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SUMMARY

A brief review of the oxidative addition reactions of
square planar d8 complexes is presented.

The reaction of some carboxylate complexes of platinum,
Pt(OCOR)2L2 in both alecoholic and aprotic media, with acids,
unsaturated molecules and organo-halo compounds are reported,
New platinum complexes have been isolated and characterised,
Some related reactions of cis - dichloro bis(triphenyl-
phosphine)platinum(II) have been investigated,

The oxidative addition of o - quinones to complexes of
the platinum metels in low oxidation state have been investig-
ated. New complexes containing the metal - 1,2 - dioxylene
system have been isolated and characterised.

The reaction of some acetylacetonato rhodium complexes of
the type Rh(acec)L,, unsaturated molecules and organohalo
compounds have been investigated. New rhodium complexes have
been isolated and characterised including & novel complex
in which the rhodium acetylacetonate system has undergone

a 1,4 - addition reaction with hexafluorobut -2- yne.
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SUMMARY

A brief review of the oxidative addition reactions
of square planar d8 complexes is presented,

The reaction of some carboxylate complexes of
platinum, Pt(OCOR),L, in both elcoholic and aprotic
media, with acids, unsaturated molecules and orgeno=
halo compounds sre reported, New platinum complexes
have been isolated and charzctverised. Some reinted
reactions of cis = dichloro bis(triphenylphosphine)
platinum(II) have been investigated.

The oxidative addition of o = quinones to complex=-
es of the platinﬁm metals in low oxidation state have
been investigated. New complexes containing the metal=-
1,2 - dioxylene system have been isolated and charatere
1sed, |

The reaction of some acetylacetonato rhodium
complexes of the type Rh(acac)L2 , unsaturated molec=-
ules and organohalo compounds have been investigated,
New rhodium complexes have been isolated and charater-
ised including a novel complex in which the rhodium
~ acetylacetonate system has undergone a 1,4 - addition

reaction with hexafluorobut -2- yne,
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OXIDATIVE - ADDITION REACTIONS OF SQUARE PLANAR

COMPLEXES

Square planar metal complexes are coordinately
unsaturated and readily undergo oxidative addition
reactions with both polar end non polar molecules1
Such reactions may be subdivided into several groups:
1) Those reactions in which the addendum (A - 3) does
not break into two fragments upon reaction with the
metal complex (Fig. 1la).

2) Those reactions in which the A - B bond is broken

upon addition. As shov/n in Fig. 1b there are two modes

of addition possible: c¢is or trans.

3) Those reactions in which oxidative addition as in

2) occurs but is followed by a reductive elimination.
The oxidative addition reactions of some d* comp-

lexes reported in the literature will nov/ be discussed

under these headings.

~N -
S

cis addition trans addition
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N ___)\?/B . \/
c) /M\ + A B %Nc /M-'\B+ A—C

Fig., 1

REACTIONS WITH RETENTION OP A - B BOND

The molecular oxygen complexes IrX(CO)(PPh3)202
(x=C1,I) , [M(thPCHzcﬁzPth) 202]+[PF6]'(M=Ir,Rh)
have been the subject of X-ray structural determina=
tions; relevant molecular dimensions are summarised in .

Table 1.

TABLE 1.

Structural data concerning moleculer complexes of

Iridium and Rhodium.

Complex M=0 distance(l) 0-0 distance(z)
IrC1(CO) (PPh3) 50, 2,07 1.30
IrI(CO)(PPh3) 50, 2,06 . 1.51

[t (Ph PoH CHLPPR,) 10, * 1,976 1,625
[Rn(PhoPCH,CH,PPR,) H0o] * 2,025 1,418

0, - 1,21



The reaction of 0, witi’-x};_z'ggg IrX(CO) (PPhz), i8
reversible but the iodide complex retains O, more
strongly than the chloridez, and the reaction of
[Rn(Ph,PCH,CH,PP,) , |"[PFg |7 with Oy 18 reversible 5
whereas the reaection of the iridium asnalogue is not ,
Several factors emerge from this data.

1. There is extensiie back donation from the central
metal atom into antibonding orbitals of the 02 molecule
leading in some cases to O - O bond lengths greater
than & singleoc O - O bond.

2, The sirength of the metal - 0O, bond is dependent
upon the electron density at the metal and this is
dependent upon the ligands in the complex, The more
electron density at the centrel metal stom the stronger:
the metal - O, interaction, Hence the iodo complex
IrI(CO)(PPh3)202 is more stable with respect to loss

of 02 , than 1ts chloro analogue because iodide is

8 "soft" ligand which transfers charge, onto the metsal,
whereas chloride does not. This is further exemplified
by the recent synthesis of the complexes IrXCO(PPhMez)é
0,(X=C1, Br) where the bromo compleg is found to be
more stable than its chloro analogue,

3. The nature of the central metael atom must obviously

have a considerable effect as is seen from the differing

stabilities of the nearly isostructural complexes

[#(Ph,POH, CHPPH,) 20, |*[PRG ™ (=Ir, Rh). As both the
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the iridium and rhodium stoms are in identical environ-

ments this differing stability must be due to variation
of d orbital energy, the lower energy iridium atom 4
orbitals having a greater interaction with the antibond-
ing orbitals of the oXygen molecule,

trens IrX(CO)(PPhs), forms 1:1 adducts with a number
of olefins1. These complexes dissociate reversibly their
stability being enhanced by electronegative substituents
on the olef1n1. Baddleyu has prepared a series of cyano
substituted ethylene adducts and put forward a bonding
model which rationalises their observed relative stab-
ilities, As cysno groups are introduced into ethylene
both the?rand'njbrbitals of the olefin are stabilised.
An estimation of the iridium 4 orbital energy shows the
overlap between the TTorbital of the olefin and the
iridium 4 orbitals decreases as cyano groups are intro-
duced, whereas the reverse occurs for the'ﬂ*orbital.
The stability of the complexes is seen to increase as the
olefin is changed from ethylene, to acrylonitrile, to
fumaronitrile, to tetracyanoethylene. Thus the formation
of strong metal—» olefinyrinteraction even when accom=-
panied by loss in olefin—smetalointeraction is seen to
have a strong stabilising effect, The crystal structure‘
of IrBr(CO)(PPh3)2{92(CN)h]has been determined by X ray
diffractionB. The C—~C bdbond length of tetracyano-

ethylene in the complex is longer thah that in free
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tetracyanoethylene indicating back bonding from the

metal to the olefin, Like the O2 complexes the stab-
ility of such complexes is enhanced by "soft" ligandsu.
Unlike the 02 complexes the phosphines in
IrBrCO(PPh3)2[§2(CN)4) are g;§5. This has also been
observed for the complex Irc1(Co) (PPhMes) Z[CZ(CN) lg

- from 1H n.m.r, studies , There has in both these cases
been a change from trans phosphines in the starting
material to cis phosphines in the product. Similarly
trans - RhCl(CO)g(PPh3) reacts with tetracyanoethylene

to give RhCl(CO)z(PPhB) LCZ(CN)Q] in which the carbonyl
groups are thought to be cis . However cis - RhCl(CO)g(L)
(L = pyridine or p - toluidine) forms adducts with tetra=-
cyanoethylene and fumaronitrile in which a trans
dicarbonyl.configuration is adopted7. These results
indicate the delicate balance of factors.which govern

8 complexes,

the direction of addition to square planar 4
Recently oxidative addition of the >C = O bond
to d8 complexes hgs been reported for the addenda

hexafluoroacetone and trifluorcacetylnitrile ,

, 0 C(CF3),
\\Iﬁ:: (CF3)2C-0 Q\\l // or l /,

01/| \c(c}?})2 Cl/‘ o

(a) (v)
L = PPhs, PPhyle.
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At uO C the above addition is stereospecific, only

one complex is obtained and the phosphines are deter- .
mined a8 being trans from 1H n.m.r., spectral studies.
The structures shown are consistent with i,r. studies
but the positions of carbonyl and chloride ligands
relative to the C - 0 addendum was not established,
At 25’0 the reaction is not stereospecific, giving

a mixture, presumably of a) and b). The reaction of

trifluorocacetylnitrile is similar:

L FFs L CF
L, fo d’ } 3 cil & ?
CF -————9 CN or r{CN
cf’ L * : 3 gg o0& b0
L
(a) (b)

L = PPh3 and PthMe -

- The reaction at room temperature is stereospecific
either a) or b) being formed; the trans - phosphine
arrangement being confirmed by 1H and 19F n.mr.
studies, It 1s interesting to note that the rhodium
complex trans - RhCl(CO)(PPh2Me)2 reacts with tri-
fluoroacetylnitrile to give an adduct containing '
cis phosphine.

Acetylenes with electronegative substituents

combine reversibly with Ir(I) end Rh(I) ‘complexes
1
to form 1:1 adducts .



R
C
Ph3P Co Ph3P !§§CR
\ / _ 5 \!7/
/M\ + RCSCR — M
Cl PPh3 Cﬂ7,l:bPPh3
M = II‘, Rho

R = COoMe, COpEt, COpH, CFs.

The carbon = carbon bond order of the complexed
acetylene may, from the position of v(C=C), in some

1
case8 be considered to approach that of an olefin .
10,11

Two recent reports cite the oxidative .

addition of two moles of an acetylene to Ir(I) and

Rh(I) to give a metalocyclopentadiene complex,

L
R R
Lo %% [ | p=¢
\M/ 023 o Gi—u [ -
RCECR u\c-—q |
Cl// \\L , B R
| L
M = Ir, L = PPhy, R = COMe, COLEt
M = Rh, L = AsPhz, R = COpMe
L
PG GF
L Cl 3% g3
N 7/ ) l e
Rh F.CCZCCF C1—Rh
/ N\ —IE T .
L L o=
L F0 CF3

L = SbPh3
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The complex RhCl(08F12)(SbPh3)2 has been the subject
1

of a single crystal X-ray study 2, and the metalo-
cyclopentadiene structure predicted from i.r. and
n.m.r. studies was confirmed. Such complexes are
coordinately unsaturated and have been shown to
catalyse the cyclotrimerisation of disubstituted

acetylenes,

Reactions with fission of A - B bond

Only‘the most reactive d8 complexes form stable
adducts with hydrogen1. The complex trans -
IrCl(CO)(PPh3)2 reacts readily with hydrogen whereas
the isostructural rhodium complex does not form a
stable dihydride 13. The rhodium complex RhCl(PPhsz)s3
however reacts readily with hydrogen st atmospheric
pressure and is a well known hydrogenation cata1y8t1u.
The analogous iridium complex forms an even more
~stable dihydride which is not a hydrogensting agent.
This lack of catalytic activity is ascribed to 1) the
greater strength of the Ir - H bond and 2) the lack of
dissociastion of IrCl(PPh3)3 in solution., The rate of
hydrogen addition is increased if iodide replaces
chloride in trans - IrX(CO)(PPh3)2 13 and brozide
replaces chloride in trans - IrX(CO)(PPhMey), .

Thus it 1s seen, as in the formation of 0, adducts,



softoc donor ligands favour the addition of hydrogen,
whereasacids reduce the tendency for metal complexes
to undergo addition. The course of hydrogen addition
has been found to be cis in all cases where the stereo=-
chemistry has been examined16.

In the oxidative addition reaction the metal 1is
acting as a base; oxidative addition being envisaged
és the conceptual removal of electrons from the basic

metal centre. Thus once a proton is coordinated to a
metal it is considered a hydride and this hydridic
character is exemplified by the protonated complex
reacting with a further proton to yield Ho, gas and
the metal with an increase of two charge units, Two
examples 17,18 are given below,
trans - RhC1(CO),(PPh3)+HC1—> [RnHC1,(C0),(PPhs)]

not detected

—> RhC13(CO) »(PPhz) +Hp
RhH(PhoPCHoCH2PPh, ) oHHC1 =) Rh(PhoPCHoCHoPPh2) oC1+H2

Square planar d8ﬂcomp1exes usually react with
both the proton and its‘conjugate'union to give stable
" 81x coordinate d6 species, Thus the weak acids
RSH,(R=H,E-C6ﬁuCH3,C6H3(SH)CH3)1and HCN add to the
complex trens - IrCl(CO)(PPh3)2 . The stereo-

chemistry of these adducts was established by i.r.

and u n,m,r. spectroscopy. The rhodium complex
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RhCl(PPh3)3 undergoes similar cis addition but this

is accompanied by loss of a phosphine ligand, The
resultant vacant coordinetion site is filled by

HCN or solvent. The addition of HCl and ﬁBr to the
complex trans = IrC1(CO)(PPhyMe), has been investigatedzo.
The configuration of the édduct was established by

1H n.m.r., and i.r. spectroscopy but in neither‘case

could the mode of addition be ascertained.

H
L co L , c1
\\If// \\If// cis or trans addition
cf// \\\L 00971 \QL
Cc1
H H
co

L = PMePh,

In the reaction with HBr a mixture of isomers in
equilibrium is obtained. Several mechanisms may be
postulated to explain this; 1) initial cis or trans
addition followed by isomerisation 2) two separate

pathways in which specifically cis addition or trans
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addition takes plece 3) a combination of 1) and 2),
The partial protonation by carboxylic acids of

complexes of the type ggggg IrX(CO)L2 has been inves-
tigated21 and although no n.m.r. or i.r, evidence for
the formation of a metal hydride species was found a
good correlation between the pK, of the acid asnd the
extent of conversion of Ir(I) to Ir(III) (detecied
spectrophotometrically) was obtained. The basicity of
the complex trans = IrX(CO)(PMeZPh)z (X=C1,Br,I)
increased as the electronegativity of the halide ligand
decreased, This is in accord with the previously dis-
cussed stabillities of iridium hydride complexes and
02 adducts, The extent of conversion of the complex
trans - IrC1(CO)L, decresses in the order
PMe3 > PMezPh> PMePh, > PPhB. This is the order of
decreasing ligand basicity and also the probable order
of increasing steric hindrence. The tertiary arsine
complexes are converted to a greater extent than the
corresponding tertiary phosphine complexes and this
order is opposite to that expected from the basicity
of the ligands towards protons..Tﬁe reason for this is
not clear but it ié not an isolatdd example;
IrCl(CO)(AsPh3)é02 ;g more stable than the correspond=

ing PPh3 complex and the hydrogen adduct of

3 [ ]
The addition of anhydroué halbgenoacids to complexes

RhCl(AaPh3)3 is more steble than that of RhCl(PPhB)



of the type trans = IrCl(CO)L2 (L = tertiary phosphine)
23

in polar and non polar solvents has been investigated .
In benzene and chloroform cis addition teskes place but
in the presence of methanol, acetonitrile, water or
dimethylformamide mixtures of cis and trans isomers

are ebteined, Whether the isomers resulted from a rapid
exchange of halide ions before addition, exchange in the
product or a bonefide trans additiom was not determined.

With the exception of Ni(I.I) and PA(II) complexes

all d8

complexes of the Group VIII metals form stable
“adducts with halogens1 ﬁggg§ - IrCl(CO%(PthMe)a under-
goes oxidative addition with halogens ° and in the case
of bromine and iodine this addition has been shown to

be trans and not solvent dependent,

X
Ir X2 Sy Ir/
OC/ \PthMe OCfl §PPh?_Me
X

X = Cl, BI‘, Io

The reaction of the complex Rh(CSH5)§EO)(PPhM32) with
halogens is particularly interesting . At low temper-
atures ionic derivatives [Rh(05H5)(X) (CO)(PPhMez)]"'X"

. are formed and the bromide may be isolated as a solid,
The tetraphenyl boron salts of both the chloro and
bromo cations are stab;e. On warming to room temperature

both the bromide and chloride ionic derivatives lose
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carbon monoxide to give high yields of the non-ionic

dihalides Rh(CSHS)Xz(CO)(PPhMez). Iodine reacts to
give the non-ionic dihalide but the ionic derivative

is not observed.

e®e +
Rh + Br,=—y Rh Brm —> +
2
/'\ /’\ -
Me,PhP co e PhP Br Me ,PhP Br

L Cco Br

The addition of alkyl halides to square planar d8

complexes is well known 1 and for trsns = IrC1(CO) (PPh Me),
and Egggg - IrBr(CO)(PPhyMe) with methyl bromide snd
methyl chloride respectively the addition has been

shown to be specifically trens 20. The reaction of

trans - IrC1(CO)(PMe,Ph), with a series gf substit-

uted methyl chlorides has been described and while it

is possible to determine the configuratioﬁ of the

product it is not possible to elucidate the stereo-
chemistry of the addition. Methyl iodide and methyl

bromide however add specifically trans to trans -

IrCl(CO)(PMezPh)z. In the presence of methanol a »
i ' \ .

mixture of cis and trans isomers is obtaéned plus a |

diiodo species in the methyl lodide cese. J”} N

The reaction of methyl iodide with trans -

IrCl(CO)(PPh3)2 has been the subject of a kinetic

25a
study and this was taken to indicate a bimolecular



displacement at carbon wzgﬁ Ir(I) acting as a nucleo~-
phile. However a later communication 250 reported that
in the presence of 131 I” ions no incorporstion of
radioactive iodine into the Ir(III) compound occured.
It is apparent that a classical Sy2 reaction at carbon
by Ir(I) followed by attack of iodide ion to give an
Ir(III) complex is not consistent with this data., A
recent report 29 cites retention of configurastion at
carbon during the oxidative addition of the optically
active ester CH3CHBrCO,C,oHg to the complex trans -
1r01(co)(PMeph2)2. The stereochemistry of the addition
was not elucidated but the authors postulated, from
orbital symmetry considerations, mechanisms by which

cis or trans additiom could take place with retention

of configurstion:

Y
d

™ Cis addition.

X\\\IV o
Zh® N )

=
[
H

-
W

——. Ir Trens addition..



It is noteworthy that for trans addition to take place

as indicated above a rehybridisation of the dxz snd dxy
orbitals is necessary. Oxidative addition of trans - 1 =
bromo - 2 - fluoro - cyclohexane to the complex trang =
IrCl(CO)(PMe3)2 has been reported 26 to be accompanied .
by inversion of configuration at cerbon., It has been '
noted 29 that nucleophilic attack at carbon by Ir(I)

via the d22 orbital is consistent with orbital

symmetry requirements and would lead to inversion of
configuration at carbon. Thus it is apparent. that the
factors controlling the mechanism of simple oxidative
addition reactions are subtle and at present not well
defined.

The reaction of methyl bromide with Rh(CSHS)(CO)(PPhMez)
yields an acyl complex and while detailed kxinetic data have
not yet been published the formation of an ionic inter-
mediate followed by halide ion assisted methyl group

2L
migration is 8 likely mechaniem .

Rh + CHz:Br-= Rh Br~ Rh
7/ N\ 3 ] = oo ] N
Me,PhP . . CO - [Me,PhP CH Me,PhP Br
2 . B e 3 2
u co ¢co

- | CH3
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The oxidative addition of methyl iodide to trens -
27

RhC1(CO) (FR has been studied kineticsally . The

3)2
reaction gives an 8lkyl and an acyl complex identified
by their i.r, spectra by:compariaon with the spectra
of the known compounds RhClz(Me)(CO)(PR3)2 and
RhClz(COMe)(PR3)2 1h. The complexes could not be sep=-
araeted and the complexity of the 1H n.m.r. spectra
indicated that various isomers of both the alkyl and
acyl complexes were formed. The data shows that fhe
acyl complex is obtained only-by 1somérisation of an
intermediate in which the methyl group is bonded to
rhodium and is consistent with the formation of the
intermediate via three - centre intermediates such as
(I) or (II). The presence of an induction period,
longest when the phosphine ligand is P(p-FCgHu)3 ’
which disappears on the gddition of acyl complex, is

- rationalised in terms of the participation of the five

coordinate acyl complex in the formation of the inter-

mediate methyl complex as shown in (III).

S+ S- S+ §-
[i/ 'Me—-I \ ;MJG\I \ {\/’IMG— I->Rh

Ngn? Rh ®
7~ Z\ VRGN

(1) (1) (111)
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The length of the induction period reflects the increa-

sing acid character of the metal from the P(nge005Hu)3'
to the P(EchsHu)3 complex in the reactant i.e. the
more acid (electrophilic) that the central ﬁetal atom
becomes the less likely it is to react with 56%3_8?—

at theg+ centre. The reverse reaction i.,e, the forma-
tion bf the d8 complex from the alkyl intermediate is
increasingly important in changing the phosphine ligand
from P(p-MeOCgH) )3 to P(ngCSHu)3. The reactivity of

the complexes is best reflected by the trend in the
equilibrium constant K forward/x peverse 8nd is in the
order P(p-}eOCgH)) 3% PPh3> P(p-FCgH),)3. The increase

in acid character of the metal may in the extreme case
(P(27F05Hu)37complex) result in coordinstion of methyl
iodide to rhodium through the iodine thereby blocking

a potential reaction site. The equilibrium constants

for alkyl formation decrease with increassing temperature,
Poth Ky and Kp increase but the létter much more so;

as expected from the activetion enthalpies. Hence

on increasing the temperature the equilibrium is shifted
away from the product and oxidative addition is

favoured at lower temperatures., The alkyl to acyl
isomerisetion reaction is slower than the initiel
oxidative addition reaction and the rate of isomer-

isation increases with the electron withdrawing

power of the phosphine ligend. This trend is



consistent with the weakening of the Me = Rh bond as

the electron withdrawing power of the ligand is increased
and also with the increased tendency of methylliodidé
to coordinate to rhodium via iodine., Hence the data is
consistent with a solvent (methyl iodide) assisted
migration of the methyl group to form an acyl group.

The similar reaction of methyl iodide with trans -
RhC1(CO),(PPh3) has been studiéd kinetically 28. As
with the reaction of trans - RhCl(CO)(PR3)2 a two step
mechanism was proposed but in this case the intermediate

was not identified but postulated to be the methyl

complex RhC1I(Me) (00)2(PPh3). The second step, forma=-
tion of the acyl complex was found to be slower than
the intermediate formation, &s with trans - RhCl(CO)(PR3)2
and to consist of two parallel routes; solvent and
methyl ilodide assisted; again similar to the reaction
of trans - RhC1(CO)(PR3z),.

The addition of acyl halidés to square planar d8
complexee has been reported 1 and where investigated
the stereochemical course of the addition has been

6,20
shown to be trans .

+ CH3COBr -—_— Ir

N
AN
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HBQép
1 Br ' L | Br
J N~
Ir + CHLC0C1 ——> Ir
OC'/,‘\\L ocffl‘\bn
c1

L = PVe,Ph, PMePhp.

The reaction of Rh(C5H5)(CO)(PPhMe2) with acetyl
bromide and trifluoracetyl chloride has been invest- |
igated 2 and as in the reactions of halogens with the
complex, unstable ionic products are obtained at low
temperatures . The decompositior products at room
temperature were not reported.
Rh(Csﬁs)(CO)(PPhMez)+CFBCOCI-—>[Rh(CSH5)(COCFB)(CO)(PPhMez)]*
c1~
The additiom of allyl halides to the complexes trange
IrC1(CO)L, (L;gMezPh » AsMeoPh) has been thoroughly
investigated . In benzene cis addition takes place,
On melting or recrystalisation from ethanol the irans
isomer is formad, end the reaction of the initial

a8 complexes in methanol yields the trans isomer.,It

seems likely that the cis - trans isomerisation proceeds

via 8 7T = allyl intermediate which may be isolated

as a tetraphenylboron salt, From the stereochemistry

of the T allyl complex it is apparent that the halide
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ligand trans to the strong trans - bond weakening

ligand, € - allyl or PPh; , is solvolysed off in the
formation of the 7T - ailyl complex. This series of
reactions is summarised below and highlights that
overall trans addition can take place via initial cis
addition and subsequent isomerisation involving
solvolysis of a halide ligand. This indicsates that
such possibilities should be investigated before trans
addition is postulated from the final stereochemistry

of an adduct.

o allyl
Ph.P, Cl Ph3 Cl
’ \\ // 1ylX | R\\I //
Ir, —al1yiX r
C/H
OC// \\PPh3 676 OCV/ \VX
: PPh;

allylX | MeOH
" MeOH |NaBPh),

recrystalise _ J
v from v
EtOH
-
77 allyl
Ph R, Cl Ph3R\\

NaBPh),/MeOH
v/'n\w - 1/ 5 é’
oC PPhB‘ NeI,CH-C1,MeOH oC

X = Cl,BI‘. :
allyl = allyl, 2-methsllyl.



Addition - elimination reasctions

The tendency for a8 complexes to form oxidised

6

adducts of 4~ configuration increases upon descending

a trisd or passing from left to right within Group

1
VIII . Hence the examples quoted so far have been

mainly concerned with rhodium end iridium, Oxidative

II

addition to Pt complexes have been reported but the

PtIv complexes produced are usually unstable and essily

31,32 '
lose the addenda . Examples of this are cited below:
{

Pt(H)(Cl)(PEt3)2+H01 Et20 Pt(H)2(01)2(PEt3)2
heat

Pt(T) (CHz) (PEt3) 5+CH5T CH31,100°C. Pt(I),(CHz) ,(PEt3),

boiling benzene

Oxidative addition to Pt(II) complex is in some cases
thought to take place initislly, but this is then

followed by a reductive elimination to give a Pt(II)
31,32 '
complex . Examples of this are given below:

ets - Pt (Me),(PEt3), 2oL Pt(H)(C1) (Me),(PELS),

—> cig - Pt(Me)(Cl)(PEt3)2+CHu

eis - Pt(Me)(PEt3)y 2. Pt(I),(Me),(PEts),

—> trans - Pt(I)(Me(PEt3)2+MeI



-D0m
H, '
cis - Pt(C1)(Cglsg) (PEL3)2 - Pt(H)2(C1) (CgH,) (PEL3) ,

—> trans - Pt(H)(Cl)(PEt3)2+C5H5

HC1l
trans - Pt(CsHs)z(PEt3)2 —_— Pt(H)(Cl)(05H5)2(PEt3)2
—> trang = Pt(Cl)(Csﬁs)(PEt3)2{CGH6
However some reiatively stable Pt(IV) complexes may be
produced by oxidative additionm reactions:

trans - PtX(Me) (PMepPh),+X, —> PtXB(Me)(PMezPh) 2

(x = €1, Br)

trans - PtX(Me)(PMe,Ph) +MeX —> PtX,(Me),(PMe,Ph),

(X = Cc1, Br, I,)

cis - Pt(Me)z(PMezPh)2+MeX—> Ptx(Me)s(PMezph)z'

(X = €1, Br, I.)

However studies on such Pt(IV) methyl complexes show
that pyrolyesis occurs at fairly low temperatures abouﬂ
200°C. and in most cases a gaseous and solid Pt(II)
complex could be identified from such decompositions,

The mechanisms of these pyrolyses were not investigated.
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Perhaps some of the mj;t interesting examples of
oxidative addition are those which occur intra molecu-
larly.An example of this is supplied by the thermolysis
of IrCl(PPh3)315. A phenyl ring of one of the phosphine
ligands undergos ortho substitution to give & 8ix co=-

ordinate Ir(III) complex as shown,

H Cl
| \./
IrCl(PPh3) 3 — PhyP, Ir(PPh3)2

15
Bennett and Milner have shown that ortho substitution

is promoted by electron donating substituents on the
aromatic ring. For the para substituted phosphine
complexes IrCl(P(XC6Hu)3)3 thisrate of reaction decreases
in the series CH3>-OCH3>-H§>F. The acceleration of the
reaction may be due to either or both of two effects:
1) an enhancement of electron density in the ring should
‘promote electrophilic substitution; 2) enhanced electron
density on the metal atom should promote oxidative
addition to the metal. The more common type of ortho
substitution is exemplified by the thermolysis of
Rh(CH3)(PPh3)336. The ortho substitution is envisaged
as giving initially a Rh(III) complex which then under-
goes reductive elimination to form a Rh(I) complex
plus‘methane. Consistent with this postulation is the

37
pyrolysis of Rh(CH3)[ﬂ05D5)3é]3 which gives CHsD .,



H
(C6D5)3P\ CHs D CHz

\ 4
RN ——3  (CEDg) P RhEP(C5D5)3]2
(C6D5)3P/ \P(C6D5)3 d

H
C3D

+

(C6D5)2P"—"Rh E(CGDS) 3] 2



CHAPTER 1
*—?_



"Behold, the fear of the Lord that is wisdom;

and to depart from evil is understanding."

Job Ch,28 v.28
Holy Bible

Authorised Version
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INTRODUCTION '

The reaction of mercuric scetate with small organ-
38 39
ic molecules e,g. caerbon monoxide and alkenes ,
in elcoholic media is well known:

Hg(OAc), +C0 — 3% 5 pa(0Ac) (CO- 0CH ) +CH3COOH
Hg(OAe), +CoH), —SH20 s Hg(0AC) (CHCH,0CHS) +CH3CO0H

These reasctions with olefins héve recently been extend=
ed to 1include aprotic solventsho. The oxymercuraetion-
>deoxymercuration sequence is now & standard tool of
the orgaenic chemist for Markovnikov addition of ROH
to double bondsu1. However the details of oxymetall=-
ation reactions especially those involving metals
other than mercury remain to be investigated.

