mé’coinpidénf; indicative of
fast rotation about the Os=P bondso_;v v>”A

The 'H n.ﬁ;r.'spectrum'o:‘0s(séc$Me2)q?(?QééPh)s(II)fis
more difficult fo.iﬁterpretvsince, alfhoﬁghvimmediately after the
solution is médé u?, the résonénqés'ére.relétifély sharp,-they
_rapidly_become-broad.  This ;s pr;;nméb1§f$9¢éuse'thg compound
" is rapidly air oxidised'or, more_iikelf;‘bécause é paramagnetic
impurity is présénﬁ?invéhg spiqtipﬁ.‘vi'kll) is aésigned é
meridional configﬁfation partlY”on'thé:basis of decoupling stqdies
_and partly becagée:iﬁ is differénf from (IV) thch definitely.is the
facial-isomer.f-:¥tfadigtion iﬁ fhe region ofA31§ resonances

causes sharpening of the slightly broad singlets at ¥8,20 and

A weak e,s.r, signal iswobserved inléﬁg sblid, Sut, since ité
position is notnreéfgduéible it is pfébabiy.due'to a small amount

of paramagneticiimpufity in the sample.rafher than any inherent
paramagnetism ofjthe compound itself;"‘fhé.nature of this impurity
is.uncleaf glthéugh ﬁhe presence of [dsgsngMez)Clz(PMezéh)s]* in :
_the ‘mass spectruﬁuof (11) could iﬁdicate that 0§(SZCNMe2012(PNe2Ph)3
is the'igpuritj.but this could also-be_forméd in the mass spectrometer

(see page 170),
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" 84 34 which.iodioates that these are separate resonances with

some P-q coup11ng. - Irradiating at ; d1fferent freauency in

the same reg1on -decouples the doublet at'18 66 to a 51nqlet ano
thus it is most 11ke1y that the 1H n.m.r._spectrum of the phosphine
lmethyl groups is szm11ar to those ofvthelmer1d10na1 complexes (x11),
.(XVII) and (XVIII) and that (II) also has the meridional |
fconflgurat1on (E)."

The low temperature 1y nem.re spectra of Os(Q-S) (PMe Ph)

2

(S-S = S_PMe (VI), (Figure 4. 1(a), page 174), S PPh (VII) or

2
S CNMe (1) (F1gure Q.Z(a), page 175)) are allﬁoons1stent with
'c1s stereocheﬂ1strv although the non-equlvalence of the methyl

groups of (VII) is not seen even. at 213K,_; As for -
.Siz-Ru(S PMe,, ) (PMe Ph) (page 59 ), the two doublets arls1ng

from the S PMe “groups of VI broaden and coalesce on warming

(Fighre 4';'(b andvc),-page:174).but_in this case, the coalescence
temperature isica; ?328K‘and.toe fasf-exchaogevlimit is not reached
.in CDC13. : Thegrwo:pseudo-AOobieée from the poosphine methyl groups
also coalesce;on warming (Figorevh.i (b), pege 174) to give a sharp
signalngt higher-teoperétures (Figure k,1(c), page 174). This |
behaviour is agaln attributed to a rap1d interconversion of the
‘two possible opticaltisomers of (VI):and Arrhenjus plots together
-with reiated aotivation parameiers for”toeninversion.io CD;I3 and

6 6 are glven in Fxgure L.3, (page 176).' 'Siooe there ie negligible
difference in AH# for this 1nvers1on on chang:mq the solvent from |
CceCl to C6 6’,1t ;s unlikely that e solvent assisted process is

3
333, 339

operatxng in thls case

_'of.AS$ together with the comparable values of the activation

However, the large positive values

paramefers for- the inversions of cis-Rg(S_ZPMez)z(PMeZPh)2 and ‘of

. os(s Pre ). (P N -
cis Os(szpnez)z(PMeZPh)2 in C6H6_1eadAus to-conclude that a
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Methyl region'of 14 nemer. spectrum of cis-Os(SZPMeé)z(PMeZPh)z(VI)
in CDC1 |

8.4 —T

at-differént temperatures. -

3 | y
a) 273K I b) 306K - - . ¢) 333K
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Meihyi 're‘gj.on:'df 1y .n.'n;.r‘. spectrum of Ei_s:—bs(SZCN}!eé)g(PbiézPh)z(I)

- in CDC1,_, at different temperatures,

3 | o
a) 253k . b) 303K - ¢) 33K
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S .8 +a #b ta
Solvent log~10 l§98 Vl‘.‘_a> AH AS AG |
coc1, 0.5%0.04 o4.0%4 91,524 72318 70,1l0.2
CcHe  —0.2%0.1  93.434 91,02k 57%12 74.1%0.1
2 )imol™l ,f. 'b Jmo1” k™1

8 log, k —

1.5

1.O-

0.5

=

. .30 = 32
" Fig.4 .3’

. V. : . . 1 . a e R .
Arrhenius plots (10910 k vs /T) and.activation parameters for

3.4 |I/TxIO°—
. -K-‘_ .

cis-0s(S,PMe,), (Plie,Ph),(VI) in dif;gfent s91yent§.
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s1m11ar mechan1sm to that shown 15 F1gure 2.13(b) (paqe 92 ) is
operatlng for the inversion of c1s-Os(S PMe ) (PMeZPh) in both
c:pc13 and 96"6-'”".' | '

On raising the temperature;itﬁe ?H o.m;r.'spectrum of 1 also
'undergoes intefeSting changeS'(FigorevA.Q;Vpoge 175). The'two.
SZCNMez methylfsiooiets'uﬁdergo coaiesoeqee.oehaviour to give
a sﬁarp singlet;atfhiuher temperatﬁres (Fioﬁ£e1§;2(c), oage 175),
whilst the two pseudo doublets frOﬂ the - phosphxne methyl groups
'gradually move together without broadenxng.i Th1s behav1out is
similar to that found for c1s-Ru(S CitMe o)z (PMe Ph) (page 73 )
and glé-[Rh(SZQNMez)z(PMezph)Z] ﬁphh (page»}&o) ano.ohce again :»
" cannot be explsioeo‘in_terms of e;metal'ceﬁtreo'inversion, but
rather by»sepérate prooesses‘istoising”ino?eases.in the.retes of
rotation aboutthe;C;;;N bonds of thevszcﬁﬂez ligands end'about
the Os~P bonos.at hiohef temperatdfes; _-.A ‘

The low.teopesature 1y n.m.r.'spectrum‘of os(s PMe ) (PMe Ph)CO(XIII)

consists of s1x doublets ar1sxng from the six 1nequ1va1ent methyl
Agroups in the_molecule and 1nd1cat1ve of cis stereochem1stry

(Figure 4 Q(a), page 178). However,'on-warming, the two doublets
arising from the - methyl groups on the phosph1ne (c and ¢ ) become
coineident, ptesumablylbecauseiof fast_rotat1onrabout theIOS-P
bond but also;~more surprisinél&, two of.the dithioaoid doublets

(b and b ) move . together until at ca., 283K they .are exactly
c01nc1dent (F1gure 4 h(b), page: 178). The large doublet so formed
_broadens on further heating (quure 4 é(c), page’ 178) whxch presumably
‘1nd1cates Lhat»the,chem1ca1 sh1fts‘of these two‘doublets are no
Hlonoer idehticsi..'vsip decoupling studies indicate that'these.two

doublets arise'ffomotwo methyl groops_ettached to the same phosphorus .



Methyl region of 4 nemor. spectrum of cis-Os(SZPMez)z(PMezph)CO(XIII)
in CDC1, at different temperatures. '

a) 233Kk - b) 283K - ‘e) 333K

(for assignments of resonances see Scheme 4,2)
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atom (presumabif.ﬁith ohe of the methyl groups syn to CO) and

the oﬁ;y explapation for this beheviour appears tc be that smali
structural‘chapges occur on warming.theveompound and these give

rise to differing ehieiding'effects.oh the two.metﬁil_groups-at_

A'dxffe °nt temperatﬁres.‘ | |

The presence of a triplet from the methyl groups of the

- phosphrneseand,two doub‘ets from the SZPMez,metnyl groups in the

1H n.m.r; spectruh of Os(S PMe,, ) (PHe Ph) CO (XV) is consistent

with a structure containing Esggg phosph1nes, as shown in Schemeih.
provided that there is free rotat1on about : the metal phosphorus

bonds. For theeenalagous Ru(sz?be ) (PMeZPh) co {compoundAD,

Figure z;17,'pggé~iq4), the 1H'n..‘l‘r_»l.r.”s‘:pectrum indicates that

-in this:compddndg rotation aeogt ﬁhévaﬁ-pvi§n§s is slow at room
temperature. rﬁnother iﬁportantvdifferehee-between‘theSe two

comﬁounds is'tﬁet ﬁhereas'et_e;evated‘temperatﬁres Ru(SzPMez)z(PMeZPh)ZCO
readily loses ?MeéPh to give SiE_Rp(s;PMez)z(PMeZPh)CO,(XV) may

_ be keptvinlsolution:et f323k fqr eeveral.heurs Or'may-be reeovered
.unchanged on recrystallisatioﬁ from CH C1 /ﬁ-hexane. ~ This is

preSUmably a reflectlon of the greater inertness of Os(II) than

of Ru(II).

Since‘the four;membered rings in eie-ﬁuis PEt') (PMe Ph) are not
planar in. the sol1d state (Appendix 2 ), 1t may be that this is
‘also the case‘at low temperatures for c1a-Os(S P‘ )Z(PMeZPh)CO in
solution,vand that on warming, fast.'inrersion‘ of these rings occurs
whieh fortuitoqsly causes equal 5hie1ding'effects of theltwo'metﬁy;

' groups on one S_PMe

o ligand at 283K,
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The other isomer of OS(SZPMéé)z(pMezph)zéo (XVI) gives
rise to seven doubletS'in thé 1H Nemesr. sSpectrum and apart.from
_small changes in'chemica1 shift, this sﬁectrum is temperature
invariant up t;'323K and againiéhows no détéctable decomposition

31

at this_temperature.» P decoupling studies indicate thét the
: doub;et at‘t8.26,_which has tﬁice tﬁe intensity of the other
doublets is made upvéf two accidentally degenerate resonances
from mefhyl aroups on different phosphine 1igands. Thus; all
the methyl groups in this complex are inequivalent, ané in view
of the similarity of preparation of this compound and that of
Ru(szpuez)z(Pﬁezph)zco (compound E, Figure 2.17, page 104) as
: wéll as the similarity in their spectroscopic'properties, (XVI)
is assigned the structure shown in Scheme 4,2,
Finall&,'slP'decoupling studies on,the 1H nem.r. spectrum
. of the brown oil (XIV) obtained from carbohylatiéh of -
SEE;OS(SZPMez)z(PMezph)z in the preségce of sulphur (Figure'é.s(a)
page 181) shows that it consists of avmixture of (x111), MezPhPS
an§ a compoﬁnd Qhose»n.m.r. spectrum is shown in Figure 4.5(b).
The be;: interpretation of this spectrum js that the cbmpound
'contains one'PMeZPh ligand,_in which the hethyl Qroups are
inequivalent and two SZPMe2 1igands»in one éf which the methyl
groups are inequivalént whilst in the other they are equivalent,
Ve aésign this compound the structure shown in Scheme 4.2 becaﬁse-‘
this fits the evidence énd is the most likely.dicafbonyl compound
to be formed from further carbony}atidn of gig—Os(SZPMez)z(PMeQPh)CO(XIII)a
It is also the only isomer with no plane of symmetrf through the

Os~P bond in which there is a methyl group syn to PMeZthon the

bidentate SzPMe2 ligand, which is required to explain the large
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a) Methy; region of n.m.r, spectrum of a mixture of c1qus(S ,PMe ) (PMe Ph) (x111) (a-c), PhMeZPS(ds and

05(5 PMe ) (PMe Ph)(CO) (xxv) (e=g).

b) line spectrum of XIV (for assignments see Scheme 4.,2),
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'.shift to.high field:of one of these méthyl groups (e/). _Since
vthe osmium atom iﬁ this compound ig a chiralvcentre, the two
~methyl groups of'tﬁe unidentate SzPMe2 ligand would be expected
to be inequivalent (as in (XVI)) but in this case it appears -
that the chemical shift difference is only very small,

