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ABSTRACT

The platinum hydride Ezggg;[PtHCI(PPhs)z] reacts with tetra-
fluoroethylene in moist benzene at 120° in a glass vessel t6 give
two vinylic compounds, Ezgﬂgf[PtCI(CF=CF2)(PPhS)z] and trans-
[PtCl(C(CFZH}=CF2)(PPhs)z], and a carbonyl salt, EIEEE;[PtC1(CO)(PPh3)2]
[BF4]. The same reaction at 80° gives the two vinylic complexes
along with a low yield of a halogen-bridged diplatinum tetrafluoro-
borate salt, [PtZCIZ(PPh3)4][BF4]2. Reaction of the hydride

trans-[PtHCl(PEts)z] with tetraflﬁoroethylene in dry benzene in a

stainless steel autoclave gives the addition product trans-[PtCl(CFZCFzﬂ)-

(pEtS)Z]'

The dimeric salts [Ptzxz(PR3)4][BF4]2 were prepared for R = phenyl
and X = C1, Br and I and R = ethyl and X = Cl and Br by the reaction
of the corresponding compound cis—[Pth(PRS)z] with boron trifluoride.

These dimeric salts reacted with carbon monoxide to give the

platinum carbonyl fluoroborate salt, trans—[PtX(CO)(PRs)Z][BF4]'with

t

he rates of reaction following the order X = I> Br>Cl and R =
ethyl> phenyl. This reaction with carbon monoxide was more rapid
in chloroform solution than nitromethane. The carbonyl salts trans-

[PtX(CO)(PPhS)Z][BF4] reacted with methanol and ethanol to give

iv



alkoxycarbonyl compounds, [PtX(COOR)(PPh3)2] (R = methyl or ethyl)
with X = C1, Br and I. The carbonyl salts EEEEEf[th(CO)(pEts)z]
[BF4] reacted with water under reflux to give the corresponding
hydrides EIEEET[ptHX(PEt3)2] and carbon dioxide. The mechanism of
this reaction was investigated by following the carbonyl stretching
mode in the infra-red. The reaction does not proceed via hydroxyl
attack but probably by an initial attack by water which gives an
intermediate capable of undergoing slow decarboxylation to give the
hydride.

The alkoxycarbonyl compounds, [PtX(COOR)(PPhS)Z], also reacted
with water at 130° to give the corresponding hydrides, trans-
[PtHX(PPhS)z], and carbon dioxide. Alcohols (methanol for R = methyl

and ethanol for R = ethyl) were also tbtained as products. These

reactions were catalyzed by halide salts and the function of this
salt was investigated.

The general nature of the reaction of transition metal alkoxy-
carbonyls with water to give the hydride was tested by reaction of
the alkoxycarbonyls [FeCKLCSHS)(CO)Z(COOCHS)], [Mn(CO)s(COOCZHS)]
and {Ir(CO)z(COOCHs)(PPh3)2] with water. Hydrolysis of the first
two compounds gave goocd yields of the hydrides [FeH@f-CSHS)(CO)Z]
and [MnH(CO)S]. For the iridium complex the reaction with water

yielded an unstable solid tentatively identified as [IrH(CO)Z(PPhS)Z]
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GENERAL INTRODUCTION

In the 1930's the discovery of the unstable and reactive
carbonyl hydrides of iron and cobalt by Hieber and co-workers
(1) was met with great curiosity by chemists. These metal
hydrides were naively considered uniquely different from any
bonding systems known at the time and Hieber himself regarded
the hydrogens as being buried deep in the electron core of the
metal. A more sophisticated approach was taken to this metal

hydride question after the discovery of the stable platinum hydride,

trans-[PtHC1(PEt;),], by Chatt, Duncanson and Shaw in 1957 (2)
and the more detailed preparation of complexes of the type
trans-[PtHX(PR;),] (3). A variety of preparatory methods were
extended to most of the other transition metals in thé yearsafter
this and the unique status attributed to the bonding in hydrido-
systems was soon lost to the extent that M. L.H. Green and

D.J. Jones in their review (4) define transition metal hydrides

as '""those discrete complexes which contain one or more hydrogen
atoms bonded directly to a transition metal by an es sentially

covalent, two-electron bond'.



Many hydrides prepared had high thermal stability and
chemical character that allowed comparison of the hydride ligand
with halides or alkyl species. The advances in spectroscopic
methods, including nuclear magnetic resonance spectroscopy,
enabled more revealing studies to be made on the various hydride
systems.

Transition metal hydrides exhibit sharp metal-hydride
stretching absorptions in the infra-red regions ranging from near
2200 cm™ ! for the phosphine hydrides, where the hydrogen is con-
sidered anionic in character, to below 1800 cm ! for the carbonyl
hydrides, considered to have a hydrogen ligand cationic in char-
acter. The characteristic high-field chemical shifts for the trans-
ition metal hydrides in proton magnetic resonance studies have
allowed facile examination of these hydrides without interference
from solvent protons. These easy methods of study are perhaps a
main reason for the rapid development in the chemistry of metal
hydrides. The ability to follow their action as catalysts in solution
may well encourage a more complete study of this function.

The importance of transition metal hydrides in the field
of catalysis is well known and studies of the role of these hydrides
as intermediates in hydroformylations, isomerizations of olefins

and polymerizations have been made. Recently much work has




been done on homogeneous hydrogenation of olefins and transition
metal hydrides have been shown to be involved as intermediates in
this catalytic process. Wilkinson and co-workers (5) have studied
the hydrogenation reactions of various olefins in solutions contain-
ing the rhodium complex [RhC1(PPh;);]. They detected high field
lines in the n. m. r. spectra attributed to [RhH,C1(PPh;),] in hydrogen-
saturated solutions of [RhCl(PP;);] and suggested this as an inter-
mediate which reacts with the olefin with regeneration of the
rhodium complex [RhC1(PPh;),]. Similar catalytic reactivity has
been found with Vaska's compound [IrX(CO)(PPh;),] (6) and the
suggested hydride intermediate [IrH,X(CO)(PPh,;),] has been isolated
and identified spectroscopically.

Because fluorocarbon derivatives of transition metals gen-
erally show greater thermal and oxidative stabilities than their
alkyl counterparts, it is believed that an investigation of reactions
of metal hydrides with fluoro-olefins may be of use in the study of
the mechanisms involved in the catalytic activity of the hydrides.
Stone and co-workers (7, 8) have done much work on the reactions
of various transition metal hydrides with fluoro-olefins. The
reversible addition of ethylene to the platinum hydride
:ciaﬁ—[PtHCI(PEt3)z] has prompted similar studies on fluoro-

oleéfins with trans-[PtHCI(PEt;),]. The effects of changes in the




surrounding ligands on the reactivity of the hydride have, as yet,
not been studied and such investigations are discussed in this text.
Recently there has been great interest in nitrogen-fixed
transition metal complexes, not only because of the novelty of
molecular nitrogen as a ligand, but also because an inorganic

model system for duplication of ''nitrogen-fixing'' in legume plants

might be possible. The importance of studying this process whereby

certain plants can convert gaseous nitrogen to ammonia is evident.
Recently biochemists (10) have adopted theories that suggest
ammonia production in plants involves reaction of a nitrogen-fixed
transition metal complex, contained in the enzyme called Nitro-
genase, with a hydride of a transition metal ( perhaps molybdenum
or iron), found in another enzyme termed Hydrogenase.

Volpin and Shur (11) have done much work in attempting to
discover an efficient ammonia-producing inorganic system and
have met with partial success. Brintzinger (12) has suggested a

7PN .
bridged titanium hydride, [Cp2T1 TiCp; , as an inter-

Ny
mediate in one Volpin-Shur system and suggests reaction of the
hydrido- compound with nitrogen gas in acid media yields ammonia.

Parshall (13) has used a platinum hydride for reaction with

an aryl diazonium tetrafluoroborate as z model system for ammeonia

production. He suggests the scheme below:

;
i
}
H
i
i
H
i
H
i
H
!




; B PEL,
[F-rO>-N'—_:N][BF4] + [PtHc1(PEt3)2]-—>F-<O>-N=N-1?t-c1 [BF,]
PEt,
H, (fast)
F- O -N-NH, + [PtHCl(PEt,),] N . [BF,]
H H'H PEt,

l H, (slow)

F@NH,_ + NH,

If transition metal hydrides are involved in the biological
ammonia-producing process, then a study of preparations of such
hydrides under biological conditions is important. Few transition
metal hydrides have been produced under truly biological conditions
but some hydrolysis reactions have produced hydrido-compounds.
Protonation with strong acids in aqueous solution have been repor-

ted (14, 15) :

[(r - CsHj ),Re-H] + HCl (aqueous)—> [(m - CsHs),ReH,][Cl]

[Fe(CO)s] H,0.BF, _ [Fe(CO)H]"

The hydrolysis of alkali metal salts of complex carbonyls to give

hydrides is well known (16) :

+
H
[Na][ (1 - CsHs)Mo(CO);] (aqueous)s (. c,H,)Mo(CO)H]
Hieber and co-workers (17) have reported the reaction of the
cationic manganese hexacarbonyl with water to give a hydride:

+ +
[Mn(CO),]" + H,0—> [HMn(COC)] + CO, + H




Very recently Deeming and Shaw (18) have reporied the facile
reaction of an iridium cationic carbonyl with water to give a car-
boxylate compound, the first stable transition metal complex of its
kind:
[IrClZ(CO),_(PMeZPh)Z]+ + H,0—> [IrCl1,(CO).(COOH)(PMe,Ph),]
y H
This novel compound underwent thermal decomposition to give the
hydride [IrHC1,(CO).(PMe,Ph),], with evolution of carbon dioxide.
It was along this direction of work that studies of the reac-
tions of cationic platinum carbonyls with water were undertaken in

an attempt to form hydrides from water under very mild, indeed

biological, conditions.




CHAPTER II

REACTION OF
HYDRIDOCHLOROBIS(TRIALKYLPHOSPHINE JPLATINUM(II)

WITH TETRAFLUOROETHYLENE

(a) Introduction

As part of an effort to study the mechanisms of catalytic
hydrogenation of olefinic compounds by transition metals, much
work has been done on reactionsoof various transition metal
hydrides with fluoro-olefins. The products of such reactions dem-
onstrate greater thermal and oxidative stability than their alkyl
counterparts. F.G.A. Stone and co-workers (7, 8) have found that
reactions of various transition metal hydrides with tetrafluoro-
ethylene lead to addition of the fluoro-olefin across the metal-

hydrogen bond:

HMn(CO)s + C,Fs——> HCF,CF;Mn(CO)s
(7 - CsHs)Mo(CO)H + CpFy—>> (T -C¢Hs)Mo(CO);CF,CFH
(1 CoHg)JW(CO)H + CFy —— = (T - C.H )W ( CO);CF,CF,H

However, Clark and Tsang (9) found that the hydride

trans—[PtHCl(PEt3)2] reacted with perfluoroethylene in 2 Pyrex

vessel to give unexpected products. Mixtures of two fluorovinylic

=~]



compounds, trans-[PtCl{CF=CF,)(PEt;),] and trans-[PtCI{C(CFH)

=CF,}(PEt;),], were obtained together with a third complex formu-
lated as a m-complexed C,F, adduct of the platinum hydride. The
former vinylic compound was thought to be produced by hydrogen

fluoride elimination from the expected fluoroalkyl product:

[C1(PEt,),Pt-H] + C,F,—= [Cl(PEt;),Pt-CF,-CF,H]

l—HF (1)

[C1(PEt;),Pt-CF=CF,]

i
i
1
H
i
H
!

;’
i
!

The source of the three-carbon vinylic compound was unknown.
A m-bonded perfluoroethylene transition metal hydride had been

suggested as an intermediate in the reaction of tetrafluoroethylene

with metal hydrides. It appeared that the third compound was this
intermediate since analysis, spectral data, and conductivity were
consistent.

In 1966 Ibers et 2l (19) working on an X-ray diffraction
study of the compound showed this formulation to be incorrect.
They indicated the presence of 2 carbonyl group and a fluoroborate
anion. Further work by Clark and Dixon (20) confirmed these
findings. The compound was actually a cationic carbonyl of plat-
inum, trans-[Pt.Cl(CO)(PEt3)z]+ stabilized by a mixture of the counter

jons BF, and the new nentacoordinate SiFs; anion. The salt was

characterized by 19F and 'H n.m.r. spectroscopy, infra-red



spectroscopy, mass spectroscopy, and analysis. The reaction of
the hydride trans-[PtHC1(PEt;),] with C,Fg in a silica tube gave
similar results except that the carbonyl complex formed was iso-
lated as the pure salt _!:_;_@_s_—[PtCl(CO)(PEt3)2][SiF5]. Other work
by Clark and Dixon (21) gave a more rational preparation of salts
containing the SiFs anion.

The suggested reaction scheme involved water as well as
acid attack on the surface of the reaction vessel. Initially, the
production of a fluoroalkyl intermediate was suggested which could
eliminate hydrogen fluoride giving the vinyl compound observed,
as in equation 1. Attack by hydrogen fluoride on the vessel walls,
and attack of water (present in small amounts) on the vinylic com-
pound could result in the formation of the observed carbonyl cation
stabilized by a mixture of BF4- and SiFs; anions. The one-carbon
fragment species could also react with another vinyl compound to
give the second observed vinylic species:

H,0 . BE,
[C1( PEt;),Pt-CF=CF,] = [C1(PEt,;),Pt(CO). £

e+ 1- b
Pyrex SiFg ] carbon

fragment

1 -carbon fragment + [C1( PEt,),Pt-CF=CF,]—> [c1( PEt3)2Pt-/C=CFZ]

CF,H

This scheme was confirmed when it was found that the

reaction of trans-[PtCl(PEt;); (CF='CF,)] with water and SiF,
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ts trans-[Pt{COCH{PEL,),][SiF;] and

[PtC1{C(CF,H)=CF,} (PEt;),] as predicted.
It was appropriate at this point to attempt the reaction of
the hydride trans-[PtHC1(PEt;),] with C,F, in an unreactive vessel
with more carefully dried solvents in an attempt to isolate the
expected addition product [PtC1(CF,CF.H W PEt;),]. We also
carried out reactions with the analogous compound ‘trans-[PtHCI1(PPh;),]
in an attempt to examine the effect of the triphenylphosphine ligand

on this highly reactive system.

(b) Results and Discussion

(1) Reaction of trans-[PtHC1(PEt;),] with tetrafluoroethylene in an
autoclave.

Trans-[PtHC1(PEt,;),] was heated at 120° with C,F, and
dried benzene in a stainless steel autoclave giving a good yield of
the expected addition product_’g_r_ail_g-[PtCMCFZCFZH)(PEt3)2].
The 'H and YYF n. m. r. spectra and C-F absorption patterns of
the infra-red spectrum are similar to those observed in other com-
pounds containing an M-CF,CF,H grouping (7, 8). The n.m.r.
spectrum is described in the experimental section. While this
product was suggested as an intermediate in the formation of the
vinyl complex [PtCl(CF:CFZ)(PEt3)2], it was not isolated previously
because HF was readily eliminated and attacked the reactive surface

of the Pyrex or silica reaction tubes. On providing an unreactive
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surface, however, the Pt-CF,-CF,H group did not eliminate HF
and no vinyl compound was isolated. Hence, although the initial
step in the reaction of this hydride with C,I", gave results similar
to those of other transition metal hydrides, the platinum system:
showed a2 marked inclination to further reaction. The unusual
products isolated in the glass and silica reaction tubes illustrate
the surprising ability of the vinylic compound [PtC1(CRCF,) (PEt;),]
to react with water to give a carbonyl cation. The counter ions of
this cation must be the products of attack by HF on the reaction
vessel surface.