It was therefore decided to investigate the resc-
tivity of the complexes bis (triflucracetato) ‘pis(tri-'.
phenylphosphine) platinum(II) and diacetato bis(tri-
phenylphosphine) platinum(II) in alcohblic'media with
alkenes, alkynes, carbon monoxide, acids, alkyl and

allyl iodides and sulphur dioxide, ‘
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RESULTS AND DISCUSSION

Prepesration of Carboxylate Comnlexes

Bis(trifluoracetato)bis(triphenylphosphine)platinum
(I1), Pt(OAcy)2(PPhs),; bis(trifluoracetato)bis(dimethyl-
phenylphosphine)platinum(II), Pt(OAcF)z(PMeQPh)z, and
diacetato bis(triphenylphosphine)platinum(II),

Pt (0Ac) ,(PPhy),
of the appropriaste silver salt with the appropriate

cis - dichloro bis(phosphine)platinum(II) complex in
dichloromethane. The triphenylphosphine complexes

may also be prepared by the action of the parent acid

on & benzene solution of tetrakis(triphenylphosphine)
platinum(0). This method of preparation is,however,

not very convenient as it involves 1solation of the
Earboxylate complexes from ¢ils. These latter complex=

a es have also been prepared independently by the action

of the parent carboxylic acid on carbonato bis(tri-
phenylphosphine)platinum(II)uZ. The action of silver
salts of carboxylic acids on the complexes gig-Pt012(PR3)2
does not always give the desired complex. Thus silver
acetate does not react with cis - PtCl,(PMepPh), and

the complex diacetato bis(dimethylphenylphosphine)
platinum(II) has not been prepared. Anslytical, melt=
ing point and molecular weight data for the carboxy-

late complexes sre given in Table 1.1,

were most easily prepared By the reacticon
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Structure of Carboxylate Complexes

Molecular weight dqterminations in chloroform
indicete that complexes are monomeric in solution.
I.r. spectral desta for these end related complexes is
shown in Table 1.2. Curtieus has correlated the carboxyl
stretching frequencies in acetate complexes with the
type of acetate coordination. He suggests that for
unidentate coordination of the acetate ion to a bi-
valent metal ion values close to those for ionic
acetate (for sodium acetate Vr 4(0CO) is at 15780m.-1
and \)‘sym(oco) is at 1b,1LLcm.-1) but shifted slightly
towards the covalent ester values (V (C=0) is about
17uOcm.-1 and V (C= 0) is about 12&Ocm.-1) would be
expected. For symmetric bidentate coordination the
separation betweenV . (0CO) andVSym (0CO0) will be
reduced compared with ionic values and .for asymmetric
bidentate coordination a situation midway between that
of unidentate and symmetric bidentate coordination is
proposed,

Ly
Nakamoto et al. have shown that the effect of

changing the metal on V _ _(0C0) and Vsym (oCo) is

ask
different for each structural type and that for a
series of X~-amino acid complexes bonded through one
oxygenV ,,(0CO) increased and \)‘sym(oco) decreased as
the metal - oxygen bond becomes stronger. It was also

shown that bothV (0CO) and V  (0CO) shifted in the
as sym

' game direction for symmetric coordination of the
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carboxylate group. Complexes of the type Pd(OCOR)2L2

(R=CHz,C,H5,CF5 L=PPhs) and [Pd(0COCH3),L],  (L=PPhj,
AsPhB) have been prepared by Wilkinson et al., and

on the basis of reference 11 i.r. spectral datas was
intervreted to indicate unidentate carboxylate co-
ordinaetion in the monomeric complexes and both bi-
dentate and unidentate coordination in the dimeric
complexes, The structural assignements made by

45,46
VVilkinson are in accord with the correlastions

laid down by Curtisuj. Comparison of V,,(0C0) and
véym(ooo) for sodium acetate and sodium trifluorace-
tate with V, (0CO) and \rsym(oco) of the platinum
cerboxylate complexes Pt(OAc) PPhs)p, PtAcPPha),
Pt(OAcF)2(PMe2Ph)2indicates unidentate carboxylate
coordination in each case (See Table 1.2.). It should
be noted that Edwards and Hayward have indicated‘
that care should be exercised in the use of V, (0CO)~-
ngm(OCO) separation as a means of assessing the mode
of coordination of acetate groups to metals,

Bz n.m,r, and 19F n.,m.r, spectral data for the
platinum carboxylate complexes are shown in Table 1.3,
The stereochemistry of Pt(OAcF)z(PMezPh)2 was deter-
mined via the 1H n.m.r, spectrum, This showed three
doublets, intensity 1:4:1, centred on 8.43(T),

J =36c.p. 8. and J =12 Cc.p.8., wnich is typical
(pt=gj” P (o= PeBey ) P

of a cis configuration , The 19? N,Me . specfrum of
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: 532-
Pt (0Acy) ,(PMe,Ph), showed a singlet et +11.80p.p.m.

relative to benzotriflu§ride. The 19F n.,m.r., spectrum
of Pt(OAcF)z(PPh3)2 shows a singlet at +9.77p.p.m.
relative to benzotrifluoride,

L9 ’
King has discussed the position of CF3 resonance

for the complexes Fe(OAcF)(C5H5)(CO)(PR3), R=CHg,
OC6H5; Pe(OAcF)(05H5)[?(OMe)3]2 and
Fe(OAcF)(CSHB)@hZPCHZCHQPPhZ) in terms of the Wacceptér:

strength of the phosphine ligands. Since triphenyl=- .
phosphine is probably a better 7T acceptor than dimethyl-
- phenylphosphine, a CF3 group trans to triphenylphos-

phine would be less shielded then one trans to dimethyl=-

phenylphosphine. Hence in the complexes gig-Pt(OAcF)z(PRzﬁUZ
(R=R1=Ph;R=ﬂe,R1=Ph) CF3 resonance for the dimethyl-
phenylphosphine complex will appear at a higher field

than CF3 resonance for the triphenylphosphine complex A
whereas in trans complexes of this type CF3 resonances

will appear at similer fields., Thus the complex
Pt(OAcF)Z(PPh3)2 is assigned a cis configuration, By
analogy the complex Pt(OAc)Q(PPh3)2 is also assigned

a cis configuration.

Reactions of Carboxylate Complexes in Alcohols

Preliminary experiments with carbon monoxide showed
the compiex_Pt(OAcF)z(PMeQPh)z to be less reactive than
its triphenylphosphine analogue. Thus the chemistry

of this complex was not investigated in great detail.
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Reactions of Carboxylate Complexes with Carbon Monoxide

Roth Pt(OAc)z(PPh3)2 and Pt(OAcF)z(PPh3)2 react
with carbon monoxide in alcoholic media in a meanner
analogous to that of mercuric acetate38. The carboxy-
late alkoxycarbonyl complexes crystallise from the
reaction mixture. ‘

Pt (OCOR) ,(PPhg), + CO —E—‘!-Q-}—{—)Pt(COOR")(OCOR)(PPhB)Z

For R=CHz, R'=CH,; for R=CF3,R'=CHj, CoHs

33
Side reactions occur however and the yield of these
complexes is only in the renge 30-50%. NQ other pure
complexes could be isolated from the reaction solution.
The carboxylate slkoxycarbonyl complexes ére white |
crystalline solids, soluble in chloroform, dichloro-
methane and acetone; and insoluble in alcohols, ether
and petroleum. They may be converted to the knownSo
chloroalkoxycarbonyl complexes by treatment with
lithium chloride in a dichloromethane - methanol

(4:1) mixture. Analytical, melting point and molecular
weight data for these complexes are given in Table

1.4. I.r. and 1H n.m.r spectral data sre given in
Tebles 1.5. and 1.6, respectively.

The complex PtC1(COONe) (PPhz), may also be prepared

by the reaction of methyl chxroformate\Md\Pt(PPh3)u

in benzene: '

Pt (PPh3)), +CH30C0CL E.QH_5_.§PtCl(COOMe) (PPh;), +2PPh;

or by the reaction of-carbon monoxide at high tempera-



~38~
ture and pressure with &8 methanolic suspension of

cis = PtCly(PPh3)o.

The bands essigned to Vg5(0C0) and V gyp(0CO) in .
the carboxylate alkoxycarbonyl complexes are absent
from the i.r. spectra of the chloroalkoxycarbonyl
complexes and also from that of cis = PtClQ(PPh3)2.
V(C=0) and V(C=0) are assigned by comparison with

38
the i.r. spectra of Hg(COOMe)(OAc) and HgCl(COOMe)

T ana 16u5cm."1

which show V (C =0) at 1670cm.”
respectively and V (C - 0) in the region characterist-
ic of the C-0 stretching frequency of formate esters
ebout 1190cm.~!, The i.r. spectral data is consistent
with unidentate carboxylate coordinetion and the .
presence of an alkoxycarbonyl group bonded viea the
. carbon atom of the carbonyl to platinum. Clark5o has
obtained.the complexes PtCl(COOR)(PPh3)2 via the
reaction of’alcohols with the cationic carbonyl
trans - [?tCl(CO)(PPhE)é]+[BF;]’ . The structure of
this complex has been established by an X - ray crystal
structure determination51. Thus the chloroslkoxycarbonyl
complexes were assigned a trans configuration.

The1H n.m.r., spectral data are consistent with the
presence of alkoxycertonyl groups. The complexes sare
only sparingly soluble and the nmultiplet resulting

from CH, resonances split by both CHB-protons and

195 Pt in the ethoxycarbonyl complex could not be



Scheme 1.

Pt(OAcF)z(PPh3)2 Lo, Eﬁt(OAcF)(co)(PPhj)z]*' +"0A_cF

lRO'

Pt (OAcp) (COOR) (PPhz) o

Scheme 2,

Pt (OAcy) o(PPh3), <=2, Pt(0acy)(CO) (PPhs),

lRO“

Pt (OAcg) (COOR) (PPh3) ,+ Ohcy |

Scheme e .
RO~ «
Pt(OAcF)z(PPh3)2 —— Pt(OAcy) (OR) (PPh3),

Joo

Pt (OAcy) (COOR) (PPh3) 5

Possible mechanisms for the reaction of carbon monoxide

with Pt(OAcF)Z(PPh3)2 in alcqholic medisa,

Fis.1.1.
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19F n.m.r. spectra of the complexes

resolved. The
Pt(COOR)(OAcF)(PPhB)'Z, (R=Me,Et ) show resonance at
+12.,00p,p.m. relative to benzotrifluoride. No plat-
inum-fluorine coupling was observed. The position of'
CF3 resonance indicates a trans configuration because
1) trifluoracetate groups trans to triphenylphosphine
in cis - Pt(OAcF)z(PPhB) o exhibit QF'3 resonance at
9.77p.p.m.

2) both the methoxycarbonyl and the ethoxycarbonyl
complexes show CF3 resonance at the same field
strength .

The complex Pt(OAc)(COOMe)(PPh3)2 was too insoluble
for 1H n.m.r, studies.

A possible mechanism for the formation of the
carboxylate slkoxycarbonyl complexes is the nucleoph-
illic attaeck of an alkoxide ion on the C=0 bond of
& cationic metal carbonyl (See Fig.1.1. scheme 1.).
An alternative mechanism would be nucleophilic attack
of alkoxide ion on the C;EO bond of a neutrel metal
carbonyl complex with loss of & carboxylate group.
(Pig.1.1. scheme 2.,). The possibility of alkoxide
coordination to the ceniral metal atom followed by
alkoxide migration or carbonyl insertion however
cannot be discounted (Fig.1.1. scheme 3.).

Alcoholic solution of cis - Pt(OAcy),(PMe,Ph),
did not react with carbon monoxide in alcoholic media

even under pressure (100 atmospheres). From the brown
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reaction solutions only starting material,about 90% ,
could be isolated and no traces of slkoxycarbonyl
complexes were detected, |

This lack of reactivity indicates that in the
complex Pt(OAcF)2(PMe2Phk: the trifluoracetate group
is less labile than in the complex Pt(OAcF)z(PPh3)2. |
It is noteworthy here that trans - [PtCl(co)(PEt3)]+[Bm]- .
gives an unstable alkoxycarbonyl complex on treatment
with methanolso, and that all other stable alkoxy-
carbonyl complexes so far discovered contain strong
ecceptor ligands such as carbon monoxide or triphenyl-
phosphine52-59.

50 . _
Clark has noted that the formation of chloro-

alkoxycarbonyl complex from [?tCl(CO)(PPh3)2]+[BFu]-'
is reversible in acid conditions. Alkoxycarbonyls are
known for several other transition metals: Mn52

52,53 54 55 56 57 57,58,59
Re , Fe , 05 y Co , Rh , Ir and the
action of acids has been investigated; Elimination
of an alcohol is usually the first step, leaving a
cationic carbonyl which, in most cases, hes been isolat-
ed., The reactions of the carboxylate alkoxycsrbonyl |
platinum complexes with acids were however disappointing
- in this respect. Reaction with agueous fluoboric acid
yielded no pure isolataeble complexes and the'reactions
with halogeno acids in dichloromethane sclution gave

cis - PtXp(PPhz)s (X=Cl,Br). It would appear that
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both the alkoxycarbonyl group and the carboxylate

group are susceptible to acid attack, This is further
illustrated by the reaction of halogeno acids in
dichloromethane solution with the parent bis(carbox-
ylate) complexes, which also yields the corresponding
dihalo complexes plus the parent carboxylic acid
(detected by their characteristic i.r. spectra).

A series of complexes RuH(OCOR)(PPh3)3 (R=Me,CHoC1,
CFB,Et,grPr,grPr,MeBC,Ph.) haeve been prepared and the
reaction of the acetate and trifluoreacetate with carbon
monoxide in methanol has been investigatedso. In neither
case was an alkoxycarbonyl complex isolsted; the
acetate gave Ru(CO)3(PPh3)2 and the trifluoracetsate
gave Ru(CO),(PPhz)o plus Ru(C,CCFp)(C0),(PPhz),. Tt
was postulated that the latter was formed by the action
of liberated trifluoracetic acid on Ru(CO)3(PPh3)2.
This does not however eliminate alkoxycarbonyl
formation during the reaction as attempts to prepare
ruthenium alkoxycarbonyls by the reaction of alkoxide
ion with cationic cesrbonyls of ruthenium have shown that
they are extremely unstableSB. The complex
RuC1(C00Me) (CO) ,(PPh;),, was stsble only at -70°C and was
detected spectroscopical;y. Furthermore complexes of |
the type [Rux(CO) 3L2]+[A1013X]" where X=I, L=PPhs,
PPhEt,, P(CeH“) 3 react with a methenolic KOH-solution

to produce Ru(CO)3L2.



Reaction of Carboxylate Complexes with diphenyl

acetylené and hexafluorobut —-2- yne

Pt(OAcF)z(PPh3)2 reacts with diphenylsascetylene
to give the vinyl complex Pt(OAcF)[_PhC=C(H)Ph](PPh3) 5
as pale orange crystals. Analytical, melting point
and molecular weight data ‘are given in Table 1.4.
end i.r. spectral data in Teble 1.5. The yields of
the vinyl complex are solvent dependent:
CH30H - 92%, CoHgOH - 77% nC3H,0H - 56%. No other pure
complexes could be isolated. I.r. spectral data are
consistent with the presence of a vinyl group, \V (C=C)
is at 1547cm.~1 and & unidentate carboxylate group;
V,s(0C0) is at 1695cm.”" and Veyn(0C0) is at 1415em.™",
Treatment of Pt(OAcp){PhC=C(H)Ph](PPh3), with lithium
chloride yielded the chloro:complex PtCl[PhC:C(H)Pﬂ](PPhB)Z
as a white crystalline solid. Analytical and melting
point data are given in Table 1.4. end i.r. spectral
data in Teble 1.5, The i.r. spectrum of this complex
showed V (Pt-Cl) at 280cm, ™1 , V(C=C) at 155Ocm.-‘l énd '
blank in the region assigned toV,4(0CO) and V’sym(OCO)
for the cafboxylate vinyl complex. Both the &inyl

1

complexes were too insoluble for 'H and 19p n.m.r.

spectral studies,
Ry analogy with the reacﬁions of olefins with
. , 1

mercuric acetate in alcéhols . @& vinyl complex of the

type Pt[PhC=C(OR)Ph] (CAcy)(PPhs), Would be expected.
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The presence of a Pt[PhC:C(H)Pﬂ] vinyl group was

demonstrated by the action of trifluoracetic acid
on a dichloromethane solution of the carboxylate vinyl
complex at room temperature. This yielded trans -
stilbene and Pt(OAcF)z(PPhB)2 quantitatively. The
source of the vinyl proton is thought to be the -
methylene pwrton of the solvent alcohol. In the prepara-
tion of the vinyl complex in ethanol, acetaldehyde
was detected qualitatively by trapping out as acetal-
dehyde =2:4 - dinitrophenylhydrazone, Similarly in
propanol, propionsldehyde was detected@ quantitatively
as propionaldehyde -2:4 - dinitrophenylhydrazone. (See
Bxperimental Section for details) When the reaction
is repeated in CH30D no deuterium is incorporated into
the product. When CD30D is used as the solvent deuter-
ium is incorporated into the product; as shown by thé |
i.r. spectrum of the product, which exhibits an absorp-
| tion at 2240cm._1_which may be assigned to V (C-D) for
8 vinyl complex and is absent from the i.r. spectrum
of the non deuterated product.

It is khown31 that cis PtCly(PEt,), reacts with
ethanolic XOH solution to give trans - PtHCl(PEt3)2
and thé_source of the hydride is thought to be the
&~ methylene group of ethenol. This has been con-
firmed by tracer studies‘and aldehyde produced during

: 31
the course of the reaction was detected quantitatively ,
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A hydride ion transfer promoted by base has been post=-

ulated as a mechanism fbr this reaction:

B 0
CH_CH,OH “0E + Cl llt —>CH A/M\Plt + C1 o«
- + + —Pt— j—
3 2 l 3\?/']
J
H-—-Plt-— + CH.CHO

l 3
Thus the formation of & metal hydride intermediate
.followed by insertion of diphenyl acetylene into the
metal-hydride, or hydride migration to coordinated
diphenyl acetylene, is a reasonable mechanism for the

formation of the carboxylate vinyl complex:

H O l
- t CH C;J/E/\Pt + OAc:
CHZCH O+ AcFO_P, "';—9 EEANC N F

-

Ph Ph
H—Pt— + PhC=CPh —> c-_:<
Pf/’
N
In the absence of alcoholic solvents, no reaction
between diphenylacetylene and Pt(OAcF)z(PPh3)2 occurs.,
Thus even after vigorous reflux of diphenylacetylene

and the trifluoracetate complex in acetone, chloroform
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or benzene for 24 hours, starting materials are

recovered quantitatively. It is interesting to note
that the reaction of methoxide ion with platinum
complexes containing free acetylene groups does in
fact give complexes containing vinyl ether groups

via nucleophilic asttack of the methoxide ion on the

61
acetylene : Ph | cH,
N | \
//P\\\~ /// 2CH30- PH// \\\
_____? +
\/\ - \/
L N\ L\
OCH3

The reaction of equimolar quantitiés of tri=-
fluoracetic acid and the complex Pt(PhCEECPh)(PPh3)2
in dichloromethane solution at room temperature yields
& yellow carboxylate vinyl complex which analyses as
.Pt[PhC::C(H)PH](OAcF)(PPh3)2 but hes a different i.r.
spectrum to the carboxylate vinyl complex described .

62
above . The chloro analogue has been prepared by

62/
treatment of this complex with lithium chloride .,
The i.r. spectral data is consistent with unidentate
carboxylate coordination, but V(C=C) is obscured

by absorptions due to coordinasted phosphines in both

2C1
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HX + Pt
yd \\\C
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R = Ph, X = OAc
R = Ph, X = OAcp
R =

~47=-

' Pathway 2

Pathway 1 operative
Pathway 2 operative

CF3, X = OAcp Pathways 1 and 2 operative

Possible mechanisms for the reaction of acetylenes
with carboxylate complexes.

Fig.1.2.
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the chloro and the carboxylate vinyl complexes. These

complexes and those vinyl complexes discussed earlier

may be cis - trans isomers sbout pletinum and this is

the most obvious explanation of these observations -

but the possibility of isomers due to the cis or trans

configuration of the vinyl group cannot be discounted.

In contrast to this the complex Pt(OAc)Z(P?h3)2
reacts with diphenyl acetylene in alcohols to give
the known67 complex Pt(PhCEECPh)(PPh3)2 in about 50%
yiélds. No other pure complexes could be isolated. The
presence of acetyldehyde was detected by trapping'out
as acetaldehyde-2:4-trinitrophenylhydrazone when the
reaction solvent was ethaﬂol. Similarly, when the
reaction solvent was n-propanol, propionaldehyde was
deﬁected by trapping out as propionaslédehyde-2:L4-di-
nitrophenylhydrazone.

No reaction occurs between diﬁhenylacetylene and
Pt(OAc)z(PPh3)2 when the reaction solvent is acetone,
chloroform, or benzene, Attempts to prepare the complex
Pt (OAc) [PAC=C(H)Ph] (PPh3), by treating the complex
PtC1[PhC=C(H)Pn] (PPhz), with silver and potassium
acetate failed.

The reaction of the complexes Pt(OAc)z(PPh3)2 and
Pt (OAcy),(PPhz), with diphenylacetylene may be consi-
dered in térms of the reactions of a six coordinate
metal hydride intermediate as shown in Fig.1.2.

Pathway 41 involves the elimination of a carboxylic
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acid and hence the formstion of a metal-acetylene

complex,
Pathway 2 involves hydride migrastion (or acetylene
insertion) to give a vinyl complex.

The reason for the reaction of Pt(OAc)z(PPhB)
with diphenylacetylene following pathway 1 while the
reaction of Pt(OAcF)Z(PPh3)2 follows patﬁway 2 is to
be found in the differing strength of acetic and tri-
fluoracetic acid. The elimination of acetic acid is
much more favoured than the elimination of tri-
fluoraecetic acid. It is noteworthy that 1H n.m,r.
end i.r., spectral studies69 on the complexes

where L=CF

trans - PtHL(PEt C00,CHC1, C00, CHC1 GO0

32 3
have shown that the Pt-H bond strength increases as
the pKa of the carboxylic acid decreases,

Pt (OAc (PPh3)2\reacts with hexafluorobut -2-

F)2
yne in methanol in a Cérius tube at 70°C to give &
mixture of the known63 complex Pt(CFBCECCF3)(PPh3) 5
(30%) end Pt(OAcﬁ,)ECFBC?—C(H)CFBJ(PPh3)2 (30%), a
white crystalline solid cheaeracterised by énalysis and .
melting point (Table 1.4.), i.r. (Tedble 1.5.) and

, 19F n.m,r, spectral data. There is no apparent reaction
between Pt(OAcF)z(PPhB)2 and hexafluorobut -2« yne at

room temperature. The complex Pt(OAcF)[cp30=C(H)CF3'](PPh3)2

may also be obtained by the reaction of equimoler

quantities of trifluoracetic acid and Pt(CFBCEECCF3)(PPh3k2
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in dichloromethane st room temperature . The i.r.

spectrum is consistent with unidentate carboxylate

coordination, V,5(0C0) is at 1695cm.™! and Vgyy(0CO)

T and the presence of a vinyl group,

at 1415cm,”
V(C=C) is at 1615cm.~1, The 19E n.m.r. spectrum
shows a broad multiplet at -5.00p.p.m. and a quartet
at -9,30p.p.m. relative to benzotrifluoride. The
quartet is further split into two smaller quartets

due to coupling with 199pt, T (pt-F) = 130Hz. This
spectrum is coneistent with the group Pt[bF3C=C(H)CF5]

and the value of 11Hz f°r6J(CF3~CF indicates a cis
5

arrangement of CF3 groups. . 3)
The complex Pt(OAcF)ECF3C=c(H)CF3](PPh3)2 may
be converted to the chloro analogue by treatment with
liﬁhium chlcride. This complex is identical to thsat
obtained by the reaction of hydrogen chloride with a
dichloromethane solution of Pt(CF;CEECCFB)(PPhB)Z.
I.r. spectral deta (Tasble 1.5,) for this complex is
consistent with the presence of a vinyl group, V(C=C)
is at 1625cm.”" and V(Pt=Cl) is observed at 300cm.” .
Bands assigned to V] (0CO) and V’sym(OCO) in
Pt(OAcF)[CF3C=c(H)CF3](Ppn3)2 are not present. Analyt-
ical end melting point dats for PtCl[bP3C=C(H)CF3](PPh3)2
i given in Table 1.L. '

This reaction may be discussed in terms of the

meéhanism shown in Fig.1.2. The formation of & strong
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metal~acetylene bond will favour pathway 1. It is

known that acetylenes having electron-withdrawing
substituents form more stable acetylene complexes
than those with electron releasing substituents .
Thus in the reéction of Pt(OAcF)Z(PPh3)2 with diphen-
vyl acetylene in methanol rathway 2 is in operation
exclusively,while in the reaction with hexafluorobut --
2- yne pathway 1 becomes operational. Trifluoracetic
acid is known to react with Pt(CF3CEECCF3)giPh3)2 at
room temperature to give the vinyl complex . Vhy
the complex formed via pathway 1 is not ettacked by
the trifluoracetic acid also formed via pathway 1
is not clear., The reaction is however not cleen; at
70°C there is some metal deposition while at 10d°C
total decomposition tékes place.

The reaction between hexafluorobut.-2- yne and
Pt(OAc)z(PPh3)2 in methanol yielded intractible oils. -

Reaction of Csrboxylate Complexes with Alcohols

Pt(OAc)z(PPh3)2 reacted with both methanol and
efhanol to yield a dark red solution. In both reactions
the alcohol is oxidised. The presence of formaldehyde
was detected, by trapping out es formaldehyde-2:L4-
dinitro phenyl hydrazone, when the reaction solvent.
vas methanol. Similarly, when the reaction solvent was

~ethanol, scetaldehyde was detected by trapping out as

acetaldehyde-2:4~dinitro phenylhydrazone. However on
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work up starting materisl is recovered elmost quant-

itatively. This is in sccord with the formstion of
PtH(OAc) (PPh3)2 which eliminates acetic acid to give

Pt(PPh3z)2 and acetic acid.
Pt(OAc)Q(PPhB)2+MeOH-—>Pt(OMe)(OAc)(PPh3)2+AcOH
Pt(OMe)(OAc)(PPh3)2-—>PtH(0Ac)(PPh3)2+CH26
PtH(OAc) (PPh3) , — Pt (PPh3) o+AcOH

The complex Pt(OAc)2(PPh3)2 may be prepared by the
reaction of acetic acid on & benzene solution of
Pt (PPh3)).

The reaction of Pt(OAcF)z(PPh3)2 with alcohols is
however different. On refluxing with methanol or ethanol
under nitrogen an oraenge solution is obtained. Evapor-
ation to dryness yields an oll from which may be
obtained, in the absence of chlorinated solvents,a
white crystalline solid (m.p. 183-18&903. This compound
changes slowly to & yellow crystalline complex (m.p.
163-16&?0) which may also be obtained from the driginal
0il by treatment with chlorinated solvents. In both
reactions the alcohol is oxidised. The presence of
formaldehyde was detected, by trappihg out as form-
aldehyde-2:4-dinitro phenylhydrazone, when the reaction

solvent is methanol. Similerly, when the reaction

solvent is ethenol, scetaldehyde was detected by trapping



~53~

[
C
i No o o,

Possible structures for the complex

['_Pt (OAcF) ('PPh3)EI 5

Pig.1.3.
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~out as acetaldehyde-2:4~dinitrophenylhydrazone. The

i.r, svectrum of this yellow complex, which indicates
the presence of & carboxylate group is not consistent
with unidentate coordination. Vas(0C0) is at 169Ocm._1
but Vsym(0CO) is not in the region associated with

unidentate coordination about 1uOOcm.-1Ursym(OCO) for
bidentate or bridging coordination would be éxpected

1

abéve 14L45em.” ' but the presence of absorptions due

to cocordinated phosvhine about 1L;800m."1 probably
‘ i

obscure it. The F n.m.r. spectrum shows & singlet

at +10.00 p.p.m. relative to benzotrifluoride and the
1H n.m,r, spectrum exhibits & complex resonsance about
2.67r. This also indicates that the complex is dia-
magnetic. Analysis indicstes a formula EPt(OAcF)(PPhB)é]2
and molecular weight determinations from chloro- |

form solution indicates a dimer. Three _ possible

structures for this Pt(I) complex are shown in Fig. 1.3.

Reaction of Carboxylate Compnlexes with Olefins

Nucleophilic attack on an olefin coordinated to a

metal with the formation of a carbon-metal® bond is
4 '
well known . The first platinum complex reported to

undergo such & reaction was dichlorocycloocta-1,5-
70
diene platinum(II)
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The structure of this complex was confirmed by X ray
crystallography71. This reection hag}been extended to
include palladium different olefins e.g. dicyclo-
pentadiene and different nucleophnesm e.g. CHYCOOR
where Y=CO,CH,, 00202H5, COCHz and R:CHB, CoHg. The
analogous reactions of mercuric acetate has long been
known and exploitedu1. Thus the reactions of simple
olefins with the carboxylate complexes were investig-
ated.

Pt(OAcF)z(PPh3)2 does not react with tetrachloro-
ethylene in methanol at room temperature. At 1OdDC
in a Carius tube the known75 complex trans - chloro-
(trichlorovinyl)bis(triphenylphosphine)platinum(II) is
formed, At lower temperstures about BOOC the yield of
the vinyl complex is diminished and the dimeric tri-
fluoracetate complex may be isolated. There is no
reaction between tetrachloroethylene and
Pt(0Ac)2(PPh3), in methanol at room temperature. At
80°C in a Carius tube & mixture of trans - chloro-

(trichlorovinyl)bis(triphenylphosphine)platinum(II) and

cis - dichloro bis(triphenylphosphine)platinum(II) is
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Pathway 1 is operative for X = OAc and X = OA‘cF

-Possible mechanisms for the reaction of carboxylate
complexes with tetrachloroethylene. .

Fi .1. *
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obtained.
: 75
Tetrachloroethylene is known  to react with a
»” o
benzene solution of pt(PPh3§u at 80 C to give the

complex Pt(Czclu)(PPh3) In the presence of methanol

X
this complex rapidly isomerises to the complex trans - -
PtCl(Czcl3)(PPh3)275. A mechanism for the reaction of
Pt(OAcF)z(PPh3)2 with tetrachloroethylene may be post-
ulated (See Fig.1.4. psthway 1.). There is no evidence
to suggest that pathway 2 occurs even to a slight extent.
It is suggested here that the dominance of pathway 1
~is due to the rapid isomerisation of the 7T complex
to the vinyl complex, and this may occur (not shown in
Fig.1.4.) before trifluoracetic acid ie eliminated. The
lack of reactivity of tetrechloroethylene is illustrated
by the formation of the dimeric trifluoracetate
complex at low temperatures,

Trichloroethylene reacted with both
Pt(OAcy) ,(PPhz), and Pt(CAc)2(PPhz)p in methanol at
80°C to give cis - pt012(PPh3)27%uantitative1y.