31

a) P n.m.r. snectra

3

The proton-ncise-decoupled 1P n.n.r, spectra of

mer-Os(s-s)c1(pMezph)3 (s-s = 5,CNMe, (IT)(a) and S,COEL(XVII) (b))
are reproduced in Figuré 4,6 (pages 183-185), along with that
of mer-RhC13(PMe2Ph)3(c). The difference hetween the essentially

first order AMX

> spectrum of the rhodium complexes and those of

the osmium complexes is striking but may easily be explained since
the osmium spectra can be shown to be second order arising from

ABz spin systems. From the spectra it is possible to calculate

the positions of %i and‘v% as well as the coupling constant JAB363

and these are included alongside each spectrum, The reéson why

the relative positions of li‘and W% reverse from (II) to (XVII)
, . 51

is unclear but presumably reflects the sensitivity of P chemical

shifts to small changes in environment,

5. Stereochemical pathway for conversion of mer-bsCl,(PMenPh), to
4 &~ 2
13

cis-0s(S—5 ) (P‘e.Ph)
. e & & &

Since the only compound obtainable from the reaction of

mei»-Osc13(pMe2Ph)3 with KS_COEt is Eg;-Os(szcoat)nl(PMeoPh)B,

2

it is clear that this compound does not react with KS,COEt and

that the chloride ion in this complex is inerti. This indicates

that the sulphur atom of the S_COEt moiety has a low trans-effect

2

‘and is not able to labilise the chloride ion trans to it to any

large extent.
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"378 Flg A 6( )

P nem.r, spectrum (ABz type) of mpr-Os(S oCNM& )c1(Pre Ph) (11)
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w
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Flg L 6(b)

) 31P"n,.m.r. spectrum (ABé

.-

Bppm

type) of mer-Os(S COEt)Cl(PMezPh)3 (XVII)



4 | -56 ppm.
- Fig. 4 6(c)

o 3’? Nemer, spectrum (Asz ty’pe) of mer RhCI, (PNe Ph)

Chemxcal shlfts are in pe.pem, to hxgh frequency of 85“’ H3P0
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Althoughﬁliftle information is;available on the Eﬁéﬂé‘
_effecfs of sulphur conta1n1ng 11gands, work on the reactions
of fac-Cr(S-S)(H o) NO (S-S = S,CNR,, SZCOR and S,PR, )146-155
(see page 19 ) with Lewis bases has shown that the Esﬁgg-effects
of these dithloacxd licands are low but of‘comparéble maqnltude.
Thus, since mer-Os(S CNMe,, )Cl(PWe Ph) (II) reacts with (s-s )"

1.

to give c1s-Os(S CNMe )(s-s )(PMe Ph) (s-s s ,CNMe,, (1) or

SZCOR(III)), the mechanism of these reactions cannot 1nvolve
direct dlsplacement of chlorlde ion by (S-S ) However, since
232708(SZCNMez)Ql(PMeZPh)B(IV) is_alsolobtgipéé_from these
reacticns, it is probable thatthe?;ﬁbceéd‘ﬁxéén isomerisation of
(I1) to give (iV) followed by displacémeﬁt ;f Ci; by (Sgsijé since
in the facial 1somer the chlorlde ion is trans to the high
trans-effect llgand PMeZPh. Thn férma 1on of fac-Os(S CNMe )OEt-
(PMezPh) is then exp1a1ned as ar1s1ng from 1nteract1on of (IV)
with solvent ethanol and loss of HCl gés. “

As has already been noted (page 163), the react1on of
E35305C13\PMe2Ph) w1th NaS ,C\Me,, gives higher yields of (1)
than does the reéétion of (I1) with NaS,CNMe,,. .This can only
mgén that‘anothgr pathway which does not involve (I1) as an
internediate is oﬁefative in the formation of (1) from‘\

sCl (PMe Ph) This pathan p;obaﬁiy‘inv§1ves ionic
0s(1I11) 1ntermed1ates with the reductlon to Os(II) occurr1ng
as the last step.(;ee Scheme 4,1),

Sin;e mgz-Os(SZPMez)Cl(PMezPh)3(X;Ij is only formed on
prolonged standihguof mgs—Qs(SZPMez)C;é(ﬁMézPh)3(VIII)'in non-
.polaf solvents'and-since none_of (XII)'but only a purple.ionic

oil and mér~05C13(PMe2Ph)3 are formed from (VIII) in -  polar
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solvents, it seems likely that the formation of

'_CIS-OS(S PMe,, ) (PMe Ph) from mer-OsCl'(PMe Ph) in refluxing

ethanol does not involve (XII) as an 1ntermed1ate but rather
goes by the pathway whlch 1nvolvee Os(III) cations outllned
‘above. = Then, the purple ionic oil probably conta1ns
[os(s PMe )Cl(PMe Ph) ] *(XI) and the formation of
mer-0sC1 (PMe Ph) “on allow1ng.(VIII) to stand in polaf or
non-polar solvents is easily explalned s1nce the chloride 1on
released in the formation of (XI) from (VIII) might attack
further (VIII) to release °s PMe .and'g1ve mer-OsCl (PMe Ph)

It st111 remains to explaln why ne1ther of these pathways
.is open to the reacflon of mer-OsCl (PMeZPh) w1th KS COEt in
boiling methanol. ‘The latter is thought to be ewcluded because
the strongly reduclng nature of ~s COEt causes reductxon to
._Os(II)-before}[Os(SZCOEt)Cl(PMeZPh)S]+_can_reaet-yith more
SZCOEt‘: Since it is well doeumented-that the ease with whieh
. 1somerlsatlons ofrcomplexes occurvls dependent upon the subst1tuents.
.in the mo1ecu1e3§5;'we propose that ggg—Os(SZCOEt)Cl(PMeZPh)3(XVII)
isomerl;es 1eSS‘eesily to its facial isomer than does (II) and that,
.in fact, harsher condltxons than reflux1nq in ethanol are required

to effect this 1sonerlsat1on for (XVII) and thus to allow further

reaction to occur, These-results are summarised in Scheme 4.1,

" Experimental

Geneméllex;efimental methods Qere estin Chapter 2, and
magnetic moments were obtained in CH Cl at 301K from measurements
.of the chen1ca1 shift d1fference of the tetramethvlsllane (T.M.S.)
. peak ar151ng from a solution conta1n1ng a known concentration of
paramagnet1c 1on and that ar151ng from an 1nterna1 caplllary

conta1n1ng the same concentration of T.M. S. in CH Cl but no
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paramagnetic ion. All solutions were degassed before use and
reactions were carried out under a nitrogen atmosphere unless
otherw1se stated._

mer-tr1ch10rotr1s(d1methy1nheny1nhosph1ne)osmxum(III) (NHA) OsC1 (29)

.and PMegPh(Smls) were refluxed in 2-methcxyethanol(50m1s)
cohtaining concenfcated hydrochlofic‘acid(gmis) for 16 hours,

Tﬁe resulting red solution‘was filﬁered‘hoffigcrehove.Nchl’and-,
allowed to crysfellise; The,red.crystals.;efe'collected and

washed with water, ethanol and n-pentane(B.Og, 93%),

mer-tr1bromotr1s(dimethylnhenylphosnh1ne)osmium(III) -

mer-OsCl (PMe Ph) (0.359) and LiBr(z.Og) were\refluxed in
ethanol(ZOmls) for 36 hours and allowed to cool. ) fhe»resulting
'purple needles were filtered off and washed w1th water, ethanol
and n-peptane(O,Bgy'7 %) . | -

mer-dichloro(diphenvlghosphir:odithioéto)tris(dimethylphenylphosphine) -

osmium(II) (IX) - Solut1ons of mer-OsClB’PMe Ph) (0.159) in

PPh (0.29) in methanol(10mls) were mixed and

CH ,C1 (10m1s) and NaSz

after passing Nz, the purple solution was evaporated to half

volume,’ ~The purple product was collected and washed with water,

methanoi andAn-pentane(d.ig, 51%).

mer-dichlofo(dimethyiphosphincdithioato)fris(dimethylphenylphosphine)

osmium(II1)(VIII) mer-OsClS(_PMeéPh)B(o».zg) and Nas,

PMez(O.Bg) were
shaken in methanpl(25mls) for 90 mins. The resulting purple
crystals were*ccllecfed and washed wifh‘water, methanol and n-pentane

(0.319, 92%)s  Slow recrystallisation'of (VIII) from CH,ZCIZ/n-pentane

gave red crystals of mer-0sCl (P“ezPh)

_mer-chloro(d1nethy1d1th1ocarbamato)tr1s(d1methv1phervlphosph1ne)
' osmium('II)' (II). From mer-—OsCl (me Ph) (o 3«;) and NaS,CNMe (0.259)

in 25mls of methanol for 10 mins, as yellow crystals (0.22¢g, 69%)3
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and mer-chloro(O-ethyldithiocarbonato)tris(dimethylphenylphosphine)

' osmium (11) (XVII) from ggg-OsCi3(PMe2Ph)3(0.159) and KS,COEt (0, 1g)
-in methanol(15mls) for 10 mins. and evaporation to near drynéss,

és orange crystals‘(0.119,70%), were similarly prepared,

(XV11) was alsc prepared by refluxing Egs-OéCls(PMezPh)B(O.159) with
| KSZCOEt (0.15) in ethanol (29 mls) for 60 mins, evaporating to
dryness and recrystallising thevorange Oilﬂfrom CHzclz/n-hexane
(0.1g, 62%). |

mer-bromo(O-ethvldithiocarbonato)tris(dimethylphenylphosphine),

osnium(IT) (XVIII) mer-OsBrS(PNeZPh)3(O.1g) and KS_COEt(0,07g)

2
were refluxed in ethanol (15mls) for 60 mins., and the orange

solution evaporated to dryness, The resulting orange ©0il could

not be‘recrystéllised.

mer-chloro(dimethylphosphinodithidato)tris(&imethyiphehvlphésphine)
osmium(II) (XII) E_z_e__r_’-OS(SZPMez)_Cl'z(Pl;dezPh)3 (0.1g) was dissolved
in benzene (5mls) and allowed to stand in air for 2 weeks..
Addition of n-~hexane to the solution precipitated a purplé oil (Xi)
from which the brown solution was decanted>and aliowed to
crystallise slowiy. The complex precibifated in low yield as
brown needies and after filtration the filtrate deposited red
- ecrystals of mgr-OsC13(FNezPh)3. if th2 reaction is allowed to
proceed for 4 weeks, no purple o0il is formed but approximately
équal mole ratios of (XII) and ES£‘0$C13(pMegph)3'

The pnrple\oil (XI) may also be prepared by allowing
ggE-Os(SZPMez)Clz(PMezPh)2 to sfand in acetone in the presence
of air for several days. (X1) aﬁd Egg-OsCls(éMe

Ph), are then

2 '3

the sole products.

trans dichloro(dimethylphosphinodithicato)bis(dimethylphenylphosphine)

osmium(IIT) (X) was prepared by refluxing mer_-Os(SzPMez)Cl»z(PMezPﬁ)3 (0.079)
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in benzene (10mls) for 30 mins, and evaporating to near dryness,
The red needles were collected and washed with n-pentane (0,063g,

97%).

cis-bis(dimethylphosphinodithi&ato)bis(dimethylphenylphoséhine)
osmium (II) (VI)"EEI-OSC13(PMe2Ph)3(0;6g{’and NaSZPMéz‘(O.Sg)

- were refluxed in ethanol (25ml1s) for'GQ mi;s. The'orange solution
was cooled with nitrogen bubbling throughfit'and the resulting
orange crystals_were'coliected and. washed with watér, ethanol and
n-pentane (O.&g,.GG%). .On one occasioh; the filtrate deposited

a smali qﬁan#ity,of ygllow [Qszéls(PMeéPh)e]Cl.