These conclusions are supported by the further reaction (20)
of the perfluoroethylene addition product under moist conditions in

a silica vessel giving the two vinylic compounds and the carbonyl

salt as described in equation 2 :

HO
~ - - ~ = ~ = + - i
[~Pt-CF,-CF,H] CTnp—— [~PtCF=CF,] + [ Pt(I: CF,] + PPt-CO][SiFs]
120° CF,H
silica tube

(2)
{(II) Reaction of _’I_"_x;g_n_s—[PtHCl(PPh3)2] with C,F,

The reaction of trans-[PtHC1(PPh;),] with C;F, in a glass
vessel in moist benzene at 120° gave similar results to the tri-
ethvlphosphine analogue. A mixture of [PtCl{ C(CF,H)=CF,}(PPh;),]
and [PtC1(CF=CF,)( PPh,),] was obtained, each compound character-

ized by infra-red spectroscopy and analysis. Although their solu-
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ow for F n. m.r. studies, the patterns of C-F
inira-red absorptions are similar and the absorptions due to
stretching vibrations appear at the expected region in the infra-
red spectra. A third compound identified as trans-[PtC1(CO)
(PPh,;),][BF,] was also isolated. Unlike the triethylphosphine

‘analogue this salt contained enlyBF, as the counter anion and no
traces of absorptions due to the SiF; anion could be detected in
the infra-red spectra (20).

When the above reaction was carried out in a silica tube
under similar conditions only the vinylic compounds were formed
and no carbonyl salt was isolated. Apparently the larger size of
the cation with its bulkier triphenylphosphine ligands is a limita-
tion on its ability to stabilize the SiF; anion. However, it then
seems surprising that the SiF¢*” anion is not formed as a counter
ion, although perhaps the formation of the doubly charged anion is
energetically unfavourable.

The above reaction was carried out in a stainless steel
auotoclave at 120°. Unlike the triethylphosphine analogue no addi-
tion product was obtained, although the vinylic compounds
[PtC1(CF=CF,)(PPh;),] and a trace of [PtC1{C(CF;H)CF,}(PPh,),]
were isolated from the reaction products. Hence it appears that .

the stability of [PtC1(CF,CF,H)(PPh,),] is low and HF elimination
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cive the vinylic compound [PtC1(CF='CF;)
(PPhj),] :

[PtHC1(PPh,),] + C,F,—> [PtCl(CFZ-'CFZH)(PPh3)_,_]

-HF
[PtC1{CF=CF;)(PPh,),]

(II1) Reaction of trans-[PtHC1(PR,).] with C,F, at 80°

Reaction of the hydrides trans-[PtHC1(PRj),] (for both
R = ethyl and phenyl) with C,F, in undried benzene at 80° in a glass
tube gave somewhat different results from high temperature reac-
tions. Again the two vinylic compounds were isolated but no carbonyl
salt was obtained for R = phenyl and only a trace for R = ethyl.
Instead a chloro-bridged cationic dimeric species shown below was

formed:

2+
PR, C1 _ PR,

e el

PR, Cl PR,
This had, as counter ion, the fluoroborate anion for the case of
R = phenyl while the anion was either BF, or SiF; for R = ethyl.
Although it appears that these dimeric species are only the result
of a side reaction, perhaps the disprop}).r‘tionation of the hydrides,
the compounds are of interest and will be fully discussed in the

next chapter.

In conclusion, it can be said that the hydride with trans
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triphenylphosphine ligands did not demonstrate great differences in
reactivity from its triethylphosphine analogue. The larger size of
the phosphine probably reduced the stability of the SiFs salt, and
the addition product [PtCl(CF,CF,H)(Ph;P),] was not isolated. The
instability of the addition product could have been due to steric
hindrance of the phenyl groups although this seems rather unlikely.
Differences in electron withdrawal ability of the phosphine groups

may have effected the Pt-C bond explaining the difference in reac-

tivity.



CHAPTER TIII
PREPARATION AND REACTIONS OF
TETRAKIS({ TRIALK YLPHOSPHINE ), ot -DIHALODIPLATINUM(II)
FLUOROBORATE

(a) Introduction

X X PR,
~p” \Pt/

. . . (X=halogen)
Dimeric species of the type R3P/ \X/ \X

are well known and much work has been done on their preparation
and reactions (22,23, 24) . In contrast cationic dimers of the type'

R,P X PR, 2+
\Pt/ ~pt”

have been mentioned only recently
R,p~ X~ PR,

by M.F. Lappert and co-workers (25) who have reported the reac-
tion:
/X\ 2+ n
2 cis-[L,PtX,] + BX; —> [Lth\ /Pth] .2BX, (where L=(Bu );P
X

and X=Cl or Br) . A’ ”

As mentioned in the last chapter, the reaction of the hydride
trans-[PtHC1(PR;),] (for R=ethyl or phenyl) with C,F, gave low
yields of the cationic chloro-bridged diplatinum compound

2+
[Pt,C1,( PR;)]

stabilized by the counter ions SiFs_ and BF4~
for R=ethyl, and by BF, only, for R=phenyl. Since these anions
are probably formed during the reaction by attack on the glass by
hydrofluoric acid (20), the reactions might be described as:

2+ -
2[ PtHC1( PR;),] + 4BF;—> [Pt,C1,( PR3),] + 2 BF, +2 BE,H

15.
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2+ -

2[PtHC1(PEt;),] + 4 SiF ,— [ P1,Cl,( PEt3 )] % 2SiF; + SiFH

At this point it seemed appropriate to attempt preparations
of these cationic dimers by a more rational method and to study
any changes in reactivity with changes in the halogen and phosphine
type.

(b) Results and Discussion .

(1) Preparation of [Pt,X,(PR; L,I[BF,];

The hydrides E&a&s_—[PtHCl(PRQ?_] (R=ethyl or phenyl) were
heated with boron trifluoride in benzene giving good yields of the
dimeric diplatinum cations with BF, as the anion. The compounds
were characterized by infra-red spectroscopy and analysis. Very
recent work (26, 27) indicates that reaction of the dichloride
[PtC1,(MR,),] (M=P, As, or Sb) with silver fluoroborate leads
readily to the dimeric species and silver chloride :
2[PtC1,(MR;),} + 2 AgBF,——> [Pt,Cl,(MR, ,[[BF.], + 2 AgCl

The method of Lappert and co-workers (25) also gave the
halo-bridged cation under mild conditions. In chloroform the
dichloride [PtCl,(PR;),] (R=ethyl or phenyl) reacted with boron
trifluoride to give [Pt2C1Z(PR3)4][BF4]2 nearly quantitatively. The

reaction apparently followed the scheme:

CHCI1,

2 cis-[PtCl,(PR3),] + 4 BF; [Pt,Cl,(PR;L[BF.],

+ 2 [BF.C1]
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This reaction of the dihalo- complex with boron triflucride
was found to be general for X = Cl, Br and I with R=phenyl and
for X = Cl and Br for R=ethyl. The ease of reaction decreased in
the order Cl > Br > 1. For X = Cl the reaction proceeded at room
temperature for both the triethylphosphine and triphenylphosphine
complexes. For the bromo- analogues even temperatures of 70°
gave lower yields of the bromo- bridged dimer. Cis-[PtI,( PPh;),]
reacted with boron trifluoride to give low yiélds of [Pt,I,( PPh;),][BF,];
only at 130° while the triethylphosphine analogue could not be pre-
pared by this method.

Since the breaking of a platinum - halogen bond may be
involved in the initial step of the reaction, the strength of this
bond might be the factor determining the ease of reaction. The

trans-weakening ligands, triethylphosphine and triphenylphosphine,

labilize the chloride and since they are thought to be near each
other on the 'trans effect' scale (28), they would have approx-
imately the same labilizing effect on the trans halide. The éabailﬂ;jh
of the platinum - halogen bond is generally concéeded to follow the
order Cl < Br < I (29, 20) and thus the chloro- system should
undergo reaction under mildest conditions followed by the bromo-
and iodo- analogues. This order is consistent with the experimen-

tal results.
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(II) Physical properties of the compound [Pt,X,({ PR3);ILBF 412

The salts of these dimeric cations are air-stable, non-
hygroscopic, crystalline solids. For X = Cl or Br and R=ethyl or
phenyl the compounds are white but the iodo-triphenylphosphine
analogue is a yellow solid. The conductivities of the two chloro-
analogues in nitromethane are of the order expected for 2:1 elec-
trolytes (see experimental) . The cis position of the triethylphos-
phine ligands relative to each other is shown by the presence of
two bands in the infra-red Pt-P stretching region at about 440 and
425 cm ! for both the bromo- and chloro- analogues. This region
is masked by phenyl absorption modes in the triphenylphosphine
analogues.

Thel!H n. m. r. absorptions of the methyl protons in the tri-
ethylphosphine analogues give a 1:2:2:2:1 quintet. This is attri-
buted to *'P coupling (J'P-H = 16 c.p. s. ) of the near phosphorus
nucleu and further splitting by the two methylene protons

(J = 8 c.p.s. ) to give two overlapping triplets and the observed

H-H
multiplet. This is consistent with a cis configuration of the two

phosphine groups. The trans configuration would give a 1:4:6:4"1
quintet arising from virtual coupling of the two phosphorus nuclei

with the methylene protons. Such a system is thoroughly charac-

terized elsewhere (31, 32,33, 34).
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A main feature of the infra-red specira of these compounds
is the stretching absorptions of the Pt-Cl-Pt bridges of the two
chloro- species. These stretching absorptions (280 cm ! for
R=ethyl and 300 cm ! for R'=phenyl) are broadened relative to the
corresponding E_i_s_—@’tClz(PRga compounds (305 and 280 cm ! for
R=ethyl, and 310 and 280 cm ! for Rxphenyl) but are not signifi-
cantly lowered in frequency. Lappert and co-workers (25) have
suggested that the decrease in frequency expected for a bridged
rather than a terminal Pt-Cl bond is counter-balanced by the
increase in changing from uncharged to bipositive platinum.

(III) Reaction of cis-[PtI,( PEt;),] with BF,

The reaction of cis-[PtI,(PEt;),] with boron trifluoride at
70° gives entirely different products from those described above
for analogous compounds. Low yields of the previously described
(23) uncharged iodo-bridged dimer [Pt,]; (PEt;),] and of the new
compound iodotris(triethylphosphine)platinum(II) tetrafluoroborate,
[PtI(PEt;);)[BF.], are obtained. The scheme of the reaction can

be written as :

CHCI,

3 cis- Ptl,(Et;P), +3BF, > [Pt,1,(Et;P),]
+ [PtI(Et,P);][BF,]

+ Et,P.BF, + BF,I

This anomolous reaction is puz«ling and because of its
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complicated nature will not be discussed at length. Possibly the
change in reactivity can be attributed to the ability of the iodide to
compete more efficiently than the other halogens with the triethyl-
phosphine for the platinum electrons in the filled non-bonding
d-orbitals of the metal, thus labilizing the triethylphosphine group.
(IV) The reaction of [Pt,X,(PR;),] [BF,],with Carbon Monoxide
The ability of carbon monoxide to cleave a halo-bridged
diplatinum(II) compound is well known (22) for the series
[Pt,X,(PR,),]. Hence, the analogous facile reaction of carbon mon-
oxide with the cationic dimeric species, [Pt;X,(PR;),] [BF,); is not
surprising. In chloroform solution the dimeric cations react in
minutes with carbon monoxide at one atmosphere pressure.
[Pt,X,(PR;),] [BF,];+ 2 CO——>2[PtX(CO)(PR;),J[BF,]
For X = Cl or Br and R=ethyl or phenyl the equilibrium lies to the
right and the carbonyl can be isolated as an air-insensitive crys-
talline solid. For X= I, and R=phenyl, the equilibrium lies to the
right for carbon monoxide-saturated chloroform solutions. However,
in the absence of carbon monoxide, the dimeric salt rapidly preci-
pitates. The rates of reaction of these cationic dimers with carbon
monoxide has been studied qualitatively by measuring carbon
monoxide uptake via a capillary manometer. Nitromethane and

chloroform solutions of equimolar amounts of the dimers
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[P, X,(PR;)] [BFL (X =Cl, BrorIwithR = phenyl and X=Cl or
Br with R=ethyl) were stirred at 22° under one atmospherc pressure
of carbon monoxide. The rates of reactions were generally found
to be much faster than the rates of carbonylation of the uncharged
dimers [Pt,X,(PR;),] (22) and were functions of halogen type,
phosphine type and reaction solvent (see Figures 1 and 2) .

While in nitromethane as solvent the rates of reaction are
generally slower than in chloroform, the same order of reactivity
is observed. In fact the effect of the halogen type is more empha-
sized in nitromethane. This is best illustrated by the chloro-
analogues which will not take up carbon monoxide in this solvent

at room temperature.
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Pearson and Muir {29) have recently described a kinetic study o

£
the cleavage of various halogen-bridged complexes of platinum (II)

by monoamines :

L\ /X\ /X
Pt Pt + 2a—— 2 PtaX,L (where 2 = mono-
x- \X/ ~L amine, X = halogen,
L = PR,)

They found the reaction mechanism follows two different paths.

The first is a direct attack on the bridged species by an amine
followed by an immediate further reaction of the mono-bridged
transition state with a solvent molecule and final exchange of the
solvent by another amine. The second path involves the initial attack
by a solvent molecule and immediate further reaction with a second
solvent molecule. These workers feel that the remaining unstable
halogen bridge is immediately broken. They suggest that the
absence of any platinum(II) complexes containing a single halogen
bridge is evidence of this instability. The rate of cleavage of the
various halo-bridges was found to decrease in the order C1 > Br > L.
It was suggested that this order indicated the initial breaking of the
bridge by the amine or solvent molecule is the rate-determining
step of the two mechanisms. Since the order of metal-halogen bond
L'iblh:lu: increases as Cl < Br < I, then the chloro-bridged species
should react at the most rapid rate, followed by the bromo- and

then iodo-analogues. No large solvent effects were reported in the
various solvents attempted.

Such a mechanism may well hold for the carbonylation of the



25.

P\P X+
e t\
P Aele)
2y 24 fast CO
P X P _ X X
~ s S
>Pt \Pt< _— ™~ t/ \Pt/ r "t \Pt<
p~ P P s x7\p ast  po S
CO R___X +
(11) Pt<
2+ S P
Po
/P£ \Bt< slow CO
P CO X P P\ x +
Pt
fast s co” T
+ + +
P X S P co
>Pt/ + ey —CQ—) ~pt”
P co X p = x- P
s
+ +
P X S P
& ~_ -
\Pt< -—> Pt__
P~ S X
slow CO S = solvent
. P = PR,
P
CO\PL/ X = halogen
~
p X

Possible Mechanisms of Reaction of Carbon Monoxide With Cationic

Halo-bridged Dimers.
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of the cationic dihalo-bridged dimers. The large effect of the sol-
vent indicates an important role for the solvent molecules. If only
a direct reaction with carbon monoxide were occuring, such sol-
vent effects would be less marked. However if, as Pearson points
out, the initial cleavage of the halide bridge is the rate determining
step then the order of increasing rates of reaction would be

I < Br < Cl. Also since nitromethane is a better coordinating sol-
vent than chloroform the expected solvent effect on the rate of
reaction would be CHC1; < CH;NO,. Finally, the two ligands trans
to the halogen are expected to labilize this halogen in the order
PEt, < PPh; and this effect should be barne out in observed rates of
reaction. In fact the observed relative rates for this sytem are in
opposition to all the values expected for the cleavage step to be
the rate-determing step.

If the reaction of the solvated species II (see reaction
scheme) with carbon monoxide were the rate-determining step,
then a reverse halogen effect would be observed. The rate of
reaction would increase with increased trans-labilizing effect;
that is I > Br > Cl. The better coordinating solvent nitromethane
would give a slower reaction rate than the chloroform. Finally
the different phosphines in their cis positions to the leaving solvent

group would show no appreciable differences in observed rates.
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These rationalizations are in fact consistent with the observed
results.