Tetracyanoethylene is known to react with
PtHCl(PPh3)2 to give Pt [cz(cr:)g (PPhz)o. Thus both the
acetate and trifluoracéfate complexes might be expected
to react similarly with tetracyanoethylene in methanol.
However the complex Pt(CN)g(PPh3)2 was isolated from
the reaction mixture in very high yield. The reaction
of tetracyancethylene with methanol to give hydrogen

cyanide which reacts with the carboxylate complexes to
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give the dicyano complex cannot be discounted but it

is noted that Pt(PPhz)) in benzene reacts with tetra-
cyanoethylene to give Pt(CN)2(PPh3)2 .

Tetrafluoroethylene reacted with both
Pt(OAc)Z(PPh3)2 and Pt(OAc_),(PPhs), in methanol at
100°C to give & mixture of the complex Pt (CoFy,) (PPhs),
and an orange carbonyl complex ( Vv(C=0) is at 2000 cm:'1)
which could not be cheracterised, The formation of
carbonyls in the reactions of platinum cbmplexes with
tetrafluoroethylénerhas been reported78.

The reaction of both the acetate and trifluoracet-
ate complexes with ethylene in methenol at about 70°C
in Carius tubes gave dark red solutions from which
no pure complexes could be isolated.

The complex Pt(OAcF)Z(PMeZPh)2 in methanol reacts
with tetrafluorocethylene at 100°C to yield an orange

intractible o0il. Reaction with tetrachloroethylene
under similar conditions yielded & colourless oil
from which a few crystals could be isolated. The i.f.
spectrum of these crystals indicated a vinyl complex;

T and VU (Pt-Cl) at 372cm.'1,

V' (C=C) is at 1536cm.
307cm.~1, 2930m.'1, the last two bands indicating

the presence of cis - PtClz(PMe2Ph)2 ; but the comﬁlex
could not be obtained analyticelly pure in sufficient

amount to permit further characterisation.

Reaction of Cerboxylate Complexes with elkyl and allyl

iodides




Roth Pt(OAc)z(PPh3);53;d Pt(OAcF)2(PPh3)2 react
readily with alkyl and allyl iodides in refluxing
methanol to give the known 9 complex PtIQ(Pph3)2,
quantitatively. Pt(OAcp)o(PMeoPh), reacts similarly

“to give the knownur8 complex trans - PtIQ(PMezPh)2
quantitatively, The stereochemistry was confirmed by
1H n.m.r. spectroscopy. Under reflux conditions in
methanol the methanolysis of an alkyl or allyl iodide
to give a methyl ether and hydriodic acid will occur.
Hehce the reaction of the carboxylate complexes with
alkyl or allyl iodide in methanol is in fact the reaction
of hydriodic acid with these complexes, As discussed
earlier, halogeno acids react with the carboxylate
complexes to give the corresponding dihalo bis(phoé-
phine)platinum(II) complexes.

Reactions of the Carboxylate Complexes with Sulphur

Dioxide

No pure complexes could be isolaied from the
reaction of sulphur dioxide with Pt(OAcF)Z(PPh3)2
in methanol at 80°C in a Carius tube, and although
a methanolic solution of sulphur dioxide will dissolve
the trifluoracetate compléx at room temperature.
(Pt(OAcF)Q(PPh3)2 is insoluble in methanol at room
temperature.) work up of the solution yields starting
material only. Reversible reaction of sulphur dioxide
with transition metal complexes e.g. trans-IrC1(CO)(PPh3z),

80
~has been reported , but the above observation may



merely be & solubllity effect and not involve co-

ordination of sulphur dioxide to platinum,
Pt(OAc)Z(PPh3)2 reacts with sulphur dioxide in
methanol at room temperature to give a high yield of
the complex bis(methylsulphonate)bis(triphenylphos-
phine)platinum(II), Pt(SOBMe)Q(PPhB)z. Analytical
and melting point data is given in Table 1.4. The i.r.
spectrum of the complex is blenk in the carboxylate
region and shows bands at 1270cm.~', 1100cm.~! ana

1

990cm. 1. The bands at 1270cm.” ! and1110cm.~! may be

assigned to V5(S0p) and Veym(S02) respectively. They
are sbout 100cm.~? lower than values quoted for

covalent sglphonates viz, 1370-1350cm.”! and 1192-
1
‘l‘l?Ocm.'1 . A similar phenomena isaobserved for the
2

complexes PtCl(E-SO2C6HuCH3)(PPh3)2 3 Vag(S05) 18

at 1205cm.~! ana \J;ym(goz) is at 10u30m.f1 and
IrC1(S02CH3) (PPhy) 2 ; Vas(800) is at 1220cm.”"

and Vgyp(S0p) is at 1070cm, " compered with 1350~1300cmy ]
and 1160-1120cm.~1 for sulphones . The lowering of

V' (805) is due to7¥-back bonding between the central

1

metal atom and sulphur. The band at 990cm. ' is assig-

Ly
ned to V'(S-0) . A band at 306cm.~! may be tentatively
84 85 -
assigned to V(Pt-S) and the known tendency of Pt(II)
to coordinate to sulphur in preference to oxygen supp-

orts this assignation. Since the complex shows no

oxidising properties towards potassium iodide a peroxy
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complex containing the group Pt-S0.0-0R is eliminated.

Thus the complex is formulated as containing methyl sul-
phonafe ligands. The simplest mechanism for the forma-
tion of Pt(SOgOCH3)2(PPh3)2 is displacement of acetate
by methoxide followed by sulphur dioxide insertion

or methoxide migration to give the methyl sulphonate
ligand.

Reactions of Carboxylate Complexes in Amines

The reaction of cationic metal carbonyls with
primary and secondary amines to form complexes contain-

86,87
ing the carboxamido group have been reported :

Mn(co)5(NH2R)+ + 2NHp,R—>cis - Mn(CONHR) (CO)) (NHpR)+RNHz*
= Me, Et, iPr
Fe(C5H5)(CO)3+ + 2NHpR—> Fe (CONHR) (C5Hg) (CO), + RNHZ*

R= Me, Et, iPr

The structure of cis - Mn(CO)h(CONHCH3)(NHQCH3) ggs been
established by an X ray structural investigation .
Amine mercuration reactions of mercuric acetate with
olefins in the presence of secondary amines have been
reportedgg. Thus the reactions of Pt(OAc)Q(PPhB)z and
Pt(OAcF)z(PPh3)2 with carbon monoxide in diethyl-

amine were investigated. However.only air sensitive,
deep purple oils could be isolated. It was observed

that in the absence of oxygen the carboxylate comp=-

lexes reacted with diethyl amine to give yellow oils
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which decomposed repidly on exposure to air. No

further investigations were pursued.

Reactions of Carboxylate Complexes in Avrotic Solvents,

Reactions of Carboxylate Compnlexes with Acids

Foth Pt(OAc)(PPhz)p and Pt(OAcyp)o(PPhsz)p in di-
chloromethane solution feacted with halogeno acids to
give the dihalo complexes cis - PtXQ(PPh3)2 (X=C1,
Rr,) and the corresponding carboxylic acid (detected
by i.r. spectroscopy). Oxidative addition of hydrogen
chloride to the complex cis — Pt(Me)p(PEt3)p gives
cis - Pt(Me)Cl(PEt3)2 and methane via the Pt (IV)
intermediate PtHC1(Me),(PEt3), . However attempts
to trap out a Pt(IV) intermediste, such as
PtHCl(OAcF)Q(PPh3)2 at -73°C were unsuccessful. Treat-
ment of Pt(OAc),(PPh3), in dichloromethane solution
with trifluoracetic acid at room temperature yields
the complex Pt(OAcp)o(PPhz), while acetic acid does
not react with Pt(OAcF)Q(PPh3)2 in dichloromethane
solution even under reflux conditions,

Reactions of Cartoxylate Complexes with acetyl chloride

Both Pt (0Ac),(PPh and Pt(0OAcp),>(PPhz), in benzene

| 3)2
solution reacted with acetyl chloride to give the
complex cis ~ PtCl,(PPh3),.

Reactions of Cartoxylate Compwlexes with methyl iodide

The complex Pt(OAc)z(PPh3)2 in chloroform solution

reacted with methyl i1odide on reflux to give a pink

" solution from which no pure complexes could be isolated.
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The complex Pt(OAcF)z(PPh3)2 in both chloroform

and benzene solutions reacted with methyl iodide on
reflux to give an orange solution, from which was
isolated the orange crystalline complex trifluor-
acetato iodo bis(triphenylphosphine)platinum(II),

PtI(OAcF)(PPh Analytical and melting point data

3)2'
are given in Table 1. 4. and i.r. spectral data are
given in Table 1.5. The i.r. spectrum is consistent
with unidentate carboxylate coordination ( V,4(0CO)

is et 1680cm.”" and \Fgyn(0CO) is et 1436em.~1). The
reaction of the complex Au(OAc)(PPh3) with alkyl
halides to give AuI(PPh;) and alkyl acetate has been
reported9o. The ultimate fate of the methyl and tri-
fluoracetate groups in the reasction of methyl iodide
with Pt(OAcF)z(PPh3)2 is presumebly similar. Whether
the reaction is an oxidative addition of methyl iodide

to Pt(OAcF)z(PPhB) to give a Pt(IV) complex followed

2
by reductive elimination, or a simple displacement
reaction is not known. Attempts to determine thevmelt-
ing point of the complex indicated that double decomp-
osition occurred; melting occured at both 22500 and

(<4
275 Co

' 2PtI(OAcyp) (PPhs), heaty PtIp(PPh3z), + Pt(OAcy),(PPhs),

Reaction of Carboxylaste Complexes with chlorine

When chlorine was bubbled through a dichloromethane
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solﬁtipn of Pt(0Ac),(PPhs), or Pt(OAcF)Z(PPhj)z a

yellow colouration, which was not removed by bubbling
nitrogen through the solution, resulted. However only
irtractitle oils could‘be obtained from such solutions.

Reaction of Carboxylate Comnlexes with carbon monoxide

When carbon monoxide was tubbled through a dichloro-
methane solution of either Pt(OAc)z(PPh3)2 or
Pt (OAcp)2(PPhz), & dark brown solution was formed

from which no pure complexes could be isolated.
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Reections of cis - dichloro bis(triphenylphosphine)

platinum(II) in aelcoholic media

91
King  has noted on the besis of force constent

calculations for VWV (CO) frequencies in the complexes
M(OAcF)(CO)S (M=Mn and Re) and &lso bgzcomparison
of O gna ODT parameters of Greham for chloro
end trifluoracetato com@lexes of the type MnX(CO)S,
that the bonding properties of trifluoracetate and
chloride ligends are similar. Thus some reactions of
cis - PtCl,(PPhz), have been investigated. As this
complex is very insoluble in alcéhols the conditions
employed were much more vigorous than those for the

corresponding reasctions of the trifluoracetate‘complex.

Reaction of cis - PtCl,(PPhz), with cerbon monoxide

cis = PtClo(PPh3z), suspended in methanol reacted
with carbon monoxide at 100°C and 1500 .p.s.i. over 24
hours to give a low yield of the complex
trens - PtCl(COOMe)(PPhB)z. In ethanol under similar
conditions the ethoxycarbonyl complex was not isolated
but trans - PtHC1(PPhsz)o was detected spectroscopigo

cally. This is consistent with Clark's observaetion

that the complexes PtC1l(COOR) (PPh (R=Me,Et), in

3)2 o
the presence of chloride ion and weter at 100 C

decompose to give trans - PtHCL(PPhz)p , carbon dioxide
and the slcohol ROH. It is noteworthy that cis=~PtCl,(PPhz)o
does not give trans - PtHC1(PPhz), on treatment with

[v]
methanol or ethanol at 100 C.
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Reaction of cis = PtClgﬁPthl0 with tetrachloroethylene

Tetrachloroethylene did not react with

cis - PtCl,(PPhs), in methanol below 100 C. Above 100 C.
e yellow solution was obtaeined from which was isolated
.an amorphous yellow powder. The i.r. spectrum of fhis
powder showed no bsnds attributable to V(C=C) and a
single V (Pt-Cl) stretching frequency at 3000m.'1.
This compound is not trans - PtCl (PPh3)2 which shows

v (Pt-Cl) at 3L45cm. =1 93. No further characterisastion

was possible,

Reaction of cis - PtClo(PPh;)g with tetrafluoroethylene

Tetrafluorocethylene did not react with
cis - PtClp(PPhs), in methanol below 100 C. but at
100 C. over seven days & suspension cortalning equal
quantities of the known7§omplexes
trans - PtCl(CF:CFz)(PPh3)2 and
trans - PtClKCF2H)C=CFé](PPh3)2 was formed. As the
solvent is changed from methenol to ethanol to propanol
to cyclohexsnol the yield of trens - PtCl [CFZH)C_CFé](PPh3x2
decreased and a mixture of starting material and only .
trans - PtC1(CF=CF,)(PPhz), is obtained from the reaction
in cyclohexanol. The two vinyl complexes have previously
been isolated from the reaction of trans -PtHCl(PPh3)2 |

and tetrafluoroethylene in benzene and it would seem

probaeble that this complex is formed initislly in the

reactions of cis = PtCl2(PPhz)s in alcohols and then

reacts further to give the observed products,
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[Ptc1(co) (PPhs) 5] @FQ ie produced in the reaction of

trans - IBDtHCJ.(PPhB)2 with tetrafluoroethylene in
benZene7 . This complex would not be isolated from a
reaction mixture containing an alcohol as it is known5o
to react with alcohols to give compiexes of the type
trans - PtCl(COOR)(PPh3)2. Under tgg conditions of the
reaction these complexes are known to decompose to
. give trans - PtHC1(PPhsz),. Hence the only complexes
isolated are trans - PtC1(CF=CF,) (PPhs), and
trans - PtCl [(CF,H)C=CF,](PPh4),.

Investigations ¢f the reactions of tetrafluoro-
ethylene with other d8 sguare planar complexes in

methanol were however disappointing. The results are -

summarised in Table 1.7. 
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FXPERIMENTAL

Analytical, melting point and molecular weight data
are shown in Tables 1.1.end 1.4. and in this section.
Melting points are uncorrected and were recorded on s
Reichert hot-stage apparatus. 1H n.m.r.'Spectra were
recorded on a Varian Associates Spectrometer at 60 MC/S.
19 nom.r. spectra were recorded on & Verisn Associates’
D.A.60 Spectrometer at 56,4 MC/S. Results asre shown in
Tables 1.3. and 1.6. I.r, Spectré were recorded from
Nujol mulls or chloroform solution (unless otherwise
stated) on & Perkin-Elmer 225 Spectrophotometer,
using KBr (5000-400 cm.~') and polythene (L0O-200cm,~1)
windows, Results are shown in Tables 1.2, and 1.5.

AnalaR benzene and AnalaR diethylether were dried
over sodium wire before use., AnalaR methanol and absolute
ethanol were used. Cther solvents were of reagent grade
unless otherwise stated. Light petroleum b.p. LO-60%C
was‘used throughout.

Triphenylphosphine was supplied by Albright and Wilson
Ltd., and recrystallised from.ethanol before use, Organo
iodide compounds were supplied by B.D.H. Ltd., and re-
distilled under nitrogen and stored at 0°C before use.
Acetyl chloride was suppliec by B.D.H, Ltd, and re-
distilled unéder nitrogen in anhydrous conditioné

directly into reaction mixtures. Tetrachloroethylene

end trichloroethylene were supplied by B.D.H. Ltd. and



redistilled under nitrogen and stored over molecular

sieves before use., Tetrafluorocethylene was prepared

by thermsl decomposition of polytetrafluorocethylene
(supplied by I.C.I. Ltd.) under vacuum in a silica
tube, Tetracyanoethylené and diphenylacetylene were
supplied by Koch Light Chemicels Ltd. end used with-
out further purificetion. Hexafluorobut -2- yne was
supplied by Cambrian Chemicals Ltd. Platinum, péalladium
and iridium sslts were obtained on loan from Johnson
Matthey Ltd.

Prevaration of Starting Materials

Preveration of bis(trifluoracetato)bis(triphenylphos-

phine)platinum(IT)

A solutién of cis ~ dichlorobis(triphenylphosphine)
platinum(II) (2.00g.) in dichloromethane (30ml.) was
refluxed with silver trifluoracetate (1.20g.) for 8 hours.
The reaction mixture was filtered and evaporated to
half volume under reduced pressure. On addition of light
vetroleum (30ml.) crystals of the complex were deposited.
The complex was filtered off, washed‘with light petrol-
eum and air dried. The complex was recrystallised from a
dichloromethane - iight petroleum mixture for analysis.
(Found: C, 50.70; H, 3.09; F, 12.23; M(CHC1l;), 937;
ClyoH30F O PoPt  requires c,5o.78§ H,3.19; F,12.05%;
M,9L6.) Yield 100% (2.52g. _)"' m.p. 220-225°C decomp.
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Prenaration of diacetato bis(triphenylphosphine)pletinum

an

A solution of cis - dichloro bis(triphenylphosphine)

platinum(II) (2.00g.) in dichloromethane (30ml.) was
refluxed with silver ecetate (1.00g.) for 8 hours. The
reaction mixture was filtered and evaporated to helf
volume under reduced pressure, On addition of light
petroleum (30ml.) crystals of the complex were deposited.
The complex was filtered off, washed with light petrol-
eum and air dried, The complex was recrystallised from

a dichloromethane ~ light petroleum mixture for analysié;
(Found: C,57.L3; H,L.37; M(CHGIB), 847; C)H360,PoPt
requires: C,57.39; H,4.39%; M,838) Yield 100% (2.12g.)
m.p. 210-220°C decomp.

Preparation of bis(trifluorscetate)bis(dimethylphenyl-

phosphine)platinum(II)

A solution of cis - dichloro bis(dimethylphenyl-
phosphine)platinum(II) (2.00g.) in dichloromethane
(30ml.) was refluxéd with silver trifluoracetate(1.70g.)
for 8 hours, The reaction mixture was filtered and
evaporated‘to one guarter volume under reduced pressure.
On addition of diethyl ether (20ml.) crystals of the
complex were devosited. The complex was filtered off,
| washed with diethyl ether and eir dried. The complex

was recrystallised from a dichloromethane - diethyl

ether mixture for enalysis. (Found: C,3L.LL; H,3.1l;
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F,16.30; M(CHCl3z), 690; C,oHppFg0)PoPt requires: C,34.L3;

H,3.16; F,16.36%, M, 697.) Yield 100% (2.60g.) m.p. 120=

122°C decomp.

Reactions of Carboxylate Comvlexes

Reactions with carbon monoxide:

Preggrafion of trifluorecetato(methoxycarbonyl)bis-

(trinhenylvhosphine)vlatinum(II)

Carbon monoxide was passed through a stirred sus-
pension of Pt(OAcF)Q(PPh3)2 (0.50g.) in methanol (25ml.)
for 30 minutes at room temperature. The resultant
orange solution was filtered and the filtrate allowed
to stand overnight. The complex crystallised out and
was filtered off, washed with cold methanol and air
dried. The complex was recrystéllised for analysis from
' an acetone- light petroleum mixture. (Found: ¢,53.95;
H,3.84; F,6.50; M(CHCIB), 986; CloH33F30,PoPt requires:
c,53.88; H,3.73; F, 6.39%; M, 892) Yield L7% (0.22g.)
m.p. 188-195°C decomp.

Preparation of trifluorescetato(ethoxycarbonyl)bis-—

(triphenylphosvhine)platinum(II)

Carbon monoxide was passed through_a stirred sus-
?ensiqn of Pt(OAcF)g(PPh3)2 (0.50g.) in ethanol(25ml.)
for 30 minutes at room temperature. The resultant orange

solution was filtered and the filtrate allowed to stand

overnight. The complex crystallised out and was filter—

ed off, washed with cold ethanol and air dried. The
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complex was recrystallised for analysis from an acetone -

light petroleum mixture.(Found: C,54.52; H,3.84; F,
8.12; M(CHC13) 925; Cu1H35F30uP2Pt requires: C,54,38;
H,3.89; F,6.29%; M, 906.) Yield 31% (0.18g.) m.p. 185-

187°C decomp.

Reaction of Pt(OAcm)Z(Pth)Q with carbon monoxide in

dichloromethane

Carbon monoxide was passed through a stirred sol=-
wion of Pt(OAcF)z(PPh3)2 (0.50g.) in dichloromethane
(20m1.) for 5 minutes. The solution rapidly‘darkened.
to a deep brown colour. No pure complexes could be
isolsted.

Reaction of Pt(OAcp),(PMesPh)s with carbon monoxide in

methanol

A solution of Pt(OAcF)é(PMezph)z (0.50g.) in methanol
(25ml.) ~ contained in & steel bomd was subjected to
700 atmospheres of carbon monoxide overnight at room
temperature. Evesporation under reduced pressure of the
resulting brown solution'to dryness yielded an oil
which on treatment with diethyl ether gave crystals of
starting material (0.45g., 90% recovery).

Preparation of acetato(methoxycarbonyl)bis(triphenyl-

vhosphine)plstirum(IT)

Carbor monoxide was passed through a stirred sclu-
tion of Pt(0Ac),(PPh3)y (0.50g.) in methanol (25ml.)

for 30 minutes.at room temperature. The resultant
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orange solution was filtered snd the filtrate allowed
to stand overnight., The complex crystallised out and
was filtered off, washed with cold methenol and air
dried. The complex was recrystallised for analysis
from an scetone - light petroleum mixture. (Found:
Cc,56.40; E,L4,13; M(CHCl3), 830; CuOH36Oup2Pt requires
C,57.39; H,L.33%; M,838) Yield LO% (0.20g.) m.p. 224~

227°C decomp.

Reaction of Pt(OAc)Q(Pthle with carbon monoxide in

dichloromethsne

Carbon monoxide was passed through a solution of
Pt(0Ac) 5(PPhz), (0.50g.) in dichloromethane (20ml.)rfof
5 minutes. The solution rapidly darkened to a deep
brown colcur, No pure complexes could be isolated.

Preparationm of chloro(alkoxycarbonyl)bis(trinhenyl-

phosphine)platinum(IT) (PPhg)y
A solution of the complex Pt(COOR)(020R1)((R=CH3,

CoHg R'=CF3; R=CHz, R'=CHz) in a 1:1 dichloromethane -
methanol mixture (4Oml,) was refluxed with excess lith-
ium chloride for 2 hours. The solution was evaporated
to dryness and the residue extracted with water. The
remeining insoluble portion was recrystallised from a
dichloromethane - methanol mixture.

Chloro(methoxycarbonyl)bis(triphenylphosphine)vlatinum(II):

(Found:C, 56.73; H,L.02; ¢1,L.50; calculated for CigHz=
ClO,P,Pt C,56.06; H,4.09; C1,4,3%) Yield 100% m.p. 235=

236°C decomp.



Chloro(ethoxyvcarbonyl)bis(triphenylphosvhine)nlatinum(II):

(Found:C,56.06; H,L.06; C1,4.95; calculated for C3qgHzs
GlO,P,Pt C,56.56; H,4.26; C1,4.28%) Yield 100% m.p.
213-217°C decomp.

Reactions with divhenylacetylene

Preparation of trifluoracetato(1,2 = divhenylvinyl)bis

(triphenylphosvhire)platinum(TT)

Pt(OAcF)z(PPh3)2 (0.50g.) and diphenylacetylene
(0.10g.) were refluxed in methanol (25ml.) for 8 hours
to give a yellow solution and pele orange crystals. The
crystals were filtered off, washed with cold alcohol and

recrystallised for analysis from & dichloromethane -
methenol mixture. (Found: C,51.82; H,4.00; F,5.72;
M(CHC13), 1011; CgoH) Fo0,PoPt requires C,61.74; H,
4.09;F, 5.63% M, 1012) Yield 92% (0.49g.) m.p. 218~
221°C decomp.

Ethancl gave the same complex in 77% yield and p-
 provpancl in 56% yield.

Preparation of chloro(1,2 - diphenylvinyl)bis(tri~

phenylphosphine)platinum(II)

Pt (0Acp) [Pho=C(H)Pn] (PPhs), (0.30g.) in a dichloro-
methane -~ methanol mixture (ubml.) was refluxed with
excess lithium chloride for 2 hours. The solution was
evapdrated to dryness and the residue extracted with
water. The remesining insoluble portion was recrystall-
ised for anelysis from a dichloromethane - methanol

mixturé. (Found: C,6L4.uL; H,L.L7; C1,3.90; CSOHM1
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ClP,Pt requires C,6L.30; H,L.91; C1,3.80%) Yield 100%

(0.28g. ) m.p.240-22°C decomp.

Reaction of Pt(0OAcn)»(PPhz)» with diphenylacetylene in

non-alcocholic solvents

Pt (OAcp)2(PPhz), (0.50g.) and diphenylacetylene
(0.10g.) were refluxed in acetone, benzene or chloro-
form (25ml.) for & hours. Fvaporation to half volume
under reduced pressure followed by addition of light
petroleum (15ml.) lead to gquentitative precipitation
of the starting complex Pt(OAcy)a(PPhs), identified
by the i.r. spectrum ané m.p.

Reaction of Pt(OAc),(PPh3)o, with diphenylacetylene

Pt(OAc)Z(PPh3)2 (0.50g.) and diphenylacetylene
(0.10g.) were refluxed in methanol (25ml.) for 8 hours
"to give a yellow solution and yellow crystals. The
cryétals were filteredé off, washed with cold methanol,
air dried and identified as diphenylscetylene bis-
(tfiphenylphosPhine)platinum(O) from the i.r. spectrum
and m.p. which were identical to those of an authentic
sample. Yield 51%(0.27g.) Identical yields are obtained
in both ethanol and n - propanol.

Resction of Pt(OAc)o(PPhz), with diphenylacetylene in -

non~alcoholic solvents

Pt(OAc)z(PPh3)2 (0.50g.) and diphenylacetylene

(0.10g.) were refluxed in acetone, benzene or .chloro-

form (25ml.) for 8 hours. Evéporation to half volume under
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reduced pressure followed by addition of light petroleum

(15ml.) lead to quentitative precipitstion of the start-
ing complex Pt(OAc)Q(PPhB)z ; identified by the i.r.
spectrum and m.Dp.

Resction of Pt(OAcF)p(PMegpnlg with diphenylacetylene

Pt (OAcp) o(PMeoPh) , (0.50g.) and diphenylecetylene
(0.1 g.) were refluxed in methanol (25ml.) for L8
hours. Evaporation to quarter volume under reduced
pressure followed by addition of diethyl ether (20ml.)
lead to the guantitative precipitation of the starting
complex Pt(OAcp)o(PMeoPh), ; identified by the i.r.
svectrum and m.p.

Reactions with hexafluorobut -2~ yne

Preparation of trifluoracetate'?,2-bis(trif1uoromethy1)
| &8

vinz%lbis(triphenylphosphine)platinum(II)

Hexafluorobut -2- yne (2ml.) was condensed onto a
suspension of Pt(OAcp),(PPhsz), (0.50g.) in methenol
(20ml.) contained in a Carius tube. The sealed tube was
'kept at 70°C for 2 hours. The resultant solution was
filtered and evaporated to dryness to give a colourless
oil. This o0il was teken up in & minimum of dichloro-
methane and the resulting solution chromatographed on
an alumina-hexane column. Two complexes were isolated:
hexafluorobut -2- yne bis(triphenylphosphine)pletinum

(0), identified by the i.r. spectrum and m.,p. which

were identical ' to those of an authentic sample. Yield
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30/ (0.14g.) and trifluoracetato jj>2 - bis(trifluoro-

methyl)viny”® bis(triphenylphosphine)platinum(II).

(Found: 0,50.64-; H,3.01; F,17.30; c. 231 requires
0,50.61; H,3.11; F,17.17;%) Yield 30%(0.15g.) m.p. 205-
209*0 .

'"“reneration of chlorof ,2 - bis (trif luororr.ethyl) viny”~H-
bis(trirhenylnhosnhine)platinum (II)

Pt (OAcp) |[CF~"C=C(H)Cp3 (PPh3)2 (0.jOg.) in a 1:1
dichloromethane - methanol mixture (40ml.) v/as refluxed
v/ith excess lithium chloride for 2 hgqurs. The solution
was evaporated to dryness and the residue extracted v/ith
water. The remaining insoluble portion was recrystall-
ised for anal”/sis from a dichloromethane - methanol
mixture, ("ound: 0,52.32; H,3.41; 01,3.90;, £,12.45;
C"QH3"ClF"P"Pt requires c¢,52.29; H,3.38;C1,3.87;
F,'i2.3h;%) Yield 10%: (0.t+t6g. ) m.p. 2g2-2I+5"c.

Reaction of Pt (OAc)” (PPh?)2 with hexafluorobut -2- yne
Hexafluorobut -2- yne (2ml. ) v/as condensed onto a

solution of Pt (CAc) ~(PPh”) 2 in rr.ethanol (20ml. ) cont-
ained in a Oarius tube. The sealed tube was kept at
70*0 for 2 hours. The resultant solution v/as filtered
and evaporated to dryness under reduced pressure to
give a green oil. No pure complexes could be isolated.
Reactions v/ith alcohols

nrenaret ion of fpt (OAcp) (PPh")
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'Pt (CACH) 2 (0.50g. ) v/as refluxec in methanol

or ethanol (50ml.) in an atmosphere of nitrogen for
8 hours. The resulting yellow solution was evaporated
to dryness under reduced pressure to yield a yellow
oil. This was taken up in a minimum of methanol and on
addition of diethyl ether a white microcrystalline
preciuitate was obtained. This v/as filtered off,
washed with diethyl ether and air dried. Yield 0.33g.
m.p. 188-189*0. On exposure to light over one week
this substance becomes yellow. This same yellov/ subs-
tance was isolated from the initial yellow oil in a
highly crystalline form by taking up the o0il in a
minimum of dichloromethane follov/ed by addition of
diethyl ether. The crystals were filtered off, washed
with diethyl ether, air dried and recrystallised for
analysis from a dichloromethane - diethyl ether mixture,
(*ound: 0,56.42; H,3.99 ; F,4.20 ; P,7.55 ; M,1640 ;
~76~60%"6""M4~*2 -'Bouires 0,55.44; H, 3.65 ; F ,4.37 ;
P,7.54 ;% Y,1645 (OHOI3) ) Yield 75% (G.33g.) 0.0.163-164"0
Reaction of "Pt (OA.c)o (PFhj,)o with alcohols

pt OAc)2 (PPhj)2 (0.50g.) was refluxed in methanol
or ethanol (50ml.) in an atmosphere of nitrogen for
8 hours. The resulting dark red solution v/as evapor-
ated to dryness under reduced pressure to yield a

colourless oil. "treatment of this o0il with diethyl ether

led to almost quantitative recovery of the starting
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comnlex Pt(OAc)z(PPh3)2 identified by the i.r. spectrum

and m.p.