Siﬁilarly-prepared were cis-bis(diphenylphosphinodithioato)-

bis(dimethylphenylphosphine) osmium (II) (VII) from -

Qg{-OsC13(PMe2Ph)3 (0.159) and NH452PPh2 (0.2g) as orange crystals

- (0e1g, 50%) and cis=bis(dimethyldithiocarbamato)bis(dimethvl-

phenylphosphine) osmium (II) (I) from mer-OsClS(PMe

2Ph}3 (Q.ig) and

NaSZCNMez-(O.ig) in ethanol (10mls) for 90 mins, as yellow crystals

(0.08a, 80%). A thin layer chromatograph of the filtrate from (I)

{toluene on alumina)showed 4 weak bands, one of which corresponded

to (I) .
.cis-Os(SZCNMez)2(PMe2Ph)9(I) was also prepared_bf the reaction of

mer-Os(-szc.NMez)cuPMezph)3 (0.026¢g) with Nas CNMe,, (0.,02g) in

2
refluxing ethanol (5mls) for 90 mins, the yellow solid crystalliséd
on cdolihg (0.01g, 27%). A thin-la&er chromatograph (tolﬁené on
alumina) of the resulting solution showed four bands of approximately
equal intensity identical in r.f., values and coloﬁrs to those

obtained from the reaction of mer-OsClS(PMe Ph)_ with NaSZCNMe

o s 2*

Thus, the total yield if I is c.a. 50%.
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cis-(dimethyldithiocarbaﬁato)(O-ethyldithiocérbonato)bis(dimethyl-.".

pﬁenylphosphine) osmium (II1) (II11), fac-chloro(dimethvldithiocarbamato)

tris(dimethylphenylphosphine) osmium (II) (IV) and fac—ethoxy

(dimethxldithiocarbamaﬁo)tris(dimethylphenylnhoSphine) osmium (I1) (V),
mer-0s(S,CNMe, )C1(PMe,Ph) (0.147g) and K ,COEt (0.031g) were

refluxed in 15 mls of ethanol for 90 mins." A tﬁin‘layer chromatograph
of the resulting orange solution (toluc»z on alumina) revealed that

it consisted of five compounds, four éf which were»identical to-

those produced in the reaction Qf EE£'°5C13(pM92Ph)3'"ith

NaSZCNHez, and the fifth, orange, ban& waé of higher r.f. value
~than the other four, Aftef evgporétion'of the §9¥qtion to
<dryﬁess, fhé 6range o0il was dissolved in toluene and eluted

froﬁ avdry alumina column with toluene. The five bands were

washéd off with ether and after evaporation to dryness, the:_
complexes were reCrystalliséd from.CH2C1é/n-hexane. | The products,
in>order of decreaSing_r;f. value were (III) (orange), (I) fyellow),
(1) (yellow) and (V) (yellow).  The band of lowest r.f. value

produced an orange o0il whose identity is-unknown.'

cis-bis(dimethylphosphinodithioato)carbon 1 (dimethylphenylphosphine)

osmium (II) (XIII):=  cis-0s(S Me,), (PMe,Ph), (0.1g) and

2
58 (0.01g) were refluxed in ethanol (15m1s), with CO bubbling,

for 30 mins, The yellow.solution was cooled, filtered through
celité and evaporated to dryness. The resﬁlting yellow oil was
recfystallised from CH2C12/n-he¥ane to give a brown oil .which
contains (XIV), (XIII) énd.MezPhPS (see text). The yellown

suﬁernétant liquid was decanted and allowed to crystallise to

give the product as yellbw crystais (0.0Lg, 47%).



'bis(dimethylphothinodithidato)garbdnyibis(dimethylpheﬁvlphosphine)

osmium (II) (XV) cis-Os(S PMe ) (PMé Ph) (Ogig) and O.Zmls

Pie, Ph were carbonvlated in refluxing ethanol (15mls) for 30 mins,
On coo]ing the vesu1t1ng vellow solutlon gave yellow crystals
‘of the product’ (o.o7g, 67%).

b1s(d1methv1nhosrh1nod1th1oato\carbonvlbls(dlmethylphenvlphosph*ne)

osmium (IT1) (XVI) | 01s—Os(o Fie, ) (PHe Ph) (o.osg) ‘was

carbonylated in -.1 CH C1 n-hexnne at room temperature for two
- minutes. The 501vent was evapqrated by pa551ng'N2‘and the

yellow solid collected in quantitative yeild.;; 



Complex

mer-Os(sszez)c12(PMezph)3(v111)_

mer-Os(SZPth)Clz(FMeZPh)S(IR)
tggns-Os(sszez)c12(PMe2Ph)2(x)
- mer-Os(SZPMez)01(pyezph)3(x11)
mer-Os(SZCNMegﬁl(PMezPh)S(II)
fac-Os(SzCNMez)Cl(PMeZPh)B(IV)
fac-0s(S_CNMe_ )OEt(PMe Ph)_(V)
—_— 2 2 2 3
mer-Os(SZCOEt)Cl(PMeZPh)B(XVII)'
c1ngs(52PMe2)2(PMe2Ph)2(VI)

* - o) ,
cis Os(SZPIhz)z(PMeZPh)z$VII)

cis-Os(SZCNMez)z(PMeZPh)z(I)

¢is-0s(S,C\Me,, ) (S,COEt) (PMe,Ph), (I1T)

c1s—0s(sszez)Z(PMezph)co(x;II).

0s(s,PMe,) , (PMe Ph)2CO(XV)l

2

 Analytical data for some osmium dithioacid complexes

Coloﬁr

purple

purple
red

brown

yellow

yellow

yellow

' orange

orange

orange

yellow

orange
yellow

yellow

189~190

' .
Mopo (OC)
140-142

10L-105

207-210d

198-200

149-150d

172-‘1711d

206-210°"

123-125

d

2389

172-174
84~ 86

120-122 -

155-158d

‘required % . . .

¢
3940
46,7
32.6
40,8

3345

49,7

3744

373

2547 -

3349
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TABLE 4.1

H
k.9
L7
b2
5.10

5.1

5.1

5.7

5.0 |

L,8 -

Lb.b
4.8

l!.?

3.8
L,6

N

1.8
1.8

- 1,8

4.0

2,0

Found % -

c
39.8
L6,.6
32,6
399
42,6

42,4

k1,5
4o,5

335

49,5
375"

37.1

25,8

3[1'.0

H
Le9
k.6
ko3
Le7
543

52

4.9

4.5

4.9

L.6.

3.8

be7

1.7
1.9
1.7

4,1
1,8

Meff (B.M.)
1,81

1,97
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TABLE lg. 2

:Infra-red fsp.ectra of some osmium dithioacid complexes ,(cm—i) :

Complex ',;:' . ﬁithioacid‘vibrétibns vYM-C1 gﬁnggg
© mer-0sC1,(Pie,Ph) ; o - | 350(m),312(s),270(m) . =
Egs-Os(Ssze5012(PMezPh)s(VIII) 609(05)311“ o 350(w),31o(g) ' ’ -
ggErOS(SZPth)Clz(PMeZPh)s(IX) 6;5(5)?5§6(§)?  350(w),318(m) -
trans-0s(SPie,)C1, (PMe,Ph) , (X) s82(m)® . 300(s,br) . o
 mg£-os(sszez)c1(éMe2ép)3(XI;) | sgp(@)ﬁ':': :f; 3§o(w) ' -
| Egsros(SZCNMeZ)CI(PMééPh)3(IV) o 1s10(m)® T 348G o -
ggg-gs(SZCNMez)c1(Pmézéh)s(Iv) - 1595(ﬁ)° B jnziﬁso(vw) _ -
: ggg-ps(szcumez)ogt(ngzph)z(v) '151S(m)° : :?iﬁ'~'- - 1oto(vs)”
mg;-Os(SZCOEt)c1(pye29h$3(XVII) ;zso(ys)e -1;f ' 356(w) . - -
 cis-0s(S,PMe,), (PMe Ph), (VI) | - 583" R -
gigro;(szppﬁz)é(pmezpﬁ)é§y11) -:.6¢8(?)?,71(v5)h_ . ' B -
gigrOS(SéCNMez)z(PMeZPﬁ)z(;) @51¢(§§3p£)é  B | .
gig-Os(SZCNMez)(SZCOEt)(pMezpﬁ)Z(IiI)1526(m,ﬁ£)f1230(s;br)e_ . -~
gi§¢Os(SZPMez)z(PMeéPh)CQ(XIII) : 58Q(s)b | . 1908(95)f
‘ Os(szpnez)z(pnezph)(co)é(xrv)' ~.660(s)a'9 - | - 2010(s) T1559(s)f
Os(SZPMeZ)é(FNeéPH)éCO(XV)'- 602(s)?570(ﬁ)b. - 1923(vs)f
OS(szPMez)Z(PMezph)ch(XVI) 602(s)?575(m)b - 1942(95)f1923(§s)f
| | o _ 1§41(vs)fmh .
a) Coupled‘vP=$ chara;téristic of a gnidéntaté,SéPRzgroup15’16.
b) .Coup-'led‘VP=S charéétex_-istic of a bidehi.:.at-:e SZPRZ groupis’is.
| c) Yeio N char;ctér;sticfof bidentate'SZCNMezgfoﬁp14'233.
. d) YC-0 of OEt lgx:oup>362v. . o

‘) VC-0 of 5,COEt group 07,

f) Yc=0 of CO group.

g) Spectrum is of a mixture of (XIII) and (XIV) 's_o'lower P=S‘i>s obscured.
h) 1In CDC1 s_Olution;. :

3
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TABLE 4,3

Main osmium containing fraoments observed in the mass spectrum of

mer-0s(S_CNMe, )C1(PMe, Ph)_ (II) at 200°C.
& & < -

m/e for 05¥92peak3 Probable ion

705 | [05(szcmgz)c12(m1ezph-) 51"
761 '[OS(SéChﬁlez)Cl(PMezph)B]+ |
S~ 708 S [Os(SZCM1eé)2(PMe2Ph)2]+
| 658 . | [Os_(SZCNTlez)Clz(P§!eéPh)2]’+ |
623 [os(szém1¢2)c1(mezph)2}+
570 ' [Os(SZCNMez)z(P}!eZPh)l+
520.  [os(s,cmte )C1, (Fite Pn)] *
45 . [os(scre c1(pMe Pm)]
458" | ~ 708—s570 |
b5z - - [os(s,eme,) 1"
354 | | [os(s cmte), (PHe Ph) ] **
B 328" 570—> 432 ' |

a - all peaks show the characteristic oémiumiisotopic'pattern.

b - metastable ions (broad signals),
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TABLE 4,4

ithioacid ligand

3
Y value

, Complex T/K D Phosphiné Me groups .
g@g-Os(Sszez)Cl(PMezPh)B(XII)- 301 8.47" (14.5)® 8.00(8.0f8. 18(8.58.6£(10.5)*
mer=0s (S ,CNMe, )C1(PMe,Ph) .(TT) 301 6.92° 8.20° 8.34° 8.66"(7.0)" :
fac-0s(5,CNMe,)C1(PMe,Ph) ((IV) 301 7.10° 8.05(8.0J5.0%(9.078. 451207
fac-0s(S,CNMe, ) OBt (Ple,Ph) (V) 253 7.24° 8.05?7.o}h.od??.ofh.eéks.of‘
, 301 7.21° 8.08%(8.0)" 8.68%(8.0)?
935-05(szc0Et)c1(9Meaph)3(xv11) 301 5.70%(7.0)F 8.57%(7.0)% 8.1§(6.5?8.3%(6.5f3.5§?8.5f
325-05(SZCOEt)Br(PMeZPh)B(XVIII) 301 5.80%(7.0)F 8.61%(7.0)F 8.1516.5?8.25?6.5?8.56%8.0)3
cis-0s(S,PMe,), (PMe Ph),, (VI) 273 7.9od(1z.s)a8.32d(12.5)a . 8.29°(8.5)" 8.36°(8.5)"
| 333 8.11° 8.33°(8.5)"
gig-Os(Szpphz)z(PMeZPh)z(VII) - 301 - 8.43%(12.5)°
cis-0s(S,ChMe,) (PMe Ph) (1) 253 6.75°  6.82° 8.38°(8.0)° 8.46°(8.0)°
313 6.8, 8.40°%(8.5)? 8,45%(8,5)°
cis-0s(S,PMe,), (PMe,P1)COIXIIN) 233 7.85112.5fB,08112.5)8.0/ 12,558 12,58 7.96%(9.5)% 7.98%(9.5)"
. | | 333 7.91%(13.0)% 8.11%(12.5)* 8.56%(12.5)° ~ 8.03%09.5)°
0s(S,PMe, ), (PMe,Ph) (CO) , (X1V) 301 7.91%(11.0)? 7.93%(12.0)" 8.79%(12.5)® 7.91%(11.0)" 7.98d(10.0)5'
0s(S,PMe,, ), (PMe,Ph) ,CO(XV) 301 8.09%(12.0)® 9.00%(12.0)2 ' | 7.79%(7.0)2
0s (s PHe,),, (PMe,Ph) ,CO(XVI) 301 7.93(12.5f5,98112.0f§.9§k12,5fh.54%12.0? 8.2419,578.2619.58.38t9.5)
: Ien ’ Jg—c—c-g
b JPH + JPHlfor H6PPlHé‘epe§trum g - singlet.
© Biroad singlet d ~ doullet
€ Pseudo doublet - t = triplet
| q =~ quartet

Phenyl

Other
resonances .