As seen in the reaction scheme (see page 25), the cleavage
of the bridged species leads to either [PtX(S)(PR;),] or
[PtX(CO)(PR;),] both of which are in the cis form. However, the
final product is isolated only in the trans form. Chatt and Shaw (22)
point out that, in their system, although the equilibrium

P\Pt/X\Pt/X 2 co Fo I_,,C/CI
—==2
H.—_——

x~ >x- p c1” Sco

may be set up, the equilibrium would lie to the left -hand side
because both phosphine and carbon monoxide are strongly m-bonding
ligands and the competition for the platinum non-bonded electrons
would not favour the production of the isomer. Similarly for the
cationic dimeric species, although reaction to give the species
cis-[PtX(CO)(PR;),] would be possible, it would not be the most
favourable product. Isomerizations of the type:

+ +
P\ _X P\ S
< ; Pt (s = solvent)
P~ s x~ P
would be expected in solution and it is these species that could react
with carbon monoxide to give the observed final product.

A more sophisticated explanation of the reaction scheme

may be made invoking 5-coordinate species but the rationalizations
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reaction rates dififer irom those observed by Pearson an
a similar series of steps may be occurring with differing slow

steps determining the reactivity observed.



A STUDY OF THE COMPOUNDS trans-[PtX(CO){ PR;),J{BF,]

(R=ethyl or phenyl)

(I) Introduction

As mentioned in chapter II the platinum(II) carbonyl cations
[PtC1( CO)(PR3)2]+ (R=ethyl or phenyl) were formed from the unex-
pected reaction involving attack of water on a fluorovinylplatinum (II)
compound. The fluoroborate salt of this cation was found to be
very stable and attempts at a rational preparation of the salt
seemed worthwhile. Because the compound was isoelectronic with
Vaska's compound, [IrCl1{(CO)(PR;),] (R=alkyl or aryl) (6), and
its rhodium analogue, [RhCl(PPh;);] (5), it seemed logical to

determine whether the platinum analogue has the same reactivity.

(II) Results and Discussions

(i) Preparation of trans-[PtX(CO)(PR;),]J[BF,] (R=ethyl or phenyl
and X=halogen) .

Initially trans-[PtCl1(CO)(PEt,),][BF,] was prepared (20)
by reaction of trans-[PtHCI(PEt,;),] in benzene with aqueous 48%
fluoroboric acid in an autoclave under a pressure of 5 atmospheres
of carbon monoxide.
120° N
trans-[PtHC1(PEt,;),] + CO + HBF, ————>trans-[PtCl1(CO )( PEt;),]

+[BF,] + H,

29.



The analogous reaction with trans-{PtH

A lower yield ofEa_ng-[PtCl(CO)(PPh3)2][BF4] is obtained and there
are other products which are difficult to separate and have not been
fully characterized. The difference in the behaviour of the triphenyl-
and triethylphosphine complexes may be due to the greater reducing
power of the former ligand.

The compound_t&g_g—[PtCl(CO)(PPh3)Z][BF4] can be prepared
more readily by reaction of cis-[PtCl,(PPh;),] with gaseous boron

trifluoride and carbon monoxide in benzene solution :

120°

cis-[PtCl,( PPh;),] + CO + BF; benzene

trans-[PtC1(CO)(PPh;),][BF,]
+ [BF,C1]

The reaction probably proceeds via the halo-bridged dimeric

cation and its solvated cations discussed in the previous chapter.

This preparation can be extended to u'_ar_li-[PtX(CO)(PR3)2][BF4]

with X = Br or I with R=phenyl, and X = Cl or Br with R=ethyl.

As mentioned in the previous chapter, these carbonyl salts
can be prepared by simple carbonylation in solution of the dimeric
species, [Pt,;X,(PR;),][BF,];, at one atmosphere of carbon monoxide
pressure.

The acidification of the alkoxycarbonyls [PtX (COOR)(PPh;),]

(R=methyl or ethyl and X = Cl, Br or 1), discussed later in this

chapter, with aqueous fluoroboric acid gives quantitative yields of
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the carbonyl salts trans-[PtX{CO )} PPh; ), BF 4]
Church and Mays (35, 36) have reported the facile reaction

of cis- or trans-[PtCl,(PEt;),] with sodium perchlorate and carbon

monoxide to give the carbonyl cation stabilized by the perchlorate
anion. A similar reaction with sodium fluoroborate was found to
give analogous results with the production of the fluoroborate salt
at 25°
[PtCl,( PEt,),] + NaBF, + CO -2S8100€, 1% (CO)(PEt,),][BF,] + NaCl

As yet the most general preparation of the carbonyl salt is
the reaction of silver fluoroborate with the compound cis-[PtX,( PR;),]
(X = Cl or Br and R=ethyl or phenyl). The driving force of this
reaction is probably the formation of the insoluble silver salt which
forces the equilibrium well to the right:

acetone

[PtX,(PR,),] + CO + AgBF, ———> [PtX(CO)(PR;),][BF,]+ AgCl

Such reactions have been extended to analogous arsine and stibine

systems (27).

(ii) Physical Properties of trans-[PtX(CO X PR;),J[BF,]

The compounds trans-[PtX(CO)(PR;),J[BF,] (X = Cl, Br
and I with R=phenyl and X = Cl or Br with R=ethyl) are crystalline
solids, soluble in polar organic solvents such as chloroform or
acetone but sparingly soluble in benzene and insoluble in cyclo-

hexane or pentane. They are non-hygroscopic and stable: in air
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evidence of slight decomposition. The conductivities of both chloro-
analogues in nitromethane are of the order expected for 1:1 elec-
trolytes (see experimental). The salts with triphenylphosphine
ligands all decompose about 200° but the two triethylphosphine
analogues have definite melting points. (for X = Cl, m.p. =
168-171° and for X = Br, m.p. = 158 - 160° )

The carbonyl stretching frequencies appear between 2120
and 2098 cm ! in the infra-red (see table 3). No correlation of
carbonyl stretching frequencies with changing X or R could be
made but the observed frequencies did cdrrespond well with the
reported value (22) of 2100 cm™ ! for cis-[PtCl,(CO)(PEt;) ],
which also has the carbonyl trans to ch101;ide. Single crystal x-ray
studies (19) show the cation [PtC1(CO)( PEt3)2]+ to have the expected
square planar configuration about platinum and confirm the trans
configuration for the two phosphine ligands. 'H n.m.r. spectra of
the methyl protons indicate a multiplet characteristic of that

obtained for the trans phosphine configuration for four-coordinate

platinum (II) complexes (31, 33) .

(iii) Reactions of trans-[PtX(CO)(PR;),][BF,]
(a) Comparison of reactivity with isoelectronic compounds.

Wilkinson has intensively studied the ability of the compound
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[RhC1(PPh;);] (5, 37) to act as a catalyst for the hydrogenation of
various olefins. Analogous reactivity has been demonstrated for
Vaska's compound [IzC1(COYFPh,),] (38). This iridium compound
also demonstrates a remarkable ability to form a complex with
molecular nitrogen (39). Because the platinum carbonyl cation
[PtCl(_CO)(PEt3)2]+ is isoelectronic with these reactive compounds
and, especially since the iridium complex has similar surrounding
ligands, analogous reactivity might be expected. No such reactivity
was found. Neither salts of triethylphosphine (20) nor triphenyl-
phosphine analogues of [PtC1(CO)(PR;),][BF,] combine with hydro-
gen gas or dry hydrogen chloride at atmospheric pressure at 25o .
No reaction with perfluoroethylene was observed for the two chloro-
cations.

The absence of such reactivity can be rationalized quite
easily. Four-coordinate platinum(Il) complexes are less able to
undergo oxidative addition to give six-coordinate platinum(IV)
complexes compared to analogous iridium or rhodium systems
which readily go to the formal oxidation state of three from the
oxidation state of one as below (40) .

[1rC1(CO)(PPh;),] + H,——> [IrH,C1(CO)(PPh;),]

[RhC1(PPh,),] + H, —> [RhH,C1(PPh,),]

Such complexes are suggested intermediates in olefin-hydrogena-

tion reactions (5). The rhodium complex easily dissociates to a
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solvated species shown below :
[RhCl(PPh;);] M [RhC1(PPh;),. solvent] + PPh,

This solvated species can easily react with hydrogen to give the
dibfdro- complex. The platinum salt [PtC1(CO)(PR;),l[BF,] is
unlikely to undergo such facile dissociation, nor is it likely to
easily oxidatively add H, to give a six-coordinate compound.
Wilkinson (5) writes that with decreasing electron density on the
metal atom, the promotional energy required to form two or more
bonds (for H, addition) increases. If this is the case, the positively
charged platinum cation would be greatly inhibited from reaction
with molecular hydrogen. Hence, it can be concluded that, because
of the cationic nature of the complex, the high Pt(II1)—>Pt(IV)
oxidation potential, and the absence of easily available sites of
coordination, that the compounds [PtC1(CO)(PR;),][BF,] (R= ethyl
or phenyl) will not readily undergo olefin-hydrogenation reactions.

Vaska's compound [IrC1(CO)(PPh;),] undergoes reaction
with benzoyl azide to give the complex with molecular nitrogen co-
ordinated to the iridium (39). The platinum carbonyls do not react
with benzoyl azide. However, since so little is known about the
reactions of transition metal complexes with molecular nitrogen
(41), differences in reactivity cannot be rationalized.

(b) Reactions with Halide Ion

1f the compounds [PtC1(CO)(PR;),][BF,] (R=ethyl or phenyl)

are dissolved in a solution of a chloride salt such as NEt,CI,
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effervescence takes place and the carbonyls rapidly react to give
the dichloride compounds cis-[PtCl,(PR;),] (R=ethyl or phenyl)

apparently with liberation of carbon monoxide.

(c) Reactions of [PtX(CO)(PR,),][BF,] with Water.

Although catalytic reactivity like that shown by isoelectronic
iridium and rhodium compounds is not present in the platinum
carbonyl cations, they do undergo two unexpected reactions. The
fi'r st is the reaction with water. Under reflux for 30 minutes in
water the compound: [PtC1(CO)( PEt;),][BF,] gives quantitative

yields of carbon dioxide and trans-[PtHC1l(PEt;),]
[PtCl(CO)(PEt, ,][BF,] + H,0 —> [PtHCI1( PEt,),] + CO, + [HBF,]

Trans-[PtCl(CO)(PPh;),]IBF,] was not converted to the
hydride as readily as the triethylphosphine analogue. Low yields
of the hydride [PtHC1(PPh,),] were obtained at 130° in water but
the bulk of the residues consisted of uncharacterized decomposition
products. Perhaps the lower solubility of the triphenylphosphine
analogue prevents convenient reaction or the greater electron
withdrawing ability of these phosphine ligands sufficiently effects
the reactivity of the carbonyl carbon to prevent facile reaction.

Similar reactivity has been recently reported for transition
metal carbonyl cations. The reaction of hexacarbonylmanganese(1)

cation with water follows the scheme :
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{Mn(co)ﬁ]+ + H,0 —> [HMn{CO)] + CO, + H'
Hieber and Kruck (17) suggested that this reaction proceeds
through the attack of an hydroxyl group to form a short-lived
carboxylic acid. They suggest that further attack by hydroxide

gives the manganese pentacarbonyl anion which then could abstract

a proton from water.

+
[(CO)sMn=C=0Q] + OH —> [(CO);Mn-C=0
OH

[(CO)Mn-C=0] + OH — [(CO)sMn-C-OH]
oH l H
[Mn(CO)] + CO, + H,0

[Mn(CO)s]” + H,0 —— [HMn(CO)s;] + OH"

The formation of a carboxylate compound [Mn(CO);(COOH)]
seems a reasonable initial step in the reaction; however, the
reaction need not proceed through a manganese pentacarbonyl anion.

Further reaction of the Mn-C=0 group with water could form the
H

hydride along with carbon dioxide and water via a route such as :

?-H
Mn-%:O + H,O > Mn-C-0O-
H |
H-0O-H
+
l/ fast

Mn-H + H,CO,
v
H,0 + CO,



Alternatively, the suggesied carboxylate species might decarboxy-
late directly to give the metal hydride and carbon dioxide.

It is very unlikely that the platinum system could proceed
via an anionic intermediate such as Hieber and Kruck suggest for
the manganese system and different mechanistic routes must be
suggested.’ .,

Muetterties (42) reports the reaction of V[Re(CO)6]+ with
180_ enriched water to give the original starting material with
180- enriched carbonyl groups :

+ 18 4
Re(CO), + H,'®*0 —> Re(CO)s + H,0
He suggests that the reaction goes via a reversible hydroxyl
attack at the carbonyl carbon of one of the carbonyls giving a short-

lived carboxylic acid.

+
(CO)Re=C=0 + !OH =—=(CO);Re-C=0

(s

(CO )_:,Re—C\-OH
180

+
8 -
%(CO)SRe=C=b + OH

Deeming and Shaw (18) have recently reported the reaction
[ - 4 + a4 TR A
of an iridium cationic dicarbonyl {IrCi,(CO),L,] (L = PMe,FPh or
AsMe,Ph) with wet ether to give the carboxy- complexes

[IrClZ(CG;'(CQDH )L,]. The compound with 1. = PMe,Ph is the first

example of a carboxy-group bonded to a metal and gives under
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o
- - . s L~ » . H m 3
pyrolysis at 160 - 180 good yields of CO, and the hydride

[IrHC1,(CO)(PMePh),].

+ :.: K
[IrCl,(CO),(PMe,Ph),]" + H,0 —ether, [IrClz(GD)('CGOH')( PMe,Ph),] + H'
sy

[IrHcgg@x%MeZPh )] + CO,
With L = PMe; reaction of the dicarbonyl cation with moist ether
gave CO, and the hydride [IrHC1,(CO)(PMe;),] directly and no
carboxylate was isolated.

The reaction is a close parallel to that of the platinum
system and may aid in the study of the mechanism of the reaction
of the cationic carbonyl, [PtC1(CO)(PEt,),][BF,] with water.
Further discussion of the mechanism of the reaction is given in
chapter V.

(d) Reaction of [PtX( CO)(PR;),][BF,] with Alcohols..

The second surprising reaction of the carbonyl cation was
that with neat methanol or ethanol to give the corresponding alkoxy-
carbonyls, [PtX(COOR)(PPh;),] (R=methyl or ethyl and X = CI1,

Br orl ).
[PtX(CO)(PPh,),][BF,] + ROH—> [PtX(COOR)(PPh,),] + HBF,

The remarkable ability of the alkoxide ion to attack the
carbonyl carbon of cationic metal carbonyls has been described
for a wide range of central transition metals with a number of

different surrounding ligands. Hieber and co-workers (43, 44, 45)

et o £
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have reacted alcoholic KOH with various cationic carbonyls to give

neutral alkoxycarbonyls
+ KOH
[Ir(CO),(SbPh;);] + MeOH ——>[Ir(CO)(COOMe)(SbPh;);] + H
+ KOH +
[Rh(CO),(SbPh;);] + MeOH ————>[Rh(CO)(COOMe )(SbPh,),] + H
+ KOH , +
+ KOH +
[0s(CO);( PPh;),X] + ROH ———> [0s(CO),(COOR)(PPh;),X] + H
(R = Me or Et)
Kruck and Noack (46 ) have described closely related reac-
tions with similar manganese and rhenium compounds.
+ KOH +
[M(CO), (PPh; )] + ROH ——> [M(CO);(COOR)(PPh;),] + H
(M = Mn or Re and R = Me or Et)
Malatesta et al (47) have found similar reactivity for an

iridium carbonyl cation :

[Ir(CO)y(PPh;),]T + MeOH KOH 4 11,(CO),(COOMe)(PPh,),] + H'

Unlike these above reactions where a basic medium must be
provided by ammonia or alkali metal hydroxide, the platinum carbonyl
cation w-[PtX(CO)(PPhQZ]_F (X = Cl, Br or1 )is capable of
reaction at neutral pH and room temperature to give the alkoxy-
carbonyls, [PtX(COOR)(PPh;),] (R = methyl or ethyl) . Reaction
with both methanol and ethanol is rapid (see experimental) but
reversible in acidic solutions. The reaction of the triethylphosphine
analogue t_z:g._n__s_-[PtCl(CO)(PEt3)2][BF4] with carefully dried

methanol gives the expected methoxycarbonyl compound
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[PtC1(COOMe)(PEt;);] at refluxing temperature but the product is
very unstable. In undried refluxing methanol the reaction with
water is preferred to that with alcohol and only the hydride trans-
[PtHC1(PEt;),] is formed. These platinum(Il) alkoxycarbonyls will
be discussed more fully in chapter VI.