Tetection of aldehydes formed during reections with

alcohols.

Reaction of Pt(QAcp),(PPhz), with methanol

A stream of nitrogen wass bubbled through the resct-
ion mixfuré and then through & solution of Rrady's
reagent for the entire course of the reaction, The
resultant yellow precipitate was filtered off, washed
with ethanol , air dried and recrystallised from
ethanol. m.p. 166°C Lit., m.p. 166°C
This proved the formation of formaeldehyde during the
reaction. An identical procedure proved the formation
of acetaldehyde during the reaction of Pt(OAcF)2(PPh3)2
with ethenol. m.p. 168°C Lit. m,p. 168°C
Reaction of Pt(OAc)p(PPh3)2 with elcohols

The sbove procedure was repeated for the reactions
of Pt(0Ac),(PPh3), with alcohols and the prsence of
formaldehyde and acetaldehyde was detected for the
reaction media methenol and etheanol.

Resction of Pt(OAcp)o(PPhz)o with diphenylscetylene

in alcohols

The above procedure was repeated and the presence
of acetsldehyde and propionaldehyde was detected fof

the reaction media ethenol and n - propenol.

Resction of Pt(OAC)Q(PthLQ with diphenylacetylene in

alcohols
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The above procedure was repeated and the presence

of acetaldehyde and propionesldehyde was detected for the
reaction media ethanol end n - propeanol.

Reactions with Olefins

Reactions with Tetrafluoroethylene

Reaction of Pt(CAcy)o(PPhz), with tetrafluoroethylene

Tetrafluoroethylene (3ml.) was condensed onto a
suspension of Pt(OAcF)Z(PPh3)2 (0.50g.) in methanol
(20ml.) in a Carius tube. The sealed tube was kept at
100°C for 8 hours. An orange solution was formed and on
cooling colourless crystals were deposited., These were
filtered off, washed with methanol, air dried and
identified as tetrafluoroethylene bis(triphenylphosphine)
platinum(TI) from the i.r. spectrum and m.p. which
were identical to those of an suthentic sample. Yield
41.5% (0.18g.). The orsnge filtrate was evaporated to
dryness under reduced pressure and on treetment with
diethyl ether an orange solid was obtained which could
not be further characterised. Yield 0,27g.

Regection of Pt(OAc)QLEPh§)9 with tetrafluoroethylene

metrafluoroethylene (3ml.) was condensed onto a
solution of Pt(OAc),(PPhz), (0.50g.) in methanol (20ml.)
in a Carius tube. The sealed tube was kept at 100°C
for 8 hours. An orange solution was formed and on cooling

colburless érystals were deposited. These were filtered
off, washed with methanol, air dried and identified sas

tetrafluoroethylene bis(triphenylphosphine)platinum(o)



from the i.r. spectrum and m.p. which were identicsal

to those of an authentic sample. Yield 8.2% (0.04g.).
The orange filtrate was evaporated to dryness under
reduced pressure and on treétment with diethylﬂether

en orange solid was obtained which could not be further
characterised. Yield (0.30g.)

Resction of Pt(CAc.),(PiesPh), with tetrafluoroethylene

Tetrafluoroethylene (3ml.) was condensed onto &
solution of Pt(OAcp),(PMegPh)s (0.50g.) in methanol
(20ml.) in a Carius tube. The sealed tube was kept at
100°C for 8 hours. An orange solution was formed. On
evaporation to dryness under reduced pressure an intrac-—
tible orange o0il was produced from which no complexes
could be isclsted. |

Feactions with Tetrachloroethylene

Reaction of Pt(0Acn)»(PPhx)» with tetrachloroethylene
312

~ Redistilled tetrachloroethylene (1ml.) eand .
Pt(OAcF)2(PPh3)2 (0.5Cg.) in methenol (20ml.) were
sealed in a Cagius tube and kept at 80°C for 8 hours.
A yellow solution was formed and on cooling white
crystals were deposited., These were filtered off,
washed with methenol, air dried and identified as chloro-~-
trichlorovinyl bis(triphenylphosphine)platinum(II) from
the i.r. spectrum and m.p. which were identical to
those of an suthentic sample. Yield 32% (0.15g.). The

yellow filtrate was eVaporated to dryness under reduced
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pressure, taken up in & minimum of dichloromethane and

on addition of diethyl ether yellow crystals were
deposited. These were identified as [?t(OAcF)(PPhB)élz
from the i.r. spectrum and m.o. which were identical
to those of an authentic sample. Yield 30% (0.13g.)

Reaction of Pt(0Ac)(PPh3), with tetrachloroethylene

Redistilled tetrachloroethylene (1ml.) and
Pt (OAc) ,(PPhz), (0.50g.) in methanol were sealed in a
Carius tube and kept at 80°C for 8 hours, White crystals
 and a yellow solution were formed. No pure compounds
could be 1isolated from the solution. The s0lid product
was filtered off, washed with methanol, air dried and
shown by the i.r. spectrum to be a mixture of cis - di -
chloro bis(trivhenylphosphine)platinum(II) and trans -
chlorotrichlorovinyl bis(triphenylphosphine)platinum(II).
Yield (0.67g.).
Reaction of PtLOAcFlg(PMeQPQ)g with tetrachloroethylene

Redistilled tetrachloroethylene (1ml.) and
Pt (OAcp) 2(PMegPh) o (0.50g.) in methanol (20ml.) were
sealed in a Carius tube and kept at 80°C for 8 hours.
The resultant colourless solution was evaporated to
dryness under reduced pressure to yield a colourless
0il which on shaking with diethyl ether yielded a few
colourless crystals, The i.r; gspectrum indicated that

these consisted of & mixture of cis - dichloro bis -
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(dimethylphenylvhosphine)pletinum(II) and chloro tri=-

chlorovinyl(dimethylphenylphosphine)platinum(II).

Reactions with Trichloroethylene

Reaction of Pt(OAch)ELPPh§lq with trichloroethylene
by z

Redistilled trichloroethylene (1ml.) and
Pt(OAcF)2(PPh3)2 (0.30g.) in methenol (20ml.) was
sealed in a Carius tube and kept at 80°C for 8 hours.
“hite crystels were deposited, filtered off, washed with
methanol, 'air dried and identified as cis -~ dichloro-
bigtriphenylphosphine)platinum(II) from the i.r. spectrum
and m.p. which were identicsel to those of an authentic

sample. Yield 100% (0.25g.).

Reaction of Pt(OAc)QQPPhBLQ with trichloroethylene
Redistilled trichloroethylene (1ml.) and
Pt(OAc)z(PPh3)2 (0.30g.) in methsanol (20ml.) were
sealed in a Carius tube and kept sat 80°C" for 8 hours.
WVhite crystals were deposited, filtered off, washed
with methanol, eir dried and identified as c¢is - di-
chloro bis(triphenylphosphire)platinum(II) from the i.r.
spectrum and m,p. which were identical to those of an
authentic sample. Yield 100% (0.28g.)

Reactions with Tetracyanoethylene

Reaction of Pt(OAcp) o(PPhz), with tetracyanoethylene

Pt(OAcy) ,(PPhz), (0.30g.) and tetracyanoethylene (0.1g.)

in methenol (30ml.) were refluxed for 8 hours. The

resultant white crystelline vrecipitate was filtered off,



-85~

washed with methsnol, sir dried end identified as
dicyano bis(trivhenylphosphine)pletinum(II) from the
i.r. spectrum and m,p. which were identical to those
of en authentic sample. Yield 100% (0.25g.).

Reaction of Pt(OAc),,(Pth)2 with tetracyancethylene

Pt(OAc)Z(PPh3)2 (0.30g.) end tetracyanoethylen¢
(0.10g.) in methanol were refluxed for 8 hours. The
resultant white crystelline precipitste was filtered
off, washed with methanocl, eir dried and identified as
dicyano bis(triphenylphosphine)platinum(II) from the
i.r. spectrum and m.p. which were identical to those
’of an authentic sample, Yield 100% (0.29g.).

Reactions with Acids

Resction of Pt(OAcp)o(PPhz), with hydrogenchloride

1. Dry hydrogen chloride was bubbled through a stirred
suspension of Pt(OAcF)Q(PPh3)2 (0.30g.) in.methanol
(20ml.). A white precipitate was formed, filtered off,
washed with methanol, air dried and identified as

cis - dichloro bis(triphenylphosphine)platinum(II)

from the i.r. Spectrum and m.p. which were identical

to those of an authentic sample. Yield 100% (O.25g.).

2. Dr& hydrogen chloride was bubbled through a solution
of Pt(OAcF)z(PPh3)2 (0.30g.) in éichloromethane (20mi.).
The solution was evanorated to helf volume under reduced

pressure and on addition of light petrocleum (20ml.)

a white precipitate was forméd, filtered off, washed
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with light petroleum, eir dried and identified as

cis = dichloro bis(triphenylphosphine)pletinum(II)
from the i.r. spectrum and m.v. which were identical
to those of an suthentic semple. Yield 100% (0.25g.).

Reaction of Pt(0Ac)o{PPh:), with hydrogenchloride

1. Dry hydrogen chloride was bubbled through a solution
of Pt(0Ac),(PPhz), (0.30g.) in methanol (20ml.). A
white precipitate was formed, filtered off, washed with
methanol, eir dried and identified as'gl§ - dichloro-
bis(triphenylphosphine)platinum(II) from the i,r.
spectrum and m.p. which were identical to those of

an authentic sample. Yield 10C% (0.28g.).

2. Dry hydrogen chloride was bubbled through a

solution of Pt(CAc)p(PPhz), in dichloromethane (20ml.),
The solution was evaporated to half volume under
reduced pressure and on addition of light petroleum
(20ml.) a white precipitate was formed, filtered off,
washed with light petroleum, sir dried and identified
as cis - dichloro bis(triphenylphosphine)platinum(II)
Vfrom the i.r. spectrum aﬁd m.p. which were identical

to those of an authentic sample. Yield 100% (0.28g.).

Reaction of Pt(OAcF)g(PMeQPh)2 with hydrogenchloride

1. Dry hydrogen chloride was bubbled through a solu-
tion of Pt(OAcp),(PMe,Ph), (0.30g.) in methenol (LOml.).
The solution was evaporstec¢ to half volume under red-

uced pressure and on the addition of diethyl ether

(20ml.) a white crystalline precipitate was formed,
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filtered off, washed with diethyl ether, air dried

and identified as cis - dichloro bi§(dimethylphenyl-
phosvhine)platinum(II) from the i.r. spectrum and m.p.
which were identicsl te those of an authentic sample. |
Yield 100% (0.23g.).

2. Dry hydrogen chloride was bubbled through a solution
of Pt(OAcy),(PMesPh), (0.30g.) in dichloromethene (20ml.).
The solution was eveporated to half volume under

reduced pressure and on sddition of diethyl ether (20ml,) |
Aa white crystalline precipitate was formed, filtered off, |
weshed with diethyl ether, eir dried end identified as
cis - dichloro bis(dimethylphenylphosphine)vlatinum(II)
from the i.r, spectrum and m.p. which were identical

to those of an authentic sample. Yield 100% (0.23g.).

Reaction of Pt(OAcw)o(PPhz)» with acetic acid

Acetic ecid (1ml.) was added to a solution of
Pt (OAcp) ,(PPhsz), (0.30g.) in dichloromethane (30ml.)
and the mixture refluxed for & hours. Evaporation to
helf volume undéer reduced pressure followed by addition
of light petroleum (20ml.) led to quantitative recov-
ery of the starting complex identified as

Pt(OAcF)z(PPh3)2 from the i,r., spectrum and m.p.

Reaction of Pt(OAcLQ(PPhELQ with trifluoracetic acid
Trifluoracetic aéid was added to a solution of
Pt(OAc)2(PPh3)2 (0.30g.) in dichloromethane (30ml.)

and the mixture refluxed for 8 hours. On evaporation to



-88-
helf volume under reduced pressure and addition of light

petroleum (20ml.) a white crystalline precipitete was

formed, filtered off, washed with light petroleum, air
dried and identified as Pt(OAcp)p(PPh3z), from the i.r.
spectrum and m,v. Yield 100% (0.3Lg.).

Reaction with Organo-iodine Compounds

Reections of Pt(0OAcy)o(PPhz),

1. Methyl lodide, ethyl icdide or alkyl iodide (1ml.)

was added to a suspension of Pt(OAcF)z(PPh3)2 (O.BOg.)

in methanol (30ml.) and the mixture refluxed for 2 hours,

The resulting yellow crystalline precipitate was filt-
ered off, washed with methanol, air dried and identified
as diiodo bis(triphenylphosphine)platinum(II) ' from the
i.r. spectrum and m.p. which were identical to those of
an authentic sample. Yield 100% (0.31g.). |

2, Preparation of iodo triflucacetsto bis(trivhenyl-

phosphine)platinum(II)

Methyl iodide was added to a solution of Pt (OAcy) »(PPh3) o
(0.30g.) in benzene (30ml.) and the mixture refluxed for
8 hours, The resulting yellow solution was evaporated to
half volume under reduced pressure and on addition of
light petroleum (30ml.) a yellow crystelline precipitate
was formed. This was filtered off, washed with light
petroleum, air dried snd recrystallised from a benzene =

light petroleum mixture for analysis. (Found: C,L47.07;

Hy3.42 ;5 F,6.10 ;I,14.02; C3gH30F3I0pPoPt requires C, 47.60 ;
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H, 3,133 F, 5.94; I,13,20%) Yield 1CC% (0.30g.). m.p.

225 C and 275 C.

Reactions of Pt(0Ac),(PPhz), with methyl iodide

1. Methyl iodide (4ml.) was added to a solution of
Pt(OAc)Z(PPh3)2 (0.30g.) in methanol (BOmi.) and the
mixture refluxed for 2 hours. The resulting yellow
crystalline precipitate was filtered off, washed with
methanol, eir dried and identified as diiodo bis(tri-
phenylphosphine)platinum(II) from the i.r. spectrum and
m.p. which were identical to those of an authentic
sample. Yield 100% (0.35g.).

2. Yethyl iodide (1ml.) was added to a solution of
Pt(OAc)2(PPh3)2 (0.30g.) in chloroform (30ml.) and the
mixture refluxed for 8 hours. A red solution resulted

but no pure complexes could be isolated.

Reaction of Pt(0OAcgp)»(PMesPh)» with methyl iodide

| Yethyl iodide (1ml.) was added to a solution of
Pt (OAcy) o(PMesPh)» (0.30g.) in methanol (30ml.) and
the mixture refluxed for 8 hours. On cooling the result-
ant yellow solution a yellow crystalline precipitate
was formed. This was filtered off, washed with methanol,
air dried and identified as cis - diiodo bis(dimethyl-
phenylphosphine)platinum(II) from the i.r. and n.m.r.
spectra and m.p. which were identical to those of an
authentic sample. Yield 100% (0.31g.);

Reactions with Chlorine

Reaction of Pt(OAcw)2(PPhz)s with chlorine
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Dry chlorine was bubbled through & solution of

Pt(OAcy) 2(PPhz), (0.30g.) in dichloromethane (30ml.).
The solution became yellow but no pure complexes could
be isolated.

Reaction of Pt(OAQLQ(PPhi)Q with chlorine

Dry chlorine was bubbled through a solution of
Pt(OAc)Z(PPh3)2 (0.30g.) in dichloromethane (30ml.).
The solution became yellow but no pure complexes could
e isolated.

Reactions with Acetyl chloride

Resction of Pt(OAcyp),(PPhs), with acetyl chloride

A few drops of écetyl ¢hloride were distilled in
the presence of dry nitrogen, directly into a solution
of Pt(OAcy)2(PPhz), (0.30g.) in benzene (30ml.). The
mixture was refluxed in the presence of dry nitrogen
for 8 hours. The resulting solution was evaporated to
helf volume under reduced pressure and on addition of
light vpetroleum (15ml.) & white precipitate was formed.
This was filtered off, washed with light petroleum, sair
dried and identified &s c¢cis - dichloro bis(triphenyl=-
phosphine)platinum(II) from the i.r. spectrum snd m.p.

which were identical to those of an authentic sample.

Yield 100% (0.25g.).

Reaction of Pt(OAClg(Pth)q with ecetyl chloride

A few drops of acetyl chloride were distilled, in the

presence of dry nitrogen, directly into a suspension of

Pt(0Ac)o(PPh3)p (0.30g.) in benzene (30ml.). The
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mixture was refluxed in the presence of éry nitrogen
for 8 hours. The resulting solution was evaporated to
half volume under reduced pressure and on addition of
light petroleum (15ml.) a white precipitate was formed.
This was filtered off, washed with light petroleum, air
dried and identified es g;g»- dichloro bis(triphenyl-
phosphine)platinum(II) from the i.r. spectrum and m.p.
which were identical to thecse of an authentic sample.-
Yield 100% (0.28g.).

Reactions with Sulphur Dioxide

Reaction of Pt(QAcn)o(PPhz), with sulphur dioxide

1. Dry sulphur dioxide was passed through a stirred sus-
pension of Pt(OAcF)z(PPh3)2 (0.30g.) in methanol (30ml.).
The resulting solution was evaporated to half volume
end a white crystalline precipitate was formed. This was
filtered off, washed with methanol, air dried and ident-
ified as the starting complex Pt(OAcF)2(PPh3)2 by the
i.r. spectrum and m.p. Recovery of starting meteriasl was
quantitstive. |
2. Sulphur dioxide (2ml.) was condensed into a suspension
of Pt(OAcp),(PPhz), (0.30g.) in methanol (20ml.) con-
tained in a Cerius tube. The sealed tube was kept at 70°C
for 2 hours. Orenge needle-like crystels were deposited.
These were filtered off, washed with metheanol and air

éried. However no pure complex could be obtained there-

from,
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Preverstion of bismethylsulphoneto bis(triphenylvhos-

vhine)nlatinum(IT)

Sulphur dioxide was passed through & stirred solu-
tion of Pt(OAc)Z(PPh3)2 (0.50g.) in methanol (30ml.)
for 20 minutes., The resction mixture was filtered and
allowed to stand for 1 hour. Pale vink crystals were
devosited, filtered off, weshed with methanol end air
dried. (Found: C,45.88; H,3.957; S,7.03; C3gH350,PoPLS)
requires C,L9.08; H,3.90; S,6.90% ) Yield 79.5% (O;u3g.)
m.p. 183-185°C.

Reactions of gcig ~ dichloro bis(triphenylphosvhine)-

platinum(II)

Reaction of cis -~ PtC;grpphz)o with carbon monoxide in

methenol

cis - PtClz(PPh3)2 (0.30g.) suspended in methenol
(15ml.) in a steinless steel bomb wss treated with
carbon monoxide at 1500 p.s.i. at 100°C for 24 hours.
. The resulting suspension was filtered snd the solid
residue washed with methanol and air dried. This residue
was extracted with cold benzene (30ml.). The benzene
extract was evaporated to half'volume under reduced
pressure and on addition of light petroleum (15ml.)
crystals were deposited. These were identified as
trans - chloro(methoxycartonyl)bis(triphenylphosphine)
platinum(II) from the i,r. spectrum and m.p. which

were identical to those of an suthentic sample. Yield
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16% (0.05g.)

Reaction of ¢ig = PtCl,(PPh,), with carbon monoxide in
—< o=

ethenol

The sbove procedure was repeated. Cnly starting mater;
iel wes isolated from the resction mixture but trans -
hydridochloro bis(triphenylphosphine)platinum(II) was
detected from the i.f. spectrum,

Reaction of ¢is = PtCls(PPh.), with tetrachloroethylene
-

Tetrachloroethylene (1ml.), cis - PtClz(PPhB)z'
-(O.BOg.) and methanol (20ml.) were sealed in a Carius
tube and meintained at 100°C for 8 hours. The resultant
yellow solution was evaporated to dryness under reduced
pressure and the resultant o0il treated with diethyl
ether to give an amorphous yellow powder., No further
characterisation was possible., Yield 0.20g,

Reaction of g¢is = PtClo(PPhz)s with tetrafluoroethylene

Tetrafluoroethylene (2ml.) was condensed onto a
suspension of cis - PtClz(PPh3)2 (0.50g.) in methanol
(20ml.) contsined in a Carius tube and the sealed tube
maintained at 100°C for 7 days. The resultant suspension
was filtered off, washed with methanol and eir dried.
The crystalline residue was taken up in a minimum of
dichloromethane and the solution chrdmatographed on an
alumina-hexane column, Two pure complexes were isolated:
trans - chloro(perfluorovinyi)bis(triphenylphosphine)-

platinum(II) Yield 49% (0.26g.) and trens - chloro=-
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Ef(difluoromethyl) 2-(difluor)vinyi}bis(triphenyl—

phosphine)platinum(II) Yield 49% (0.27g.) . These were
identified from the i.r. spectrea aﬁd m.ps. which were
identical to those of authentic semples, The reaction is
solvent devendent and the yield of _
Egggg-PtCl[ECFQH)(C:CFZE](PPh3)2 decreases as the solvent
is changed from methanol to ethanol to propanol and |
only starting materiel and trans - PtC1l(CF=CF,)(PPhz),

are obtaineq from the reaction in c¢yclohexanol,



CHAPTER 2 -



"And he that bresks & thing to find out what
it is has left the path of wisdom." =

Gandalf the Grey

The Fellowship of the Ring

J.R.R., Tolkien
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INTRODUCTION

1,2 = dicaerbonyl compounds are known to undergo
95

cycloaddition reactions ., Both tetrachloro ¢ - quinone

and 9,10 - phenanthrenequinone react with sulphur

. dioxide upon irradiastion to give cyclic sulphates96

as shown in Fig. 2.1.a. Triphenylphosphine forms 1:1

adduets with o =- benzoquinone897 and 9,10 - phenanthrene
quinone98. The products of these reactions were considered

to have dipolar structures as shown in Fig.2.1.b.

0 " o
hrv \
+ s0,, ‘7:;2;€> ::][:: S0, (a)
o’///

\

4

.
o-P-(c6H5)3 |
(b)

Fig.2.1.

In an attempt to study further d8 - metal complexes
containing metal-oxygen bonds the reacfions of the
.0 = quinones tetrachloro ¢ - benzoquinone and 9,10 =
phenanthrene quinone with the a0 metal complexes
tetrakis(triphenylphosphine) platinum (o) end -

palladium (o) were investigated. The a8 - metal complexes
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prepared in this manner proved very steble and totally

unreactive towards carbon monoxide, alkyl halides and
diphenyl acetylene, Thus the reactions of o - quinones
with comblexes containing organic moieties, e.g. a
carbonyl group or 1w - bonded olefins and acetylenes,
which might conceivably be incorporated into a ring
system formed by addition of an o - quinone were
investigated,The reactions of tetrachloro o - benzo=-
quinone and 9,10 - phenanthreneguinona with the compl-
exes Ni(CO)o(Ph,PCH,CHyPPh,), trans - IrCl(CO)(PPhB)z,
trans - RhCl(CO)(PPh3)2, Pt(trans - C,yHyPhy) (PPh3)2,
and the reactions of tetrachloro o - benzoguinone with
the complexes Pt(PhCQH)(PPh3)2 and Pt(thcz)(PPh3)2
were studied,

Little has been recently reported on metal - 1,2 -
dioxylene systems. A series of complexes derived from
0 - benzoquinone and tetrachloro o - benzoquinone of
the [M - o,_:_lz type have been prepared, M=Mg,Co,N,
Cu,Zn; but research has concentrated on the properties
of electron transfer exhibited by such complexes1oo.
1,2 - dithiolene complexes have however been the subject
of much reseerch101. The reactions of some bis(dithiolene)
complexes of the niggel group with olefins and acetylenes

have been reported and the results of such investig-

etions sre shown in Fig.2.2,



R = Ph,COOMe.
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Reactions of bis(dithiolene) complexes of the nickel group
with olefins and acetylenes.,

Fig.2.2.
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RESULTS AND DTSCUSSION ‘

Regctions of quinones with the complexes Pt(PPh3lh |

and PQLPPh3lh
Tetrskis(triphenylphosphine) pletinum (O) dissolved

in dry benzene reacts readily with both tetrachloro o -
benzoqguinone and 9,10 - pheranthrenequinone. to give the
complexes (tetrachlorobenzene 1,2 - dioxylene) bis -
(triphenylphosphine) pletinum (II) eand (phenanthrene 1,2

- dioxylene) bis (triphenylphosphine) plétinum (11)
respectively, in good yield. Analyticel, melting point

and moleculer weight data are shown in Table 2,.1.
Tetrakis(triphenylphosphine) palladium(0) dissolved

in dry benzenc reascts readily with tetrachloro o -
tenzoquinone to give two complexes; & dark blue cryst-
elline complex and & brown crystalline complex, Both
complexes analyse as Pd(CéCluoa)(PhBP)z (see Table 2.1.)
and their i.,r. spectres are similar, Both complexes may

be recrystellised without loss or chenge in melting point;
and both may be stored for several months without apparent
‘change, Thus it would eppear that there are two stable
~crystalline forms of the complex (tetrachlorobenzene 1,2 -
dioxylene) bis(triphenylphosphine) pslledium (II). No

pure complexes could belobtained from the resction of
9,10 - phenanthreneguinone . with tetrakis(triphenyl-

phosphine) palladium (O) in benzene solution,

The structure of these 1,2 - dioxylene complexes
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Cl
cy O\M /
Cl 0/// \\\

PPh3

PPh3

(tetrachlorobenzene-1 2-dioxylene)bis(triphenyl-'
Sueta1(II).

rhosphine
M = P4,Pt.

(9,10-phenanthrene-1,2-dioxylene)bis(triphenyl-
phosphine)platinum(II) _

Fig.2.3.



is thought to be square—gf§:€r in keeping with the

known geometry of four coordinate Pt(II) and Pd(II)1Oh
and is shown in Fig., 2.3, Z.s.r. data obtained from
@u(céﬁhoz)é]z” and its tetrachloro analogue have shown
that there is some degree of covalence in the coppef—
oxygen bonds1oo. Thus the representation of these
complexes as sQuare planar systems containing Pt - O«
bonds is not unjustified. The possibility of these
complexes being metal (0) complexes'of © = quirones is
thought unlikely considering a) the readiness with which
o = gquinones undergo cyclo addition and lose their dione
character95 and b) the readiness with which the complex-

103
es M(PPh3)u (M=Pd,Pt) undergo oxidative addition ,

The complex tetrakis(triphenylphosphine) platinum

(o) in benzene solution has been shown to be extensive
ely dissociated into tris(triphenylphosphine) platinum
(o) and triphenylphosphine and the coordinately un-
satursted Pt(PPh3)3 has been shown to be the resctive
intermediste in some substitution and oxidative addition
reactions105. Presumebly the reaction of o - gquinones
with both Pt(PPhj))4 and Pd(PPh;)u in benzene proceeds

vie such intermedistes, - qguinones are known to resact

-9
readily with phosphines and in resctions with tetra-

~Jjo

chloro o -~ benzoquinone unless excess o - quinones is

used a low yield of 1,2 - dioxylene complex is obtained.

An excess of guinone in the reaction of 9,10 - phenan-‘
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threnequinone with Pt(PPhB)}_L was not necessary and

it has been reported that this ¢ - qguirone only reacts
with triphenylphosphine in wet benzene 8.

Attempts to react the platinum 1,2 - dioxylene
complexes with methyl iodide, diphenyl ecetylene and
carbon monoxide in benzene or dichloromethane failed,
even under vigorous conditions. The stebility of the
pletino 1,2 - dioxylene ring system with respect to
carbon monoxide compared to that of the bis(acetato)
pletinum system ( in non alcoholic solvents) is prob-
edbly best_understood in terms of the chelate effect;
which is completely absent in the bis(aceteto) plat-
irum case, It has been estgblished that 5 -~ membered
rings are more stable than comparasble 6 - end 7 -
membered rings1ou. Any reesction at the metsl oxygen
bond, the weskest point in the ring systemss, would
lead to loss of the stability associated with the 5 =
membered ring either completely if cécluozz‘ is
displaced, or partislly if insertion resulted in a

6 - or 7 - membered ring being formed.

Reactions of guinones with metsl-carbonyl complexes

In an attempt to incorporate a carbonyl into the
ring formed upon oxidative acdition of an o - quinone

to a metal complex the resction of the complexes

N1(CO0) o (PhpPCHCHoPPh,), trens - IrCl(CO)(PPhz), end
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Reaction of halogen and o-quinone with nickel carbonyl complexes

Figoz.ou—o
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trens - RhCl(CO)(PPh3)2 with both tetrachloro o -

benzoquinone and 9,10 - phenethrenequinone were inves-
tigated.

Dicarbonyl Ej,z - bis(diphenylphOSphino)ethane]
nickel (0) dissolved in dry benzene reacts instantly
with tetrachloro o - tenzoquinone; erffervescence occurs
end & high yield of the complex ( tetrachlorobenzene
1,2 - dioxylene)[ﬁ,2 - bis(diphenylphOSphine)ethané]
nickel(II) is obteined &s a brown crystalline precip-
itate. Analytical and melting point data are given in
Table 2.1. This reaction is in keeping with the reaction
of dicerbonyl|{ o - phenylene bis(diethylphosphine)]nickel(0),
Ni(CO)2[o - CGHM(PEtz)] with halogens to give dihalo
[o - phenylene bis(dlethylphosphlneilnicxel(II)

NiXQ[é - CgHu(PEtz)é]. These reactions occur very

readily at room temperature with the evolution of

carbon monoxide106. Roth these reactions are shown in
106a

Fig. 2.4.