2413,0
2. k=3.k
2e02m3,2
2,2-3.3
242-343

-204‘30 2

2ek-3.4
267=343
267=343
1e9-3.3
247-361
2e7-301
2.3-2,7

243-2,7

10,'9'2. 1

2.2-2,8 .

2.4=3,2

5.3&7.0¥8.67(7.0)
5.38(7.0)8.75(7.0)
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SCHEME L 1 .' | S,_PPh,_ (.V”)'

. Proposed mechanisns for reactions of mer-OsCl (Pre Ph) with (S-S)~

(compounds in dotted brackets ‘have not been 1solated).
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S PMePh PMePh
| Me\ s “ l _PMe Ph Me s | ﬁMe Ph
4'(:(:) — ’/ B

' . CO S’I Me :

B '(xN)f SN e
' SCHEME z. 2

Proposed mechanism of carbonylatlon qf c1s-Os(SzFMe2)Z(PMeZPh)z(VI), A
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_AEEendix 1

Calculation of Activation Parameters for a Two Site Exchange

334

It can be shown that when magnetic nuclei in two
different magnetic environments exchange with.one another,
changes in the n.m.r. spectra arisina from those nuclei occur,
Under conditions of slow exchange, two sharp signals are seen

~
)
whereas, 1. the exchange is fast, a single sharp resonance

midway between the positions of the slow éxchange signals results.

Between these two limits, broadened spectra are observed whose

334

shape may be predicted using the Bloch equations

365

s as modified
sy Gutowsky and‘Holm o 'The shape of'the spectra may be shown
té be dependenf n&t only upon tﬁe rate of exchangs of't;e nuclei
between envirénﬁents, but also on the separation of the résonances;
A the spin-spin relaxation timé.for the molecuie; (whiéh is related
to the natural line width of the signals) and the coupling constant
if each resonance is a multiplet, all undef slow exchange

conditions334¢

'Ng&ggawa345

has used these modifiéd Bloch equations to
write a program for calculating the line'shape-at.a given lifetime
fér exchange between two nuclei tor sets of equivalent nuclei),
provided tat the exchanging nucléi'are not coqpled to other
magnetic nuclei in the molecule, and this haé been modified by'
D.,F. Steele to allow for such couplin9366.

Thus, if the relaﬁiQeApopulations of the two siteé between
which exchange is occurring, the natgral line width (at half peak

height) of the resonances, the frequency separation of the signals

of the exchanging npélei and the coupling constant if they are
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ﬁultiplets are supplied to thé compﬁter, the print-out coﬁsists
éf different simulated spectré arising from the different
- 1ifetimes fed into the compufer.

In tﬁe geﬁefal situation where exchange between two sites
A and B of different populations, isvéccgfring.

L ——3:

ve define PA = population of site A
PB = populatiqn of site B

-)EA = lifétime in A

’Bh = _lifetimg in B

Then the rate cantants for the forward (kA)_and back (kB)

reactions are - . and —1—'fespectively. -
; _ T '
. A B
N\ .
TB] PB ’ lch ’t/B :
The equilibrium constanﬁ,,K = _sz.= PA . RB g'tk .

oA D
itce' PB"A = PA'VB

The computer program is»arranged so that the input lifetime

is v, and the input population.is'PA; Thzn, since for equal
populations of sites A and B,

Tr= T

the rates of the forward and back reaction are equal so
that the rate of exchange (kr) may be found direc*ly from the

relationship

1 1
= = k. = = k
'EA 't’B A kB r

Thus, by comparing computed spectra with spectra obtained
experimentally at different temperatures (T), the rates of

exchange»(kr) at these temperatures may be found.,
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Then, using the Arrhenius equation341
: £ _
lnkr = — "A + const,

RT .

the activation energy, E,, may be obtained from the slope of

A
a graph'of in krvagéinst —%— by multiplyihg:by ;R. (The slope

i and intercept of the graph are obtained by a least-squares method
and the errors in'these parameters are uSed-to»caEéulaté errors

in activationvparameters.

+
LLHZQB may be obtained from using the equation

A
+ ) , .
13H298 = EA R x 2?8. |
Also, since G = =RT ln (K*)
and K = E%E where k = Boltzmann's oonstant
i _ h = Planck's constant
T = Temperature
+ krh . :
£¥G = RT-ln'EE—

L I ,
Thus 1&6298 may be ca*culated

and A 5298 follows from the relationship
* ¥ ¥
A6298 = AH298 - TAS

298
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The nystal Sf?yctqre”éf qiszu(SzPElez(?ﬁeth)z
Tﬁe cryétéi sfructure of gig-Ru(SZPEtéjé(PMezPh)z has

been det’ér.nﬁ".nlé& by Dr. J.D, Owen. Tabl.gl A2 lists Some
'.interatomic disfangés within the'gblecuiésaga Fig#re A2 éhows
the molecule viéwéd down its approﬁi%éfé,fﬁb;fold-é;is, which
.bisects thg'P-Ru-Paangle.' )
Qarioﬁs fe;fures ofvthe struééufe“sh;§id'be-nbted sincé»
“ they are re1e§5nt fo the chémisfr&-of tﬂiéuéﬁqggimilar molecules
'(see Chapters 2-4). ' Thus, the 4R.1‘.1‘-:.‘."»“bond”; .iraﬁ‘s to PMe, Ph' |
nhave a mean d1¢tance of 2.5842 whereas those trans to a sulphur
atom average 2 4283 Th1s large d1fference is 9xp1a1ned by
the hxghnr trans-1nf1uence of PMezPh tnan of tho S PEt 11oand
1and conf1rms that, at least in the SOlld state, the Ru-S bonds
trans to PMezph aré ‘the weakesf 1n the molecule.i The
compar1t1ve1y short Ru-P bonds (2 2572 c.f. the range of
v2.2-2 42 found for Ru(II) <:omv>1e:£esz88 327 367-369) again reflect
‘the low trans ans-1nf1uence of the S PEt2 group., The M-S-P-SfM rings
are found to be_nbnepoplapar, and this is thought to be due
to:steric.repuléiqnsfof:the éthyl,éfoups away from the
phosphine'ligaﬁd,;f_Finally,-aitﬁéggh the:individual molecules
do not possess’é centre-of symﬁetry,J£he ﬁnit céli is found

to be centro-symmetr1c and must, therefore, contain a racemic
mixture of the two opt1ca1 isomers of c1s-Ru(S PEt ) (PMeZPh)

Th1s 1nd1cates_thatrbpth isomers were'present in the solution

from ﬁhiéh_the:cohpound was crystallised, -
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(320

Structure of cis-Ru(S_PEt )'(PMe‘zPh)2 viewed down the

2 2’2

approximate two-fold axis,



Selected Interatomic distances Ry and -angles (degrees)'for cis-Ru(S_P!

Ru -
Ru -
Ru -
Ru =
Ru -
Ru -
Sl -
sk -
S2 -
S3 .-
Pl -
Pl -
P2 ~

P2 -

P3 -
P3 -
P3 -
PL -
PL -
PL -
.51 -
s2 -
Pl -

Pl -

P2 -
P2 -
Sl -
S2 =

Mean

Mean

S1
s2
S3
sk .
P3
PL
P1
Pl
P2
P2

c11

c13 -

c21
c23
c31

‘€32

C33

ch1

che
cu3
Ru =

Ru =

Sl .-

sk -
s2 -
S3 -
Pl -
P2 -

C-C(phenyl) .
C-C(ethyl)

. sk

S3
Ru
Ru
Ru

Ru

Sk
s3
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Table A2

2.423(7)

 2.433(8)
2.575(7)
2,59%2(f)
2.251(7)
2,262(7)
1,986(13)
- 1.999(11)
1,973(13)
1,983(12)

1.95 (&)
- 1482 (3)

1.86 -(4)
1,86 (3)
1.87 (&)
1,86 (3)

1.77 (3)

1,83 (3)
1.87 (3)

1,81 (3)

77.% (3)
776 (3)

89.5 (&)

84,6 (4)
88,7 (&)
84,5 (L)
104,0 (5)
105.1 (5)

1.43(6)

1,42(12)

APy

(PMeZPh)z-
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Erratum '
The éompound formulated as K[RhClp(SzCO)(PMeZPh)Z] (see

Chapter 3) has been éhown‘by X~ray crystallbgraphy37o to be

'K[Rh(SQCO)Z(PMezPh)z]. 3H,0 with the anion having the trans

configuratinﬁ. Our'assignment'of *he structure of this compound

was based on~ana1ytica1 figures for Carbon and hydrogen which are

close for cach.formulation. Our failure to detect water in the

1H NeMeTe speétfﬁm arises from the fact that the spectrum wAs run

in (CD3)2C0 which already contains some HDOifhus ma;king the dtater
of crystallisation of>the molecule,

We appreciated that the analytical and spectroécopic
properties éould equally weil be explainedvby either fd;mulation
but. 6ptedvfor the ¢hloro containing species since chlorine was
detected onalitatively in the X-ray fluorescence spéctrum of the
sample, Finally, the asSignméht'of thé ﬁeék at 320 cm'""1 in the>
i.r., spectrum of the complex to Rh-Ci shows the great care.that
ﬁust bhe taken_in interpreting the faf inffa-red Spectfa. éf
complegkﬁolééules;

Thé comp: ¥ ex is presumably formed by attack of éxcess.j

~ r“.- - C
KSZCOLt on trans Rh(s2 0)(SzCOEt)(FMe2Ph)2.



1,
26

3.
4

Se
6.

7e
8.

9.

10,

11.

12,

13,
1k,
15.
16,

17.
18.

19,
21,
22.

23.

24,

REFERENCES
AY

G. CONTRERAS, R. SCHMIDT; J.Inorg. Nucl. Chem. 1970, 32, 127
T.R. REDDY, R. SRINIVASAN; J.Chem. Phys. 196), 43, 1404
P.M. SCLOZHENKIN, N.I. KOPITSAYA; Zh.Struct. Khim. 1967, 8 534

(Chem. Abstr.~1967, 67, 112697x)

_J.P. FACKLER, D.G. HOLAN; Inorg. Nucl.Chem.Lett. 1966, 2, 251

W. KURHEN, A. JUDAT; Chem. Ber. 1967, 100, 991 |
R.G. CAVELL,VE.D. DAY,.W.VBYERS, P.M. WATKINS; Ino;g. Chiem.
| | | | | 1972, 11, 1759
J. CHAIT, L.A.‘DUNCANSON L.M.,VENANZI; ‘Nature 1956, 177, 1042
3. CHATT, L.A. DUNCANSON, L.M. VENANZI; Suomeﬁ'ximistilehii 5956'

298, 75 (Chem. Abstr. 1957, 51, 5559d)

A.T. PILIPLNKO, N.V. MELNIKOV' Zh.Neorg. Khlm. 1970, 15, 1186

S. MERLINO; ’Acta Crystallogr. 1969, B25, 2409

S« MERLINO; Acta Crvstallcgr, 1968, sz 1441
J.N. SMITH, T.N. BROWN; Inorg. Nucl. Chem. Lett. 1970, 6, Lh1
H.C. BRINKHOFF, A.M. GROTEUS; Recl. Trav.Ch1m. Pays - Bas 1971, %0, 252

D.C. BRADLEY, M.H. GITLITZ; J.Chem. Soc(A) 1969, 1152

'J.MiC. ALISON, T.A. STEPHENSON, R.O. GOULD; J.Chem.Soc.k 1971, 3690

D.F. STEELE, T.A. STEPHENSONj J.Chem. Soc. balton Trans 1573; 2124

G. St;NIKOLovg’ Inorge. Nucl.'Chem._Letﬁ. 1971, 7, 1213 |

J.P. FACKLER, W.C. SEIDEL, J.A. FETCHIN; J.Amer.chem.Soc.1968,'gg,_z7o7
J.M.C. ALISON, T.A. STEPHENSCN; J,Chem. Soc. ‘Dalton Trans 1973, 254

L. RICARD, J..ESTIENNS, R. WEISS; J.Chem; Soc, Chem, Commuh;‘197é, 906

L. RICARD, J. ESTIENNE, R. WEIssg Inorg. Chem, 1973, 33, 2182

_D.F. STEELE, T.A. STEPHENSON; Inorg. Nucl. Chem, Lett. 1973, 9, 777

N. TAMMINEN, E. HJELT; Suomen Kimistilehti 1950, 23B, 39
(Chem. Abstr,’ 1951, 45, 2356b)

A. FREDGA; Recl., Trav, Chim. Pays-Bas 1950, 69, 416



25,

26&0

b.