(e) Conclusions.

The platinum (II) carbonyl salt [PtC1{CO)(PR;),][BF,]
(R=ethyl or phenyl) did not demonstrate reactivity similar to the
isoelectronic iridium complex [IrC1(CO)(PPh;),] or the rhodium
compound [RhC1(PPh;);]. The platinum system was unable to
undergo oxidative addition with simple reagents such as HC1 or Hz.v
However, the complex does show remarkable reactivity at the
carbonyl carbon. Reactions of water or alcohols with these
platinum complexes probably all involve attack at the carbonyl
carbon at some stage of the reaction. With the wide range of
transition metal alkoxy carbonyls now prepared from the reaction
of cationic carbonyls with alcohols, it appears that such reactions

are fairly general.



CHAPTER V
KINETIC STUDIES OF THE HYDROLYSIS OF trans-[PtCl(CO)(PEt;),]
(BF,]

(a) Introduction

Transition metal hydrides have been prepared by a variety

T e G G hawd b B ba, e

of methods (4), but most of the standard methods require vigorous

forcing conditions (see chapter I). Direct hydrogenation at high

pressure, reduction with hydride complexes of group IIl metals or
hydrazine and reductions with alkaline refluxing alcohols are all

widely used in the preparation of hydrides.

¢ bR Bl Gt A SRS A= e

However, few transition metal hydrides have been synthes-
ized in aqueous media with the water hydrogen as the source of the
hydrido- group attached to the metal.

Reactions involving protonation of neutral complexes to
give cationic hydrides have been reported (14, 15, 48, 49) :
(-CsHs),ReH + HCl (aqueous)—> (1T-C5H5)2ReH: + Cl~

+
Fe(cO), 120-BFsy FeH(CO):

+
(r-Cotg),Fe  29:BFs (1 c.H,),FeH

Many transition metal carbonyl hydrides may be prepared
by the hydrolysis of alkali metal salts. Three examples are given

below (50, 16, 51):

41.



— 1 \ fo T H,0 \ , H
Fe{COJ)s —g oo Na,Fe{CO),—2=> NallFe(CO),— > H,Fe{CO),

Z
R
~
7Q
r

+
- H
Fe3(CO)12 + base —_‘> Fe3(CO )11 2 —_} HZFe:;(CO)“

+
[Na][ (r-CsHg)Mo(CO),] B (29ue0us) o [ 1. )Mo(CO)sH]

Vel

In the above three cases the reaction to give a hydride involves the
protonation of an anionic transition metal species.

Very few reactions of cationic transition metal carbonyls
with water to give neutral hydrides have been reported. Hieber
and co-workers (17) have reported the reaction of [Mn(CO)6]+
with water but suggested that the mechanism involves OH attack
to give the [Mn(CO )s]~ anion before final reaction with water to
give [HMn(CO);]. 1If the suggested mechanism is correct then this
reaction is similar to the above reactions of anionic transition
metal complexes with protons and is not actually an attack of water
on a cationic carbonyl complex. Recently, Deeming and Shaw (8)
reported the reaction of the cationic species [IrCl,(CO )2L2]+
(L=PMe,Ph or AsMe,Ph) with water to give the compound
[IrC1,(CO)(COOH)L,] with a carboxylate group bonded to the
metal. This compiex decarboxylates easily at 160—1800 to give

the hydride [IrHC1,(CO)L,] and carbon dioxide. With L=PMe; the

£
L
o
0
4
¢
o

reaction of the carbonyl cation with water gives carbo

and the hydride [IrHCI1,(CO)(PMejs),]. The expected intermediate

4
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[1rCl,(COOH)(CO)( PMe;),] was not isolated for thi

n
cr
’--l
-
-
ot
o
: +
&

phosphine analogue.
The facile reaction of platinum(Il) carbonyl cation
[PtCl(CO)(PEt3)Z]+ with water (see chapter IV) may well be the
fir st example of a transition metal carbonyl cation giving a
neutral hydride via simple hydrolysis. Since so little informa-
tion on such hydrolysis reactions is available, it seemed appro- l
priate to attempt a detailed study of the mechanism involved in

the reaction by examining the kinetics. I

(b) Results and Discussion

(1) 1Initial Equilibrium of trans-[PtC1(CO)( PEt;),][BF,] in Aqueous
Media.

The carbonyl salt [PtC1(CO)(PEt;),]J[BF,] was found to par-
tially dissociate in aqueous media giving uncharacterized hydroly-
sis products, one of which is an acidic species. Since the original
carbonyl salt can be isolated quantitatively by the removal of the
solvents, an equilibrium must be involved in this hydrolysis.

Because of the acidic nature of these hydrolysis products, the
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indicated below:

SALT CONCENTRATION WATER CONCENTRA- DEGREE OF DISS-
TION IN ACETONE OCIATION CALCULA-
TED FROM pH

0.08 N 14 N 9 %
0.04 N 14 N 13 %

0.02 N 14 N 23 %
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Several suggestions as to the identity of these hydrolysis
products can be made. Because of its position trans to the trans-
labilizing carbon monoxide ligand, the chloride might be replaced

by an hydroxide ion in aqueous solution:

[PtC1(CO)(PEt;),)[BF,] + Hzo-—>[Pt(CO)(0H)(bEt3),_][BF4]+ HCl

A similar equilibrium has been suggested by Henry (52) in his
kinetic studies of palladium oxidation of olefins. He suggests an
hydroxyl ion replacement of a chloride ion of the square planar

palladium (II) anion [PdC13(C2H4)]l'“_ :
[PACL,(C,H,)]” + H,0——>[PdCL(H0)(C.H,)] + Cl°
[PAC1,(H,0)(C,H,) ] + H,0 —> [PACI,(OH)(C H,)]™ + H,0"

The platinum species in question might be a 5-coordinate
hydroxy-platinum compound with solvent molecules in the sixth
position of coordination:

[PtC1(CO)( PEt,),[BF,] + H,0—>[PtC1(OH)(CO)(PEt;);- H,0] + HBF,

The empty dZZ orbital of platinum is available for bonding wit
nucleophiles and the cationic nature of the complex increases the
chances of attack by a nucleophile.

However, attack of water at the platinum is not the only
possible source of the observed acidity. The carbonyl carbon can

be considered as being somewhat positive in nature since the
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positively charged metal will tend to retain electron density from
the carbon. Hence attack by water or hydroxyl ion at the carbon

would not be unexpected :

+
Pt-CO + H,O0 —>» Pt—(l:=0 —)Pt-(‘Z=O + H+

S\ OH
H H
No experimental evidence for such a carboxylate group could be

found since characteristic infra-red absorptions of this group

3
H
i
!
HE
i

would be masked by the solvent.

Deeming and Shaw (18) have isolated such a carboxylate of

an iridium complex as the product of reaction of water with an
iridium carbonyl cation :

[11-<:1_,_(c0)2(1:>1\/1e.,_13h)2]+ + H,0 —>[IrCl,(CO),(COOH)(PMe,Ph),]
+
+ H

As mentioned previously this carboxylate was reported to undergo
thermal decomposition to give the corresponding hydride
[1rHC1,(CO) (PMe,Ph),] and carbon dioxide. Such a parallel in
reactivity with the platinum system suggests that the third ration-
alization for the equilibrium deserves serious consideration.
(11) A Possible Reaction Mechanism

Several statements concerning the mechanism of the hydroly-

sis can be made from the general chemistry of the system and the
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kinetic studies carried out and these are outlined below.

The reaction probably does not involve the attack by hydrox-
ide ions. Slow hydrolysis was observed even at starting acidities
of [H+]=0. 35 and 0. 09N (see figure 4), while at [H+]=7 x 10 3N,
the reaction had a half-life of about 20 minutes at 64°. The
hydroxide concentration at these high acid concentrations is too
low to consider OH attack as a possible step in the reaction.

The source of the hydrogen for the platinum hydride
appears to be the water hydrogens. Qualitative studies indicate
that the rate of formation of the compound PtDC1(PEt,), is faster
than the rate of exchange of PtHCl(PEt;), in refluxing D,O. The
only other source of hydrogen is from the triethylphosphine
groups but, if this was a source of the hydrogen, one triethyl-
phosphine group would be chemically changed or at least have a
deuterium in one C,Hjs group. 'H n.m.r. spectra of the product,
PtDC1(PEt;), , indicate the multiplets for the trans triethylphos-
phine groups to have no peculiarities.

As the acidity of the solution is increased the hydrolysis
rate decreases. This would suggest that protonation is unlikely
to be involved in the rate-determining step. If the uncharacterized
platinum product formed from the equilibrium reaction with water

and carbonyl cation is involved in the reaction to give the hydride,

B L
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either by further reaction with water or simple intramolecular
reaction, the overall rate of reaction will depend on the concen-
tration of this species. If the reaction of this unidentified species
is the rate-determining step of the reaction, then a rate equation
may be set up in terms of the carbonyl cation concentration and
acid concentration.

}
+ - uncharacterized + - i
_ —_— -

complex
(1)

slow

(H,0?)
Pt-H + CO,
The rate of reaction can be written as:

Rate = -d[x] = k[x] x = uncharacterized
dt platinum complex

and k may or may not involve a term of water concentration, which
can be assumed to remain constant in value. Using equilibrium 1,

x may be expressed in terms of the carbonyl cation and acid con-

centrations:
r -1r-,-+1 —~ I
[x]{d ] = K [PtCO J[H.0]
[x] = K! [PtCO"] K! = K[H,0]
[HT]

The rate of disappearance of the intermediate x can be approxim-

ated to the rate of reaction of the platinum carbonyl cation and
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hence the rate of reaction can be written :

Rate = -d[x] = —d[PtCO+] = kK! [PtCO+]
dat at THT] (2)

As a rough approximation the acid concentration can be written in

terms of the amount of carbonyl complex consumed :

+.t=t +.t= =
=t = [prcott° - [ptco’ 1"
Hence the rate equation becomes
+ + +. t=0 +t=t
-q[ptco’] = K'[PtCO }/[PtCO ] . [PtcO ] K! = kK!
2 :

Integration gives the final rate equation
[Ptco’] - K log[Ptco’] = k% + C (3)
k™ - 2.3[Pco’1¥°
¢ = constant of integration
This equation can be explained in terms of the actual chem-
istry involved. A simple first order reaction of the reactant x
expressed in terms of the platinum carbonyl concentration gives
the logarithmic term above. However, as the reaction proceeds
the concentration of the acid increases and effectively acts to
lower the concentration of the reactant x by driving the equilibrium
I to the left. Hence the direct concentration term represents an
expression for the retarding effect of the acid produced in the
reaction. Plots were made of [PtCO-'T] —k*log{PtCO+] versus
time and good straight lines were obtained for the first half-life of
the hydroliysis reaction for temperatures ranging from 22. 5 to 64

{see diagram

3).
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The rate equation was tested by adding sufficient acid at

50,

the beginning of the reaction so that the acid concentration through-

out the reaction could be assumed constant. Hence equation 2 sim-

plifies to :

+ +
-d[PtCO ] = k[PtCO ]
dt

and pseudo-first order kinetics must be followed. Plots of log
[PtCO+] versus time at high acid concentrations gave good
straight lines (see diagram 4) as expected, although the rates
were much slower than the runs at low acid concentrations.
Using the rate constants derived from equation 3, an Arrhenius
plot (53) was obtained from which the overall heat of activation,

! (see

AHa, was measured to be approximately 20 Kcal. mole
diagram 5) .

The mechanism of the rate-determining step is unclear,
since the postulated reactant is uncharacterized, but several
suggestions can be made. If the reacting species is a carboxy-
late, a possible rate-determining step is the decarboxylation of

Pt-COOH group with the concerted formation of a hydride.

Pt-lC=O —> Pt-H + CO,
O

T~
—

Such a mechanism is likely in the thermal decomposition of the

ey ke ammrt i mYar Al m i mA
iridium carboxylate previously discussed (18} .



A more likely mechanism for such a system in aqueous
solution (54) would be the reaction to give carbonic acid, since

this involves direct reaction with water.

51.
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Molar Concentration of [Pt (CO)CI(PER,),] [BF, ] x102
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Fig.4
Reaction of [PL{COICI{PEL,),] [BF, ] with Water at
Varying Temperatures and Hydrogen lon Concentration

(6]
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A: [H*]=o.35N, Temp = $00:0.2°C

B: [H*]-009N, Temp =700:02°C
C: No acid added, calculated [H’] =0007 N, Temp =64.2:0.2°C
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O TT
Pt-C=0 +  H,0 ——>Pt-¢—fo:; —>Pt-H + I—'IZCO3
OH 14

H H,0O + CO,
If the reacting species is a hydroxy- platinum carbonyl,
existing either as an ion pair or with the hydroxyl ion bonded dir-
ectly to the platinum, then reaction might occur to give a short-

lived carboxylate :

?H slow PH fast
bt-cco =¥ 5 pido L2854
or Ol
slow I fast

Pt-C=0.OH ———> Pt-C=0 —» —»
Such reactions might well involve water molecules assisting the

formation of the carboxylate compound.

(III) Conclusions

The overall mechanism that has been postulated here is
only one possible scheme and others may be suggested. However,
the acid effects, the evidence of an equilibrium in water, and the
rate equation derived from this postulated path all fit the experi-.
mental findings. Several possible intermediates have been des-
cribed for the reaction but it must be emphasized that others could

be suggested.



CHAPTER VI
THE CHEMISTRY OF HALOBIS(TRIPHENYLPHOSPHINE JALKOXY -
CARBONYL PLATINUM(II)

(a) Introduction

Transition metal complexes with the alkoxycarbonyl groups

(-COCR ) have been recently prepared by alkoxide attack on

3
1
B
H
i
b

various cationic carbonyl complexes. Such reactions have been

carried out with Ir(47), Co(44), Rh(43), Os(45), Mn(55) and

Re(55) as central metals (see chapter IV).
Another method for the preparation of these metal alkoxy- !
carbonyls is the reaction of chloroformate esters with sodium salts
of anionic transition metal complexes (46) :
[Na]}[Co(CO);PPh,] + CICO,Et—— [Co(CO)3(COOEt)(PPh3)Z] + NacCl
[Na]{Mn(CO)] + C1CO,Et ———> [Mn(CO);(COOEt)] + NaCl
The reaction of carbon monoxide with a mercury alkoxide has been
reported (56) to give a mercury alkoxycarbonyl compound with
carbon monoxide inserting between the mercury-oxygen bond.
x-Hg-OCH; + CO—%x-Hg—@-OCH3
(x= acetate or chloride)
Recently Deeming and Shaw (18) have prepared alkoxy-

carbonyls with iridium as the central metal by the oxidative addi-

tion of chloroformates to iridium(Il) complexes :

w
[8)1
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[IrCI(CO)L;] + CICO,R —3[IrCl,(COXCOR ) L]

For L=PMe,Ph, R=methyl, ethyl
or phenyl

For L.=AsMe,Ph, R=methyl or ethyl

For L=PMe;, R=methyl

Very recently Kemmitt and co-workers (73) have reacted
the platinum(II) compound [Pt(OCOCF;),( PPh,),] with carbon mon-
oxide in alcoholic solution and obtained the alkoxy carbonyl compound
[Pt(OCOCF;)(COOR)(PPh;),] (R=methyl or ethyl). The reaction
may well have proceeded through a cationic carbonyl intermediate
as shown below :
[Pt(OCOCF;),( PPh;),] ——S-:o—>[Pt(CO)(OCOCF3)(PPh3)2]+ + OCOCF,;

ROH
[Pt(COOR)(OCOCF;)( PPh,),] + '

The system appears analogous to the platinum(II) system described
in this text.