Reaction of a benzene solution of Ni(CO) Q(PthCHQCHgPPhQ).
with 9,10 - phenathrenequinone at room temperature
’over ten days produces a dark green precipitate. There
is no visible evolution of gas. Attempted purificstion
however lead to recovefy of quinone only.

A benzene solution of trans - chlorocarbonyl bis

triphenylphosphine) 1ridium(I), trens - IrCl(CO)(PPh3)2

reacts overnight with tetrachloro-oAbenzoquinone at
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room temperature to give a red crystalline precipitate

of the complex (tetrachlorobenzene - 1,2 - dioxylene)

. (chloro) (carbonyl)bis(triphenylphosphine) iridium(III),
Ir(CeC1)y0,)C1(CO) (PPhz)o, in high yield. Under similar
conditions trans - chloro(carbonyl)bis(triphenylphos=-
phine)rhodium(I), trens - RhCl(CO)(PPh3)2 reacts resdily
with tetrachloro-c-quinone to give the dark blue crys-
talline complex (tetrachlorobenzene -1,2- dioxyiene)
(chloro) (carbonyl)bis(triphenylphosphine)rhodium(III);
Rh(C¢C1,0,)C1(C0) (PPh3),, in good yield. Anelyticel

and melting point datae for these complexes are given in
Table 2.1.

I.r. deta concerning these and related complexes
are given in Table 2.2, Both complexes show an increas-
ed frequency of v(C=0) on going from the starting mat-
erial. This is due to the smaller back donation of
electrons from the centrsl metal atom in the M(III)
complex onto the cerbon monoxide, due to the increased
positive charge; this increasing the carbon - oxygen
bond order and increasing the stretching frequency of
the carbon = oxygen bond.

Although the oxidative addition of an o = guinone
to a metal complex musf always be cis there are six
possible geometrics for the resultant complex in the

reactions considered here. These are illustreted in Fig.

‘2. 5.A-F.
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Possible stereochemical isomers from the additiom of &n
o-guinone to trans-MCl(CO)(PPh3)2.

Fig.2.5.
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From the i.,r. data it is possible to elucidate the

stereochemistry of the complexes prepared. As there

is onl& one carbonyl group and one metal-halogen bond
in the M(III) complexes a single stretching frequency
for v(C=0) and a single stretching frequency for
v(M=Cl) are to be expected.E?he solution spectra of the
complexes ere identical in the w(C=0) region, to the
s0lid state spectra in that region.| Thus it appears
"that the complex Ir(C‘SCluOZ)Cl(CO) (PPh3)2 as prepared
here consists of a mixture of geometriceal isomers.

The absorptions at 2012cm.~! and 367cm.~! are assigned
to the complex with structure (A) in Fig. 2.5. The |
increase in the frequency of v (C=0) observed is less than
that found when the Cl -« Ir - CO system remasining
trans undergoes an Ir(I) to Ir(III) oxidation state
increase. Structures (D) and (F) in Fig. 2.5., in
which a carbonyl group is trens to & phosphine, would
exhibit U (C=0) at values higher than those observed for
the trsns Cl - Ir - CO system; due to competition
between the phosphine and carbonyl for electron density
at the metal, this leading to & decrease in electron
‘density in the Tr¥orbitals of the carbonyl.e.g. U (Cz0)
for the complex IrCl;(CO)(PMeQPh)%69in which CO is
trans to PMesPh is at 2092<:m."1 . Hence structures
(D) end (F) may be eliminated. Shaw109 has assigned
v(Ir—Cl) stretching frequencies into the following.

groups depending on the ligand in the trens position:
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331 =320 em.”! (trens - Cl), 315 - 304 em.~!(trans-CO),

291 - 280 cm.”' (trans - tertiasryphosphine). Hence the
absorption at 367em.” is assigned toV (Ir-Cl)trans-

1,2 = dioxylene., The only structure which fits theée
i.r. spectra criteria i.e. both carbonyl and chloride
ligands trans to 1,2 - dioxylene, is structure (A).Bqth
absorptions associated with isomer (A) are wéak indicat=~
ing that it is present in & small amount relative to the

other component,

1 and 29Ocm.-1 are assigned

The absorption at 2060cm.”
to isomers (C) or (E). The absorption at 290em.~1 is
assigned to V(Ir-Cl)trens to triphenylphosphine. V" (C=0)
is at a frequency lower than expected for the systems
trans OC - Ir -~ Cl or trans OC - Ir - PPhz and hence is
assigned & trans - 1,2 - dioxylene position. It is inter-
esting to note the difference in v (C=0) for the isomers
(A) and (C) or (E). It would appear that in isomer (A)
there is more rr-back donation from the central metal atom
to the?f%rbitals of the carbon monoxide than in isomer(C)
or (E). This implies that there is more back donation from h
the metal to the oxygen of the 1,2-dioxylene system,A
in isomer (C) or (ﬁ) than in isomer (A). A possible explan-
ation of the differencé in the bonding of these isomers~is
as follows:

Neither the carbon monoxide nor chloride ligand have

a strong trans - bond weekening effecti hence the

Ir-0 bonds in isomer (A) -will be equivalent and the

metal - 1,2 - dioxyleneﬁsystem will be symmetric.
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Triphenylphosphine has a strong trasns bond weaskening

effect109; hence the Ir - O bond trans to triphenyl-
phosphine in isomer (C) or (E) will be weaker, i.e.
longer, than the Ir - O bond irans to CO in isomer

(C) or (E). Such assymetry in a chelate gioup has been
observed in the complex K[Pt(acac)ZCi} 1? It may be
postulated that Ir - O trans - CO bond of isomer (C)

or (E) will become shorter than the Ir - O trans - CO
bond of isomer (A) to retein the metal - 1,2 - diox=-
ylene ring stability. Such a shortening may be consider-
~ed to increaseW - back donation from the metal to the
oxygen trens to CO with the result that\%(CEEO) for
isomer (C) or (E) is higher thanv(C=0) for isomer
(A), where such Ir - O trans - CO bond shortening does
not occur,

The complex Rh(CgC1);02)C1(CO) (PPh3), exhibits only
one v (C= 0) stetching frequency and one V(Rh - Cl)
stretching frequency. Thus only one geometrical isomer
is present, From Table 2,2, it is sapparent that
Vv (Rh(III) - Cl) occurs at frequencies between 10 and
20 cm>! higher than v (Ir(III) - Cl) frequencies for
equivalent environments; Thus Shaw's109V'(Ir - Cl)
trens - ligand groupings may be converted to v (Rh = C1)
Egggg - ligand groups., This is of course only & rough

guide but a paucity of i,r, spectral datas for Rh(III)

complexes containing the RhC1(CO) (PPhz), system in a
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variety of configurations make this necessary., Thus

T is assigned tow(Rh - Cl)

the absorption at 328 cm,
trans to carbon monoxide. Hence the complex
Rh(C6Clu02)C1(CO)(PPh3)2_is assigned structure (B)
~in Fig. 2.5, |

It is interesting to note that during the formation
of Ir(06C1u02)Cl(CO)(PPh3)2, isomers (C) or (E), the
tertiary phosphines and the carbon monoxide and chloride
ligands have become c¢cis when they were originally trans
in the starting material. In tﬂe formation of
Rh(0601u02)01(co)(PPh3)2 the triphenylphosphine ligands
have become cis when they were originally trans in the
starting material, Such substantial rearrangements of
ligands upon oxidastive addition have, in the past, been
considered unlike1y107’11o. A similar rearrangement is
'encountered in the formetion of the complexes | <
IrBr(CO)(PPh3)2(Cz(CN)u)5 and1$§01(00)(PPhMez)(Cz(CN)u)
from trans IrX(CO)L,. Baddley has argued that
although the trans configuration would appear sterigally
preferable the strongwacidity of CQ(CN)u forces a cis
configuration. In a Egggg configuration'Cg(CN)u would
be trans to CO and there would be competition between
the two strongmeacids for electron density. However
trans - RhCl(CO)Z(PPhB) reacts with CQ(CN)M to give
the complex RhCl(CO)Q(PPhB)(CZ(CN)u) in which the carbonyl

groups are thought to be cis yet cis RhCl(CO)ZL

14
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(L = pyridine or p - toluidine) reacts with CQ(CN)A

to give the complex RhC1(CO0)pL(C2(CN))) in which the
carbonyl groups &are §£g§§7. Thus it is apparent that
the factors controlling the resultant geometry of a
complex formed via an oxidetive addition reaction are
more complex than has been supposed, and that consider-
able rearrangement of ligands may take place ﬁnder
mild conditions. |
9,10 - phenanthrenequinone does not react with

trans RhCl(CO)(PPh3)2 even on vigorous reflux in benzene

for one week, and only undergoes incomplete reactionv
with trens - IrCl(CO)(PPh3)2 unde:'1gimilar conditions.
This is in keeping with the known trend of the
tendency to undergo oxidative addition to increase on
descending a tried. Careful chromatography could not
seperate the 9,10 - phenanthrene 1.2, dioxylene adduct
from the starting masterial.The i.r. spectrum of the
mixture shows v (C=0) at 2020 cm™! and v (Ir - Cl) at
328 cn£1 for the adduct which may be assigned structure

(A) in Fig. 2.5.

I.r. absorptions of the metal -1,2 ~ dioxylene system.

>

The i,r. ebsorptions associated with the tetra—

‘chlorobenzene 1,2 - dioxylcne - metal system will now

o : 113
be discussed, A simple group theory treatment of
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C =i -
the system shown in Fig. 2.6. indicates that there are

thirteen in plane (®2zx ) i.r. active vibrations and
deformations; viz., 7A4 and 6B;. Of these LA, and LB,
are basicallyv(C=C) and v(C - 0). Hence eight absorp-
tions, in the 900 - 1800 cm! region, should be observed.
As seen from Table 2,3, only five absorptions are
observed, This is most probably due to accidenteal co=-
incidence of some of these bands with bands associated
with coordinated phosphine, Thus it is possible to use
these i,r, ebsorptions only as & fingerprint for the
tetrachlorobenzene -1,2 - dioxylene metal system. It
is seen,from Table 2.3._that a similar, though not gquite
80 wéll defined, pattern is observed for the phenan-

threne - 1,2 - dioxylene - metal system,

% C S tr

\/ \n‘ (2x)

N\

Model eystem used in the group theory treatment of
the metal - 1,2 - dioxylene system.

FiE.Z. 60
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It is interesting to note that, whilst unreactive

towards carbon monoxide, methyl iodide and diphenyl-
acetylene, the metal - 1,2 - dioxylene system is, in
most cases, extremely ecid labile., Treatment of the
complexes M(C6C1u02)(PPh3)2 (M= Pt,_Pd) in dichloro-
methane solution with hydrogeﬁ chloride leads to

instant formation of the complexes m012(PPh3)2(M=

Pt, Pd) and tetrachlorocatechiol quantitatively. Attempts
to detect Pt(IV) metal hydride intermedistes at low
temperatures faeiled, Similarly the complex |
N1(CgC1),0,) (Ph,PCHoCH, PPhy, in dichloromethane sol-
ufion reacts with hydrogen chloride to give the complex
NiClz(PhQPCHZCHQPPhZ) and tetrachlorocatechol quant-
itatively. The reaction of the complex
Pt(c1u38°2)(PPh3)2 in dichloromethane solution gives a
quantitative yield of the compleﬁ cis - PtClQ(PPh3)2

and 9,10-phenanthrene@uinone. This 18 consistent with
the known chemistry of 9,10 - dihydroxyphenanthrene,
which repidly oxidises to 9,10 - phenanthrenequinone,
The complex Ir(Cécluoz)Cl(Co)(PPhB)z in dichloro-
methane solution does not react with hydrogen chloride at
room tempereture. This complex is coordinetely saturated,
unlike the 1,2 - dioxylens complexes of the nickel
'group elements; and steric hindrance provides a ready
explanatioﬁ for the lack of reactivity of the complex,

- especially if proton sttack at the central metal atom

is considered to be the first step.
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Reaction of the complex Pt(trans Cpﬁpphz)(pph312

with o = quinones

The photocycloeddition of olefins to o - quinoneé
is well known95. Recent wor‘k‘l“L has shown that 1,4 -
dioxenes are only one of several possible types of
products., A scheme, into which these recent results
are incorporated, for the vearious photoreactions of
9,10 - vhenanthrenequinone with olefins is shown in
Fig. 2.7. The reaction of both cis and trans stilbene
with 9,10 - rhenanthreneguinone has been reported115'
and a temperature dependent loss of stereochemicel
integrity in the products (diphenyl dioxenes) has
been noted. A lesser degreé of loss of configuration

116 117
was observed in the reaction of cis and trans

stilbene with tetrachloro o - benzoquinone to give
dioxenes. The reaction of the complex (Egggg - stilbene)
bis(triphenylphosphine)pletinum(o) in benzene solution
with 9,10 phenanthrenequinone and tetrachloro o -.
bvenzoquinone was investigated. High yields of the
complexes Pt(C1uH802)(PPh3)2 and Pt(C601uO2)(PPh3)2
were obtained and no reaction between the displaced
olefin and o = quinone wés detected. In recent
discussions of the bonding of molecu}ar oxygen'to

. transition metals the ccocordinatec mciccule hes been
likened to the excited state of oxygen gas118 and

119 |
Orgel has noted the similarity of a simple
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Photoreactions of §,10-phenanthrenegquinone with olefins,

Fige2.7.
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molecule bonded to & transition metal to the molecule

in an excited state. Thus irans - stilbene while
bonded to platinum may be regarded ss being in an
exclited state. The lack of reaction between this
"excited" trans -~ stilbene snd . the o -~ gquinones

is consistent with the sé¢heme shown in Fig. 2.7.
The essential feeture of this scheme is quinohe
excitation; direct excitation of olefin does not lead

14 |
to cycloaddition .

The regction of acetylene complexes with tetrachloro

o = benzoguinone

The resction of diphenylacetylene with tetrachloro
0 - benzoquinone is complex end gives a mixture of
products116 shown in FPig, 2,8. The reaction of the
complex (diphenylacetylene)bis(triphenylphosphine)
platinum(0) with tetrachloro-o-quinone was investigated
and predictably a complex mixture of products is
obtained. Upon addition of the guinone to & benzene
solution of the complex, the solution rapidly turns
dark brown and a yellow crystalline precipitate is
formed., This yellow complex hes an analysis consistent
with the formulation Pt(CscluOQ)(Ph202)(PPh3) and is
formed in moderate yield (46%). Anslytical, melting

point and molecular weight deta are shown in Table

2,1, i.r. spectral data for this and related complexes
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Ph
9 O | -0 1
Ql ' Ph l

(&) From photoreaction; detected mass spectrometrically,

(v) Isolated in up to 70% yield from thermal reaction,

Gl

CPh
C1y
Cl
c1’ OH
(e) Major product from photoreaction,
o1
Ph, C1
Ph Cl
Cl

(d) Formed by irradiation of (b) with visible light.

Products from the reaction of diphenylacetylene and
‘ tetrachloro-o-benzoquinone,

Fig.2.8.
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is showvn in Table 2.4. From the i.r. spectrum it is

apparent that the platinum - 1,2 - dioxylene ring
system is present in the complex., The absorption at
1961 cnﬂ1 is similar to values for v(C=C) obtained
when an acetylene is bonded weakly to a metal in a
manner similar to that of ethylene in Zeise's Salt
i.e. perpendicular to the coordinetion plane120.

(See Table 2.4.) Such an absorption is not consistent
with the acetylene bonding to platinum es in the
complex (diphenylacetylene)bis(triphenylphOSphine)
platinum(0) ; such complexes exhibit i.r. absorptions
ebout 1800 crni 120. From molecular weight data the

complex is known to be monomeric; and thus the struc-

ture shown in Figz.2.9. is assigned to this complex,

Cl
Ph3P 0

N N
Ph Pt '
t;l/ \o Cl

Cl

Structure assigned to the complex (tetrachlorobenzene
-1,2-dioxylene) (diphenylacetylene) (triphenylphosphine)
platinum(II).

Fig.2.9.
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The only pure complex which could be isolated from

the dark brown solution was (tetrachlorobenzene-1,2-
dioxylene)bis(triphenylphosphine)platinum(II) (18%).
The reaction of the complex (phenylacetylene)bis
(triphenylphosphine)platinum(0O) in benzene solution
with tetrachloro-o-quinone was also investigated. A
complex reaction takes place giving a dark brown
solution from which precipitates a yellow crystalliné
solid. This complex was identified as
Pt(C6Clu02)(PPh3)2 (24%). Careful chromatogrepny of
the reaction solution lead to isolation of a very low
vield (3%) of the known121 complex ggggi—Pt(CaCPh)z(PPh3)2.'
¥ith the exception of those diones which undergo ‘
cleavage because of special structural features all
diones participate in hydrogen abstraction; dbut at
present it is difficult to establish the factors
determining the ease of hydrogen donation by various
Species11u. However it 1s reasonable to suppose that the

acetylide moiety is formed via'hydrogen abstraction

from phenylscetylene,
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Analyticel, melting point and molecular weight
date are shown in Teble 2.1. and in this section.
Melting points are uncorrected and were recorded on
& Reichart hot-stage apparatus. Infrared spectra were
recorded from Nujol mﬁlls or chloroform solution on
a Perkin - Elmer 225 spectrophotometer, using
KBr(5000-400cm. 1) and polythene (L0O-200cm.~71)
windows. Results are shown in Tables 2.2.,2.3. and 2.4,
AneslaR benzene was dried over sodium wire before
use, Other solyents used were of reagent grade unless
otherwise stated. Light petroleum b.p. 40-60°C was '
used throughout. All solvents used in reactions were
saturated with nitrogen before use., All reactions
were performed in an atmosphere of nitrogen.
Triphenylphosphine was supplied by Albfight and
Wilson Ltd., and recrystallised from ethanocl before
use, Platinum, rhodium and iridium salts were obtaine€d,
on lecan, from Johnson Matthey Ltd. |

79 123
The complexes Pt(PPh3)u é713<1(1>Ph§)LL ,

, 67
Pt trans - (PhHC:CHPh)(PPh3)2 , Pt(PhCECPh)(PPh3)2 ,
6 124
Pt (PhC=CH) (PPh<z) trans - IrCl(CO) (PPhz) and
32 o ~5G68 3/9
trens - RhCl(CO)(PPh3)2 were prepared by literature
methods. |

The complex Ni(CO)(PhoPCHoCHoPPhp) was prepared by

the following method:



-12~
Carbon monoxide was bubbled through a stirred suspen-

sion of the complex NiCl,(PhpPCH,CH,PPh,) (0.53 g.)
in absolute ethanol (25 ml.) for ten minutes while a
solution of NaBH (0.10 g.) in absolute ethanol (100 ml,)
was slowly added dropwise, A pale yellow solution
resulted., This was evaporated to one quarter volume
and a white crystelline precipitate was formed. This
precipitate was filtered off, washed rapidly with cold
ethanol, air dried and identified as
Ni(CO%KthPCHZCHZPPhZ) from the m.,p. and i.r. Spectr$g6
which were identical to those of an authentic sample .
Yield 82% (0.42 g.) m.p. 138-140°C.

1. Prevaration of (tetrachlorobenzene 1,2-dioxylene)bis

(triphenylphosphine)platinum(IT):

e)Reaction of tetrakis(triphenylvhosphine)platinum(o)

with tetrachloro o-benzoouinone

To a solution of Pt(PPhB)u (1.00g.) in benzene
(LOml1.) was added tetrachloro o-benzoguinone (0.20g.)
and the resulting orange yellow solution was refluxed'
overnight. On cooling a yellow crystalline precipitate
was formed. Evaporation to half volume completed the
precipitation; the precipitate was filtered off,
washed with light petroleum and recrystallised for
analysis from a dichloromethane - light petroleum

mixture, (Found C, 52.25; H, 3.04; C1, 1u.63;m(CH013),

972; Cu2H3001u02P2Pt requires C, 52.19; H, 3.11;
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Ccl, 14.70 %, M, 966.) Yield 80% (0.62g.) m.p. 275 =

277 C.(decomp.)
b)Reaction of trans - stilbenebis(triphenylphosphine)

platinum(o) with tetrachloro © - benzoguinone

To & solution of Pt(trans - PhHC=CHPh)(PPhz)2 (0.50g.)
in chloroform (30ml.,) was sdded tetrachloro o - benzo-
quinone (0.04g.) and the mixture stood et room tempera-
ture overnight, The resulting yellow solution was evap-
orated to half volume under reduced pressure and 1ight
petroleum (15ml.) wss sdded, The resulting yellow
crystalline precipitate was filtered off, washed with
light petroleum, eir dried and identified as (tetrachloro-
benzene 1,2-dioxylene)bis(triphenylphosphine)platinum(II)
from its m.p. and i.r. spectrum which were identical to
those of an authentic sample. Yield 84% (0.45g.) m.p.
275-277 c (decomp. )
2,Preparation of (phenanthrene 9,10 = dioxylene)bis

(triphenylphosphine)platinum(IT):

'a)Reaction of tetrakis(triphenylphosphine)platinum

(o) with 9.10-phenanthreneguinone

To a solution of Pt(PPhz)) (1.00g.) in benzene
(LOml,) was edded 9,10-phenanthrenequinone (0.417g.).
The resulting dark red solution wes refluxed gently
overnight and then evaporated to half volume under
reduced pressure., Additioﬁ of light petroleum (20ml.)

gave rise to a dark red crystalline precipitate which
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was filtered off, washed with light petroleum, air

dried and recrystallised for snalysis from a benzene-
light petroleum mixture. (Found C, 66.13; H, L.13;
%(CHC13)=920, Cpolzg0oPoPt requires C, 65.42; H,
L.17%; M=928 ) Yield 77% (0.58g.) m.p. 200-202°C.
(decomp. ) .

b) Reaction of tresns-stilbenebis(trivhenyliphosphine)

platinum(o) with 9,10-phenanthrenecuinone

To a solution of Pt(trans PhHC=CHPh)(PPhz), (0.50g.)
in benzene (4Oml.) was added 9,10=-phenanthrenequincne
(0.12g.). A dark red solution was formed immediately
and this was refluxed gently for 30 minutes. The
solution wes eveporated to half volume under reduced
pressure, Addition of light petroleum (20ml.) led to
the deposition of dark red crystale which were filt-
ered off, washed with light petroleum, air dried aend
identified as (phenanthrene 9,10-dioxylene)bis(tri-
phenylphosphine)pletinum(II) from its m.p. and i.r.
spectrum which were identical to those of an suth-
entic sample., Yield 77% ( 0.39g.) M.D. 200-20200
(decomp. )

3. Preparstion of (tetrachlorobenzene 1,2-dioxylene)

bis(triphenylphosphine)palladium(II):

Reaction of tetrakis(triphenylphosphine)valladium(o)

with tetrachloro o - benzoouinone

To a solution of Pd(PPh3)u (1.00g.) in benzene
(4Oml.) was added tetrachloro o - benzoguinone (0.22g.).
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The mixture was refluxed overnight and the resultant

dark coloured solution eveporeted to a quaerter volume
under reduced pressure, A pale blue s0lid was deposit-
ed. This was filtered off, the filtrate being retained,
washed with light petroleum, sir dried and recrystall-
ised for analysis from a dichloromethene-light petrol-
eum mixture to give dark blue crystals, which were
filtered off, washed with light petroleum and air dried.
(Found: C, 57.25; H, 3.35; Cl, 16.37; CuOHBOCIAOZPZPd |
requires C, 57.52; H, 3.45; Cl, 16.17%.) Yield 37%
(0.28g.) m.p. 220-222°C. (decomp.).

To the retained filtrate was added light petroleum
(10ml.). Brown crystals were deposited, filtered off,
weshed with light petroleum, air dried and recrystall-
ised from & dichloromethane-light petroleum mixture for
snalysis. ( Found: C, 57.LL; H, 3.44; Cl, 14.85;
CuOH3001402P2Pd requires C, 57.52; H, 3,L5; Cl, 16.,17)
Yield 13% (0.10g.) m.p. 226-228°C (decomp.)

L. Reaction of tetrekis(trivhenylphosphine)palladium

(o) with 9,10- vhenanthreneguinone:

To & solution of Pd(PPh3)u (1.00g.) in benzene
(4Oml.) was added 9,10 ~ phenanthrenequinone (0.19g.).
The mixture was refluxéd overnight, Eveporation of the
reaction mixture to helf volume under reduced pressure
and the sddition of light pvetroleum (20ml.) gave & brown
precipitate ﬁhich was filtered off, washed with light

petroleum and &ir dried. No pure complexes were obtein-
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ed from this brown powder. Yield 0,51g.

5, Prepsretion of (tetrachlorobenzene 1,2 - dioxylene)

1,2 = bis(diphenylphosphine)ethane nickel(II):

Reaction of dicarbonyl 1,2 -~ bis(diphenylphosohine)

ethane nickel(o) with tetrachloro o = benzoauinone

To & solution of Ni(CO)Q(Ph2PCH20H2PPh2) (0.LOg.)
in benzene (L4Oml.) was added to tetrachloro o =- benzo- .
quinone (0.,20g.). Effervescence occurred and a dark
coloured solution was formed. The mixture was stood»
overnight during which time dark brown needle-like
crystals were deposited. These were filtered off, washed
with benzene and air dried. Evaporstion of the filtrate
to a small volume yielded a further crop of these crystsals,
(Found: C, 54.02; H, 2.95; C1l, 19.92; C3zpHp),C1yNi0,P,
requires C, 54,65; H, 2,71; Cl, 20.21. %) Yield 91%
(0.50g.) m.p. 2L7-245°C. (decomp.)
6. Reaction of dicsrbonyl 1,2 - bis(diphenylvhosphine)

ethane nickel(o) with 9,10 -~ phenanthrenequinone:

~ To a solution of Ni(CO)z(PthCHZCHzPth) (0.40g.)
in benzene (4Oml.) was added 9,10 phenanthrenequinone
(0.17g.). No effervescence occurred and the reaction
mixture was stirred at room temperature for 5 days to
give a green suspensioh. This'was filtered and the.green
precipifate washed with benzene and air dried. Attempts
to purifyy this precipitate by recrystalliisstion or
sublimetion failed and only the starting quinone could

be isocleted from such sttempts.,
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7. Prevpsretion of (tetrachlorobenzene 1,2 - dioxylene)

chlorocarbonyl bis(triphenylphosphire)iridium(III):

Reaction of trans - chlorocarbonyl bis{(triphenylvhos=

phine)iridium(I) with tetrechloro o = benzoquinone

To a solution of trens - IrCl(CO)(PPh3z), (0.50g.)
in benzene (4Oml.) was added tetrachloro o - benzo-
guinone (0.16g.). The mixture ﬁas refluxed overnight
to give & dark red solution which on stending for 8
hours deposited an orange crystalline solid. This was
filtered off, wacshed with benzene, air dried and re-
crystallised for analysis from a dichloromethane -
light petroleum mixture. (Found: C, 50.24; H, 2.96; _
Cl, 18.35; Cu3H30015O3P21r reguires C, 50.25; H, 2.92;?A
Cl, 17.28.%). Yield 64% (0.L42g.) m.p. dasrkens at 270 C.
decomposes &t 300°C.

8, Reaction of trans = chlorocsrbonyl bis(triphenyl-

vhosphine)iridium(I) with 9,10 - vhensnthreneguinone:

To a solution of trans - IrC1(CO)(PPh3z), (0.50g.)
in benzene (L4Oml.) was added 9,10 - phenanthreneguinone
(0.14g.). The mixture was refluxed vigorously for 6
days to give & dark brown solution. This solution was
evaporated to quarter, Addition of diethyl ether (20ml,)
gave rise to the deposition of brown crystals, These
were flltered off, washed with diethyl ether and air
dried. The i.r. spectrum of the sample showed that the
Ir(I) complex was still present and neither successive

recystallisations from dichloromethane - diethyl ether
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mixtures nor chromatogrephy over fluorosil using chloro-

form as an eluent could free the Ir(III) complex from
“the sterting material,

9. Preparation of (tetrachlorobenzene 1,2 - dioxylene)

chlorocaerbonyl bis (triphenylphosphine)rhodium(III):

Reaction of trsns -~ chlorocesrbonyl bis(triphenvliphosphine)

rhodium(I) with tetrachloroe o - benzoguinone

To a solution of trsns - RhC1(CO)(PPhz),(0.40g.)
in benzene (LOml.) was asdded tetrachloro o - benzo-
quinone (0.15g.). The resulting daerk blue solution was
stood at room tempereture overnight and evaporated to
half volume under reduced pressure, Addition of light
petroleum (20ml.,) led to the deposition of a blue
crystalline precipitate which was filtered off, washed
with light petroleum, air dried and recrystallised from
& benzene - light petroleum mixture for analysis. (Found:
C, 55.33; H, 3.22; C1, 18.72; Cu3H30C15O3P2Rh}requires
C, 55.06; H, 3,20; Cl, 18.94. %) Yield 87% (0.47g.)
m.p. 17500. (decomn) .

10, Reasction of trans - chlorocarbonyl bis(trivhenyl-

phosphine)rhodium(I) with 9,10 - phenanthreneguinone:

To a solution of trans - RhCl(CO)(PPh3)2 (0.40g.)
in benzene (4Oml.) was added 9,10 = phenanthrenequinone
(0.13g.). The mixture was vigorously refluxed for 3
days, No colour change was observed, The résction solution
weas evaporated to quarter volume under reduced pressure,

Addition of ethenol (20ml.) lead to the formation of a
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yellow crystslline precipitate which was filtered dff,

washed with ethanol, eir dried and identified as trans -
RhCl(CO)(PPh3)2 from its m.p. end i.r. spectrum which
were both identicel to those of en euthentic sample.