27"
28,
29,

30.

31;

32,

33

34,
35
36.
37.
38.

39,
Lo,
) ‘*1.
L2,

43,

Lk,

1.S. SAM?ONOVA, L.G. IL'CHENKO, T.L. ROD'KINA; 1zv,Akad.Nauk Kaz,
ssn,.Ser.'xhim;1971,g1,61 (Chem,Abstr,1971,75, 147265x)
W. KUCHEN, H. MAYATAPEK; Chem, Ber. 1968, 101, 345
R.N. MUKHERJEE, V.V. KRISHNA RAO, J. GUPTA; Indian J.Chem,
1966, 4, 209 (Chem,Abstr. 1966,65, 8315c) ‘
F.N. TEBBE, E.L. MUETTERTIES;. Tnorg. Chem 1970, 9, 629
S. XKERSTROM; Ackiv. Kemi. 1959, 1k, 387 :

C. KOWALA, J.M. SWANj Aust, J. Chem, 1966, 19, 999

V.I. ZELENOV, E.V. YAVORSKAYA; Tr,,Tsent, Nauch.;Issled.‘-

Gornorazved Inst. 1§69, §g, 22'(Chem.Aﬁstr.'1970;12,688159)
R.N. MUKHERJEE, A.Y. SONSALE, J. GUPTA; 1Indian J.Chem, 1966, g;isoﬁ
’ - (Chem, Abs, 1967, 66, 81972f)

K. LESZ, T. LIPIEC} Chem. Anal. 1966, 11, 523 -
T. TAKAGUCHI, M. ABE, K. KUROSAKI, E.:ASADA, M. NAKAGOMEj .
Kegyo Kagaka Zasshi 1967, 70, 1182 (Chem,Abstr. 1968,68,22046a)
R. HESSEj Arkiv, Kemi, 1963, 20, 481 | |
R. HESSE, L. NILSONj Acta. Chem, Scand. 1969, 23, 825
R. HESSE, P. JENNISCHEj Acta.»Chém. Scand. 1972, 26, 3855
S.'gKERSTRﬁM;:Arkiv;.Kemib 1959, 14, L03
T. VANNGARD, S. XKEéSTRBM;' Nature 1959, 184, 183
I. OJIMA, T. ONISHI, 'T. IWAMOTO, N. INAMOTO, K. TAMARU; Inorg
Nucl; Chem, Lett.v1970, 6, 65 |
I.N. PLASKIN, N.A. stoaovsKAfA, V.V. SHIKOVA; Zhur. Prikiad Khim.
1959, 32, 1876." (Chem. Abstr. 1959, 53, 21335f)
L. MALATESTA; Gazz. Chim.It. 1947, 77, 509
J.R. WASSON; Inorg. Chem. 1971, 10, 1531
A. PIGNOLEDI; Atti. Soc. Nat. Mat. Modena. 1961, 92, 134
| (Chem, Abstr. 1965, 63, 6377h)
J.F. VILLA, D.A. CHARFIELD, M.M. BURSEY, W.E. ﬁATFIELD;: Inorg.

Chim, Acta. 1972, 6, 332



45. L.‘MALATESTA, A.A; MELLAg GaZz.»Cﬁim; It. 1937, 67, 738
46, E.A. SHUGAM, L.M.'sHKdL'NIKOVA; kristgllqgrafiya_ 1958, 3, 749 .
(Chem. Abstr. 1959, 53, 749)
'47.A G. PEYRONEL, A. PIGNOLEDI, L.ANTOLINIé Acta. Crystallogf. 1972,B28,3596
48, M. BONAMICO, G. DESSY, A. MUGNOLI, A..VACIAéo , L. ZAMBONELLI;‘
| Acta Crystallogr 1965, 19, 886
49, K.T. McGREGOR, D.J. HODGst; w.t. HATFI&LD; Inorg. Chem. 1973, 12; 731
-50.-‘ J.F. VILLA, W.E. HAI;FIELD; Inorg. .Chim. Acta.. 1971, 5, 145
51, J.F. VILLA, W.E.‘HATFIELD;' Inorg. éhem. 1971, 10, 2638 f'
52, ,J.G.M; VAN'RENS, E.jVAN DEﬁ.DRIFTi E. De BOER; Chem. Phys. Lett.
| 1972, 1k, 113 |
53. J;M; MARTIN.:P.W;G. NEWMAN,fBQw._éOBINSON, AaH.iWHITE;
| | J. Chem, Soc. Dalton'Trans._197z, 2233
54, ﬁQM; TULYUPA, Yu. I. UéAfENKo, 7Z.F. GARUS, L.M. iKACHEVA; Izv. Sib;
VOtd. Akad. Nauk SSSR , Ser, 'Khim.Nauk-1970,££__, ilo(éhem.Abs_tr.‘1971,2_4,‘80413(:)
5'5; Z.F. GARUS, F.M, ’IV‘ULYbUPA,»‘Yu. i. ‘USATENKO; IChim.TeéhnOl. Réspub.‘MAe_zhved.
Neuch.-Tekh.S B. 1969,15,106 (Chem. Abstr. i971,z§,146§82§)
.56. v;v. KRISHNA RAO; A. MUELLER; Z,Chem, 1970, 10, 197
o (Chem. Abstr. 1971, 73, 41315g)
57. P.T. BEUDSKENS, H.J.A._BLAAUW, J.A. CRAS, J.J. STEGGERDA; .Inoré.:
B Chem. 1968, 7, 805 |
58, P.T. LiLURSKENS, J.A. CRAS, J.G;M. Van Der LiNDEN; Inorg. Chem,
- 1970, 9. 475' |
59. J.H.-NOORDIK; Cryst. Struct.fCommuﬁ. 1973} 2, 81
60, J.D. OWEN,_D.F,-STEELE; Unpﬁblished_quk.
61. J.G.M. Van Der LINDEN; Recl. Trav. Chim, Pays-Bas. 1971, gg,’1dz7
62, R.M. GOLDING, C.M. HARRIS, K.J. JESSOP,.W.C. TENNANT; 'Aust.-J. Cﬁém.'
1972, 25, 2567
63. J.C. WIJNHOVEW,ATh. E.M. Van Den HARK, P.T. BEURSKENS; J, Cryst.

Mol. Struct. 1972, 2, 189



64,

65.
66.
67,

8.

69.

71.
72,
73.
7h.
75.
'76;
77
78.
79.
80.
81,

82,

83.

3.A. CRAS. J. WILLEMSE, A.W. GAL, B.G.M.C. HUMMELINK-PETERS
' Reel. Trav. Chim, Pays-Bas 1973, 92, 641
P.H. RIEGER, B.J. CORDEN; Inorg. Chen. 1571, 10, 263
3.3 FARMER, F.G. HERRING, R.L. TAPPING; ‘Can,J.Chem. 1973, 51, 1530
G. CAUQUIS, D; LECHE&AL; “Je Electroanﬂl..cﬁem, Interfacﬁﬂ.Eléctro
Chem. 1973, 46, 4 {(Chem. Abstr. 1973, 79, 108681t)
A.A. SHKLYALV, V.F. ANURIENKO; Zh. Struct.'khim. 1971, 12, 601
(Chem, Abstr. 1971, 75, 146124p)
V.V. SHUKOV, I.,.-MAROV, 0.M. PETRUKHIN, A.N. ERMAKOV; - Zh., Neorg.
Khim;'1973, 18, 2863
C. KOWALA, J.M. SWAN; Aust. J. Chem. 1966, 12, 555 .
E.L. MUETTERTIES, C.V. ALEGRAN&I; J. Amer,Chem,Soc. 1970, 92, 411k
E.L. MUETTERTIES, C.W. ALEGRANTI; J, Amer.Chem.Soc. 1972, 2&,_6386.'
H.J.A. BLAAUW, R.J.F. NIVARD,‘G.J.M.’Van DervKERK; Je Organomet. |

Chem, ~196k, 2, 236 S - 3 .

Y. NIGO, I. MASUDA, K. SHINRA3  J. Cbem. Soc. (D) 1970, 476

P.T. BFURSKENS, J.A. CRAS, J.J. STEGGERDA; Inorg. Chem. 1968, 7, 810
H.C. BRINKHOFF, J.A. CRAS, J.J. STEGGERDA, J.VWILLEMSE; Recl,
Trav, Chim. Pays-Bas 1969, 88, 633

N.D. IORGANOV; Teor. Eksp. Khim. 1973, 9, 706 (Chem,Abstr. 197%,80,41529z)

‘L.A. BYLINSKAYA, I.V. OVCHINNIKOV§ Zh,Neorgs Khim. 1972, 17, 3237

B.S. PPABHANANDA, S.P. PAI, B. VENKATAhAMAN, Proc.Chem, Symp. 1st
23-26, 1969, 1, 108 (Chem; Abstr, 1971;.2&,.16100w)

JeH. NOORDIK, Th.W. HUMMELINK, J.G.M.. Van Der LINDEN; J, Coord.Chem,
1973, 2, 185

G. CHANDRA, A.D. JENKINS, M.F. LApéERT, R.C. SRIVASTAVA; J, Chem.Soc.(A)
1970, 2550‘

A.N. BHAT, R.C. FAY, D.F. LEVIS, AWF. LINDMARK, S.H. STRAUSS3 Inorg.
Chem, 197k, 13, 886 | | |

M.F. LAPPERT, A.R. SANGER; J, Chem. Soc. (A) 1971, 1314



84,

85.

86.

87.-

a8.

89.

90.

 91.V

92.

93

oh

95.
9.

97

98.

99.

100,

101,
102.
103.

104,

105,

106. -

E;C. ALYEA, D.C. BRADLEY,»M.F.jLAPPERT, A.R. SANGERj J.Chem;SQc.(D)
1969, 1064 | |

M. COLAPIETRO, A. VACIAGO, D.C. BRADLEY, M.B. HURSTHOUSE, I.F. RENDALL ;
J.Chem.Soc;(D) 1970, 743

D.C. BRADLEY, I.f. RENDALL, K.D. SALES; .J.Chem.Soc. Daltén Trans. .

| 1973, 2228

E.L. MUETTERTIES; 1Inorge. Chem. 1973,-22, 1963v

E.L. MUETTERTIES; Inorg. Chem. 1974, 13, 1011

R.G. CAVELL, A.R. SANGER; inorg..Chém. 1972, 11, 2016

R.N.'MUKHEniEE, A.XK. CHATTERJEE, Je. GUPTA;. Indian. J.Chem,

| 1965, 3, 514 |

R:S.P. COULTS, P.C..WAILESF‘J;V. K;NGSTCN;'rAust. JeChem. 1970, 23, 463

R.S.P. COUTTS, P.C. WAILES, J.V. KINGSTON; fust, JuChem. 1970, 23, 469

A. MUELLER, V.V. KRISHNA RAO, E. DIEBANN; Chem. Ber, i971; ggg; 461

He HERTEL, W. KUCHEN; Chem. Ber.~1971,_ggg,.1740~ :

R.G.ACAVELL,.E.D. DAY, W. BYERS, P.M.‘WATKINS;. Inorg. Chem 1971, 10, 2716 .

E.C.AALYEA; D.C. BRADLEY;_ J.Chem, Soc.(A)'1969, 2330 A

D.C; BRADLEY, - R.H. MOSS, K.D. SALESj ;;Chem.séc.(n) 1969, 1255'°

G.N. KOSHKINA, I.V. OVCHINNIKOV, A.D.TROI TSKAYAj Zh.Obshch.Khim.lQ?S, &z,

956 (Chem, Abstr. 1973, 79, 108683v)

L2 N

'JoNo SMITH, T.M: BROWN; Inorg. Nucl. Chem, Lett, 1970, 6, 441

B.J. M-CORMICK; '~ Inorg. Chem. 1968, 7, 1965
N.S. GARIF'YANOV, B.M. KOZYREV; Teor.i.Esperim, Khim, Akad, Nauk SSR

11965, 1, 525 (Chem.Abstr.1065, 64, 2892f)

R.G. CAVELL, E.D. DAY, W. BYERS, P.M. WATKINS; . Inorg. Chem 1972,11,1591

and references therein
SEE: D. COUCOUVANAIS; Progress ip Inorganic Chgmistry‘1970, 11, 234
B.J. MCCORMiCK; Canad. J.Chem, 1969; L7, 4283 | |
GeA. MILLER, R.E.D. CLUNG;‘ Inorg. Chen. 1973, 12, 2552

AoTo CI*SEY' D.J‘.' A\IAC}EY, FRQL. }XARTIN, A.H. WHITE’ .Aust.J.Chem.