In chapter IV the reaction of the platinum carbonyl cation,

with neat methanol or ethanol was described.

[PtC1(CO)( PPh,),]"
This chapter will be concerned with the reactivity of the platinum
alkoxycarbonyls, [PtX(COOR)(PPh;),], formed from this re=ction,
and the analogous reactivity of iron, iridium and manganese alkoxy-

carbonyls. Some interesting spectral properties of the platinum

alkoxycarbonyls will also be discussed.

T e e b Biche b @ s
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(b) Results and Discussion

(I) Physical properties

The compounds [PtX(COOR)(PPh;),] (R=methyl or ethyl
and X = Cl, Br or I ) are air-stable crystalline compounds of
high melting point (above 2000) and range in colour from white
for X = Cl1 to pale yellow for X = I. These compounds are soluble
in chloroform andmnethylene chloride, slightly soluble in alcohols,

but insoluble in light petroleum or diethyl-ether.

(II) Infra-red Studies

The stretching frequency of the carboxylic C=O group in
the infra-red for the platinum esters are all near 1638 cm ! in
chloroform solution. This figure is essentially unchanged for the
spectra of ethoxycarbonyls, [PtX(COOEt)(PPh;),], run as Nujol
mulls. However the methoxy- analogues, [PtX(COOMe)(PPh;),],
show a general shift to a value about 30 cm ! higher as Nujol
mulls. This discrepancy may be due to some crystal packing
effect in the methoxycarbonyl analogue.

The stretching frequency of the C=O group in the infra-red
for the various other transition metal alkoxycarbonyls are gener-
ally near the values obtained for the platinum system (see table 1).
These values are generally lower than for the organic analogues

(e.g. HCOOR) by about 100 cm !. Treichel et al. (57) have
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attributed the lowering of v(C=0) in metal-acyl compounds com-
pared to the organic analogue to contribution of some dn-p
interaction between the metal and carbonyl carbon, thus lowering

the C=0O bond order :

/
M-¢Z ——s M=

Such interaction can be postulated for the transition metal alkoxy-
carbonyl compounds. The apparent lowering of the C=O bond order

suggests some dﬂ-pTr bonding may be occuring thus increasing the

M-C bond order :

O + O

M-c?Z  — M-
R SoRr

The first x-ray study on such a compound has been recently
reported by Albano et al (58). These workers have examined the
compound diiodocarbomethoxycarbonyl(2, 2!-bipyridyl)iridium,
[IrI,(CO)(COOCH;)(C;oHgN,)]. They found the ketonic C=O of the
ethoxycarbonyl group to be coplanar with the square of carbon
monoxide and bidentate nitrogen ligands, in good position for
possible d'ﬂ'-pﬁ interaction between the metal and the ketonic carbon
but attribute this position mainly to hydrogen bonding with the

dipyridyl ligand. Theyv conclude that the Ir-C bond distance

(2.05 A° ) of the iridium-methoxycarbonyl group indicates an

T Seiothamad e Dl 61 1T,

e L
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Table 1.

Infra-red Data on Transition Metal Alkoxycarbonyls and Organic

Esters
Compound Reference C=0 Stretching Frequency (cm !)
Solution Nujol Mull

PtC1(COOMe )( PPh;), - 16372 1664
PtBr(COOMe )( PPh,), - 1637 1665
PtI(COOMe )( PPh,), - 1648% 1655
PtC1(COOEt)( PPh,), - 16382 1638
PtBr(COOEt)( PPh,), - 16382 1638
PtI( COOEt)( PPh,), - 1638 1638
PtC1(COOMe) (AsPh;), (27) 1639 1658
PtC1(COOEt)( AsPh,), (27) 16362 1632
Mn(CO)s(COOE?) (46) 1644° -
Mn(CO);(COOMe)(PPh,),  (46) 1612° -
Fe(CO),Cp(COOMe) (62) 1665° -
IrCl,(CO )(COOMe)LY (18) 1675% 1677
HCOOMe (61) 1725 -
HCOOE¢ (61) 1725 -

a: chloroform solution
b: benzene solution
c: cyclohexane solution

d:1.= PM e, Ph



Ir-C linkage via a pure © -bond and that very little d_-p

R} ias
interaction takes place. However, they base this conclusion on a
comparison of the measured Ir-C length with that of the sum of

the covalent radius of iridium (r e 1.35 Ao) and an sp®-

I
hybridized carbon (rcz 0.74 Ao) and also compare the measured
Ir-C length with that found (59, 60) for the metal-carbon lengths
of methyl platinum compounds. This interpretation of the Ir-C
bond order must be classified as questionable since no good
estimate of the length of a solely o -bonded linkage of metal to
acyl carbon can be made. Thus in spite of the conclusions of
these workers, the lowering of the C=O stretching frequencies

and hence of the bond order must strongly suggest dn—pn

interaction of the metal with the acyl carbon.

(III) Nuclear Magnetic Resonance Studies
The nuclear magnetic resonance spectra of the platinum

alkoxycarbonyls [PtX(COOR)(PPh;),] (R=methyl or ethyl) were

somewhat surprising. The chloromethoxycarbonyl [PtCl1(COOMe)

(PPh,),] had a2 methyl resonance (T = 7.6) at a chemical shift
expected for such compounds (see table 2). However this

r

o

senance was split in a 1:4:1 triplet. This was attributed to 2

long-range coupling of the methyl protons by '*>Pt(34% abundance

60.



61.

and 1=1/2) . The possibility of this splitting being due to the °*'p
nuclei of the phosphine ligands can be eliminated since a 1:2:1
triplet would be obtained from such a system. The measured
19°Pt-H coupling constant of 7 c. pP. 8. is remarkably large since
this coupling is taking place through four bonds.

The ethoxycarbonyl compound [PtC1(COOEt)( PPh;),] showed
similar long-range coupling of platinum with the protons. The
methylene protons are coupled with the three methyl protons
(lH-Hz 7.5 c.p.s.) to give a quartet. This quartet is further
complicated by !?°Pt coupling with the methylene protons
(lPt—H: 7 c.p.s.) giving the multiplet illustrated in figure 7.

This long-range platinum coupling is even more surprising
in the light of recent work by Cherwinski and Clark (27). They
report the analogous alkoxycarbonyls with triphenylarsine replac-
ing the triphenylphosphine ligands, [PtC1(COOR)(AsPh;),]
(R=methyl or ethyl), and indicate that no long-range platinum
coupling to the methyl protons of the -COOMe group or the methylene
protons of the ~-COOCH,CH, group is observed (see figures 6 and 7).

This difference in the platinum-hydrogen coupling constant
must be explained in terms of the change in ligands from triphenyl-
phosphine to triphenylarsine. Both these ligands function as

bases, donating elecitron density via a o -bond to the central metal.
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However they also act as m-bond acceptors (28). The empty
3d-orbitals of the phosphorus atoms overlap with filled non-
bonding d-orbitals of the transition metal. The empty arsenic
4d-orbitals might be expected to be even more capable of overlap
with the filled d-orbitals of the metal since they are more similar
in size to the metal d-orbitals. The triarylphosphines are
generally accepted to have greater coordinating affinities than the

arsines (28, 63) probably because they are
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Fig.6
'H NM.R. : trans - [PtCI{COOMe)L,]
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Fig.7 'TH N.M.R. : trans - [Prcicooet ] !
CH,
protons
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better O -donors and less capable TT-acceptors. Hence in this
platinum system, the triphenylarsine ligands would be expected

to leave the platinum with a lower net electron density than the
triphenylphosphine ligands. This depletion of electron density

must be used to explain the lesser ability of the platinum to couple
with the methyl protons of the methoxycarbonyl motwety for the
compound [PtC1(COOMe)(AsPh,),] compared to its triphenylphosphine
analogue. This drop in coupling constant is remarkably large and

is a dramatic indication of the differences of electron density at

the platinum with differing surrounding ligands.

(IV) Reactions of [PtX(COOR)PPh,),] (X=Cl, Br or I and
R=methyl or ethyl)

(i) Reaction with Aqueous Acids

The compounds [PtX(COOMe)(PPh;),] (X = Cl, Bror I )
reacted with 48% aqueous fluoroboric acid to give the carbonyl
cation [PtX (CO)( PPh, )2]+ stabilized by the fluoroborate anion.
Methanol was also characterized in the reaction product. This
acidification reaction is the reverse of the original reaction of
methanol with the carbonyl cation to give the methoxycarbonyl:
[Pt(CO)X(PPh,),][BF,] + MeOH——>[PtX(COOMe)( PPh,),] + HBF,
Similar resuls were obtained for the ethoxy- analogue, with the
cationic carbonyl and ethanol being produced on treatment with
aqueous fiuoroboric acid. Agqueous HCI could be used instead of

i . i I [P, Supi RN B SN
HBF,. The final products isclated werce the alcohols and the

!
i
.
H
i
o
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dichloro-compound [PtClZ(PPh3)2]. Apparently this reaction pro-

ceeded via a carbonyl cation to the dichloride with a chloride ion

replacing the carbon monoxide ligand :

[PtC1(COOR)(PPh;),] + HCI1 (aqueous )—3[PtC1{ CO)(PPh,),][C1] + ROH o
[PtCl,(PPh,),] + CO .

The production of cationic carbonyls by acidification of the alkoxy-

carbonyl metal complexes is a general reaction for most transition

metal alkoxycarbonyls (46,47,18). .

(ii) Reaction of [PtCl( COOEt)( PPh,),] with Methanol

The ethoxycarbonyl [PtCl1( COOEt)(PPh,),] was heated at

65° for 12 hours with methanol. Reaction occurred and the ethoxy-

group was replaced by the methoxy ion

P P
pt-G7 + MeOH — 5 Pt-C7 + EtOH
SOEt OMe

Such reactivity can best be explained in terms of a methanol attack

at the electro-positive acyl carbon :

O O O
£ H <
EDt-<|3+ s pt-c7 + MeOH —%Pt-?"'-,Q!O/C-—B'%Pt—C\/ + EtOH
OEt “NoE OY-- OMe
Et
(iii) Reaction of [PtX(COOR)(PPh,),] with Water (X=Cl, Br or I and

R=methyl or ethyi)
The platinum alkoxycarbonyl compounds undergo a novel

reaction with water
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[PtX(COOR)(PPh;),] + H,O = trans-[PtHX (PPh,),]
KX
130° + CO, + ROH

For X = Cl the products of this reaction have been separated
and near quantitative yields of carbon dioxide and platinum hydride,
[PtHC1( PPh;),], were isolated and the alcohols methanol (if R =
methyl) or ethanol (if R=ethyl) were characterized by n.m. r.
and infra-red spectroscopy. The reaction was catalyzed by the
chloride salts KCl, NH,Cl and NMe,Cl and for R = methyl no reac-
tion was observed unless a salt was present. For R=ethyl the
reaction required somewhat less vigorous conditions (1000) and
the effect of the salt was less marked. Although best yields of the
hydride were obtained with the salt present, lower yields of the
hydride were obtained alohg with ﬁncharacterized decomposition
materials without the salt present.

For X = Br or I the yields of hydride from the hydrolysis
were mucn lower even in the presence of halide salts, and more
decomposition occurred than in the chloro- analogue.

Such hydrolysis reactions can be understood when two other
facts are also considered :

1) The alkoxy group of the platinum alkoxycarbonyl exchanges

with other alkoxy groups.

R
P
PO
H
3
i
<
o
H
i
i
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T Y

2) Trans-[PiCi{CO)(PEt;),J[BF,] reacts directly with water to give

the hydride, possibly via a short-lived carboxylic acid. The lability
of the alkoxy group towards exchange with other alcohols suggests
that a similar exchange could occur with water giving a short-lived
carboxylate which might then decarboxylate to give a hydride.
Possibly a concerted reaction of the alkoxycarbonyl with water leads

directly to the platinum hydride, carbon dioxide and the alcohol :

o) gcy R
V

Pt-C\/ + H,O0—> gt-ll;g — > Pt-H + CO, + ROH
OR Irl'{-,?~ﬁ

The function of the halide salt is uncertain. While catalysis
may be due to the cation fulfilling a role similar to that of a proton
in the acid-catalysed hydrolysis of organic esters, the fact that X
is the common species strongly favours anionic catalysis. Co-
ordination of X to fhe platinum of the alkoxycarbonyl may well fac-
ilitate both decarboxylation and hydride formation through a transi-

tion state such as :

The salt might function merely to stabilize the compound at high
temperatures. If an equilibrium exists with the halide ion as

shown below then the dissociated platinum species might further
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react leading to decomposition at high temperature in the non-

homogeneous water mixture,

P _ P
Cl—/lst-COOR _— Cl + +/I5t-COOR i} Decomposition

P P Products
The presence of excess halide would drive the equilibrium to the
left preventing decomposition and enabling an attack of water at a
site which would lead to hydride production.

At this point it seemed worthwhile to attempt this hydrolysis
reaction on alkoxycarbonyls of other transition metals to see if such
reactivity was general for the M-COOR group.

(V) Reactions of Alkoxycarbonyls of Iron, Iridium and Manganese
With Water

The iron methoxycarbonyl [CpFe(CO ),(COOMe)] (62)
reacted completely with water at 45° in 20 minutes. The products
consisted of the hydride [CpFe (CO),H] (obtained in 50% yield),
the dimeric compound [CpFe(CO),],, carbon dioxide and methanol.
A trace of methyl formate was also isolated. The scheme of reac-
tion probably was :

KCi
[CpFe(CO),(COOMe)] + H,0 ———> [CpFe(CO);H] + CO, + MeOH

[CpFe(CO)], + H,
The iron hydride [CpFe(CO ),H] is reported (74) to decompose to

the dimer [CpFe(CO),], at temperatures used in the experiment,
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thus accounting for its formation. Carbon dioxide was collected
nearquuantitatively suggesting almost complete initial reaction to
the hydride. The reaction was repeated without the salt catalyst
and no differences were observed in the reaction.

The manganese ethoxycarbonyl [Mn(CO );( COOEt)] was
reacted with a KC1 solution of water for 5 hours at 75° . The man-
ganese hydride [Mn(CO);H] was obtained in approximately 60%
vield along with its decomposition product [Mn(CO)],. Carbon
dioxide was isolated near quantitatively and ethanol was identified
as a product by infra-red and n. m.r. spectroscopy. A trace of
ethyl formate was also isolated. The rt?action apparently follows

the scheme :

[Mn(CO)S(COOEt)]%[Mn(fo)sH] + CO, + EtOH

[Mnh(CO)], + H;
The reaction was repeated without the salt catalyst and somewhat
higher yields of ethyl formate were observed but the reaction was
basically unchanged.

The iridium methoxycarbonyl [Ir(CO ),( COOMe )( PPh;),]
was heated at 130° for 18 hours with saturated KC1-H,0O solution.
Carbon dioxide, methanol and an unstable solid, tentatively
assigned as [Ir(CO),H(PPh;),] (Vv

=2105 ¢cm ! and & - =815 ecm !),

Ir-H Ir-H

were isolated. A reaction scheme similar to those above can be
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suggested for the iridium methoxycarbonyl hydrolysis.

[Ir (CO),(COOMe)(PPh;),] + H,O _Ect, [Ir(CO),H(PPh,),] + CO,
+ MeOH

However, similar reactions in dilute KC1 solution or salt-free

water yielded only uncharacterized decomposition products. No

reaction was observed in saturated KCI1 solutions at 900 for 18

hours.

(VI) Conclusions

It appears that the reaction of transition metal alkoxy-
carbonyls with water to give hydrides is quite general. Reaction
has occurred for transition metals in differing oxidation states,
with a variety of surrounding ligands, and differing coordination
numbers. Because of the general nature of the hydrolysis, the
most likely position of attack of water is at the alkoxycarbonyl
group and specifically at the acyl carbon. Attack of water at the
various central metals seems unlikely since the metals with
different oxidation states and surrounding ligands would be unlikely
to all act similarly as a site for water attack.