The recovery of trans - RhCl(CO)(PPh3)2 was quentitative,

11. Reaction of (tetrachlorobenzene 1,2 - dioxylene) bis

(trivhenylohosphine)vlatinum(II) with hydrogen chloride:

Dry hydrogen chloride was Dbubbled through a solution
of Pt(C6CluO2)(PPh3)2 (0.19g.) in dichloromethane (10ml.).
The yellow solution became colourless instantly. The
solution wese evaporeted to half volume under reduced
pressure and sddition of ethanol (15ml.) gave rise to
& white crystalline precipitate, This wes filtered off,
the filtrate being reteined, wsshed with ethenol, air
dried end identified es cis - dichloro bis(triphenyl-
phosphine)platinum(II) from its m.p. snd i.r. spectrum
which were identical to those of en authentic ssmple,
Yield 96% (0.15g.) m.p. 31000. The retained filtreste was
evaporated to half volume, ethanol (5ml.,) was edded and
on slow addition of water (5ml.) needle-like crystals
were precipitated., These viere filtered off, wsshed with
water, air dried and identified &s tetrechlorocatechel
from the m.p. end i.r..Spectrum which were identical to
those of en authentic sample., Yield 100% (0.05g.)

m.p. 194=195 C.
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12, Reacticn of (vhenanthrene 9,10 = dioxylene)bis

(triphenylphosphine)platinum(TI) with hydrogen chloride:

Dry hydrogen chloride was bubbled through & solution

of Pt(C1uH802)(PPh3)2 (0.15g.) in dichloromethene (10ml.).
The red solution turned yellow instantly., The solution

was evaporated to half volume under.reduced pressure and

sddition of ethanol (15ml,) gave rise to a white cfystal-.
line precipitate. This was filtered off, the filtrate
being reteined, washed with ethanol, air dried and
identified as cis - dichlorobis(triphenylphosphine)
platinum(II) from the m.p. snd i.r., spectrum which were
identical to those of an suthentic sample. Yield 86%
(0.11g.) m.p. 31066. The retained filtrste was evap-~
orated to half volume, ethanol (10ml.) was added and
the resulting solution evaporated to half volume, The
solution was stored at O C overnight end yellow crystals
were deposited., These were filtered off, washed with
ethanol at -78°C, sir dried asnd identified as 9,10 -
phenanthrenequinone from the m.p. snd i,r. spectrum which
were identicel to those of an authentic semple., Yield 90%
(0.03g.) m.p. 208-210°C.

15. Reaction of tetrachlorobenzene 1,2 - dioxylene bis

(triphenylphosphine)palledium(II) with hydrogen chloride:

"Blue Form: Dry hydrogenchloride was bubbled through a
solution of Pd(06Clh02)(PPh3)2 (0.20g.) in dichloro-

methsne (10ml.). The solution turned from blue to yell=
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ov instently. The solution wes evaporated to half

“volume under reduced pressure. Addition of ethanol
(15m1.) geve rise to & yeliow crystalline precipitate.
This was filtered off, the filtrate being retained, wach-
ed with ethanol, air dried and identified as trans -
dichloro bis (triphenylpnosphine)palledium(II) froﬁ

the m.p. end i.r. 8pectrum which were identical to

those of an suthentic ssmple. Yield 94% (0.15g.) m.p.
210°C . The colourless filtrate was evaporsted to
half volume under reduced pressure; ethanol (Sml;) was
added and on slow eddition of wster (5ml.) white needle-
like crystels were precipitated, These were filtered
off, washed with weter, air dried and identified as
tetrachlorocatechel from the m.p. and i.r. épectrum
which were identical to those of an suthentic sample,
Yield 88% (0.05g.) m.p. 19&~195°C.

Brown Form: Dry hydrogen chloride was bubbled through

a solution of Pd(C6Clu02)(PPh3)2 (0.20g.) in dichloro-
methane (10ml.). The brown solution turned yellow
instantly. The solution weas evaporsted to half volume
under reduced pressure. Addition of ethanol (15ml.)

gave rise to & yellow crystalline precipitéte. This

was filtered off, the filtrate being reteined, washed with
ethanol, alr dried and identified as irsns - dichloro bis
(triphenylphosphine)pslladium(II) from the m.p. end i.r.

spectrum which were identical to those of an authentic

sample. Yield 94% m,p. 210°C . The colourless
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filtrate was evaporated to half volume under reduced

pressure; ethanol (5ml,) was added andron slow eddition
of wster (5ml.) white néedle-like crystals were prec-
ipitated. These were filteree off, weshed with wster,
air dried and identified as tetrachlorocatechal from
the m.p. and i.r., spectrum which were identicel to

those of an authentic sample. Yield 88% (0.,05g.) m.p.

o
154-195 C.

14, Reection of (tetrechlorobenzene 1,2 ~ dioxylene)

1,2 - bis(diphenylphosphino)ethane nickel(II) with

hydrogen chloride:
Dry hydrogen chloride was bubbled through a solution

of Ni(CO),(Ph,PCHyCH,PPh,) (0.20g.) in dichloromet‘hanev
(10ml,). The dark solution became orange instantly.
Fthanol was added (20ml.) and the mixture evaporated to
half volume under reduced pressure. The mixture was
cooled to 0°C eand orange crystals were deposited. These
were filtered off, the filtrate being retained, washed
with ice-cold ethanol, air dried and identified ss di-
chloro 1,2 - bis(diphenylphosphino)ethene nickel(II)
from the m.p. and i.r. spectrum which were identical
to those of an suthentic semple. Yield 93% (0.14g.)
m.p. 160°C . The colourless filtrate was evaporated
to half volume under reduced pressure, Ethanol (5ml.) was
addéd and on slow addition of water (5ml.) white needle-
like crystals were deposited, These were filtered off,

washed with water, air dried end identified as tetra-
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chlorocatechal from the m.p. and i.r. spectrum which

were identical to those of an authentic sample, Yield

(2]
71% (0.05g.) m,p. 194-~195 C,

15. Reaction of (tetrachlorobenzene 1,2 = dioxylene) .

chlorocarbonyl bis{triphenylphosphine) iridium(III)

with hydrogen chloride:

Dry hydrogen chloride was bubbled through a solﬁtion

of Ir(C6Clu02)Cl(CO)(PPh3)2 (0.20g.) in &ichloro-
methane (15ml.) for 10 minutes. No colour change was
observed. The orange solution was evaporated to half
volume under reduced pressure., Addition of light
petroleum (15ml.) lead to the precipitation of an orange
crystalline solid which was filtered off, washed with
light petroleum, air dried and identified as starting
material from the m.p. and i.r. spectrum which were
identical to those of an authentic sample, The recov-
ery of Ir(C6CluO2)Cl(CO)(PPh3)2 was quantitative,

16. Preparation of (tetrachlorobenzene 1,2 = dioxylene)

(diphenylacetylene) (triphenylphosphine)platinum(II):

Reaction of diphenylacetylene bis(triphenylvhosphine)

platinum(o) with tetrachloro o - benzoguinone :

To a solution of Pt(PhC=CPh)(PPhz), (1.00g.) in
benzene (30ml.) was added tetrachloro o = benzoquinone
(0.28g.). The mixturé was shaken vigorously for 30

seconds end stood overnight, A yellow crystalline
y

precipitate was Tformed. This was filtered off, the

filtrate being retained, washed with benzene, air dried
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and recrystallised for analysis from a dichloromethane -
light petroleum mixture (Found: C, 51.61;H, 2,78;Cl, 16,06
P. 3.57 M(CHCl3)=925 ngH3901u029Pt requires C, 51.06;

H, 2,84; Cl1, 16.12 ; P, 3.52%. 4=881) Yield L&% (0.45g.)
MeDe 232-23&90 decomp. The retained filtrate was evap-
oreted to dryness to give a dark brown oil which was
taken up in & minimum of dichloromethane and chromato-
graphed over fluorosil. Elution with diethylether gave an
orange fraction which on addition of light petroleum
gave crystals of the complex Pt(CgClaOZ)(PPhB)Z identif-
ied as such from the m.,p. and i.,r. Spectrﬁm which were
identical to those of an authentic sample. Yield (0.19g.)
m.p. 275-277 C.

17. Reaction of phenylecetylene bis(trinhenylvhosphine)

platinum(o) with tetrachloro o - benzoguinone:

To a solution of Pt(PhCEECH)(PPhs), (0.60g.) in
benzene (30ml.) was added tetrachloro o - benzoguinone
(0.18g.). The mixture was shaken vigorously for 30
seconds and stood overnight. A yellow crystalline
precipitate was formed. This was filtered off, the brown
coloured filtrate being retained, washed with benzene,
air dried, recrystallised from a dichloromethene - light

petroleum mixture and'identified &s the complex
Pt(CécluOZ)(PPhB)Z from the m.p. &nd i,r. spectrum which
were identical to those of san authentic sample, Yield
24% (0.27g.) m.p. 277-275 C decomp. The retained filtrate

was evaporated to dryness, under reduced pressure, to



~137-
give a dark brown oil which was teken up in & minimum

ofdichloromethane and chromatographed over fluorosil,
Elution with dichloromethene gave a yellow fraction
which on addition of light petroleum gave crystals of
the complex trans - Pt(CZ=CPh),(PPhz)p; identified from
the m.p. &and 1i,r. spec?fum which were identical to those
of en authentic Sample‘d1. Yield 3% (0.025g.) m.p;220- |

222°C decomp,



CHAPTER 3



If the stone falls on the egg, alas for the egg.

If the egg falls on the stone, ales for the egg.

. Proverdb
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INTRODUCTICN

As & further study of 68 metal complexes contain—r'
ing metal-oxygen bonds the chemistry of some rhodium(I)
acetylacetonate complexes has been investigsted, The
stereochemistry of such systems is indicated by the
CH3 - resonances of the acetylacetonate moiety in the
1H n,m,r, spectrum and this has proved useful in det-
ermining the final stereochemistry of the compiexes form-
ed viae oxidative addition reactions, Some work has been
done on such systems, Parshal£2£as investigated the
chemistry of the complex (acetylacetonato)(ethylene)
_ (tetrafluoroethylene)rhod‘ium( I), Rn(acac)(CoHy) (CZFH) .
The properties of the transition metel - acetylacetonate

ring have been investigated, principally by Collman126,
with specific regard to eletrophillic substitution at
the C~3 position in such systems, lLewis et 81127 have
provided a series of investigations into the reaction
of both C~ end O- onded trensition metal acetylacet-
onates,

The complexes studied in this work are (acetyl-
acetonato) cyclo octa- 1,5- diene rhodium(I), Rh(acac)
(CoD); (scetyl acetonato)(triphenylphosphine) (carbonyl)
rhodium(_I), Rh(acac)(co)(PPhB); both known 128,129
complexes, and & new complex acetylacetonato bis(tri-
phenylphosphine) rhodium(I), Rh(acac)(PPhB)e. Rh(T)
complexes although not a&s resctive towerds oxidative

112
addition as their Ir(I) anslogues , are known to



=139~
unéergo oxidative addition with a variety of resgents:

acids, alkyl halides, olefins and acetylenes, Thus the .
reactions of the rhodium acetylacetonate complexes,
mentioned above, with such reegents have been investi-

gated.

RESIULTS AMD DISCUSSTION

Prevaration of Starting Vaterials

128
Rh(acec) (COD) wase prepsred by the litersture method .

Rh(acac)(PPh3)2 was prepared by treating Rh(acac) (COD)

in diethyl ether solution with excess triphenylphosphine,
Gentle reflux resulted in guantitative precipitation of
the complex. Anelytical, melting point and moleculer
weight deta are given in Table 3.5. Rh(acac)(CO)(PPh3)'
was prepared by bubbling carbon @onoxide through &
stirred suspension of Rh(acac)(PPh3)2 in diethyl ether
at room temperature,

Structure of Starting lfaterisgls

One of the C-3 protons in scetylacetone is lsabile
with the result that a keto-enol tautomerism may occur
(See Fig. 3.1.). At room temperature acetylacetone is
815 enol form130. Under eppropriate conditions with

'-various ligands the enol or potentisl enol proton

‘may be removed and replaced by a metal to give & complex

in which the metal is tonded either to two oxygen
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Keto = Enol Tautomerism in Acetylacetone,

O
O

o
———
—
e

C //c ~
,C//'\\g \\CH

2 H

i 3

Fig.3.1.
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atoms, or to the C-3 etom. Exemples of toth types

of coordinetion ere known eand shown in Fig.3.2,

I.r. Snectral Data

The manner of coordinstion of & 2- dixetone
to & metal in & complex may be discerned by the i.r.
spectrum of such & complex, Strong asbsorptions in the

1 ere indicative of en O-bonded

regions 1500-1600 cm,”
chelating group. Such egbsorvtions are considered to

be mainly & mixture of V(C=C) and V (C=0) modes,

(See locelised bonding revresentation of acetyl- _
acetonate encl form; ®ig.3.1(a) ). although some & (C-H)

131
contribution . has been otserved . Absorptions above

1 are indicative of & C- bondedla— diketone

1600 cm.~
end such sbsorptions sre composed almost exclusively
of V (C=0) contributions. Teble 3.1. shows i.r.
spectral deta for known O-bonded and C-~bonded
acetylacetonate complexes. I.r. spectral data for the
complexes Rh(acac) (COD), Rh(acac)(CO)(PPhB) and
Rh(acac) (PPhz), are shown in Table 3.2. snd indicate
that in the solid state and in solution the acetyl-
ecetonate moiety is O-bonded to the rhodium in ell

~ three complexes.

1H n.m.r. Spectral Data

Complexes which have a plene of symmetry perpen—



Methyl Groups -

Equivalent.

(e)
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Methyl Groups
Non - Equivalent.

Symmetrical end asymmetricel acetylacetonate -
' metal rings.,

Figo 50 30
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diculsr to the plane of the metal-scetylacetonate ring

(See Pig.3.3(s) and (c)) may be expected to exhibit

a singl€ resonance in the methyl proton region. Those
complexes in which the methyl groups on & single |
ecetylacetonete moiety are nonequivalent(See Fig.3.3

(t) end (d)) will show two resonances in the methyl
protcn region, each resonance corresponding to one
methyl group. Exemples of this are shown in Table 3.3;
1H n.m.?. spectral dete for the complexes Rh(ecac) (COD),

Rh(acac)(CO)(PPhj) and Rh(acec) (PPh are shown in

5)2
Teble 3..4.
132

As revorted Rh(acac) (COD) exhibits & single
resonance corresponding to two equivalent methyl
grouvs at room tempersture snd the spectrum does not
change on cocling to ~50 C,

From symnetry arguemeﬁts Rh(acac)(CO)(PPhj) should -
exhibit methyl resonance ss a doublet. This has been
oﬁserved1jza, and the spectrum is independent of temp-
erature, However on adéition of triphenylphosphine the
doublet associated with methyl resonance collapses to a

singlet. This spectrum is-ﬁowever temperature depend-
ent. Cn cooling to -10°C the singlet has broadened
considerebly end at ~50°C'a shaerp doublet is agein
observed., Thus st rcom temperature in the presence of
free triphenylprhosphine en exchange process, which

relieves molecular esymmetry is occcuring. On cooling

this exchenge process is slowed down sufficiently for
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the n.m.r. phenomena to observe the assymetry in the

molecule.,

On the basis of symmetry srguements the methyl
groups in Rh(acac)(PPh3)2 are equivalent and a
single resonance is to be expected. However in
degassed deutero-chloroform a complex pattern of
bands assignable to methyl recsonance is observed.
The spectrum is unchanged by lowering the temper—-

ature, There are two possible explaenations:

1. Reaction between the complex and solvent:

| CDCl2
Ph3P | PhBP\ /O P
CDCl3 > Rh
Ph3P Ph3P6¢, \NQO

Cl

plus other
isomers.
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Attempts to isolate such a Rh(III) complex failed.

Prom i.r. spectral dasta the complex eppears to be
statle in tenzene. However attempts to record the
1H n.m.r., spectrum of the complex in benzene were not
successful as the complex is only speringly scluble
in this solvent. |

2. The complex dissociates or decomposes in solution.
The molecular weight of the complex in chloroform

is 571 (required 727) end this indicates dissocistion

or decomposition,

Reactions of Rhodium(I) Acetylacetonsto Comnlexes

Reactions with Acids

RPeactions with Hvdrogen Chloride:

There are several examples of the reaction of

metal~ketocenolates with helogeno ecids alréady report-

cor’

/

M = Pa,Pt; R! = Me,Ph; R® = Me,Ph; X = C1,Br,I.

In this work Rh(ecac)(COD) hes been found to react
similarly with hydrogén chloride in diethyl ether to
give the known128 complexmm~dichloro bis(eycloocta-

-
1,5-diene)dirhodium(I), EBhCl(CODng‘
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The reaction may be carried out in cerbon tetrachloride.
The 1H n.m.r, spectrum of the reaction mixture, after -
removal of RhC1(COD) > by cooling, 1is identicsal to
that of acetylacetone in carbon tetrachloride and
confirms the presence of free acetylacetone.
Similerly Rh(acac)(PFh3)2 reacted with ?ggrogen

chloride in diethyl ether to give the known complex
' ~dichloro tetrakis(triphenylphosphine)dirhodium(I),

Ezhgl(pph3)2] ot

The presence of free acetylacetone was shown by the
1 .
- H n.m.r. spectrum of a carbon tetrachloride reaction

mixture, The complex is rather reactive but its nature
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was confirmed by reection with the bridge splitting

reagents caerbon monoxide and triphenylphosphihe. Thus
108

with carbon monoxide the knovn complex trans -

RhCl(CO)(PPh3)2 was formed and reaction with triphenyl-
108

phosphine gave the known complex RhCl(PPhB)S. In

both reactions quentitative yields were obtained,

The reaction of Rh(acac)(CO)(PPhB) with hydrogen
chloride gave the new chloro bridged complex -
dichloro bis(triphenylphosphine)bis(carbon monoxide)

airhodiun(1), [RnC1(CoO) (PPh) ],

Ph P; Cl, CO
> SRR RE
o¢ I PPhy

HC1

Analyticel, melting point and molecular weight data
for the complex are given in Teable 3.5. The preoence

of free acetylacetone was shown by the 1H n.m,r.
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spectrum of a carbon tetrachloride reaction mixture.
Molecular weight deta in chloroform indicates that the
complex is dimeric in soluticn. I.r. spectral data
concerning halogen bridged dimers is shown in Table
3.6. It is well known that a square planar halogen
bridge should exhibit two i.r. active freguencies
mainly associeted with \J (¥~-X) stretching modes. This
has been observed in [RhCl(CODi]z 13“. However the far
i.r. spectrum of [ﬁhCl(PPhB)é]z is puzzling in that
only one absorption is observed. This absorption is
brosd  50cm. ! and may be an envelope of two or more
absorptions,

Two bands are observed for the complex[RhCl(CO)(PPhB)]Z;
The large differences between the two V (Rh-Cl) frequen- '
-cles in this complex as opposed to those otserved for
other rhodium-hslogen bridged systems (See Teble 3.6.)
is probably a function of the different trans bond inf-
1uences exerted by carboﬁ mohoxide and triphenylphos-—
phine. The V (CO) stretching mode occurs at 1,977cm."1
in the solid state and 1980cm.” ' in solution, This
eliminates the possibility of a brldging carvonyl
structure as such systems exhibit i.r. absorptions in
the region 1898-1785cm. 8)4. It is well known&L that
" complexes of the type trans - 11(CO) ,L;, exhibit one i.r.

ective V (CO) stretching freguency while complexes of

the type cis - M(CO)oL, exnibit two i.r. sctive V' (CO)
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\ \ / \M/X\m/ '
OC/ / N, NV N N
(a) (b)

Cis - trens isomerism in halogen bridged complexes,

Fig.3.4.
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stretching frequencies., Similarly a complex of the type

(a) shown in Fig. 3.4. will exhibit one i.r. active

V' (CO) stretching frequency while a complex of type

(b) will show two such frequencies. Whilst the V (CO)

absorption for {?hCl(CO)(PPhB)]Q in the solid state is

broad, in chloroform solution & single sharp absorption
is obtained, This may be taken as an indication that
ERhCl(CO)(PPh3i]2 has the frens structure of Fig.3.L(a).

The bridge splitting resgents carbon monoxide and

triphenylphosphine reascted readily with[?hCl(CO)(PPhBZEé

giving the known7’ 108 complexes trans - RhC1(CO),(PPhz)

and trans - RhCl(CO)(PPh3)2 quantitatively in accord

with the proposed structure:

Ph-B CO
P2hoy 3,121{
cI ‘PPhB
Ph,P Cl. CO
3 X Ry
oc” ‘¢’ ‘Pph3
— 2 Rh
car o o1

Regctions with Acetic Acid

Acetic acid did not react with any of the complexes

under investigestion although the complex ERh(OAc)(CODi]Z
128
is known and may be prepared by the reaction of

[?hCl(CODijz with a metal acetate in acetone,
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Reactions with Trifiuoracetic Acid

Trifluoracetic acid reacted readily with all three
complexes to give bis—;@u'-trifluoracetato bis(cyclo-
octa =1,5~ diene)dirhodium(I), [Rh(OAcF)(COD)jQ ;
bis-/gu'-trifluoracetato tetrakis(triphenylohosphine)
dirhodium(I), ERh(OAcF) (PPhB) 2:}2 bis—uu' ~trifluor-
acetato bis(cerbonyl)bis(trivhenylphosphine)rhodium(I),
[rn(0Acy) (CO) (PPhg],. Analytical,melting point and
molecular weight dsta are shown in Table 3.5,

From the molecular weight date it is apparent
that the complexes are dimeric in solution and by
analogy with the reaction of hydrogen chloride on'thev'
acetylacetonate complexes bridging trifluoracetate
structures are postulated for these complexes as
shown in Fig., 3.5. i.r. spectral date is shown in
Teble 3.7. and does not indicate the presence of sny
metal hydride complexes., V (0CO) could not be assigned
unambiguously for any of the complexes and is almost
certainly obscured by aebsorptions associated with
coordinated phosphines for the complexes
[Rh(OAcF) (PPhsz) 212 and ERh(OAcF) (co) (PPh3)]2.

The i.r. spectrum of the complex [Rh(OAcF)(PPh3)é]2
is consistent with the-replacement of the acetyl-
acetonate moiety by the trifluoracetate moiety dbut ihe

complex could not be obtained enalytically pure., Tie

. - r LS
i,r. spectrum of LBn(OAcF)(CO)(PPhBiEQ shows two strong
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CF3
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Reactions of rhodium acetylacetcnate complexes
with trifluoracetic acid.

Fig.3e5e
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absorptions in the V' (CC) region in both solid state

and solution spectra, This may be taken as & tentative
indication that the two carbonyl groups are giﬁvto
one eancther as shown in *ig,3.5.

Thére are several possible mechanisms for the
reaction of acids with metal-scetylacetonate complexes:
1, Oxidative addition of HX to Rh(I) to give a six
coordinate Rh(III) complex which undergoes reductive
elimination of acetylscetone to give a Rh(I) species

which dimerises:

’

HX

=3 Rh + acetylacetone

(dimerises)

2. Attack of H* at the acetylacetonate ring rather than
the central metal atom.

On the basis of 1H n.m.», spectral studies on a
serlies of paramagnefic transition metal acetylacetonates
Eaton135 hag shown that both metal to ligand and ligand

to metal charge transfer can occui via both bonding

and antibonding ligand orbitals. Thus it is possible
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to envisage proton attack at an orbital which has both
metal and 1ligand character, The distinction between
1, and 2, then becomes a moot point.

It would seem that the reaction of sgquare planar
Rh(I) acetylacetonate complexes with acids to give
bimolecular species is a generel reaction aslthough
the lack of reactivity of aceticilacid suggests that
a strong scid is necessary to displace acetylacetone..

Reactions with Methyl JTodide

Rh (acac)(COD) does not react with methyl iodide
in light petroleum or diethyl ether even under vigorous
reflux conditions for several days, The 1H N.M.T.
spectrum of equimolar amounts of methyl iodide and
~Rh(acac)(COD) in cardon tetrachloride gives no evid-
ence for the coordination of hethyl iodide to rhodium
and no reaction occurs in such mixtures at room temp-
erature, On reflux a dark brown sucpension is obtained
from which no pure complexes could be 1soclated. Gentle
reflux of & methsnol solution of Rh(acac)(COD) with
methyl iodide yields a dark brown precipitate, Re-
crystallisstion of the benzene soluble portion vields
brick red crystals of the known128 unstable complex
Mu'~diodo bis(cycloocta =1,5- diene)dirhodium(I),

[Rur(COD)],. Methenolysis of methyl iodide will teke
vplace under the conditiéns of the resction and the
resultant hydrogen iodide will react with Rh(acac) (COD)

to give the observed product:
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4

CH3OH + CHzl— CHSOCHB + EI

\?h ::} EI — f‘"b\ﬁ + acetylacetone
7% CHs [ 7 NI
(dimerises) /
An‘ethereal suspension of Rh(acac)(PPh3)2 reacied
readily with methyl icdide on reflux to give 100%
yield of &he complex acetylacetoneto(iodo) (methyl)=-
bis(triphénylphosphine)rhodium(III), Rh(acac)I(Me) (PPh3)o.
Analyticel, melting point and molecular weigzht deta are
shown in Teble 3.5. The i.r., spectrum in both the solid
state and solution (See Table 3.8.) indicates that
the acetylacetonate moiety is O-bonded to rhbdium.
Thé 1H n.m,r, spectrum of the complex ét room temper-
ature shows that the methyl groups of the acetylacetonate
moiety are equivalent (See Table 3.9.) and there is no

1H n.m.r, spectrum on cooling to —50°C.

change in the
From Table 3.9. it is seen tnat the position of
methyl proton resonsnce for the methyl grouv bonded
to Rh(TII) is typical of sﬁch systems,
From the i,r, and 15 n,m,r, spectra the stereochemis-

try of the complex is unambiguously defined and shown

below:



R

3 :
PhSP/! \\'o"'
I

This however does not indicete that tresns oxidastive
addition has taken place, It has been shownBO that

in the rescticn of IrCl(CO)(PMeZPhkjﬁmh alkyl halides
elthough under certain conditions trans isomers are
isoleted as the finsl product the first stage of the
addition reaction is almost certeinly cis addifion'
which is then followed by isomerisetion,

No pure complexes could be 1isoleted from the resct-
ion of Rh(acac)(CO)(PPh3) in diethyl ether with methyl'
iodide under reflux. However the i.,r. eand 'H n.m.r.
spectraof the mixtures obtained indicete the nature
of the resction: |

T.r. Spectral Tata (See Teble 3.10)
1

The sbsorption st 2060cm™ ' is typical of that
obtained for & carbonyl bonded to Rh(III). The sbsor-
ption at 1970cm™' is essigned to V (C=0) of
Rh(acac)(CO)(PPhB) and the ebsorption at 17OOcm-1 is
typical of an acetyl grouping bonded to Rh(III) as

shown by Table 3,11,
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Ty n.,m,r, Spectrsl Dhata (See Teble 3,10)

1H n.m.r, deta shown wes obtained from & carbon
tetrachloride reaction ‘solution. Resonsnces at L, 55;
.20 and 7.80 7T may be assigned to the starting met-
erials Rh(acac)(CO)(PPhB) and methyl iodide, The
regions associeted with ascetylecetonate, alkyl snd acyl
methyl proton resonences overlap to a large extent.
This plus the formation of isomeric mixtures mske
esgignment of the obtserved resonances impossible,.
However comparison of 1H n.m,r. éata shown in Tebles
- 3.9., 3.10. and 3.11 coupled with i,r, spectral data
does indicste thai metal slkyl and metal acyl Species
are present.

27,28

Two similar reectiocns have been studied kinetically:
a) trans - RhX(CO)L,  X=Cl,I; L=P(97MeOC6Hu)3, PPhz,
PEtz, P(p-FCgH,)3, AsPhz  with methyl iodide.
b) trans - RhCl(cvo)Q(PPhy with methyl iodide.
In both ceses the first stage of the reacticn is con-
sidered td be the oxidative addition of methyl iodide
to give & six coordirste Rh(III) complex, For system
a) an equilibrium situastion wes observed and the
presence of metal-alkyl species was shown by i.r, eand
1H n,m,r, spectral studies, The position of the
equilibrium between trans - RhX(CO)L2 and the Rh(III)-

methyl complex and glso the rapidity with which this

eguilibrium was obtained wes shown to be a function
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of ¥ end L. In the study of system b) kinetic data

pointed to the formetion of an intermediaste which V
was, however,'so short lived that its nature could not
be esteblished., A six coordinate Rh(III) species
containing & metal-methyl bond wes postulated. The
next step in both systems was thought to te a nucleo-
phile ascisted methyl migrstion to give an acyl complex
although neither study distinguisﬁed betwsen methyl
migration and carbonyl insertion., Direct nucleophilic
attack of methyl iodide &t the coordinated caerbon mon-
oxide of the starting Rh(I) complex &s & means of
forming the acyl complex may be ruled out for both
these systems &s this would involve & one step bi-
molecular psth which is not otserved, In system a)
a complex 1H n.,m,r, spectrum is observed indicating
the presence of several alkyl and acyl isomers,

T'lsing systems a) and b) as a guide, a possible
scheme for the resction of Rh(acac)(CO)(PPhB) with

methyl iodide is as follows:
Me

+ Mel

(plus other
ieomers)
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PhBP\\\Ei,//O ..... :
007’1 No=

(plus other
isomers)

The possibility of two completely separate reactions
giving rise to an glkyl end acyl complex in the absence
of kiretic date cannot be discounted. As starting
meterial wes present in all ssmples obteined it could
not be ascertained whether iodide had displaced acetyl-
acetonate in either the alkyl or the acyl product.