1972, 25, 477



- 107

108.
109,
110,

111,

112,
113.

114,

115,

116,

117,
118.
119,
120.
121,
122,
123.

124.

125,

126,

127.

128,

129,

130,

J.C. DEWAN, D.L. KEPERT, C.L. RASTON, A.H. WHITE, E.W. MASLEN;

Je.Chem.Soc. Dalton Trans. 1973, 2082
D.C. PANTALEO, R.C. JOHNSON; Inorg. Chem. 1970, 9, 1248
P.R. HECKLEY, D.G. HOLAH, D. BROWN; Canad.J.Chem, 1971, k9, 1151
A.T. CASEY, J.R. THACKERAY; Aust. J.Chem, 1972, 25, 2085
A.M. BOND, A.T. CASEY, J.R. THATKERAYj J,Chem.Soc. Dalton Trans.
197k, 773
L.F. LiRKWORTHY, R.R. PATELj ' Inorg. Nucl. Chem. Lett. 1972, 8, 139
L. RICARD, P. KARAGIANNIDIS, R. WEISS; Inorge Chem. 1973, 12, 2179
L. MALATESTA; Gazzs Chim. It. 1939, 69, 752
F. GALSBOL, C.E. SCHAFFER; Inorg. Syn. 1967, 10, 42
CHEMISCHE. FABRIK KALK GomeboH. Ger. 1,137, 732 (1962)

(Cheﬁ. Abstr. 1963, 58, F5863c)

‘We KUCHEN. A. ROHRBECK; Chem, Ber. 1972, 105, 132

BfN. FIGGIS, G.E. TOOGOODg J.Chem.Sdc.Dalton Trans,. 1972, 2177
R.G. CAVELL, w. BYERS, E.D. DAY; Ino=g. Chem. 1971, 10, 2710
S. MERLINO, F. SARTORIj; Acta. Crys;allcgr.:. 1972,828,972
A.A.G. TOMLINSON; J.’ cﬁem. Soce (A) 1971, 39, i409
K. De ARMOND, J.W. MITCHELL; Inorg. Chem. 1972, 11, 181
Ge StNIK(LOV; Inorg. Chim. Acta. 1970, 4, 610
R.G. CAVELL, A.R. SANGER§ Inorg. Chem, 1972,A11, 2011'A
R.N. J7WITT, P.C.H. MITCHELL; Inorg. Nucl. Chem. Lett. 1968, 4, 39
D.C. BRADLEY, M.H. CHISHOLM; J, Chem. Soc. (A) 1971, 2741 |
A. NIEUPOORT, J.H.E. MOONEN, J.A. CRAS; Recl. Trav. .Chim,.
Pa&s-Bas 1973, 92, 1086

J«G. WIJNHOVEN; Cryst. Struct. Commun. 1973, 2, 637
L.M, KUL'BE§G, A.G. KOVALEVA; Doklady Akade Nauk SSSR

| 1954, ﬁ,’ 79 (Chem, Abstr,1955, 49, 11559h)

F.W. MOORE, M.L. LARSON; Inorg. Chem 1967, 6, 998



‘131a, W.E. NEWTON, J.L. CORBIN, D.G. BRAVARD, J.E. SEARLES, J.W. McDONALDj

Inorg. Chem. 1974, 13, 1100

131b, W.E. NEWION, J.L. CORBIN, J.W. McDONALD; J,Chem,Soc, Dalton Trans.

132,

133,
13k,

135,

136,

'138.j

139,

140,

1k1,

142,

143,

144,

145,

146,

147,

1974, 10L4
A.T. PILIPENKO, G.I. GRIDCHINA; Trudy.'xomisii Anal. Khim,
 Akad, Nauk SSSR 1951, 3, 178 (Chem.Abstr.1953, 47, 2048b)

A KOPWILLEM, P. KIERKEGAARD§ Acta, Chem., Scand. 1969, 23, 2184

F.W. iCORE, R.E. RICE; Inorg. Chem, 1968, 7, 2510

R. COLTON, G.G. ROSE; Aust. J. Chem. 1970, 23, 1111
A.B, BLAKE, F.A. COTTON, J.S. WOOD; J. Amer, Chem.Soc.1964, 86, 3024 |
J.R. KNOX, C.K. PROUT; Acta. Crystallogr.. 1969, 25B, 2281

R.N, JOWITT, P.C.H. MiTCHELL;. Je.. Chem. Soc.(A) 1969, 2632

R. BARRAL, C. BOCARD, I. SEREE De RCCH, L. SaJUS; Tetrahedron

. Lett. 1972, 1693

P.W. SCHNEIDER, D,c,véRAVARD, J.W. McDONALD, W.E. NEWTONj

o 1. Amér.'Chem. Soc. 1972, 9k, 8640
B.F.G. JOHNSOY, K.H. AL-OBAIDI, J.A. MeCLEVERTY J. Chem.Soc.(A)

1969, 1668
R.L. CARLIN, F. CANZIANI, W.K. BRATTON; J. Inorg. Nucl. Chem,
. 1964, 26; 898 -

B.F.G. JOHNéON R. DAVIS, M.N.S. HILL, C.E. HOLLOWAY, K.H. AL-OBAIDI;.

Je rhem. Soc. (A) 1971, 994

'N.G. CONNELLY, L.F. DAHL; J. Chem. Soc.(D) 1970, 880

B.F.G. JOHNSON, K.H. AL-OBAIDI;- Chem, Cofmun 1968, 876
N.S. GARIF'YANCV, S.A. LUCHKINA; Teor. Eksp. Khim. 1967, 5, 571

(Chem. Abstr. 1970, 72, 49496s)

' E.V. SEMENOV, P.M. SOLOZHENKIN, N.I. ZEMLYANSKII, O.N. GRISHINA,

YA.I. MEL'NIK; Dokl. Akad,Nauk Tadzh.SSR 1972, 15, 37 (Chem.

Abstr. 1972, 77, 120553n)



- 148, N;S.‘GARIF'YANOV,‘S.A. LUCHKINAj ﬁokl. Akad. Naﬁk SSSR”1969, 189,
| 543'(¢hém; Abstr. 1970, 72, 49502r) \
1@9. N.S. GARIF'YANOV, A.D. TROITSKAYA, A.I. RAZUMOV, I.V. OVCHINNIKOV,
P.A..GUREVICH; 0.I1. KbNDRAT'EVA; Dokl. Akad. Nauk ‘SSSR 1971, 196,
| 1346-(Chem.vastr.. 1971, 75, 13266q) | |
150; N.s; GARIF'YANOV, A.D. TROITSKAiYA. A.I. RAZUMOV, P.A. GdREVICH;
o.I. KONDRAT'EVA;> Zh,’Obshch. Khim, i971, il,'710 (Chem._Absfr};
1971, 75, 56521m) ”
151 N.S. GARIF'YANOV, A.D. TROITSKAYA, A.I. RAzuﬁov, 1.V, OVCHiNNIKov,
P.A.‘GUREVICH, 0.I. KONDRAT'EVA; Russ J. Inorg. Chem, 1972, 17, 697
153. O.I. KONDRAT'EVA, A.D. TROITSKAYA, N.A. CHADAEVA, G.M. USACHEVA, A.E. .
IVANTSOV; Zh. Obshch. Khzm. 1973, 43, 2087 (Chem. Abstr. 1973, _2,
o 142429b) ‘ B
154. N.S. GARIF'fANOV, 0.I. KONDRAT'EVA; Teor. Eksp. Khim.‘1971, 2, 258
(Chem, Absfr. 1971, 75, 69353h)
155, N.S. GARIF'YANOV, A.D. fROITSKAYA, A.I. RAZUMOV, R.A. GﬁREVICH,.O.I.
KONDRAT'EVA; Zh.‘Néorg.thim. 1971, gg, 1059
iSG.AAJ.A.'McCLEVERTY,-W,G. KITA,>M;K; LLOYD; - J. Chem.vSocf(D).1971, 420
157, R COLTON, G.R;'SCOLLARTf,‘I.B. TOMKINS; Aust. J. Chem. 1968, 21, 15
158, R. COLTCH, G.R. SCOLLARTY; Aust, J.'Cﬁem. 1968, 21, 1427, |
159. M. LUSTIG, L.W. HOUK; Inorg. Nucl. Chem. Leti. 1969,’5, 851 .
160. E.W. ABEL, M;Q. DUNSTE&; Je Chem, Soc. Dalton Trans. 1973, 98
161, W.K. GLASS, A. SHIFELS; J..Organomet. Chem. 1974, 67, 401
162. E. LINDNER, K.M. MATAJCEK; Z, Naturforscﬁ 1971, B26, 854
(Chem. Abstr. 1972, 76, 25396r)
163, F.A. COTTON, J.A. MéCLEVERTY; Inorg. Chenm, 1964, 3, 1398
164, W.K. GLASS, A. SHIELS; Inorg. Nucl. Chem. Lett. 1972, 8, 257

165, J.K. RUFF, M. LUSTIG; Inorg. Chem. 1968, 7, 2171

166, N.G. CONNELLY; J, Chem. Soc., Dalton Trans. 1973, 2183



167,

168,

.
170.
- 171,
172,
173,
‘.174f
i75.:

176.
177a.

be-

178,

179,
180,
81,
182,
183.
184,

185,

L. CAMBI,- A. CAGNOSSO; Atti. Acad. Lincei 1931, 14, 71

(Chem. Abstr, 1932, '_z_g, 2172)

D.G. HOLAN, R.N. MURPHY; Canad. J. Chem. 1971, 49, 2726

R.G. CAVELL, W. BYERS, E.D. DAY, P.M. WATKINS; Inorg. Chem.

1972, 11, 1598
Yu. I. USATENKO, N.P. FADESH; 1r. Komis. Po. Analit. Khim, Akad.
Nauk SSSR, Inst. Geokhim i Analit. Khim 1963, 14, 183 (Chem, Abstr.

1963, 59, 13397g)

.S. LAHIRY, V.K. ANAND; J, Chem. Soc.(D) 1971, 1111

A. VACIAGO, A. CABRINI, C. MARIANI; Ric. Sci. Suppl. 1960, 30, 2519
. ' © (Chem, Abstr, 1964, 60, 8731d)
R.M. GOLDING, P.C. HEALY, A.H. WHITE;  Trans. Farad. Soc. 1971, 67, -

1672

R.M. GCLDING, P.C. HEALY, P. NEWMAN, E. SINN, W.C. TENNANT, A.H. WHITE:

J. Chem. Phys. 1970, 52, 3105

P.C. HEALY, A.H. WHITE; J, Chem, Soc., Dalton Trans. 1972, 1883

‘L. QUE, L.H. PIGNOLET; Inorg. Chem. 1974, 13, 351

J.F. ROWBOTTOM. G. WILKINSON; J, Chem., Soc. Dalton Trans.'1974,>684
S.R. FLETCHER, A.C. SKAPSKI;i J. Chem, Soc, Dalton Trans;.1974,:486

W. HIEBER, F. LUX, G. HEGERT; Z Naturforsch 1965, 20, 1159,(Chém;

Abstr. 1966, 64, 13735e)

R.L. 1I.AMBERT, T.A. MANUEL; Inorg., Chem. 1966, 5, 1287

E. LINDNER, K.M. MATAJCEK; J. Organomet, Chem. 1971, 29, 283_

G. THIFLE, G. LIEHR, E. LiNDNER;- Cﬁem.ABer. 1974, 107, 4k2

E. LINDNER, H. BERKE; 'J, Organomet. Chem. 1972, 39, 145

E. LINDNER, K.M. MATAJCEK; J. Organomet. Chem, 1972, 3k, 195

E. LINDNER, H. BERKE; Z,Naturforsch 1972, ggz, 767 (Cheﬁ. Abstr,
1972, 77, 121604g) |

R,A.‘WALTON,'D;G. TISLEY, D.L. WIILLIS; Inorg. Mucl. Chem,Lett. 1971;

Zy 523



. 186,

187.
- 188,

189,
190,

191,

192,
193.
194,
195.
196.
197,

198,

199.

201,
202,
203.