The function of the salt remains uncertain but as the ease
of hydrolysis increases the salt effect is less marked. Only in
the platinum and iridium systems is the salt necessary for
hydrolysis and it is not possible at this stage to differentiate

between several possible explanations of its function.



CHAPTER VII

EXPERIMENTAL SECTION

1. Apparatus and Techniques

Standard high-vacuum techniques (71) were used. Reactions
were performed in silica or thick-walled Pyrex glass carius tubes.
All reactions not involving sealed tubes were carried out under a
nitrogen atmosphere unless otherwise stated.

Infra-red spectra were recorded with Beckman IR 10 and
IR 7 spectrometers with spectra recorded from 4000 to 250 cm !
with cesium iodide optics and calibrated against polystyrene film.
For the work on kinetics { see section VII, 9) spectra were
recorded with Beckman IR-tran solution cells. 'H and 'F nuclear
magnetic resonance spectra were recorded on Varian A-60, HA-100
and DP-60 spectrometers. Chemical shifts were reported relative
to tetramethylsilane and Freon 11 (CFCl;).

Melting points were recorded by capillary methods and
were corrected unless otherwise stated. Conductance measure-
ments were made with a dip-type cell of constant 0.1 cm ! conn-

ected to a conductivity bridge, Model RC 18, Industrial Instruments

Inc.

73.
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Microanalyses were carried out by Dr. A.B. Gygii,
Toronto, and the Schwarzkopf Microanalytical Laboratory, Inc.

b

New York, N. Y.

2. Preparation of Starting Materials

a) Preparation of trans-[PtHC1(PEt,),]

(i) Preparation of triethylphosphine

Triethylphosphine was prepared by a modification of the
method of H. Hibbert (64) and all steps were carried out under
nitrogen. A Grignard reagent was made from magnesium turnings
(130 g., 5.4 moles) and ethyl bromide (544 g., 5.0 moles) in
1.5 litres of anhydrous diethyl ether. Phosphorus trichloride
(115 g., 0.84 moles) in 250 ml. of anhydrous ether was added
dropwise at temperatures between -30 and -40° . The mixture
was then allowed to warm to room temperature. A saturated aqueous
solution of ammonium chloride (1.5 litres) was added dropwise
with stirring and the ether layer was removed from the aqueous
layer via a separatory funnel. Fractional distillation of the ether

layer gave triethylphosphine (70 g.. 75% vield) .

(ii) Preparation of cis-[PtCl,(PEt;),]
The method of K. A. Jensen was used for this preparation

(65). Potassium chloroplatinite (4.6 g., 11 mmoles) in 55 ml.
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of water was shaken for one hour with triethylphosphine (2.6 g.,
22 mmoles). A reddish-brown precipitate of [Pt(PEL;),][PtCl,]
was formed and on heating for 10 minutes at 100° changed to a grey
solid. The solid was filtered, washed with water and dried. 1t
was then extracted with diethyl ether and the residue recrystallized
from alcohol giving white crystals of cis-[PtCl,(PEt,),] (2.8 g.,

5.6 mmoles). The ether was evaporated from the yellow extract

giving yellow crystals of trans-[PtCl,(PEt,),] (1.5 g., 3.0 mmoles) .

(iii) Preparation of trans-[PtHC1(PEt,),]

The method of Chatt and Shaw (2) was used for this prepar-
ation. 1.0 ml. of 85% hydrazine hydrate solution was added to a
suspension of cis-[PtCl,(PEt,;),] (2.8 g., 5.6 mmoles) in 22 ml.
water. The mixture was heated on a steam bath for one hour. A
grey precipitate formed and was filtered and dried. Recrystalliza-
tion from light petroleum ether gave white needles of trans-

[PtHC1( PEt,),] (1.9 g-, 4.1 mmoles) .

Infra-red Spectrum: v =2210 , =835 cm !

(Pt-H) 6(Pt.H)

b) Preparation of trans-[PtHC1(PPh,),]

(i) Preparation of cis-[PtCl,( PPh,),]

The method of Bailar (66) was used for this preparation.
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A solution of potassium chloroplatinite (2.0 g., 4.8 mmoles) in
25 ml. water was added dropwise with stirring to a boiling solution
of triphenylphosphine (2.5 g., 9.6 mmoles) in 30 ml. of ethanol.
The mixture was stirred for 2 hours at 60° and the white crystals
of cis-[PtCl,(PPh;),] (3.6 g., 4.6 mmoles) were filtered and

washed with hot water, hot ethanol and diethyl ether.

(ii) Preparation of trans-[PtHC1(PPh;),]

The method of Bailar (66) was used for this preparation.
To a solution of cis-[PtCl,(PPh;),] (3.6 g., 4.6 mmoles) in 90
ml. ethanol, 2.6 g. of 85% hydrazine hydrate solution was added.
The mixture was refluxed for 5 minutes and then 2. 2. g. acetic
acid, 36 ml. water and 20 ml. ethanol were added. The white
crystals formed were filtered and recrystallized from a 1:2 mix-
ture of benzene and ethanol giving trans-[PtHC1(PPh;),] (2.4 g.,

3.2 mmoles) .

=2200, § =830 cm !

Infra-red Spectrum : (Pt-H)

V(Pt-H)

c¢) The preparation of cis-[PtBr,( PPh;),]
To a solution of potassium chloroplatinite (0.50 g., 1.2
mmoles) in 50 ml. water, 50 ml. of a saturated aqueous solution

of sodiurm bromide was added. The mixture was stirred for one
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hour at 90O and the solution became deep brown in colour. A solu-
tion of triphenylphosphine (0.63 g., 2.4 mmoles) in 50 ml. ethanol
was added dropwise with stirring and the mixture warmed at 40°
for one hour. The precipitate was filtered and washed with
alcohol, diethyl ether, and light petroleum ether leaving pale

yellow crystals of cis-[PtBr,(PPh;),] (0.97 g., 1.1 mmoles).

d) The preparation of cis-[Ptl,( PPh;),]
The procedure of 2c was followed except that sodium iodide
was used instead of sodium bromide. A near quantitative yield of

the bright yellow compound, cis-[Ptl,(PPh,),], was obtained.

e) The preparation of cis-[PtBr,(PEt;),]

A solution of 3.0 g. sodium bromide in 50 ml. water was
added dropwise to a solution of potassium chloroplatinite (1.0 g.,
2.3 mmoles) in 25 ml. water. The solution was stirred at 40° for
2 hours. Triethylphosphine (0.54 g., 4.6 mmoles) was added and
the mixture refluxed for 15 minutes. The yellow precipitate was
filtered and washed with water, dried and extracted with light pet-
roleum ether. The white solid residue was recrystallized from
ethanol giving white crystals of cis-[PtBr,(PEt;),] (0.5 g., 0.8

mmoles) .
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The petroleum ether was evaporated irom the yeliow extract

giving yellow crystals of trans-[PtBr,(PEt;),] (0.6 g., 1.0 mmoles) .

f) Preparation of cis-[Ptl,( PEt,;),]

The method of Jensen (65) was used for this preparation.
A solution of 2.0 g. sodium iodide in 10 ml. water was added to
a solution of cis-[PtCl,(PEt;),] (0.19 g., 0.37 mmoles) in 10 ml.
ethanol. The mixture was stirred at 25° for 30 minutes. The
yellow solid formed was filtered, washed with an ethanol-water
mixture and dried. The compound cis-[Ptl,(PEt;),] (0.23 g., 0.34

mmoles ) was not recrystallized.

Infra-red : =415 and 435 cm !

Y(Pt-P)
g) Preparation of tetrafluoroethylene

Teflon chips in a silica tube were heated under vacuum at
500°. The volatile products were fractionated through traps at
-96, -125 and -1960 . The trap at —1960 contained perfluoroethyliene
and a trace of silicon tetrafluoride, identified by the sharp Si-F
stretch in the infrared region at 1020 cm !, The silicon tetra-
fluoride was removed by several condensations of the mixture

over moist potassium fluoride. The remaining volatile product

was spectroscopically pure tetrafluoroethylene (67) .
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3. Reactions of trans-[PtHC1(PEt,),] with Tetrafluoroethylene
(i) Reaction in .S..tt:ainless Steel Autoclave
Trans-[PtHC1(PEt,;),] (0.6 g.)in 10 ml. benzene was
heated with C,F, (1.5 g.) at 120° for 48 hours in a stainless steel
autoclave. After removal of excess C,F, the benzene solution was
evaporated and the resulting yellow oil extracted with methanol.
Evaporation of the methanol extract gave an oil which slowly formed
white crystals of trans-[PtC1(PEt;),(CF,CF,H)]. These were washed
with very small volumes of methanol, collected (0.42 g., 58%
yield) and recrystallized from methanol, using a seed crystal to
aid crystallization. The product was extremely soluble in light
petroleum ether, benzene, or chloroform but rather less soluble
in methanol, mp 78-79°. Anal. Calcd for C,H; CIF,P,Pt :
C, 29.6; H, 5.5; F, 13.4. Found: C, 29.6; H, 5.6; F, 13.7.
The infra-red absorptions (Table 5) due to C-F vibrations
are similar to those observed in other compounds containing an
M-C,F,H grouping (7, 8). In addition to the expected ethyl proton
resonance, the 'H nmr spectrum in deuterochloroform solution
consisted of a 1:2:1 triplet (J =56 cps) centered at -5.43 pPpPM,
each component of which was split into a 1:2:1 triplet (5 cps ).

The integrated intensities of the triplets and the ethyl resonance



were in the ratio 0.9:30. The ""F nmr spectrum in CFCl; solu-
tion consisted of two multiplets of equal intensity centered at
+72.3 and +126. 3 ppm. The high-field resonance was a broad
doublet (J = 55.5 cps; width at half-height, 11 cps) whose 19°pt
(33% abundance) satellites (coupling constant, 106 cps) over-
lapped the main peaks producing a 1:.4:.4.:11 quartet. The low-
field resonance was a 1:2:1 triplet (coupling constant, 23,2 cps)
with !?°Pt satellites (coupling constant, 470 cps). Each compon-
ent of the triplet was split into a doublet (coupling constant, 4.8
cps) and again into overlapping triplets (coupling constant, 4.5
cps) producing a 1:3:3:1 quartet. These spectra are consistent

with the following interpretation.

P T, F
| (8 @
=g
P FB FCL

80.

The high-field resonance is due to the a fluorine atoms and the low-

field resonance to the B fluorine atoms. The coupling constants

4.8, 7J =4.5, 7J =106,

are J. =55,5, J —Pt-Fa

H—Fa —H-FB _FCL_FB

-J-Pt-FBZ47O’ gp_FB:Z& 2 cps. iPt—H was not observed because
of poor signal-to-noise ratio, but all other coupling constants are

less than 2 cps. The magnitudes of the various coupling constants

and the assignments of the spectra are in agreement with previous
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results on other compounds containing an M-CF,CF,H grouping

(7,8) .

(ii) Reaction inPyrex Glass at 80°

Trans-[PtHC1(PEt;),] (1.0 g.)in 20 ml. of undried benzene
was heated with C,F, (1.0 g. ) at 80° for 48 hours in a Pyrex tube.
Insoluble crystals of [Pt,Cl,(PEt;),]J[BF,], (0.06 g., 5% yield)
were filtered from the benzene solution and characterized as in
section 5(a).

The benzene solution was evaporated to about 5 ml. and an
equal volume of cyclohexane added. A white precipitate formed
and was filtered giving trans-[PtC1(CO)(PEt,;),][SiF;] and its
[BF,] analogue (0.1 g.). The characterization of this compound
has been described (20). Ewvaporation of the benzene-cyclohexane
solution gave a mixture of trans-[PtCl1(PEt;),(CF=CF,)] and trans-
[PtC1(PEt;),(C{CF,H} =CF,)] (0.5 g.) in approximately 3:1 ratio.
The characterizations of these fluorovinylplatinum(II) compounds

have been previously described (9) .

4. Reactions of trans-[PtHC1(PPh;),] with Tetrafluoroethylene
(i) Reaction in glass vessel at 120°

Trans-[PtHC1(PPh,),] (0.7 g.)in 25 ml. of benzene was
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heated with tetrafiuoroethyiene (0.5 g. ) at 120° for 48 hours in a
Pyrex tube. The gaseous products were examined by infra-red
spectroscopy and contained the starting material C,F, and
another volatile product tentatively identified as SiF, from its
characteristic Si-F vibration at 1020 cm ! . The benzene solution
was evaporated and the residues were extracted with chloroform,
leaving 0.005 g. of white residue showing infra-red absorptions
characteristic of SiF¢®~ and BF4— . Fractional precipitation by
addition of light petroleum ether to the chloroform extract gave
0.15 g. (yield 19%) of trans-[PtCl(CO){P Ph;),][BF,] as the first
precipitate. This product was recrystallized from benzene as
white crystals, insoluble in light petroleum but soluble in chloro-
form or methanol, mp 278-282° (with decomp. )

Anal. Calecd for Cy;H,;oBCIF,OP,Pt: C, 51.2; H, 3.5;
B, 1.24. Found: C, 51.2; H, 3.7; B, 1.29. In addition to
absorptions due to the cation (Table 5), the infrared spectrum of
this product had absorptions characteristic of BF; at 1090(s) and
1050 (vs,b) cm ! . The molar conductivity of 2 1.0 x 10 M solu-
tion in nitromethane was 74 ohm 'cm? at 25° .

Evaporation of the chloroform-petroleum filtrate gave 0.45
g. of an approximately 3:1 mixture of trans-[PtCl{PPh,;),(CF=CF,)]

and trans-[PtCl1(PPh,),(C{CF,H}=CF,)]. These products were
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separated by chromatography on Fiorisil using 50% benzene in
chloroform as eluent and recrystallized from an ethanol-chloroform
mixture as white needles, insoluble in light petroleum, slightly
soluble in benzene, and soluble in chloroform, mp 253-255° and
248-250° respectively.

Anal. Calcd for C;gH,;,C1F,;P,Pt: C, 54.5; H, 3.6; F, 6.8.
Found: C, 55.0; H, 3.8; F, 7.6. Calcd for C3gH; ClFP,Pt:
C, 54.0; H, 3.6. Found: C, 53.9; H, 3.5. The patterns of
C-F absorptions (Tzble 5) are similar to those reported previously
(9) for their triethylphosphine analogues. Their solubilities were
too low for '’F nmr studies. The above reaction was repeated
with heating at 120° for 48 hours in a silica tube to which a few
grams of chromatographic silica gel(previously dried at 800° in a
muffle furnace) had been added. Trans-[PtCl(PPh;)(CF=CF,)] and
trans-[PtCl(PPh;),(C{CF,H}=CF,] were formed, but no salts of
]+

trans-[PtC1(CO)( PPh,),] were detected.

(ii) Reaction at low temperature

The above reaction was repeated with heating at 80° for 48
hours. Again the vinylic compounds trans-[PtCl(CF=CF,)(PPh;),]
and trans-[PtCl1(C{CF,H}=CF,)(PPh;),] were isolated in the same

proportions as above. However, no carbonyl complex as described
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above was isolated. A low yieid (20%) of the benzene-insoluble
salt [Pt,Cl,( PPh;),][BF,], was filtered from the benzene solution

and characterized as in section 5a(iii) .

(iii) Reaction in a Stainless Steel Auotoclave

Trans-[PtHC1(PPh;),] (1.0g. ) in 20 ml. benzene was
heated with C,F, (1.5 g. ) at 120° for 48 hours in a stainless steel
autoclave. The solution obtained was filtered and the benzene
evaporated. An infra-red spectrum of the crude products indicated

no absorption at 2100 cm ! assigned to the carbonyl cation

[PtC1(CO)( PPh3)‘,_]+ isolated in the identical reaction in glass

(see 4(i) ). Work up of the residues in a manner identical to that

of 4(i) gave solely the two vinyl complexes trans-[PtCl(CF=CF;,)
(PPh,),] (0.5 g.) and j:_rir_xs_-[PtCMC{CFZH}:CFZ)(PPh3)Z] -(0.15 g. ).