Reactions with Acetyl Chloride

Rh(ecac) (COD) reacts with acetyl chloride in diethyl

ether to give an orange solution of}ﬁyu'-dichloro bis-
. - - 1

(cycloocte =1,5- diene)dirhodium(I), {RhC1(COD)],. To
test for the formetion of an Rh(III) acyl complex
wnich undergoes reductive elimination of triscetyl
methane to give EﬁhCl(COD)]Z via the reaction sequence
shown below, the reaction was performed in carbon '

tetrachloride and the 'H n.m.r., spectrum recorded.

— Ve -

—F

N/
7\
L
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| ///c1
N\ ‘ |
Rh + (MeCO)3CH

; *'7

(dimerises)

(not isolated)

The carbon tetrachloride resctiocn solution was dark
brown however and the only resonances observed were
those due to sterting meteriasl., As gresat care was
taken in dryirg the sclvents used and in redistill-
ing the ecetyl chloride under anhydrous conditions
directly irntoc the reection mixture the presence of
hydrogen chloride is unlikely &nd is not e probable
explanation for the formetion of ERhCl(CODi]Q..
Ph(acac)(PPh3)2 rescts with ecetyl chloride in
diethyl ether to give a pale yellow precipitate.
Attempts to recrystallise this precivitate led to the
formation ‘of trens - RhCl(CO)(PPhB)Q. I.r. spectrel
data for the pale yellow precipitate, shown in Table
3.12, indicetes the presence of the complexes
RnhCl,(Me) (CO) (PPh3), (See Table 3.9.), RhClz(COMe)(PPh3)2
(See Teble 3.11.,) and trans - RhCl(CO)(PPh3)2. The

formetion of such complexes is consistent with the
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initiel production of EhCl(PPh3)2; which is known

to react with ecetyl chloride to give these cbmplexes.
The original production of the chloro species may be -
“considered to take place vie the oxidstive addition of
scetyl chloride followed by & reductive elimination
as described for the reaction of Rh(acac) (COD) with
acetyl chloride.
Rh(acac)(CO)(PPhB) reacted with acetyl chloride
in diethyl ether to give the complex dichloro(acetyl-
(cartonyl) (triphenylphosphine)rhodium(III),
| RnC1,(C0CH3) (CO) (PPhs). Analyticel end melting point
date sre given in Teble 3.5. and i.r. spectral data
are given in Tabtle 3.12. The complex could not be
recrystallised as dissolution in chloroform or &acetone
led to the formation of trans -RhC1(CC)p(PPhsz). The
complex is insoluble in benzene end may also be pre-
pared by the reaction of acetyl chloride with
[ﬁhCl(CO)(PPhji]g. The i.r. spectral datas is very
similar to that obtained for the complex
RhClz(COMe)(CO)(PPhB)(O.5CH2$%2)17 (See Table 3.12,)
This comp;px may be prepared by the reaction of
&cetyl chloride on trans =- Rhc1(co)2(pph3). Tt is
thought that the expected product RhC1,(COMe)(CO),(PPhs)
1s rendered unstable to the loss of cerbton monoxide by
the presence of strongly 77 - acidic ligands, i.e.
cerbon monoxide and the ecetyl group, competing with

one another for electron density on the central metal
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atom through T - btack donetion, Thus it was deemned

unlikely that the acetyl group is trans to carbon
monoxide in RhClZ(COMe)(CO)(PPhj)(O.50H2012) and the
\s(Rh-Cl) stretching frequency et 265¢m™ ! was assigned
to VW (Rh-Cl) trens acetyl. In the unsolvated asnslogue
the bond st 268cm™! mey te assigned similarly. Roth
137 138
square based pyramid end trigonel bipyramid
geometrics sre known for Rh(III) complexes and from
the date availeble it is impossible to assign
definitely either of these to the complex
RhC1,(CONe) (CO) (PPhj) .

Reactions with Clefins

Resctions with Tetrachloroethylene

Tetrachlorocethylene dia riot react with any of the
complexes under investigetion. This is not surprising
as experiments with orgenic donor iigands have shown
that it is & very poor‘TTacceptor139. Baddleyu has
shown that strong Tr acceptor properties are essential
for the formation of strong metal-olefin bonds in

systems of the type IrX(CO)L, olefin,

Reactions with Tetracyanoethylene

The bonding in metsl-tetracyancethylene complexes
L,5

- has been the subject of speculation . Two models heve

been put forward and ere illustrated in Fig. 3.7.,

a) depicts the cenventionel Chatt ~ Duncanson model

for metal-olefin interaction -and b) depicts a three
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models for tetracyanoethylene complexes,

occupied orbital,

empty orbitel,
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menmbered metallocyclopropane ring. Considering model

a); in cases where both & and 7v contributions to the
metal olefin bond are significent there will be no
spperent change in oxidation state of the metel. How=-
ever tetrascyesnoethylene is one of the strongest T
acids known and has U donor properties which are prac-
tically negligible1uo. Thus in é tetracyanocethylene
complex considereble charge may be deposited in the
olefin 7T*orbital without any attendent 6 donsation
from the olefin to the metal, Thus critéria of oxida=-
tion state e.g. V(CE0) cannot be used to test the
applicebility of models a) and b).

Paddley has argued that model a) is completely
eguivalent to the valence boend description b) and that
a pure?beond end a metallocyclopmpane ring are
physically the seme in terms of the atomic orbitals
used. He considers thst the molecular orbital approach
of model a) may be prefersble beceuse of its flex-
ibility in treating intermediste cases where both metal
to olefin T bonding and olefin to metal § dbonding are
important, This he has demonstrated by relating the
M.0. bonding model to the stability of & series of |
iridium cyanoethylene complexesu.

Rh(acec) (COD) reacted with tetracyenoethylene in

acetone to give an insoluble pale yellow complex which

e -‘-g.!

. T
analyses as,Rn(acac)LFZ(CN) (COD). Analyticel end

L
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Postulated structure for the complex
Rh(CN) [CZ(CN)ﬂ(acac) (cop).,

Fig.3.8.



-167-
melting point data sre shown in Table 3.5. I.r. spectral

data 1s given in Table 3.93. The strong ebsorption &t

-1 -1 :
2148em  is 100cm  lower then V (C=N) in tetracyano-

1 which is
Ll

typical of a cyanide ion bonded directly to a metal .

ethylene and is in the range 2040-217Ccm

The sbsorptions at 2239 and 22120m—1 are similer to
those of V (C=M) for tetrecysnoéthylene; tetracyano-

: 141
ethylene exhibits two strong bands at 2262 and 2214em 1 .

1 may be assigned to

The bands et 1739 and 1716cm
V(C=0) for & C-tonded scetylacetonete moiety. Values
of 1600—16950m-1 have been revorted for V(C= O)Iin
platinum complexes containing C-bonded scetylacetonates133
Tetracyancethylene is s most reective dienophile,
giving an sdduct with butzdiene below room temperature
in almost quentitative yield1h2. It is tempting to
postulate a structure resulting from 1,4~asddition of
tetracyancethylene across the metal-acetylecetonste
ring as has been observed in the reaction of hexafluoro-
but -2- yne with Rh(acac) (COD). BHowever such postulates‘
do not account for the presence of a metal bonded |
cyanide ion. The structure shown in Fig.3.8. accounts
for all the features observed in the i.r. spectrum. The
absence of an sbsorption assignsble to V{(C=C) is
puzzling but such ebsorptions are in some cascs very

. 75
weak e.g. trans - Pt(02013)Cl(PPh3)2 . Coordination

of cyanide via nitrogen mey be eliminated as absorp-
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tions due to V(C=N) are observed et 2300em™! for such
systems1u3. The monomeric nature of the complex is
open to gquestion in the absence of molecular_weight
data.’The complex Rh(CN)£b2(CN)£](acac)(COD) is a
Rh(III) complex and it has been noted thet Rh(ITI)
olefin complexes are unstable, acttempts to prepare
them by oxidising Rh(IZ olefin complexes being
completely unsuccessfui?ighe complex Rh(CN)EbZ(CN);]
(acac) (COD) is in keceping with these observations as
~ 1t decomposes readily in vacuum and slowly on stand-
ing in air.

The reaction of Rh(acac)(COD) with tetracyanoethy=-
lene in lignt petroleum yielded & different product;
an orange crystalline solid, On dissolution in ether,
benzene, chloroform or acetone the insoluble
Rh(CN)[bQ(CN)il(acac)(COD) was formed., The complex
could not be obtained enalytically pure . Like
Rh(CN)[&g(CN)é}(acac)(COD) it was unstable under
vacuum and decomposed slowly in air, I.r. spectral
data ig chown in Table 3,13, The absorptions at 1514
‘and 1567cmf1 may be assigned to an O-bonded acetyl-
ecetonate, The absorptions at 2222and 2228cm-1 are
typical for V(C=N) in metal - tetracysnoethylene
conmplexes ’ . The complex 1s then almost certainly

Rh(acac) Cg(CN)u (COD) elir.ouzh the possibility of a

dimeric species involving either acci.acetonate or
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Postulated mechanism for the formation of
Rh(CN) CZ(CN)3 (acac) (COD).

Fig.3.9.
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tetracyenoetnylene bridges cannot be ruled out.

It seems probable that Rh(aoac){Cz(CN)ﬂ (CoD) is
en intermediate in the formation of '
Rh(CN) C2(CN)£}(acac)(C0D). Considering the powerful
dienophile nature of tetracyanoethylene the partici-
‘pation of coordinated tetracyanothylene in a 1,4 -
addition across the rhodium-acetylacetonate ring is
not unlikely. Further rearrangement to give 8 metal
cyenide, & tricyesnovinyl group and a C-bonded acetyl-
acetonate moiety may then be envisaged. This reaction
scheme is shown in Fig.3.9. |

Rh(acac)(PPh3)2 in diethyl ether reacted with
tetracyanoethylene to give a brown solid. Trestment
of this s0lid with acetone yielded a yellow insoluble
complex which analysed as Rh(acec)é@z(CN)éj(PPh3).
Analyticel and melting point datsa are given in Teable
3.5.; i.r. spectral date in Table 3.14. The absorptions
at 1565 and 151kem” | may be assigned to an O-bonded
acetylacetonate while those at 2216-22L8cm~ ! are in
the region typical‘for V(C=N) in metal-tetracyano-.
ethylene complexesq’7. The presence of sevepral absorp-
tions assigna®le to VKCEEN) may be due to the presence
of geometrical isomers-er to solid state splitting
‘effects, As the complex‘is extremely insoluble_it was

impossivle to record solution spectra where the latter

would be eliminated. It is interesting to note that a

molecule of triphenylphosphine hes becn lost from the
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complex., If the complex is monomeric and tetracyano-

gthylene is regarded as occupying two coordination
sites the complex is formally five coordinate, Vhether
the structure is a sguare base pyramid or a trigonal
bipyramid is open to conjecture. Roth structures are
known for Rh(ITI) compmlexes conteining triphénylphos—
137,138
phine . However the possibility of a dimeric
species containing acetylacetonate or tetracysnoethylene
bridges cennol be discounted in the absence of molec-
ulsr weight data.

Rh(acac)(CO)(PPhj) in benzene solution reacted
readily with tetracyanoethylene to give a green solu-
tion from which was isolated a green crystalline solid,
Recrystagllisation from dichloromethane three times
yvielded a yellow crystailine complex which analysed as
Rh(acac)[Cg(CN)é}(CO)(PPhj). Analyticel, melting point
and molecular weight data are shown in Table 3.5., i.r.
spectral data in Table 3,13, and H n.m.r. spectral
data in Table 3.14. From the i.r. spectrum it is seen
that the acetylacetonate function is O-bonded. The
ebsorption at 2235cm | is typical for V(C=N) for
metal-tetracysnoethylene complexes“7 and the bands at
2075 and 2082 are typical for V(C=0) in a Rh(III)
complex, In solution only one absorption 1s observed

I4
for V{C=0). The 'H n.m.r. spectrum in the methyl

group region is & doublet centred on &.15% vhich
o
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oc. | 0o 0 C\\“c c TO é i 13 C
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(a)
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A 0 PPh PPh3 -

NN \i/ N
A N 1N LSS

PPh, PPh, .
B . '
(c) (a)

Equivalent methyl groups shown &s A or B

Possible structures for the comp

E?h(acac)[pz(CN)Q}(co)(PPh3[]216X
Flgo 3,-100
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indicates thet the methyl groups are nonequivelent.
The molecular weight in chloroform has a valus nearly
twice that expected. Evidently the ccmplex is & dimer.
Fridging carbonyls mey be eliminated as V (CE0) for
such systems occurs in the region ‘1898-17850'm_1 .

The solution i,r. spectrum indicates that the carbonyl
groups are trans to one another. Rridging phosphine
groups are consicdered to be unlikely end this leaves
either bridging acetylacetonate groups or bridging
tetracyeanoethylene groups. Such structures 8s are
consistent with availeble data are shown in Fig.3.0.
(a=d). The methyl groups labelled A are not equivalent
to those labelled B. The éingle V(C=0) stretching
frequency is catered for by trans carbonyl configur-
ations.

The structures (&) and (b) do have a& precedent in
the complex ReZCIM(acac)u1uu, which is considered to
conteln bridging acetylacetonate groups, while complexes
containing bridging CZ(CN)M groups are at present un-
known. Conclusive evidence must await a single crystal
X ray study.

Reections with Tetrsfluoroethylene

Rh (acac)(COD) in diethyl ether did not react
at room temperature with tetrafluoroethylene but on
heating to 70°C overnight & brown precipitate is
formed, This substance decomposed rapidly in solution’

and absorbed water from the atmosphere very raspidly
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as shown by the i.r. spectrum. Meaningful analytical

data could not be obtained. The i,r. spectrum shows

1 indicating that a

& strong absorption &t 2100cm™
carbonyl complex of some sort 1s present. The complex
could not be further characterised. The formation of
cerbonyl complexes from reactions of rhodium complexes
with tetrafluorocethylene has been reported1uu.
Rh(acac)(PPh3)2 in diethyl ether did not react
with tetrafluoroethylene at room temperature, but on
heating to 50°C overnight & clesr yellow solution iw
obtained., From this solution may be isolated in good
1ot tne known125 complex Rh(acac)(cggu)(PPhB)z. At
higher temperaturesezgdoo°c the known 7 complex
Rh(acac)(CO)(PPh3) was formed in good yield. A variety
of fluoroolefins react with the complexes RhCl(PPhj)
and Rh2Cl2Lu at high temperatures to give carbonyl
complexes RhC1(CO)L, L=PPhz, P(06F5)3 P(C6F5)2Ph;
P(C6F5)Ph2 and the action of water on fluéroolefin
complexes has been invoked to explain the carbonyl
formation1uu. On this basis the action of water'on the
complex Rh(acac)(C2Fh)(PPh3)2 would seem a reasonable
mechanism for the formation of the carbonyl complex
Rh(acac)(CO)(PPhj).
Reactions with Acetvlenes

!
Reactions with Divhenyl Acetylene

The complexes under investigation did not react
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4
The molecular geometry of Rn(CgH.Fg0,)[Ce(CF3) ¢];
o
Bond lengths in A with e.s.d. of last figure in
A . -
parentheses. The fluorine atoms of LC6(CF3)é}have

been omitted for clarity.

Fig.3.11.
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Schematic representetion of the complex
Rh(C9H7F602) [CglCFs) 6]-

Fig.3.12,
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with divhenyl acetylene under refluxing solvent cond-

itions.

Reactions with Hexefluorobut =-2- yne

Rh(acac) (COD) reacted with hexafluorobut =2- yne
in diethyl ether or benzene to give the complex |
Rh(09H7F602)£?6(CF3)é§ . The reaction occurs readily
at room temperature in benzene but is accompanied by
the formation of much unidentified material derk red
in colour. The complex 1s insoluble in benzene. An
ethereal solution of Rh(acac)(COD) had to be heated:
to 60°C. before any appreciable reaction with hexa-
fluorobut -2- yne took place, but much less side
feaction occurred end a higher yield wes obtaihed.
The complex was easily precipitated from the ethereal
solution by the addition of benzene or light petroleum.
Analytical and melting point dsta are shown in Table
3.5, i.r. and 19F n.,m.r, spectral dsta ere shown in
Tebles 3.15 and 3.16.reSp¢ctively. An X ray structure
determinatio;ugzs revealed the nature of the complex
and this is shown in Fig.3%.11. A schematic diegram
of the complex is given in Fig.3.12,

The complex Rh(C5H5)ECS(CF3)é]exhibits an absorp-
tion at 1623cm-1 which was consid;red to be the V(C=C)
stretching frequency of the uncoordinated double bond

145

in the hexakis(trifluoromethyl)benzene moiety .

Hence the absorption at 1643 cm™? may e assigned



-178-

to such a vibration in the complex
Rh(C9H7F602)£b6(CF3)6:§. The dimeric complexes
[Rh(acac)(CZFu)Izlz (L= CHzCN, PhON, HOCHpCHON , n=
C5H11CN,12506H130N1, HCON(CH3)o ) prepered by
Parshall end having the structure shown in Pig.3.2.
exnibit strong ebsorptions ~1600cm, 1 . These absorp-
tions were assigned to the acetylacetonate function.
The increase in freguency (ccmpwared with that of a
normal acetylacetonate function) is due to the inc=-
reased C-0 bond order on formation of the Rh-C bonds,
It seems reasonsble to sgssign the bands at 1695 and
16620m.'1,similarly as 1,4 - sddition of hexefluoro=-
but =-2- yne across the rhodium-acetylacetonate ring
will lead to such an increase in C-~0 bond order. The
remaining svsorption st 1598cm: 'may be assigned to
V(C=C) for the bridging C=C bond. This is consist-
ent with the assignment of ebsorptions in the region
1536-1600cm. ™1 to V¥ (C= C)for the complexes Coy(CO)pCaRo
and COZ(CO)g(CuF6)L2 which contain C,F. bridg-
ing gz'oups,“L .

The complex was sparingly soluble in deuterochloro-

1H n.m,r, svectrum could not be obtained.

form and a
The complex decomposed raspidly in acetone snd methanol
to give dark brown solutions of unknown composition,

The complex was sufficiently soluble in diethyl ether

to permit the 19p n,m,r. spectrum to be observed,

(See Teble 3.15). The resonance at =1.7 p.p.m. is a
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well defined guartet. Tt is assigned to Cry=2 (See

Tig.3.12,) J4mp = 8.2c.p.s. and is in fair agreement g%th

those values reported for other cis isomers ~~“12c.mn.s.
The resonance at —6.3p.p.ﬁ. is essigned to two CF3
groups of the hexakis(trifluoromethyl)benzene moiety
plus CF_~1 . This is in accord with the resonance

3
Tor a CF3 group geminel to a metal appearing at =a

lower field than s CF3 group trans to & metsl es ob-
65

T =
served’ for the complex Pt{CFzC = C(H)CFBJCI(PE'EB)Q .

The two remaining resonences at =5,25 and -2.42p.p.n.
are asssigned to the hnexskis(trifluoromethyl)benzene
moiety. It is interesting to note that resonances
associeted with this moiety are all upfield to those

observed for the exscily similer moiety in the commlex
145
Rn(CgHs) [Cq(CP3) 6]

A number of transition metel complexes cause poly-

merisation of hexafluorobut =2- yne under mild condi-

tions either to hexakis(trifluoromethyl)benzene or a
. 107
white infusible polymer . The complex Rh(CSH5)(CO)2

reacts with the alkyne to give cyclopentadienyl-
145
hexskis(trifluoromethyl)benzene rhodium(TI) .

Crystellographic studies have demonstrated that there

is locelised bonding between the substituted benzene
148 .

~and the rhodium . Thus the formetion of such a system

4

in the reaction of Rh(acac) (COD) with hexafluorobut =2-

ne is not surprising. The 41,4 - ecddition of C,F
D ’ L6
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CF; . o
c 2 HyC f'cn3 L1
o+ H 500 C
- H;Cy ~CHgz |
I :
iE
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H
=t
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9
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=
od,
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further furvher

products : products

Dienophile properties of hexafluorobut-2-yne.,

Fige3ed 3.
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4. L2A
h.6° 109,79

1.L83 1.538
114.3° 143,49
[« (]
1.51% 1.484A
113.3”116.§j
1.34%

o
angles between planes = 47.9
C-CFB bond lengths vary from

Rh(C5Hs) @6(0513) 6}

’IJIOZ _
113, 111,04
< (]
4,484 1 .L49A
110.6° 115.8
o | o
1.504 1.45A

[o] e
113.3 112,
1 e HOA

engles between planes = 42.5
C-CF3 bond lengths vary from

Rh(09H7r 602)[0‘6(05‘3) 6} -
Bond lengths &nd bond angles in hexakis(trifluoro-

methyl)benzene ligands.
Fig.3.14L.




-182-

K[pt (acac) 28" Nomenclature Rh (C2HYF602) | C6 (0F3) 6
Cl-c2 = cl-c2 = 1.51 (1)a
C2-C3 = C5 .03 cz2-c3 = 1.50 1 f
c2-01 = «C4 ~02" 02-01 = 1.23(1;A
Cl-C4 = 1»54(3)A 02 Bl 01-04 = 1.32(1)"
C4-C5 = 1.52(3)« 04-05 = 1

C4-02 1.19(3)A 04-02 = 1.23(1

Bond lengths in C-bonded acetylacetonate: #:oieties.

Pig.3.15,
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ﬁic(CF~)=c(CF3)c(CF3)=é(CF3)- Rh(09H7F502)[?6(CF3)é]

(C1) (5bPh3) 5
Nomenclature Nomenclature
F.C5 &CFs FCli  5OF
3?C:::92 2 \ S e=02 >
Rhij ' i rRn” - C3
gp::: 3w
F3 8 7 F3
‘ . ,
Rh=C1 = 2,00(1)A Rh-C1 = 2,09(1)4
Rh-ClL = 1.96(1)4& C1-C2 = 1.35(1)4
c1-C2 = 1.33(2)% C2-C3 = 1.54(1)4
CL=C3 = 1.37(1)A cL~C1 = 1.47(1)A
C2-C3 = 1.39(1)& C5-C2 = 1.52(1)A
C1-C5 = 1.49(1)%
C2-C6 = 1.61(2)A
C3-C7 = 1.58(2)4
CL-C8 = 1.048(1)&

Bond lengths in.Rh-ch6 moieties,

Fig.3.16.
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~ecross the rhodium-acetylene ring is however novel.

Hexafluorobut -2- yne is & very reactive dienophile.

149

as is‘illustrated by i?f rcaction with durene at
200°C end even benzene‘)o at 250°C; in which normel
Tiiels-~Alder esddition tekes place. These reactions are
summerised in Tig. 3.13. |
Trom Fig,3.1L it is seen that the geometry of
the hexakis(trifluorcmethyl)benzene ring in
Rn(CgHFg02)[Ce(CF3) ¢ |is essentially very similafLLB
to thet of the same moiety in Rh(C5H5)£?6(CF3)é] .
From Fig.3.15. it is seen that the bond lengths in the
C-bonded acetylacetonate moiety asre similar to those
observed for the C-bonded acetylecetonate in the complex
K Pt(acac)201151. The Rh-0 distances in the |
RnC H.Fg0, system are 2.152(7).7\ and 2.165(6)7&. Rh=C
single bonds arenin in length, and thus it seems
reascnable to postulete coordination of the oxygens
to rhodium in the Rh(CgH7Fg0,) system. The dimensions

of the Rh—CuFG-C bridge in the complex are similar to

the analogous dimensions observed in the complex

2 1
RhC(CFB)=C(CF3)C(CF3)=C(CF3)(Cl)(SbPh3)2 (See rig.3.16.)
with the exception that the €2-C3 bond length in the

¢
latter complex is only 1.388(1L)A indicating delocel-
isation of electrons around the metallocycle ring,

[+)

whereas C2-C3 in Rh(CgH7Fg02) [06(05*3)@18 1.54(1)4;

& normal velue for & C-C single btond.

Rh(acac)(??h5)2 in diethyl ether rcscted with
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hexafluorobut ~2- yne st room temperature to give an -

orange solution. One complex may be isolsted from this
solution tut no analyticel data coﬁld be obtained
owing to its tendency to revert to sn unstsble oil,

19

However i.r., 1H n.m.r. end F n.m.r.rspectral dav.
indicate the provable nature of the complex, These
data are given in Tables 3,15.and 3,16,

From the i.r. spectrum it is sapparent that the

acetylescetonate functiocn is still ecting &s an O=-

a

v

borded chelete; and the 'H n.m.r, Speétrum shows that
the methyl groups are not equivalent. The i,r, absorp-
tion at 166Lem. may be asssigned to & lowered
V(C=C). The complexes RhCl(R'CECR)(CO)(PPh3)2
(R'=R=CO,H, R’=H, R=COsH) exhibit i.r. sbsorptions

at 1600 and 16u0cm.-1 and these have been assigned

to such vibrations152. The 19Fn.m.r. spectrum exhiﬁits
two resonances of eéual intensity -10.22 and 7.92p.p.m.
This indicates that the trifluoromethyl groups are

not equivalent., The complex RhCl(CF;CEECCFB)(SbPh3)3
in which the trifluoromethyl groups ere not equivaient
exhivits a similar 19F n,m,r., sSpectrunm, resonance
occurring et =12,7 and -9.8p.p.m.11. Thus the struc-
ture shown in Fig,3.17.may be assigned to the complex.
A metallocycle complex involving rhodium and two CAFG
groups is not considered & plausible structure for
this complex as ‘{(C::C) for such structures occcurs

i
velow 1600cm, ™! . The "% n.m.r. spectres of such
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systems exnibit resonances more widely separsasted e.g.

PhCl(08F12)(MPh3)2 ﬁ:As, resonance occurs at =-10,2
and -5,2p.p.m.; ¥=5b, resonsnce occurs at -10.% and
-5.1p.n.m.; relatvive to benzotritfluoride, Also such a
system would be asymmetric to the extent thst each
trifluoromethyl grouv weuld be non-ecuivslent &and e

19

much more complex F n.m.r. spectrum would be obs-
erved,

Rh(acac)(CO)(PPhB) in diethyl ether reacted readily
with hexafluorobut -2- yne to give an orenge solution,
Only en intractible oil could be obtained from the

solution. -

"lscellaneous Resctions

Reactions with Carbon “onoxide

A solution of Rh(acec)(COD) in light petroleum
regcted reedily with éarbon monoxide to give a
guantitetive yield of the known complex acetylacet-
crnatodicarbonyl rhodium(I), Rhacac(CO)o. A similar
reaction hss been observed for the complex Ir(acac)(COD??
It has been reported that cycloocta -1,5~ diene displaces
cerbon monoxide from the complexes M(acac)(CO), '
(¥=Rh, Ir). Thus it woﬁld seem that an equilibrium
situation prevsils:

Rh(acac) (COD) + 2CO &= Rh(eczc) (COp + COD
A stirred suspension of Rh(acac)(PPh3)2 in diethyl
ether reacted reasdily with carbon monoxide to give ths

known complex acetylacetonsto(carbonyl) (triphenyl-
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phosphire)rnodium(I), Ph(ecac)(co)(PPhj) cuantitatively.

This reaction is snelogous to the reaction of
Rh(&cac)(PPh3)2 with tetracysnoethyisne assuming that the
complex Rh(acac)ECQ(CN)LE(PPhB) 1S monomer; triphenyl-
phosvhine & good & donor but poor TT scceptor being
replaced in both cases by good T aéceptors.

Reactions with ¥ercuric Chloride

A dichloromethane solution of Rh(scsec) (COD) reacted
instantly with an‘acetdne solution of excess mercuric
chloride to give the known complex

4’ =dichlorobis(cycloocta =1, 5= diene)dirhodiumbis-
(mercuric chloride), RhyCl,(COD),(HeClp),. Attempte

to prepare the adduct Rh(acec)(COD)(HeCl,) by using
stoichiometric guentites of Rh(acac)(COD) and mercuric
chloride fgiled, low yields of the chloro bridged adduct
being obteined. Such.a bridged system presumably
forced by the initial oxidative addition mercuric
chloride to Rn(ecac)(COD) to give the complex
Rh(acac)C1l(HgCl) (COD) which then undergoes reducti&é
elimination of Hg(acac)Cl to give RhC1(COD) which

cimerises and reacts further with mercuric chloride:

HgCl
!‘\g /O "'.CH-E—» { \/Cl
Rh M H Rh + Hg(acac)Cl
[ 7 1S0= 4
CH . .
Cl 3 (dimerises)

(not isolated)
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The oxidative addition oféizrcuric chloride to the
complex trens - IrCl(CO)(PPhz)p has been reported112
to give an ir(III) complex, IrClQ(HgCl)(CO)(PPh3)2
enalogous to the intermediete postulated above. How-
ever trens - RhCl(CO)(PPh3)2 did not react with mercuric
chlorid;1?

A suspension of Rh(ecac)(PPh3)2 reacted with an
scetone solution of mercuric chloride to give an oreange
powder which enalyses es Rh(acac)(HgCl)z(PPh3)2.
Analyticel and melting point data are shovn in Table.
3.5. The complex is not very soluble and can only be
recrystallised with difficulty and considerebtle loss
of complex, I.r. spectrel data indicates the presence
of an O~bonded acetylacetonate but no meaningful
structural information can ke derived from the fer
i.r. spectrum, bahds occurring st 339,327,280,263,

2L6 and 228 cm,”,
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EXPERINMENTAL

Analyticel, melting point and molecular weight
data are shown in Table 3.5. and in this section,
elting points are uncorrected and were recorded on a
Reichert hot-stage apparatus, 1H n.,m.r. spectra were
recorded on & Varian Associstes Spectrometer et 60KC/S.
19F n.m.r, spectra were recorded on a Variaen Assccistes
DAG0 Spectrometer at 56.4 MC/S. Results are shown ih
Tables 3.4, 3.9, 3.10, 3.14, & 3.16. I.r. spectra were
recorded from Nujol mulls or chloroform solution ‘
(unless otherwise steted) on a Perkin-Elmer 225 Spectro-
photometer, using XKRBr(5000-400 cm.-1) and polythene
(L00-200cm.~1) windows. Results are shown in Tables 3,2,
3.7, 3.8, 3.10, 3.12,

AnalaR benzene and AnalsR diethyl ether were dried over
sodium wire before use, Other solvents used were of
reagent grade unless otherwise stated, Light petroleum
b.p. LO-60°C was used throughout. All reaction solvents
were saturated with nitrogen before use and all reactions
were carried out in an atmosphere of nitrogen.