204,

205,
éoG.
207.
208,

209,

A.C. SKAPSI, S.R. FLETCHER, J.F.ROWBOTTOM, G. WILKINSON;

3. Chem. Soc.(D) 1970, 1572 .

" DeGe HOLAH, C.N. MURPHY} Inorg. Nucl. Chem, Lett. 1972, 8, 1069

N.S. GARIF!YANOV, s. A. LUCHKINA; Isv.Akad. Nauk. SSSR Ser. Khim.
| 1969, 471 (Chem. Abstr. 1969, 70, 110&14r)
J.A. McCLEVERY, D.G. ORCHARD; 'T. Chem. Soc. (A} 1970,.3315
R. COLTON, R. LEVITUS, é. WILKINSON; J. Chem. Soc,. (A) 1960, 5275.
J.L.K.Te De VRIES, J.M. TROOSTER, E. De BOER; Inorg. Chem. 1973,
12, 2730
M. DELEPINE; Compt. Rend. 1907, 14k, 1125

J.V. DUBSKY; J. Prakt. Chem. 1916, 93, 142 (Chem. Abstr. 1917, 11, 1631).

W. KUCHEN, A. JUDAT; Chem. Ber. 1967, 100, 991

A.H, EWALD, R.L. MARTIN, E. SINN, A.H. WHITEj Inoéé. Chem. 1969, 8, 1837
L. CAMBI, L. SZEGO; Ber. 1933, 66B, 656
A.H. EWALD, R.L. MARTIN, I.G. ROSS, A.H. WHITEj Proc. Roy. Soc.. 1964,

A280, 235

' J.G. LEIPOLDT, P. COPPENS; Inorg. Chem. 1973, 12, 2269

B.F. HOSKINS, B.P. KELLY; - Chem., Commuun. 1968, 1517
P.C. HEALY, A.H. WHITE§ J, Chem. Soc. Dalton Trans. 1972,_1163

B.F. HOSKINS, B.P. KELLY; - J. Chem. Soc.(D) 1970, 45

R.R. ELEY, R.R. MYERS, N.V. DUFFY; Inorg. Chem. 1972, 11, 1128

L. MALATESTA; Gazz. Chim. It. 1938, 68, 195

R.A. BOZIS; Univ. Microfilms 72 -14,064 (Chem. Abstr. 1972, 77,
108887y)

W. KUCHEN, H. HERTELj Angew. Chem. (Int Ed.) 1969, 8, 89

E.A._PASEK; D.K. STRAUB; Inorg. Chem.-197z, 11, 259

G. CAUQUIS, D. LACHENAL? Inorg. Nucl, Chem. Lett. 1973, 9, 1095

L.H. PIGNOLET, D.J. DUFFY, L. QUE;_AJ. Amer. cﬁem. Soc. 1973, 95, 295

M.C. éALAZZOTTo, D.J. DUFFY, B.L. EDGAR, L. Qué, L.H. PIGNOLET;

Jo Amer. Chem, Soce. 1973, 95, 4537 and references therein



. 3210,

. 211,

212,

213,

214,

215,

.216.

217,

218,

219,

220,

‘221,
222,

223,

224,

225,
226,
227,

228,

. 229,

L.R. GAHAN, M.J. O'CONNOR; J. Chem. Soc. Chem., Commun.’1§74,‘68
J.F. GIBSON; Nature 1962, 196, 64 | o
L. CAMBI, A; CAGNOSSO;‘ Atti, Acad. Lincei 1931, 13, 254
(Chem, Aﬁsfr. 1932, 26, 41)
N.S. GARIF'YANOV, S.A. LUCHKINA; fstr. Mol. Kvantovaya Khim, 1971, 62
| (Chem. Abstr. 1971, 74, 150585m) -
J. DANON; J. Cﬁem. Phys, 1964,'&1, 3378
M. EOLAPIETRO, A. DOMENICANO, L. SCARAMUZZA, A. VACTAGO,
L. ZAMBOS$LLI; Chem. Commun. 1967, 553
G.R. DAviEs, R.H.B. MAIS, P.G. OWSTONg Chem, Commun. 1968, 81
GeR. bAVIés, JeA.J. JARVIS,.B.T. KILBCURN, R.H.B. MAIS, P.G. oWsion;_
| J. Chem, phis. 197d;i§g,,3105'
B. HALEPP; Sb,.. Aspir. Rab, Kazan.Univ.Tochﬁé Navk, Mekh, Fiz.
) 1970, 161 (Chem. Abstr, 1972, 76, 119311m)
D,M. ADAMS; J. Chem. Soc.'(A) 1969, 87
C.M. GUZY, J.B. RAYNOR, M.R.C.  SYMONS; J. Chem. soq; (A) 1969, 2§87
H. BUETTNER, R.D. FELTHAM; Inorg. Chem; 1972, 11, 971 | |
S.A. COTTON, J.F. GIBSONj 7. Chem. soc. (A) 1971, 803 |
L. CAMBI,.L. MALATESTA; Rend. isi. Lombardo Sci. 1938, 71, 118
' (Chem. Abstr. 1949, 34, 3200)
A. DOMENIOANO, A. VACIAGO, L. ZAMBONELLI , P,L..LoADER, L.M. VENANZi;L ;
| Chem. Commun, 1966,.476
H.H. WICKMAN, A.M._TROZZOLO; Inorg; Chem., 1968, Zs 63
R.L. MARTIN, A.lis WHITE; .Inorg..Chem. 1967, 6, 712
H.H. WICKMAN, C.F. WAGNER; J;-Chem; Phys. 1969, 51, 435
G.C. BRACKETT, P.L. RICHARDS, H.H. WICKMAN; Chem, Phys, Lett,
1970, 6, 75 |
E. Dé BOER, J.L.X.F. De VRIES, J.M.‘TROOSTER; Iﬁorg..Chem.

1971, 399 81



. 230, J.A. MCCLEVEﬁTY, D.G. ORCHARD; K. SMITH; J. Chem. Soc.(A) 1971, 707
231. R;H. HOLM,.L.H.'PiGNOLET, R.A. LEWISj J; Amer, Chem, Soc.: 1971, 93, 360 '
'232.' L.H., PIGNOLET, R.A. LEWIS, R.H. HOLM;  Inorg. Chem. 1972, 1i, 99
233, C. O'CONNOR, J.D. GILBERT,TG;-WILKI&SON;  J. Chem. séé.(A)-1969, 84
234; P. POWELL; J, Crganomet. Chem, 1974, 65,.89 |
235, 'J.V.'KINGSTON, G;IWILKINSQNé I. Ynorg. Nucl. Chem. 1966, 28, 2709
236, W.P. GRIFFITH, Il'« PAWSONs; J, Chem, Soc. DaltoniTrans. 1973, 1315
237, L.F. :HVYDKA, Yu,Ts USATENKO, F.M. TULYUPA; Zh. Neorg..Khim. 1973,
l8_’ 756
238, ' S. ALLISON; Nat. Inst. Met.,Repub. SeAfr., Rep. 1971, 1125 (Chem.
| Abstr. 1971, 75, 91797¢)
239, K. LESZ, T. LIPIEC; Rocz. Chem. 1967, 41, 463 (Chem. Abstr.-
o | e 1967, 67, 77644a) | -
240, B.D._PADALIA, V. KRISHNAN; Indian J, Pure Appl. Phys. 1971, 9, 813
(Chem. Abstr, 1972, 70, 65802b)
2'11.1. C.G. SCENEY, R.J. HAGEE; Inorg. Nucl. Chem. Lett. 1973, 9, 595
}z42; -A. MUELLER, V.V. KRISHNA RAO, G. KLINKSIEK- 'Chem. Bei. 1971, 104, 1892
243, G.W. WATT- B.J. McCORMICK; J, Inorg. ~uc1. Chem. 1965, 27, 898
244."L.R. GRAHAM J.G. HUGHES, M.J. O'CONNOR; J., Amer. Chem. Soc. 1974,96,2271
245, P.R.H.‘ALDERMAN; P.G. OWSTON, J.M. ROWE; J, Chem. Soc.. 1962, 668 f
246, é.R.ﬁ; ALDERMAN, P.G. OWSTONj Nature.1956, ggg, 1071
‘247'. Je.H. ZNEMARK, R.D. FELTHAM; J, Chem. Soc. Dalton Trans. ‘1972' 718
248, K. DIEMERT, W. KUCHEN; Chem. Ber. 1971, 104 1892
249, H.C. BRINKHOFF; Inorg. Nucl. Chem. Lett, 1971, 7, 413
250, S. FUJINAMI, M.-SHIBATH; Bull, Chem. Soc., Japan. 1973, 46 3441
(Chemn. Abst_:r. 1974, 80, L3572g)
251, F.A. HARTMAN, M. LUSTIG§ Inorg. Chem. 1968, 7, 2669
252 D. COMMeRELC, I.C. DOUEK, G. WILKINSON; J. Chem. Soc.(A) 1970, 1771

253 R.W. MITCHELL, J.D. RUDDICK, G. WILKINSCN; J. Chem. Soc.(A) 1971, 3224 .



255.

256,

257,

258,

259,

- 260,

261..

262,

263,

264,

2650
266.

267,

269,

270.
271
272

273
274

275

A.A. ARANEO, T. NAPOLETANO; Inorg. Chim. Acta. 1972, 6, 363
A. ARANEO, F. BONATI, G. MIﬁGHETTI;' Inorg. Chim. Acta. 1970; g,L61
FOR EXAMPLE: L. MALATESTA, R. PIZZOTTI; Gazz. Chim. It. i946, 1§,'167
G.S. WHITBY,'G.L.—MATHESON; Traﬁs; Roy.\Soc. Can. (Sec III), 192%,
o, 111 _ , .

P.E. JONES, G.B. ANSELL, L. KAT73 Acta. Crystallogr. 1969, B25, 1939‘
M. BONAMICO, G. DESSY, C. MARIANi, A. VACIAGO, L. ZAMEONELLI;

| |  Acta Crystallogr. 1965, 19, 619 | ‘o
G. PEYRONEL, A. PIGNOLEDI; Acta Crystallogr. 1967, 23, 398
I.E,A. SHUGAM, V.M. AGkE; Tr., Vses. Nauch.-Issled. Inst. Khin.
Reactiﬁov Osébo Chist. Khiﬁ Veshchesty. i96?, ég, 364 (Chem. Abétr.

1968, 69, 71310m)

* J. McCORMICK, R.I. KAPLAN; Canad. J. Chem. 1970, 48, 1876

M. BOBTELSKY, J. EISENSTADTER; Bull, Soc. Chim, France 1957, 708

~ F. BASOLO, W.R. MATOUSHI; J. Amer, Chem. Soc. 1953, 75, 5663

D. COUCOUVANIS, J.P. FACKLER; 'Inorg. Chem. 1967, 6, 2047

M. CORNOCK, D.F. STEELE, Te.A. STEPHENSONj Unpublished Work

PoM. SOLOZHENKIN, N.I. KOPITSAYA; Doki. Akad; Nauk Tadzh. SSR

_ 11969, 12, 30 (Chem. Abstr, 1969, z_, 118234y)
H.C. BRINKHOFFj ‘Recl, Trav. Chim. Pays-Bas 1971, 90, 377

J. WILLEMSE, J.A. CRAS; Recl. Trav. Chim. Pays-Bas 1972, 91, 1309
J.P.'FLCKLER, A. AVDEEF, R.G. FISCHER; J, Aﬁer. Chem. Soc. 1973, 95, 774
P.L.'MAXfIELD; Inorg. Nucl. Chem. Lett. 1970, 6, 693 | |
C. BLEJEAN, J.L. CHENOT; J. Inorg. Nucl. Chem. 1971, 33, 3165