No other products were isolated.

5. Preparation of the compounds [Pt, X,(PR;3)][BF,];

a) Reaction of c_i_s:_-_-[PtXZ(PR3)Z] with Boron Trifluoride

(i) Reaction of _c.';i_s-[PtCIZ(PEt3)2]

Cis-[PtCl,( PEt;),] (0.175 g., 0.35 mmoles)in 5 ml. dry
chioroform was shaken with dry boron trifluoride (0.3 g.,

4 mmoles) at 25O in a silica tube. An almost colourless oil
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precipitated at once, but shaking was continued for 15 hours. The
products were evaporated to dryness under vacuum and the residue
extracted with nitromethane. Evaporation of the extract to small
bulk, followed by addition of diethyl ether and light petroleum
ether, gave [Pt,Cl,(PEt,),][BF,], (0.18 g., 1.6 mmoles) as a
white precipitate, insoluble in benzene or chloroform but soluble
in methanol and nitromethane. The compound had no sharp melting
point but decomposed at about 2500. It was recrystallized by solu-
tion in the minimum volume of methanol or nitromethane and addi-
tion of an equal volume of diethyl ether followed by light petroleum
ether to the cloud point; crystallization then occurred. Anal. Calcd
for C,yHeoB,Cl,FgP,Pt,: C, 26.0; H, 5.5; Cl, 6.4. Found: C,
25.8; H, 5.6; Cl, 6.2. The molar conductivity of 2 0.3 x 10 3M
solution in nitromethane was 170 ohm ‘cm? at 25°,

In addition to absorptions due to the cation (see Table 5),
the infra-red spectrum of this product had absorptions character-

isted of BF, at 1090(sh), 1050(vs,b), and 515(m) cm ! .

(ii) Reaction of cis-[PtBr,(PEt,),]

The procedure similar to 5a(ii) was used in this reaction.
Cis-[PtBr,(PEt;),] (0.29 g. ) and boron trifluoride (0.25 g. ) heated
at 50° for 12 hours in chloroform, gave white crystalline [Pt,Br,( PEt,),]

.

[BFdz (0.19 g., 75%) .
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Anal. Calcd for C,;H(xB,Br,FgP,Pt, : C, 24.1; H, 5.1.
Found: C, 24.7; H, 5.2. The residue, insoluble in methanol-

diethyl ether mixture was identified spectroscopically as

trans-[PtBr,(PEt,),] (0.10 g.).

(iii) Reaction of cis-[PtCl,( PPh;),]

Cis-[PtCl,(PPh;),] (0.32 g. ) in 40 ml. chloroform was
shaken with boron trifluoride (0.3 g. ) at 25% in a silica tube. A
yellowish oil precipitated at once, but shaking was continued for
12 hours before evaporation of the products under vacuum. The
residue was washed with small volumes of methanol leaving
[Pt,Cl,(PPh, ), J[BF,], (0.3 g., 85% yield) as a white powder,
insoluble in light petroleum and slightly soluble in chloroform or
methanol. The product was recrystallized as described above for
the triethylphosphine analogue. Anal. Calcd for Cq,H¢oB,Cl,FgP,Pt;:
C, 51.3; H, 3.6; Cl, 4.2. Found: C, 50.5; H, 3.6; Cl, 3.7.
The molar conductivity of 2 0.5 x 10 *M solution in nitromethane
was 174 ohm 'ecm? at 25° . In addition to absorptions due to the
cation (see Table 5), the infra-red spectrum of this product had
absorptions characteristic of BF4_ at 1080(s,b) and 1045(vs, b)

cm !,



87.

(iv) Reaction of cis-[PtBr,(PPh;),]

Cis-[PtBr,(PPh;),] (0. 34 g. ) and boron trifluoride (0.4 g.)
in 10 ml. chloroform were heated at 70° in a silica tube for 12
hours and gave pale yellow crystals of [Pt,Br,( PPh,),][BF,],
(0.29 g. ). Recrystallization was from a nitromethane-petroleum
ether -diethyl ether mixture. Anal. Calcd for Cq;H¢oB,Br,FzP,Pt,;:

C, 48.8; H, 3.4. Found: C, 49.4; H, 3.7.

(v) Reaction of cis-[PtI,( PPh;),] (2.30 g. ) and boron tri-
fluoride (0.5 g. ) after 48 hours at 130° in a 1:1 chloroform-benzene
solution, gave [Pt,I,(PPh;),J[BF,], (0.77 g., 35%). Anal. Calcd

for C;;HeoB,I,FgP,Pt,: C, 46.3; H, 3.2. Found: C, 46.0; H, 3.1.

b) Reaction of trans-[PtHC1(PR;),] with Boron Trifluoride (R =
ethyl or phenyl)

Trans-[PtHCL(PEt;) ,] (0.1 g.)in 5 ml. dried benzene was
heated with dry BF,; (0.3 g. ) at 40° for one hour in a silica tube.
A brownish oil precipitated. A procedure identical with that in
5a(i) gave [Pt,Cl,( PEt;),J[BF.], (0.1 g., 86% yield). Very little
reaction was observed when the reaction was repeated at 25O for
20 hours.

The above reaction was repeated with trans-[PtHC1(PPh,),]

with heating at 80° for 12 hours. Similar work-up to that described
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in 5a(iii) gave [Pt,Cl,(PPh;),JIiBF,], in 70% vyield.

6. Reaction of cis-[PtI,(PEt,;),] with Boron Trifluoride
Cis-[PH,(PEt,;),] (1.0 g. ) was heated at 70° for 28 hours in
a sealed tube with boron trifluoride (0.3 g. ) and chloroform
(3 ml.). Removal of the volatiles under vacuum, extraction
with methanol, followed by recrystallization at 25° from a chloro-
form-diethyl ether mixture, gave yellow plates of [PtI( PEt;);][BF,]
(0.20 g. ). Anal. calcd for C,gH;sBF,IP;Pt: C, 28.3; H, 6.1.
Found: C, 28.3; H, 6.0. M.p. 148-150o . Further extraction
of the residue with chloroform gave trans-[Ptl, (PEt;),] (0.52 g.)
identified spectroscopically. Recrystallization of the remaining
residue from acetone-methylene chloride gave orange crystals of
[Pt,I,(PEt,),] (0.23 g. ). Anal. Calecd for C,,H;0I,P,Pt, : C, 12.7;
H, 2.7. Found: C, 13.7; H, 2.6. This compound has already
been described (22). The new compound [PtI(PEt;);][ BF,] can
also be identified by characteristic infra-red absorptions due to

v(Pt-P) at 425(m ) with weak shoulders at 410, and 440 cm !,

7. Preparation of trans-[PtX(CO)(PR;),][BF,]
a) Reaction of [Pt,X,{PR;L][BF,], with Carbon Monoxide.
Typically for X = Cl, Br and I and R=phenyl and for

X = Cl and Br a

nd R=ethvl, the compound [Pt,X,( PR, L,][BF,],
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(0.25 mmoles) in 20 ml. degassed chloroform or nitromethane
solution was stirred at constant rate in a closed system at 23°
under one atmosphere of carbon monoxide. The course of the
reaction was followed by measuring the carbon monoxide uptake

on a capillary monometer. The uptake of the carbon monoxide due
to solubility iﬁ the solvent was rapid (complete within two minutes)
and blank runs were made in solvent alone to determine a correc-
tion for calculating carbon monoxide uptake attributed solely to
reaction with the dimeric salt. Plots of carbon monoxide uptake
as a function of time for the various compounds in chloroform and
nitromethane are illustrated in figures 1 and 2.

For the carbonylation reactions with chloroform as solvent,
the products were isolated and purified. For X = Cl or Br, and
R=ethyl or phenyl, the chloroform was removed under vacuum and
the residue recrystallized as shown in Table 3. For X =1 and
R=phenyl, work-up was carried out in a carbon monoxide atmosphere
by the addition of the chloroform solution to a carbon monoxide-
saturated diethyl ether-petroleum ether mixture. The resulting
vellow solid was not recrystallized. Further details on each spec-

ific reaction are shown in Table 3.
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b) Reactions of trans-[PtHC1{PPh,),] with Tetrafluoroboric Acid

and Carbon Monoxide

Trans-[PtHC1(PPh;),] (1.0 g., 1.3 mmoles) was heated at
120° for 48 hours in a stainless steel autoclave with 20 ml. benzene
and 5 drops aqueous 48% tetrafluoroboric acid solution under 8
atmospheres of carbon monoxide pressure. The volatile products
were removed under vacuum and the oily residue was extracted
with chloroform. Careful addition of a diethyl ether-petroleum
ether mixture gave small crystals of trans- [PtC1(CO)(PPh;),][BF,]
(0.4 g., 0.5 mmole). The solvents were removed from the
remaining solution leaving an oily yellow solid with absorptions in
the infra-red region at 2030 and 2050 cm ' . These products could

not be purified and remained uncharacterized.

c) Reaction of cis-[PtCl,(PR;),] with Boron Trifluoride and

Carbon Monoxide. (R=ethyl or phenyl)

form was heated with boron trifluoride (2.4 g. ) under a pressure
of 15 atmospheres of carbon monoxide at 110° for 36 hours in a
stainless steel autoclave. All volatile materials were removed
under vacuum and the residue recrystallized from benzene giving

white needles of trans-[PtCl{CO)(PPh;),}J[BF,] (0.6 g., 61% yield) .
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The characterization of this compound has been described in
section 4(i) .
The above reaction was repeated with cis-[PtCl,(PEt,),]
as starting material. Similar procedure gave trans-[PtC1(CO )(PEt,),]
[BF,] (80% yield) which was recrystallized from ethyl acetate. The

characterization of this salt has been described elsewhere (20).

d) Reaction of cis-[PtCl,(PEt;),] with Sodium Tetrafluoroborate
and Carbon Monoxide
Through a solution of cis-[PtCl,(PEt;),] (1.0 g., 2.0 mmoles)
and sodium tetrafluoroborate (0.22 g., 2.0 mmoles) in 20 ml.
acetone carbon monoxide was bubbled through for 4 hours. A white
precipitate formed and was filtered off and the solution evaporated
leaving white crystals of trans-[PtCl(CO)(PEt;),][BF,] which were

recrystallized from ethyl acetate (1.0 g., 1.7 mmoles).

e) Reaction of cis-[PtX,(PR;),] with Silver Tetrafluoroborate

and Carbon Monoxide (X = Cl or Br, and R = Et or Ph)

Carbon monoxide was bubbled through a solution of cis-
[PtClZ(PPh3)2] (1.0 g., 1.3 mmoles) and silver tetrafluoroborate
(0.25 g., 1.3 mmoles) in 20 mil. acetone for 2 hours. The preci-
pitate of silver chloride was filtered from the solution by fluted

filter paper. The acetone was evaporated leaving a yellow oil which
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on cooling from a hot benzene solution gave white crystals of
trans-[PtCl(CO)( PPh;),][BF,] (1.0 g-, 1.2 mmoles).

The above reaction was repeated for cis-[PtX,(PR,),]
with X = Br and R=phenyl and X = Cl or Br and R=ethyl. Good

yields were obtained in all cases.

8. Reactions oftrﬂs_-[PtCI(CO)(PR3)2][BF4] (R=ethyl or phenyl)
a) Reaction with Chloride Ion

Trans-[PtCl(CO)(PPh3)Z][BF4] was dissolved in chloroform
with an approximately equimolar quantity of Et,NCl. Slight
effervescence was observed to occur. The chloroform was evapor -
ated, the residue extracted with water, and the water solution
evaporated under vacuum. The white solid residue had absorptions
in the infra-red spectrum characteristic of both Et4N+ and BF,
and was tentatively identified as the salt Et,NBF,. The water-
insoluble fraction was identified by infra-red spectroscopy as

cis-[PtCl,( PPh,),] .

b) Reaction with Hydrogen
A sample of trans—[PtCl(CO)(PPh3)Z][BF4] was stirred in
chloroform solution for 18 hours under one atmosphere of hydrogen.

No reaction was detected and the sample was recovered unchanged.
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c) Reaction with C,F,
Samples with trans-[PtC1(CO ) PPh;),)[BF,] and its triethyl-
phosphine analogue were reacted with benzene and C,F, in sealed

tubes. No reaction was detected for either case.

d) Reaction with dry HCl
Trans-[PtCl1(CO)( PPh;),][BF,] was reacted with dry
benzene and dry HCI] at 25° for 18 hours. No change was observed

in the starting material.

e) Reaction with Benzoyl Azide

Trans-[PtCl1(CO)( PPh;),][BF,] was dissolved in chloroform
containing a one molar excess of benzoyl Azide (68). The infra-
red spectrum of the solution initially showed strong bands at
2135 and 2120 cm ! due to azide and carbonyl respectivel'y. No
change was observed over a period of 5 hours. The solution was
then heated at 55° for 18 hours. The band at 2135 cm ! had dis-
appeared but the carbonyl band at 2120 cm ! was still present,
Hence reaction did not occur even at temperatures sufficiently

high for decomposition of the benzoyl azide.

I) Reaction of trans-[PtC1(CO)(PEt;),][BF,] with Water

(i) Trans-[PtC1(CO)(PEt;),][BF,] (0.155 g., 0.27 mmoles)
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was heated at 110o for 18 hours in degassed 1:1 methanol-water
solution (2 ml. ) in an evacuated Pyrex tube. A white crystalline
solid formed on cooling. The volatile products were fractionated
under vacuum through -78°, -120° and -196° traps. Carbon
dioxide (0.011 g., 0.25 mmoles) was collected and identified by
infra-red spectroscopy. The residue was extracted with water
affording a white solid (0.030 g. ) with infra-red absorptions char-
acteristic of SiF¢*” and BF, anions. The residual solid was
trans-[PtHCI(PEt;),] (0.122 g., 0.26 mmoles), characterized by
its melting point (80-820) , proton n.m.r. spectroscopy, and

infra-red spectroscopy.

(ii) The above reaction was repeated with water alone as
solvent. Although the reaction was not homogeneous and some
reduction to metallic platinum occurred, the yields of carbon
dioxide and trans-[PtHC1(PEt;),] were nearly quantitative after

one hour refluxing in a nitrogen atmosphere.

(iii) The above reaction was repeated using D,0O (98%
pure) in place of water. The reaction was complete within one
hour giving carbon dioxide and tra._l:l_iz[PtDCl(PEt3)2]. The latter
product was identified by infra-red spectroscopy (69): v(Pt-D) =

1595, &(Pt-D) = 580 cm ! .
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(iv) Trans-{PtCl(CO)(PEt;),][BF,] (0.3 g. )was refluxed in D,O
(2 ml. ) for 15 minutes. The mixture was cooled for one minute at
0° and the solid filtered and dried under vacuum. An infra-red
spectrum of the solid (as a Nujol mull) indicated that the reaction
to the platinum deuteride [PtDC1(PEt,),] was about 80% complete.
Trans-[PtHC1(PEt;),] (0.3 g.) was refluxed for 15 minutes
in D,O (2 ml. ) containing a drop of 48% aqueous fluoroboric acid.
The mixture was cooled for one minute at 0° and the solid filtered
and dried under vacuum. An infra-red spectrum of the solid (as a
Nujol mull) indicated that the reaction to the platinum deuteride

compound [PtDC1(PEt;),] was about 30% complete.

g) Reaction of trans-[PtC1{(CO)(PPh;),][BF,] with Water
Trans-[{PtCl1(CO)(PPh;),][BF,] (0.10 g.)was shaken at
110° for 12 hours with water (2 ml. ). The volatile products
were removed under vacuum and carbon dioxide and carbon
monoxide were identified spectroscopically in the infra-red region.
The residue was extracted with methylene chloride which on slow
evaporation afforded trans-[PtHCI(PPh,),] (0.01 g. ), identified
by infra-red spectroscopy (66). Further evaporation of the
methylene chloride solution afforded an oil which remained unchar-

acterized.
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9. A study of the Kinetics of the Hydrolysis of trans-[PtCl(CO)(PEt;),]

[BF,]

+
a) Calculation of Extent of Dissociation of [PtC1(CO)(PEt,),]
In Water.