Triphenylphosphine was supplied by Albright and Wilson
Ltd., and recrystallised from ethanol before use., ¥ethyl-
iodide was supplied by B.D.H. Ltd. and redistilled
under nitrogen and stored at 0°C before use. Acetylchloride

was supplied by B,D.H., Ltd. and redistilled under nitrogen
in anhydrous conditions directly into reection mixtures.

Tetrachloroethylene was supplied by B.D.H., Ltd. and
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redistilled under nitrogen and stored over moleculer

sieves before use, Tetrafluorocethylene was prepared

by thermal decomposition of polytetrafluorcethylerne
(supplied by I.C.I. Ltd.) under vacuum in a silica

tube, Tetracyasnocethylene, cycloocta 1,5 - diene
diphenylacetylene, trifluoracetic acid and aoetic acigd
were supplied by Koch Light Chemicals Ltd. and used with-
_out further purification.Hexafluorobut -2-yne was
supplied by Cambrian Chemicals Ltd., Rhodium salts were
'obtained on loan from Johnson Matthey Ltd. |

Preparation of Starting Vaterials:

The complex Rh(acac) (COD) was prepared by the liter-
128
ature method .

Prevarstion of acetylacetonato bis(trivhenylphosphine)

rhodium(I):

To a solution Rh(scac)(COD) (0.50g.) in diethyl
‘ether (20ml.) was added triphenylphosphine (0.85g.). The
yellow solution turned dark red and on gentle reflhx.
for 10 minutes bright orange crystals of the complex
acetylacetonato bis(triphenylphosphine)rhodium(I) were
deposited. The crystals were filtered off, washed with
diethyl ether and eir dried, (Found: C, 67.77;H, 5.23;

P, 8.15;Rh, 14,20; C H3702P2Rh requires C, 67.8L;

L1

H, 5.14; P, 8.54; Rh, 14.,174) Yield 100% (1.17g.) m.p.
!

135°C decomp. The complex decomposes rapidly in un-

degassed solvents and no setisfactory procedure for

recrystallisation, even under nitrogen could be devised.
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Providing starting materials are pure, the product

obtained is ensalytically pure,

Prevaration of acetyvlacetonato{cerbonyl)(trivhenyl-

phosphine)rhodium(T)

Carbon monoxide wes bubbled through a stirred sus-
pension of Rh(acac)(??h3)2 (0.50g.) in diethyl ether
(30ml.) for 10 minutes. A suspension of yellow crystals
is obteined. Eveporetion of this suspension to half
volume under reduced pressure end addition of light
petroleum (10ml.) ensures complete precipitetion of
the complex., The yellow crystalline precipitate was
filtered off, washed with light petroleum, air dried and
identified as acetylacetonato carbonyl(triphenylphOSphine)
rhodium(I) from the m.p. and i.r. spectrum which were
both identicsl tQ those of an euthentic sample.., Yield

100% (0.34g.) m.p. 175°C decomp.

REACTIONS CF ACETYLACETONATO CVCLQOQCCTA -1,5 = DIENE

RHODTIUM(I)

1. Reaction of Rh(acec)(COD) with hydrogen chloride:

Dry hydrogen chloride was bubbled through & solution
of Rh(acac)(COD) (0.20g.) in diethyl ether (10ml.)
for 1 minute. The yellow solution became orange and on
cooling to —78°C en orange solid was deposited. This was
filtered off, washed with light petroleum,lair dried and
identified as bis(cycloocta 1,5 - diene) -/9uL dichloro-

dirhodium(I) from the m.p. and i.r. spectrum which
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were both identical to those of an authentic sample.

Yield 94.3% (0.15g.) m.p. 256°C decomp.
2. Reaction of Rh(ecac)(CCD) with acetic sacid:

To a solution of Rh{acac)(COD) (0.20g.) in acetone
(20ml.) was added glscial sacetic acid (0.1ml.). The
mixture was refluxed overnight. No colour change occurred

and on evaporation to dryness under reduced pressure
the starting material was recovered guantitatively.

3. Reaction of Rh(acac)(COD) with trifluoracetic acid:

Preparation of bis(cyecloocta 1,5 - diene) -uu'dbis

(trifluoracetato)dirhodium(I)

To a solution of Rh(ecac){(COD) (0.20g.) in scetcic
(20ml.) was added trifluorscetic acid (0.1ml.) The
reaction mixture was refluxed overnight and became orange
in colour. The orange solution was evaporated to dryness
to give an orange oil which was tesken up in ethyl acetate

(10ml.). Addition of lignht petroleum (10ml,) and stor-
ege st 0°C for two deys gave orange crystals of the complex,
These were filtered off, washed with light petroleum |
and sir dried. (Found: C, 37.18; H, 3.76;F, 17.56;
M(CHClB), 619; C1OH12F302Rh requires C, 37.04;H, 3.70;
F, 17.55%;M, 324) Yigld 50% (0.10g.) m.p. 170°C decomp.

L, Reaction of Rh(acsac)(COD) with methyl iodide:

i) To & solution of Rh(acsc)(COD) (0.20g.) in either
4
diethyl ether or light petroleum (30ml.) was added

methyl iodide (1ml.). The mixture was refluxed overnight,
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There was no colour chesnge and on eveporation to dryness

under reduced pressure sterting materiazl was recovered
gquantitatively.

ii)To a solution of Rh(acac)(COD) (0.20g.) in
methanol (30ml.) was added methyl iodicde (1ml.) The
mixture wes meintained at 4O°C for 2 hours, A red~brown
solution was formed from which wes deposited & bleack
precipitete and brova crystels., The solution was
Tiltered end the brown crystsels recrystallised from
benzene to give brick red crystsls of the complex
bis(cyclocta 1,5 - diene)-vguhiiodo dirhodium(I)
identified from the m.p. and i.r. spectrum which were
both identical to those of an suthentic sample., Yield L6F
(0.12.) m.,p. decomposes 180-200°C,

ii1)To a solution of Rh(acac)(COD) (0.20g.) in
carbon tetrachloride (30ml.) was added methyl iodice
(1ml.). No reaction occurred at room temperature and on
’gentle reflux & dsrk brown solution was formed from
which nb‘pure complexes could be isoleted.

5. Reaction of Rh(acac)(COD) with acetyl chloride:

A few drops of acetyl chloride were distilled into
a flask containing a solution of Rh(acac) (COD) (0.20g.)
in diethyl cther (30ml.). Centle reflux overnight gave
rise to an orange solution which on evaporation to half
volume under reduced pressure and the addition of light
vetroleum (20ml,) deposifed an orange crystslline solid.
This was identified as bis(cyclcocta 1,5 - diene) -/@M‘

dichloro dirhodium(I) from the m.p. and i.r, spectrum
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which were identical to those of an suthentic sample.

Yield 71% (0.17g.) m.p. 256°C decomp.

6. Reaction of Rh(acsac)(COD) with diphenyl scetylene:

To a solution of Rh(acae)(COD) (0.20g.) in diethyl
ether (30ml.) was added diphenyl acetylene (0.L6g.).
The mixture was refluxed overnight. No colour change
cccurred and on eveporation to dryness & mixture of
diphenyl acetylene and Rh(acac)(CCD) was obtained.

7. Reaction of Rh(scsec) (COD) with hexafluorobut - 2- yne:

Preparation of Rh(Cnﬁ7EgOo)g§g£CPg);]
Tt = >

i) Hexafluoro -2- yne (1ml.) was condensed onto &
solution of Rh(acac)(COD) (0.50g.) in benzene (415ml.)
contained in a Carius tube. The mixture was warmed to
room temperature and within 410 minutes the reaction
mixture dgrkened to give a red solution plus yellowA |
crystals. The mixture was kept at room temperature
overnight, The crystals were filtered off, washed with
benzene and recrystallised for snalysis from a di-
chloromethane - light petroleum mixture, (?ound: C, 29.58;
H, 0.87;F, L6.88; 021H7F2u02Rh requires C, 29,65;

H, 0.82;F, 53.65%). Yield L&% (0.66g.) m.p. 260°C decomp.
ii)Hexafluorobut -2- yne (1ml.) was condensed onto

e solution of Rh(acac)(COD) (0.50g.) in diethyl ether

(20ml.).contained in a Carius tube, The mixture was main=-

tained at 65°C overnight. REvaporstion of the solution

tohalf volume under reduced pressure followed by

addition of light petroleum (20ml.) gave yellow crystals’
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of the complex, Yield 625 (0.85g.)

8. Resction of Rh(ascsasc)(COD) with tetrachloroethylene:

To & solution of Rh(acac)(COD) (0.20g.) in diethyl-
ether (30ml.) was sdded tetrachlcroethylene (1ml.).
The mixture was refluxed overnight. No colour change
was observed, &nd on e&aporation to dryness under
reduced pressure starting materiasl was recovered gquan=-
titetively.

9. Reaction of Rh(acac)(COD) with tetracyenoethyvlene:

i) Prevaration of acetylecetonsto(tetrscyanoethylene)

(cycloocte 1,5 - diene)rhodium(IO):

To a solution of Rh(acaec)(COD) (0,20g.) in light
petroleum (15ml,) was sdded teiracyanocethylene (0.082g.).
The mixture was shaken vigorously for 30 minutes. The
resultent orange crystalline precipitate was filtered
off, washed with light petroleum and air dried, Consis-
tent analyticel data could not be obtaired, Yield 35%
(0.10g.) m.p. decomposes at 110°C.

ii)Prevaration of scetylacetonsto(tricysnovinyl)
i

cyaeno(cyclooecta 41,5 = diene)rhodium(III):

To a solution of Rh(acac)(COD) (0.20g.) in ecetone
(15m1.) wes addedtetracyenoethylene (0.082g.). The
solutlon darkened and 6n addition of light petroleum (1ml.)
~a precipitate of fine cream coloured crystels was

formed, This was filtered off and wzshed with acetone.

(Found: C, 57.21;H, L.97; N, 12,90; C19H17Nu02Rh requires
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1L0°C darkens, 200°C decormp.

10, Reaction of Rh(zscac)(COD) with tetrafluoroethvlene:

Tetrafluorcethylene (2ml.) wes condensed onto a
sélution of Rh(acac)(COD) (0.50g.,) in diethyl ether
(20ml.) conteined in e Carius tube. The mixture was
mainteined at 100°C for 3 hours and then vigorously
shaken, The resultent brown precipitate was then filt-
ered off, weshed with light petroleum and dried under
vacuum at 56°C. Consistent anglytical dsata could not be
obtained; the brown powder was hygroscopic and decomp-
osed in solution, Yield 0.25g,

11. Reaction of Rh(aceac)(COD) with carbon monoxide:

Carbon monoxide was bubbled through a solution )of \
Rh(acac)(COD) (0.20g.) in light petroleum (20ml.) for
5 minutes; a slight darkening of the solution was
observed., Evaporetion to a small volume unéer reduced
pressure and cooling to 0°C led to the deposition of
crystals of the known complex acetylacetonato dicarbonyl
rhoé¢ium(I); identified by the m.p. end i.r. spectrum which
were both identicel to those of an euthentic semple.
Yield 95% (0.16g.) m.p. 155°C decomp.

12, Reasction of Rh(acac)(CCD) with mercuric chloride:

A solution of Rh(ecsc) (COD) (0.40g.) in chloro=-

form (20ml.) wes added dropwise to a stirred solution of

§
mercuric chloride (5.00g.) in acetone (20ml.). A red

crystalline precipitate was formed. This was filtered
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off, wsshed with a 1:1 mixture of acetone and chloro-

form, &nd identified as bis(cycloocta =-1:5- diene)-}@u’
dichlorodirhodium(I)bis(mercuric chloride).from the
m,vp. end i.r, spectrum which werée identicel to those of
an authentic sample. Yield 6?% (0.45g,) m.p. 105°C

decomp.

REACTIONS OF ACETYLACRETONATO RIS{TRIPHENYLPHOSPHINE)

RHODIUM(I):

1. Reaction of Rh(acac)(PPh.)s with hydrogen chloride:

Dry hydrogen chloride was bubbled through & stirred
suspension of Rh(acac)(PPh3)2 (0.50g.) in diethyl ether
(30ml.) for 30 minutes. The resultsnt pink precipitate
vas filtered off, washed with diethyl ether, air dried
end identified as tetrakis(triphenylphOSphine);&yf—
dichloro dirhodium(I) from the i.r. spectrum and the
reactions in chloroform with the bridge splitting
reagents cerbon monoxide &nd triphenylphosphine (see

below). Yield 85% (0.39g.) m.p. decomposes~200°C,

2. Resction of [RnG1(PPhs)oio with triphenylvhosphine:
To & solution of [§n01(ppnB)é]2 (0.20g.) in chloro-

form (20ml.) was sdded triphenylphosphine (0,08g.).

The mixture was refluxed for 2 hours., The resultant

deep red crystalline solid was filtered off, washed

with petroleum, air dried and identified a&s chloro

tris(triphenylphosphine)rhodium(I) from the m.p. &nd
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i.r. spectrum which were identicsl to those of an auth-

entic semple. Yield 90% (0.25g.) m.p.

3, Reaction ofEihCl(PPhi)gﬁo with carbon monoxide:
- < T

Carbon monoxide was bubbled through a solution bf
E§n01(Pph3)é]2 (0.20g.) in chloroform (20ml.) for 5
minutes. The solution became yellow immediately. Evap-
oration to half volume under reduced pressure followed
by addition of light petroleum (20ml.) led to the
deposition of yellow crystals, These were flltered oif,
washed with light petroleum, aix dried and identified
as trans - chloro cerbonyl bis(triphenylphosphine)rhodium
(I) from the m.p. and i.r. spectrum which were both
identicel to those of an authentic sample. Yield 90%

(0.19g.) m.p. 195-197°C decomp.

L, Reaction of Ph(acac)(Pthl2 with acetic acid:

To a suspension of Rh(acac)(PPhz), (0.20g.) in
diethyl ether (30ml.) was added glacial sacetic acid
(0O.1ml.). The mixture was refluxed overnight. No colqur
change was observed snd on filtration starting msterial
was recovered quantitatiyely.

5. Resction of Rh(acac)(PPh,). with trifluoracetic acid: -
=4 .

Preparation of tetrakis(triphenylphosphine)- ~-bis

(trifluoracetato)dirhodium(I):

To & suspension of Rh(acac)(PPhz), (0.50g.) in
diethyl ether (30ml.) was added trifluoracetic acid
(0.1ml.). The mixture wss refluxed overnight. The

resulting suspension wes filtered, the filtrate being
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retesined, end the orsnge crystelline solid identified

as starting material from the m.np. end i.r. spectrum,
Yield 6C% (0,30g.). The brown coloured filtrate was
evaporsted to half volume under recduced pressure, light
petroleum (20ml,) was asdded and mixture shsken vigorously
to cosgulate the resultant light brown precipitate.

This was filtered orff, washed with light petroleum and
agir dried. The complex may be reprecipitated from

diethyl ether solution with 1light petroleum but could
not be obtained analytically pure. Yield 19% (0.10g.) m

m,p. 155-170°C decomp.

6. Resction of Rh(acec)(PPhz), with methyl iodide:

Preparation of ascetylacetonato(methyl) (iodo)bis(tri=-

phenylphosvhine)rhodium(III):

To a suspension of Rh(acac)(PPhz)o (0.50g.) in
diethyl ether (30ml,) was added methyl iodide (1ml.).
The mixture was refluxed for 3 hours. A dbrick red
crystalline precipitate was formed. This was filtered
off, washed with diethyl ether, air dried and recryst-
@llised for analysis from a dichloromethane - diethyl
‘ether mixture. (Found: C, 57.93;H, L.61;I, 16,28;

P, 7.06;Rh,.11.68;M(CHCI3), 85L4;Cy,), H,0T0,P2Rh requireé:
C, 58,08;H, L.64;I, 14.61;P, 7.06;Rh, 11,8L%) Yield 100%
(0,60g.) m.p., 165°C decomﬁ. |

7. Reaction of Rh(acac)(PPhElS with acetyl chloride:

£ few drovs of acstyl chloride were distilled into

& flask containing a suspension of Rh(acac) (PPhz),
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(0.50g,) in diethyl ether (30ml.). Gentle reflux for

'3 nours gave a pale cream precipitate, This was_filfered
off, washed with diethyl ether, air dried and shown to

be a mixture of the knowgubomplexes dichloro(acetyl)

bis(triphenylphosphine)rhodium(III) end dichloro(methyl)
(carbonyl)bis(triphenylvhosphine)rhodium(III) from

the i.r, spectrum, Attempts to obtain pure complexes

from the mixture were unsuccessful. Yield 0. 60g.

8. Reaction of Rh(acac)(PPhz), with diphenyl acetylene:

To a solution of Rh(acac)(PPh3)2 (0.20g.) in diethyl
ether (30ml.) was added divhenyl acetylene (0.20g.).
The mixture was refluxed overnight, No colour change
occurred and filtration of the reaction mixture led
to quantitative recovery of starting materiel identi-
fied by m.p. &nd i,r, spectrum,

9. Reaction of Rh(acec)(PPhz)2 with hexafluorobut =2~ wyne:

Preparation of acetylacetonato(hexsfluorobut =-2- yne)bis

(trivhenylphosphine)rhodium(ITI):

Hexafluorobut -2- yne (1ml.,) was condensed onto a
suspension of Rh(acac)(PPh3)2 (0.50g.) in diethyl
ether (15ml.) conteined in a Carius tube. The mixture
was warmed to room temperature and shaken vigorously
overnight to give an orange solution, Evaporation to
half volume under reduced pressure, addition of light

petroleum gave rise to a pale yellow precipitate., This

was filtered off, washed with 1light petroleum and air
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dried. The complex could not be obtained analytically

pure and exhibited & tendency to revert to an oil.

Yield 48 % (0.30g.)
10. Reaction of Rh(acac\(Pth)Q withtetrachloroethylene:

To a suspension of Rh(acac)(PPh3)2 (0.30g.) was
edded tetrachloroethylene (1ml.). The mixture was
refluxed overnight. No colour change was observed in
filtration of the resulting suspension led to total
recovery of starting materisl identified by the m.p.
and i.r., spectrum,

14. Reaction of Rh{acac)(PPh:)» with tetracysnoethylene:

Preparation of acetylacetonato(tetracysnosthyvlene)

(trivhenylvhosphine)rhodium(III):

To & suspension of Rn(acac)(PPhz), (0.80g.) in
aiethyl ether (30ml,) was added tetracysnoethylene
(0.50g.). The mixture was refluxed gently for 2 hours
to give a brown crystalline precipitate. This was |
filtered off, washed with diethyl ether,air dried énd
shaken with acetone (20ml.) to give a yellow crystall-
ine powder snd a brown solution. The yellow powder
was filteﬁed off, washed with acetone and air dried.
(Found: C, 58.45; H, 3,83;N, 9.69;029H22Nu02P2Rh
requires C, 58.77;H, 3.72;N, 9.L46%) Yield 15% (0.10g.)
m.p. 300°C. No pure complexes could be obtained from

the brown filtrate,

12.Reaction of Rh(acezc) (PPhz), with tetrafluoroethylene:
- &
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i) Tetrafluoroethylene (2ml.) was condensed onto a

suspension of Rh(acac)(PPh3)2 (0.50g.) in diethyl
ether (20ml.) contained in a Carius tube, The mixture
was kept at 56°C overnight. The resulting yellow sol-
ution was evaporated to half volume under reduced pres-—
sure and cooled to =-78°C whereupon a pale yellow precip=-
itste was formed. This was filtered off, washed with
diethyl ether at -78°C and identified as ascetylacetonato
(tetrafluoroethylene)bis(triphenylﬁhOSphine)rhodium(III)
from the m.p. and i,r. spectrum which were both identical
to those of an authentic sample. Yield 88% (0.50g.) m.p.
14,8=-149°C decomp. |
ii) Tetrafluoroethylene (2ml,) was condensed onto
a suspension of Rh(ecac)(PPhz), (0.50g.) in diethyl
ether (20ml.) contained in a Carius tube and the mixture
was maintained at 100°C overnight. The resulting
vyellow solution was evaporated to half volume under
reduced pressure and on addition of light petroleum
(15ml.) yellow crystals were dep%sited. These were
filtered off, washed with light petroleum, eir dried
and identified as acetylacetonato carbonyl tripheﬁyl-
phosphine rhodium(I) from the m.p. and i.r. spectrum which
were ldentical to those of an authentic sample. Yield
80% (0.27g.) m.p. 175°C decomp.

13, Reaction of Rh(ecsc)(PPh,)» with mercuric chloride:

Prenaration of acetylacetonsato bis(triphenylphosphiné)

" rhodium(I)bis(mercuric chloride:
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To a suspension of Rh(acac)(PPhB)é (0.50g.) in diethyl

ether (30ml.) was added a solution of mercuric chloride
(0.375g.) in acetone (2ml.). The mixture was refluxed.‘v
gently for 2 hours end the resultant orange precivitate
filtered off, washed with diethyl ether &nd air dried.
(Found: C, 36.85;H, 2.7L;Cl, 10.85;Hg, 33.1;Rh, 8.30;
Cu1H3701qu202P2Rh requires C, 38.80;H, 2.94;C1, 11.17;
Hz, 3 .95,Rh, 8.11%) Yield84 % (0.73g.) m.p. 200°C

decomp.

REACTIONS OF ACETYLACETONATO(CARRONYL) (TRIPHENYLPHOS-

PHINE)RHODIUM(I)

1. Reection of Rh(acac)(CO)(PPhz) with hydrogen chloride:

Preparation of di-,ﬁﬁf-chloro dicarbonyl bis(triphenyl-

vhosvhine)dirhodium(I):

Dry hydrogen chloride was bubbled through a stirred

solution of Rh(acac)(CO)(PPhj) (0.50g.) in diethyl
ether (30ml.) for 5 minutes, The resulting crystalline
orange precipitate was filtered off, washed with diethyl.
~ether, and air dried. (Found: C, 53.18;H, 3.66;Cl, 8.1L4;

M(CH013), 880; C19H150102PRh » requires C, 53.18;
h, 3.50;Cl, 8.28%, M, 858) Yield 92% (0.4Og.) m.p.
darkens 190°C, 200°C Gecomp.

2., Reaction of Rh(acac)(C0)(PPh,) with acetic acid:
7

To a solution of Rh(acac)(CO)(PPhB) (0.20g.) in
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diethyl ether (25ml.,) was added glacial acetic acid

(0.1ml.,). The mixture was refluxed overnight. No

colour chenge was observed, Evaporation to half volume
under reduced pressure followed by the addition of
light petroleum (15ml.) led to the deposition of yellow
crystels., These were filtered off, washed with light
petroleum, air dried and identified as starting mster-
ial from the m.p. and i.r. spectrum. The recovery of

| starting material was qguantitative.

3, Reaction of Rh(aceac)(CO)(PPh) with trifluoracetic

acids

————

Prepezration of bis;;gultrifluoracetato dicarbonyl bis

(triphenylohosphine)dirhodium(I):

To a solution of Rh(acac)(CO)(PPhz) (0.45g.) in
diethyl ether (30ml.) was added trifluoracetic ecid
(0.1ml.). The mixture was refluxed overnight and the
resulting red solution was evaporated to half volume
under reduced pressure, Addition of light petroleum
(15ml.) and storage at 0°C 1ed to the deposition of a
red crystelline solid. This was filtered off, washed with
light petroleum and air dried. (Found: C, 49.52;Hd, 3.12;
F, 11.23;M(CHCl3), 952; 021H15F303PRh , requires
C, L9.763H, 2.96;F, 11.26%:%, 1013) Yield 86% (0.LOg.)

‘m.p. 170°C decomp,
4. Reaction of Rh(acac}(CO)(PPhE) with methyl iodide:

To a solution of Rh(acac)(CO)(PPhz), (0.40g.) in
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diethyl ether (30ml.) was added methyl iodide (1.0ml.).

The mixture wes refluxed overnight anéd became dark
brown in colour. Addition of light petroleum (15ml.) to
the reaction mixture precipitates a brown solid which
is seen from the i.r. and 1H n.m,r. spectra to contain

Rh(ITII) alkyl end acyl complexes, However no pure

complexes could be isolatedé from the reaction mixture.

5. Reaction of Rh{ecac)(CC)(PPh.) with ascetyl chloride:
J .

Prevaration of scetyl dichloro(cerbonyl) (trivhenyl-"

vhosphine) rhodium(III):

A few drops of acetyl chloride were distilled into
a flesk conteining a solution of Rh(acac)(CO)(PPhB)
(0.50g.) in diethyl ether (30ml.). Gentle reflux for
3 hours.gave a creasm coloured precipitate which weas
filtered off, washed with diethyl ether and air dried.
(Found: C, 50.21;H, 3.62;Cl, 13.82;C,4H48C150,PRh
requires C, L9,67;H, 3.55;C1, 14,00%) Yield 80% (0.L1g.)
M. P 150°C darkens, 200°C decomp.,

6. Reaction of Rh(acac)(C0)(PPhz) with diphenyl ecetylene:

To a solution of Rh(acac)(CO)(PPhB) (0.20g.) in
diethyl ether (30ml.) was added diphenyl acetylene
(0.20g.). The mixture wes refluxed overnight. No col-
our chenge was observed., Evaporation to half volume
under reduced pressure followed by addition of 1light

petroleum (20ml,) led to the deposition of yellow

crystals which were filtered off, washed with light



-223a
petroleum, air dried and icerntified as starting meter—

iel from the m,p. and i.r, spectrum, The recovery of
starting meterial was qusentitetive.

7. Reaction of Rh(acec)(CO)(PPhz) with hexefluorobut =2-

.

yne:
Hexafluorobut -2~ yne (2ml.) was condensed onto s

solution of Rh(acac)(CO)(PPhj) (0.50g.) in diethyl
ether (20ml.) contained in a Carius tube, The mixture
was shaken vigorously overnight et room temperature
to give a bright orenge solution, Eveporation to
dryness under reduced pressure yielded an intractible

oil. ¢

8, Reaction of Rh(acac)(CO)(PPh.) with tetrachlcro-=
5

ethylene:
To a solution of Rh(acac)(CO)(PPhB) in diethyl

ether (30ml.) was added tetrachloroethylene (1ml.).

The mixture was refluxed overnight. No.colour change.

was observed, Kveporation to hslf volume under reduced
presesure followed by the addition of light petroleum
‘(20m1.),led to the deposition of yellow crystals which
were filtered off, washed with light petroleum, eir dried
and identified as stsrting msteriel from the m.p. and
i.r. spectrum, The recovery of starting meteriel was
quantitative,

9. Reaction of Rh(eceac)(CO)(PPh,) with tetracyano-
pd

ethylene:
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Prevaraticn of escetylacetonatoletrscyenoethylene)

(carbonyl) (trivhenyiphosphine) rhodium(IIT) =dimerp :

To a solution of Rh(acac)(co)(PPhB) (0.40g.) in
benzene (30ml.) was added tetracyasnoethylene (0.711g.).
The mixture wes left at room temperatdre overnight,
Hvaporation to hélf voiume under reduced pressure
followed by the addition of light pétroleum (15ml,) led
to the deposition of & green crystelline solid which
was filtered off, washed with light petroleum, air dried

and recrystallised thrice from dichloromethasne -
light petroleum mixtures to give a yellow crystalline
solid. (Found: C, 57.98;H, 3.66;N, 9.19;M(CH013), 11&2;
C3bH22Nu03PRh o requires C, 58,07;H, 3.55;N, 9.03%,

M 1240) Yield 79% m.p.140°C darkens, 180°C decomp.

REACTIONS OF ﬂIfﬁyuLCHLORO DICARBRONYL BIS(TRIPHENYL-

PEOSPHINE )DIRHODIIN(I):

1. Reaction of réh01(co)(Pph1f19 with acetyl chloride:
L= T =

Preparation of acetyl dichloro(carbonyl) (trivhenyl-

phosvhine)rhodium(ITT):

A few drops of &cetyl chloride were distilled into a
flask containing a suspension of [?hCl(CO)(PPhBEIQ
(0.40g.) in diethyl ether (30ml.). The mixture was
refluxed gently for 2 hours. The resultent creem prec-

ipitate was filtered off, washed with diethyl ether

end air dried. (Found: C, 49.u42;H, 3.50;Cl, 13.26;
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C21H1801202PRh requires C, 49,67;H, 3.55;Cl, 14.,00)

Yield 80% (0.38g.) m.p. 150°C darkens, 200°C decomp.

2. Reaction of |RhC1(CO)(PPh, ], with trinhenylohos—
— el

vhine:

To & solution of‘[}hCl(CO)(PPhBiJQ (0.30g,) in

chloroform (25ml.) was added triphenylphosphine (0.20g.).
The mixture was stirred at room temperature for 1

minute, -‘The resulting yellow solution was evaporsted

to half volume under reduced pressure asnd ethenol (15ml.)
was edded., The resultent yellow crystelline precipitate
was filtered off, washed with ethanol, eir dried and
identified as trans - chlorocarbonyl bis(triphenyl-
phosphine)rhodium(I) from the m,p. and i.r. spectrum
which were identicsl to those of an authentic sample.
Yield 100% (O.41g.) m.p. 195-197°C decomp.

3. Reaction of géhC;LQO)(PPhyng with carbon monoxide:
= P

Carbon monoxide was bubbled through a solution of
[%hCl(CO)(PPhBXJQ (0.30g.) in benzene (25ml.) for 5
minutes, The resulting orange solution was evaporated to

half volume under reduced pressure and light petrol-
eum (15ml,) added. The resultant orsnge crystalline
precipitsete was filtered off, washed with light petrol-
eum, &ir dried and identified as trans - chloro dicarbon-
v1l(triphenylphosphine)rhodium(I) from the i.r. spectrum

which wes identical to that of an authentic sample.

Yield 100% (0,32g.).
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