J. WILLEMSE, J.A. CRAS, J.G. WIJNHOVEN, P.T. BEURS KENS;

Recl, Trav. Ch1n. Pays-Bas 1973, 92, 1199

“Ja WILLEMSE, P.H.F.M. ROWETTE, J.A. CRAS; Inorgs. Nucl, Chem. Lett

1972, 8, 389

R.L. CARLIN, A.E. SIEGEL; Inorg. Chem. 1970, 9, 1587



.276. P. PORTA, A. SGAMELLOTTI, N. VINCIGUERRAj .Inorg. Chen, .
| | 1971, 10, 541
277. J<R. ANGUS, G.M. WOLTERMANN, J.R. WASSON; J, Inorg. Nucl. Chem;
B | 1971, 33, 3967 -
278. P.S. SHETTY, Q. FERNANDO; J. Amer. Chem.-Soc. 1970, 92, 3964
279. A. SGAMELLOTTI, C. FURLANI, F. MAGRINIj; J, Inorg. Nucl. Chem.
1968, 30, 2655 |
280; C.A. CABRERA, G.M. WOLTERMANN, J.R. WASSON; Tetrahedron Lett.
. 1971, 4485
281, J.P. FACKLER, W.C. SEIDEL; Inorg. Chem; 1969, 8, 1631
282, A.G. KREUGER, G. WINTER; Aust..J. Chem. 1972, 25, 2497 .
283, K. DIEﬁERT, /. KUCHEN; - Chem. Ber. 1971, 10k, 2592
284, M. NANJO; Tohoku Diagaku Senko Seiren Kenkyusho. Iho. 1972, 28, 191
(éhem. ‘Abstr. 1973, 79, 59778u) |
285, J. POWELL, W.L. CHAN; J, Ofganomet,iChem. 1972, 35, 203
286, SEE AL_SO. a) "Transition Méta-l Complexes of vPhosphc;r'us, Arsenic
and Antimony'Ligapds" (C.A. McAULIFFE, Ed). Macmillan 1973
b) W.P. GRIFFITH; "The Chemistry of the Rarer Pl'atinum Metals."
Interscience ,Publisher"s 1967
287. T.A. STE-HENSON, G. WILKINSON; ‘J. Inorg. Nucl. Cheﬁ. 1966,.3§,'945v'
288, S.J. LA PLACA, J.A. IBERSj Inorg. Chem. 1965; 4, 778
289, J. CH:™T, R.G. HAYTER; J; Chem. Soc. 1961, 896
290, R.S. NYHOLM, G.J. SUTTON; J. Chem. Soc. 1958, 567
291, P.W. ARMIT, T.A. STEPHENSON;  J, Organomet. Chem. 1§73, 57, C80
262, J.J. LEVISON, S.D. Rosinsox; J. Chem. Soc.(A) 1970, 639
293, J. CHATT, G.J. LEIGH, D.M.P. MINGOS, R.J. PASKE; J. Chem. Soc.(A)
1968, 2636
o26h, J. cﬁATT, B.L.ASHAQ; A.E. FIELD; J; Chem. Soc. 1964, 3466

295, M.S. LUPIN, B.L. SHAW; J, Chem. Soc. (A) 1968, 741



_296.
297
298,

299,
300,
301,
302,

363.

304
3C5.
306,
307.
308,
309,
310a,

310y,
311,

312,

313,

31k,

315

316

R.H. PRINCE, K.A. RASPIN; J, Inorg,-kucl. Chem. 1969, 31, 695

K.A. RASPIN; J, Chem. Soc. (A) i969, 461

G. CHIOCCOLA, J.J. DALY, J.K. NICHOLSONg 'Angew. Chem. (Int. Ed.)

o 1§68, 7, 131 | |

NeW. ALCOCK, K.A. RASPIN; J. Chem. Soc.(A) 1968, 2108

G. CHIOCCOLA, J.J. DALY; J. Chem. Soc.(A) 1968, 1581

J.D. GILBEhT, G. WILKINSON; J. Chem. Soc.(A) 1969, 1749

L. RUi7-RAMIREZ, T.A. STEPHENSON, EeS. SWITKES; J. Chem. Soc.
_balton Trans. 1973, 1770

D. ROSE, J.D. GILBERT, R.P, RICHARDSON, .G. WILKINSON; J. Chem.
Soc. (A) 1969,'2610: |

T.'BLACKMORE, M.I. BRUCE, F.G.A. STONE; J, Chem. Soc. (A) 1971, 2576

P.S. HALLMAN, B.R. McGARVEY, G. WILKINSON; ‘J. Chem, Soc.(A) 1968, 3143

J.J. LEVISON, S.D. ROBINSON; J. Chem. Soc.(A) 1970, 2947 |

A. YAMAMOTO, S. KITAZUME, S. IKEDA; J, Amer., Chem. Soc, 1968, 90, 1089

K.C. DEWHIRST, W. KEIM, C.A. REILLYj Iﬁorg. Chem. 1968, 7, 546

T.I. ELTADES, R.O. HARRIS, M.C. ZIA; Chem. Commun., 1970, 1709

R.d. HARRIS, N.K., HOTA, L.S. DADAVOY, J. YUEN; J, drganomet. Chem.
1973, 5k, 259 | |

R.0. HARPIS, L.S. SADAVOY, s;c,'NYBURK, F.H. PICKARD; J, Chem.:Sqé.
Daiton Trans, 1973, 2646

P. MEAKIN, L.J. GUGGENBERGER, J.P. JESSON, D.M. GERLACH, F.N; TESBE,

N.G.'éEET, E.L. MUETTERTIES; J, Amer, Chem. Soc. 1970, 92, 3482

D. PAWSON, W.P. SRIFFITH; Inorg. Nucl. Chem. Lett, 197k, 10, 253

I.P. EVANS, A. SPENCER, G. WILKINSON; J, Chem. Soc. Dagign Trans,
1973, 204 |

J.S,}MILLER,-A.L. BALCH; - Inorg. Chem. 1971, 10, 1410

I. BERNAL, A. CLEARFIELD, E.F. EPSTEIN, J.S. RICCI, A.L. BALCH,

JeS. MILLERy Chem. Commun, 1973, 39

T.A. STEPHENSON; J. Chem. Soc.(A) 1970, 889



318.

319, -

320,

321,

322,

323

324,
325,
326,
327
328,
329.
330;

.331.

332,
333.
334,

335.

336. .

337.
338,
339.
3Lko,

341,

P.w. ARMiT,‘T.A. STEPHENSON; Uﬁpublished Work

B. LOEV, M.M. GOODMAN; .Cheﬁ. and Ind. 1967, 2026

D.F. EVANS; -J, Cheﬁ. Soc. 195§, 2003

D;H.FGERLACH, W.G. PEET, E.L. MUETTERTIES; J, Amer. Chem; Soc.
| | o 1972, ok, 45ks o

P.G. DOUGLAS, B.L. SHAW; J, Chei. Soc.(A) 1970, 1556 and -

references therein

PI-CHANG KONG, D.M. ROUNDHILL; Inorg. Chem, 1972, 11, 749

M.J. CLEARE, W.P. GRIFFITH; J. Chem. Soc,(A) 1969, 372

R. HARRIS; Canad. Je Chem. 1964, 42, 2275

JoM. JENKINS, M.S. LUPIN, B.L. SHAW; J, Chem. Soc.(A) 1966, 1787

M.J. CHURCH. M.J. MAYS; J, Inorg. Nucl. Chem. 1971, 33, 253
S.R. FLETCHER, A.C. SKAPSKI; J. Chem. Soc. Dalton Trans. 1972, £35
B.E. PRATER; J, Organomet. Chem. 1972, 34, 379

G.E. MANOUSSAKIS, C.A. TSIPIS; Z.Anorg. Chem. 1973, 398, 88

'See J.W. EMSLEY, J. FEENEY, L.H. SUTCLIFFE; "High Resolution

Nuclear Magnetic ResonanceSpectroécopy" Pergamon Press 1965

For method, see: S. FORSEN, R.A. HOFFMANy; J., Chem, Phys. 1963, 22;'2892

N._§ERP0NE, D.G. BICKLEY; Progr. Inorg. Chem, 1972, 31.(§art 11) 416
D.A. CASZ, T.J. PINNAVIA; Inorg. Chem. 1971, 10, 482.

J.A. POPLE, W.G. SCHNEIDER, H.J. BERNSTEIN; "High Resolution'
Nucleas Magnetic Resonance' McGraw-Hill, New York, 1959, p223

J.C. BAILAR; J. Inorg. Nucl, Chem. 1958; 8, 165v |

SeeAinorg. Chem, 1970',25,1

P. RAY, N.K. DUTT; J. Indian, Chem. Soc. 1943, 20, 81

E.L. MUETTERTIES; J. Amer. Chem. Soc. 1968, 96, 5097

A.Y. GIéGIs,‘R.c. FAYy J. Amer. Chem, Soc. 1970, 92, 7061

A. PIDCOCK, R.E. RICHARDS, L.M. VENANZI; J. Chem., Scc.(A) 1966, 1707

"See A.A. FROST, R.G. PEARSON; wKinetics and Mechaﬁism"; 2nd edn.

Wiley, 1961, chapter 8



342, For a review of this subject, see; T.G. APPL‘-‘TON H.C. CLARK,
L.E.- MANZER;' Coord. Chem. Rev1ews 1973, 10, 335
' 3&3.’ J. CHATT, G.J. LEIGH, A P. STORACE; J. Chen. Soc.(A) 1971, 1380
344, 'S.D. ROBINSON, M.F..UTTLEY- ' J. Chem. Soc._Dalton Trans 1973, 1912
345, i.'NAKAGAwA; Bull. Chem. Soc. Japan 1966; 39, 1006
-346. We HEWERTSON, H.R.'WATSON- Je Chem.vSoc. 1962,.1490
347,  W. KUCHEN, W. STROLENBLRG, J. METTEN; Chem.'Ber; 1963, 96, 1733
348, J. CHArT, N.P.vUOHNSON, B.L. SHAW; J., Chem. Soc.(A) 1964, 2508
349, P.R. BROOKES, B.Ls SHAW; Chem. Commun, 1968, 919 .
350, P.R. BROCKES, B.L. SHAWjy' J. Chem. Soc,(A) 1967, 1079
"351, F;H.‘ALLEN; K.M. GABUGI; 'Inérg. Nuél; Chem, Lett. 1971, 7, 833
3524 ﬂ.AQ'BENNéTT' P.A. LONGSTAFF- Chem. Ind. 1965, 846 |
353, J.A. OSBORN, F. H.J. JARDINE, J. F. YOUNG, Ge JILKINSOV; J._cheﬁ;
| Soc. (A) 1966 1711 '
354, M.C. PAIRD, G. HARTWELL, G. WILKINSON; . J, Chem. Soc. (A) 1967, 2037
355, C. FURLANI, M.L. LUCIANI; -Inorg. Chem; 1968, 7, 1586
356. See: L.M. HAINES; thoré.*Chem.vi971, 10, 1693
357,‘ See; L.M. HAINES; 1Inorg. Chem..1971;‘19, 1685
358, P.G. DOUGLAS, B.L. SHAW; J. Chem, Soc,(A) 1970, 2947
359. J. CHATI, G.J. LEIGH, R.L. RICHARDS; J, Chem, Soc, (A) 1970, 2243
360. L.D. KULIKOVA, G. MEZARAUPS, E. JANSONS; Latv. PSR Zinat. Akad.
Vestis, Kim. Ser. 1973, 22 (Chem.Abs.1973, 78, 143296x)
361, D.M. ADAMS;. "Metal-Ligaﬁdband,Related Vibrations" EDWARD-AﬁNOLD 1967
362.‘ W.J. REAGAN, C.H. BRUBAKER; Inorg. Chem. 1970, 9, 827 - -
363. For method, see: J.D.; ROBERTS3 "An Introduvct.ion to Spin-Spin
Splitti_.ng. in H:_’Lgh Resolution Nuclear Magnetic Resonance Spectx;a"
w,A.{BENJAMrN,;1962 | |

364, J. CHATT, R.S. COFFEY, B.L. SHAW; J, Chem. Soc. 1965, 7391



365

366.
367.
368.

369.

370

HoS. GUTOWSKY, C.H. HOLM; J. Chem. Phys. 1956, 25, 1228
D.F, STEELE; Ph,D. Thesis, University of Edinburgh 1973
C.G. PIERPONT, R. EISENBERG; Inorg. Chem. 1972, 11, 1088

C.G. PIERPONT, R. EISENBERGy Inorg., Chem. 1972, 11, 1094

U.A. GREGORY, S.D. IBEKWE, Re.T. KILBOURN, D.R. RUSSELLj

J. Chem. Soc.(A) 1971, 1118

A. GUNN; R.O. GOULDj; Uhpublished Results,



Post Graduate Courses Attended

"Prinéiples oflﬁuclear Magnetic Resoﬁance Speétroscopy”

| by Dr. R.M, LYNDON-BELL.
: "Moleculaf‘ofbital Theory" | by Dr. M.H, PALMER,
'"Electron.Paramagnétic ﬁésonahce>5péctroscopy" by Dr. I.R. LEITH.
'"Maghetic,ﬁesonaﬁFe" by Dr. I.H. SADLER._.- |
ﬁEStA and Photoelectron Spectrdscppy" by Dr. S, CRADDOCK.._-
_ nCrystal Structure Determination" by Dr. R.O. GdULD; |
o o | . Dr. M.M. HARDING

Dr.'b.w.,GREEN

:Alsd Leéds-Sheffield'Orgahometailic Conference April 1973,
Univefsity of Strathclyde ;norﬁanic Club Coﬁferenées 1973 and 1974, -

“Various deparfméntél research Seminars and colloquia,

-