The cation of the salt trans-[PtC1(CO)(PEt;),][BF,] was found
to partially dissociate in aqueous media giving uncharacterized
hydrolysis products, one of which is acidic. The extent of this
dissociation was studied by measuring the pH of an acetone-water
solution of the salt. The pH of acetone-water solutions of known
added acid concentrations were measured to calibrate the pH meter.

Results are tabulated below:

[HCﬂ [HZCEI in pH Theoretical

(N) acetone(N) observed pH Correction
0. 005 14 1.95 2.30 + 0.35
0.0610 14 1.70 2.00 + 0. 30
0.025 14 1.30 1.60 + 0. 30
0.100 14 0.72 1.00 + 0.28

The pH values of solutions of varying concentrations of the
carbonyl salt in the water -acetone mixture were then measured,
. . + .
and adjusted using the calibrations above. The H concentration
and hence the percentage dissociation of the cation was calculated

as shown below:
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Initial Conc. Calculated pH N

of Carbonyl Observed (after applying [H ], %o

Salt (molar) pH correction) (Molar) Dissociation
0.020 2.05 2.35 0. 0045 23
0.040 1.95 2.30 0. 0050 13
0.082 1.85 2.15 0.0071 9

b) Kinetic study of Hydrolysis of trans-[PtCl1(CO)(PEt;),][BF,]

The progress of the reaction of water with the carbonyl
cation in acetone solution of 14 N water concentration was followed
by infra-red spectroscopy by observing the disappearance of the
carbonyl peak, V(C=0), at 2100 cm ' . Identical samples of 0.50
ml. of the reacting stock solution were placed in Pyrex tubes of
1.0 ml. capacity via a ground-glass syringe of 0.5 ml. capacity.
The tubes were heated in a constant temperature oil bath. Tubes
ready to be examined were cooled in liquid nitrogen to quench the
reaction, then the volatile products were removed under vacuum
at 0° . 0.50 ml. chloroform was added to the solid residue and the
solution examined by infra-red spectroscopy with a 0.1 mm solution
cell. A calibration of peak size versus concentration of the carbonyl

=11

salt was made and this calibration allowed a direct translation of

@8

peak size in the spectra to concentration of the reactant carbonyl.
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The peak height at time = « was always = 0 and as a result any
terms involving carbonyl concentration at time = » could be dropped
from the calculations.

The two reactions that were run at specified starting acid
concentrations, had aqueous fluoroboric acid added to the stock
solution at the beginning of the experiment.

The Arrhenius plot was made from measurements of slopes

in the first half-life of the reactions shown in Fig. 5.



Table 4. Some Properties of Platinum Alkoxycarbonyls

formed irom reaction of the Carbonyi Cation with Aicohols.

Compound

PtC1(COOMe)L, "

PtBr(COOMe )L,

PtI( COOMe )L,

PtC1( COOEt)L,
PtBr(COOELt)L,

PtI(COOELt)L,

PtC1(COOMe )L ¢

Colour

white
cream

light
yellow

white
white

light
yellow

white

M.P.2

(°c)

222-227
226-231

226-229

215-217
226-231

221-229

Reaction
Time(min)

40

10

360

a: All compounds softened and discdoured above 180°

b: Time for complete reaction of cationic carbonyl with
qualitative estimate only.
except for the last compound which was

appropriate alcohol;

were run at 25

run at 60° .

c: L = triphenylphosphine

d: L = triethylphosphine

100.

Analysis Results
Calcd Found
%C %H %C %H
56.1 4.1 55.8 4.2
53.2 3.9 53.0 4.0
50.4 3.7 50.3 3.9
56.6 4.3 56.5 4.2
53.7 4.0 53.8 4.0
51.0 3.8 51.1 3.8
Reactions
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i~ L. . r .
i0. Reactions of trans-[{PiX{CO ){ PPh,);JI BF,] with Alcohols

a) Preparation of [PtX(COOR)(PPh;),] (X =Cl, Br orl; R =CH;
or C,Hj)
Typically, for R = CH,;, trans-[PtX(CO)(PPh;),][BF,]
(X = Cl1, Br or I) was stirred in methanol at 25° for one hour. The
fine precipitate was filtered, washed with water and a small volume
of methanol, and dried under vacuum. Evaporation of the methanol
mother liquor gave a further crop of the product and an oil which
had absorptions in the infra-red region characteristic of the fluoro-
borate anion. For R=ethyl, the same procedure was followed
except ethanol replaced methanol as both reactant and wash solvent,
and the reaction was carried out for 12 hours. Both sets of com-
pounds were soluble in chloroform and methylene chloride and
only slightly soluble in alcohols and benzene. Yields were essent-
ially quantitative. All these alkoxycarbonyl compounds could be
recrystallized by the addition of light petroleum ether and diethyl
ether to saturated solutions of the platinum compounds in chloro-
form or dichloromethane. These white or pale yellow crystalline
compounds (Table 4) were characterized by analyses, infra-red
spectroscopy, proton n.m.r. spectroscopy, (see Table 2), and
chemical reactions {see section 11(a), (b)) . Infrared absorp-

tions for the methoxycarbonyl compounds at 1660 cm ! (Nujol mull)
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were assigned to the C=O stretching vibration, and strong broad
peaks centered at 1060 cm ! were assigned to OMe. Similar
absorptions appeared at about 1635 and 1080 cm” ! for the ethoxy
analogues. The infra-red spectra also contained absorptions
typical of the triphenylphosphine ligand. Further information on

the experimental details for specific compounds is given in Table 4.

b) Reaction of trans-[PtC1(CO)(PEt,),][BF,] with dry Methanol
Trans-[PtC1(CO)(PEt;),][BF,] (0.10 g.) was heated with

2 ml. dried methanol for 18 hours at 60° in a dried evacuated

Pyrex tube. The volatile products were removed under vacuum

leaving a white oily solid. Characterization of this residue was

incomplete because of its instability. However, infra-red and

proton n.m. r. spectroscopy indicate a compound analogous to the

products of reaction 10 (a), i.e., trans-[PtCl1{(COOMe)(PEt,),] :

infrared absorptions (cm !), v (C=0) = 1600, V(Pt-P) =410 (br),

V(Pt-Cl) = 270 (w); n.m.r. methyl absorptions, triplet at ¥ = 7.1,

iPt-H = 7 cps.

l1. Reactions of the compounds [PtX(COOR)(PPh;),] (R = Me or Et)
a) Reaction of [PtCl1( COOR)(PPh;),] with Fluoroboric Acid.

[PtC1{(COOMe)(PPh,),] (6.12 g., 0.15 mmoles) was shaken
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at 25° for one hour with dichloromethane (5 ml. ) and 48% aqueous
fluoroboric acid (1 ml. ). After separation of the two layers,
n.m.r. spectra of the water layer showed a singlet at 3.4 ppm
assigned to the methyl protons of methanol. Light petroleum ether
was added to the dichloromethane solution affording [PtCl1(CO)(PPh;),]
[BF,] (0.12 g., 0.14 mmole) identified by infra-red spectroscopy.

A similar reaction with [PtC1{COOEt)(PPh;),] gave trans-
[PtC1(CO)(PPh,),l[BF,] in good yield. Proton n.m. r. spectroscopy
indicated ethanol as the other hydrolysis product.

Similar acid hydrolysis reactions occurred for the bromo-
and iodo- analogues.

Hydrochloric acid could be used in place of fluoroboric acid
for the above hydrolysis. However, the product was the dichloride

cis-[PtCl,( PPh,),].

b) Reaction of [PtC1{COOC,H;)(PPh;),] with Methanol
[PtC1(COOC,H;)(PPh;),] (0.01 g.) was heated with methanol
at 63° for 12 hours in an evacuated sealed tube. The solid product
was filtered and identified from infra-red spectroscopy as
[PtC1(COOMe){PPh,),] (0.008 g.): for [PtC1(COOC,H;)( PPh,),]
Vv(C=0) = 1638 cm ! (Nujol mull); for [PtCl1(COOCH,)(PPh,),],

v(C=0)= 1665 cm ! (Nujol mull) .
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c) Reactions of [PtX(COOCH;)(PPh,),] with Water (X = Cl, Br or 1)

(i) Trans-[PtC1(COOMe)(PPh,),] (0.17 g., 0. 21 mmole)_
was heated at 1300 for 18 hours in an evacuated Pyrex tube con-
taining degassed saturated water-potassium chloride solution
(3.0 ml. ). The volatile products were fractionated under vacuum
through -78°, -120°, and -196° traps. Carbon dioxide (0.0073 g.,
0. 17 mmole) was collected and identified by infra-red spectroscopy.
The -120° trap contained methanol identified by infra-red and n. m. r.
spectroscopy. The residue was extracted with water, dried, then
extracted with methylene chloride affording trans-[PtHC1(PPh,),]
(0.15 g., 0.20 mmole) identified by melting point (216-2210) and
infra-red spectroscopy (66). An uncharacterized insoluble com-
pound (0.015 g. ) was left as residue.

The above reaction was repeated with D,O (98% pure)
instead of water. Carbon dioxide and trans-[PtDC1(PPh,),] were
formed, both identified by infra-red spectroscopy (V(Pt-D) =
1585 cm ).

Trans-[PtHC1(PPh,),Jwas heated in a sealed tube at 110°
for 12 hours in D,O (98% pure). The starting material was
obtained quantitatively and no exchange had occurred.

(ii) Reactions under conditions identical with the chloro-

analogue were carried out with [PtX(COOCH,){ PPh,),] in saturated
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H,0-KX solution (X = Br or I). For X = Br, trans-[PtHBr(PPh,;),]
was isolated in 65% yield and the remainder of the product was

starting material. For X = I, only a trace of trans-[PtHI( PPh;),]

was obtained.

d) Reactions of [PtX({COOC,H;)(PPh;),] with Water

(i) [PtCl(COOC,H;)(PPh;),] (0.16 g., 0.19 mmole) was
heated for 18 hours at 110° in an evacuated Carius tube containing
a degassed saturated potassium chloride-water solution (2 ml. ).
The volatile products were fractionated through -780, ~120° and

—1960 tr

)

ps. Carbon dioxide (0.0075 g., 0.17 mmole) was collec-
ted and identified by infra-red spectroscopy. Ethanol was also
identified as a volatile product by proton n. m. r. spectroscopy.
The solid residue was extracted with dichloromethane affording
trans-[PtHC1(PPh,),] (0.14., 0.19 mmole) characterized by
melting point (217-2200) and infra-red spectroscopy. Further
extraction of the residue afforded 0.004 g., of unidentified solid.
The water-soluble, white residue which remained was assumed to
be potassium chloride.

(ii) Similar reactions were carried out with
[PtX( COOEt)( PPh,),]~-KX-H,0O systems for X{ = Br or I. For

[PtBr(COOEt)(PPh;),] as starting material. trans-[PtHBr (PPh;),]
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was obtained in 90% yield. For the iodo- analogue only trace

reaction was observed.

e) Reactions of [PtX(COOR)(PPh3)2] with Water and No Salt Catalyst
For X = Cl and R=methyl, it was found that reaction to give
the platinum hydrido- compound from the ester species did not
occur in the absence of a salt. However, NH4C1 and NMe,Cl
could replace KCl as the salt catalyst.
For X = Cl and R=ethyl, best yields of the hydride
[PtHC1(PPh,),] were obtained with a chloride salt present, although
the hydride was isolated in lower yields even in the absence of a

salt.
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12. Reactionef Iron, Manganese and Iridium Alkoxycarbonyls
with Water

a) Reaction of [Fe(m-CsH; )| CO),(COOCH,;)] with Water

(i) Preparation of [Fe(w-CsHs)(CO),( COOCH,)]

The method of R. B. King and co-workers (62) was used in
this preparation. Sodium (5 g. ) and mercury (500 g. ) in 300 ml.
of dried tetrahydrofuran were stirred for 18 hours with the iron
dimer, [Fe(m-CsH5)(CO),],, (8.8 g., 50 mmoles). The brown
solution obtained was decanted from the mercury and stirred
with dimethylcarbamyl chloride (5.0 g., 50 mmoles) for 12 hours.
The tetrahydrofuran was removed under vacuum and the residues
refluxed in reagent methanol for 2 hours. The methanol was
removed under vacuum and‘the brown oil residue was recrystall-
ized from cooled hexane solution giving yellow-brown needles.
The crystalline product was sublimed at 80° and 0.1 mm Hg
pressure giving yellow needles of [Fe(m-CsH;)(CO ) {COOCH,;)]
(2.0 g., 8.4 mmoles), (M.P. = 32-340) , which slowly decom-
posed on standing in air.

- j : = 1630 .
Infra-red (Nujol mull) : \)(C:O) cm

(ii) Reaction with Water

[Fe(m-CsH;)(CO),(COOMe )] (0. 25 g., 1.1 mmoles) was
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shaken at 45° for 20 minutes in degassed water {1 mil. ) containing
KC1 (1.0 g. ) in an evacuated Pyrex tube. Effervescence was
observed during the reaction and a deep red liquid, immiscible
in water, and a black solid were obtained. The volatile products
were distilled under vacuum through traps at -250, —960 and -196o
traps. The trap at -196° contained carbon dioxide (0.036 g.,
0.8 mmole) identified by infra-red spectroscopy. Two less vola-
tile products were isolated; one characterized as methanol by
infra-red and n. m. r. spectroscopy, and another tentatively identi-
fied by infra-red spectroscopy as methyl formate (70) . The trap
at -25° contained water and a red liquid identified (75) as
[Fe(m-CsH;)(CO),H] (0.09 g., 0.52 mmole) by infra-red and 'H
n.m. r. spectroscopy (hydride chemical shift, 7= 21 in CHC1;).
The nonvolatile products were extracted with chloroform and the
chloroform extract contained the dimer [Fe(m-CsH;)(CO),], (0.08 g.,
0.44 mmoles) identified by infra-red spectroscopy. The residue,
a2 white solid, was assumed to be KCl. On exposure of the hydrido-
compound to the atmosphere, reaction to the black dimer was com-
plete within one minute.

The above reaction was repeated without the salt. Similar

reaction occurred and the identical products were isolated.



110.

b) Reaction of [Mn(CO),( COOC,H;)] with Water

(i) Preparation of [Mn( CO);(COOC,H;)]

The method of Kruck and Noack (46 ) was used for this
preparation. [Mn,(CO),0] (2.0 g., 10 mmoles) was stirred for 3
hours in 25 ml. dried tetrahydrofuran with an amalgam of sodium
(0.5 g. ) and mercury (50 g. ). The tetrahydrofuran solution was
decanted from the mercury and the solvent removed under vacuum.
The brown residue was stirred for 18 hours with chloromethyl
formate (1.0 g., 14 mmoles) and 10 ml. diethyl ether. The solvent
was removed under vacuum and the brown oily residue sublimed
at 25° toa -20° coldfinger under 0.01 mm Hg pressure. White
needles of [Mn(CO);(COOC,H;)] were collected (0.8 g., 3 mmoles),

- ] . = 1625 “1
Infra-red (Nujol mull) V(C=O) 1625 cm

(ii) Reaction with Water

[Mn(CO)s{COOC,H;)] (0.28 g., 1.0 mmole) was shaken at
75° in a2 Pyrex tube for 12 hours with KC1 (1.0 g.) and 4 ml. water.
A viscous oil, immiscible in water, was left after reaction. The
volatile products were distilled through traps at -250, -96° and
~196°.  The trap at ~196° contained carbon dioxide (0.039 g.,
0.9 mmole) identified by infra-red spectroscopy.

The other traps contained water and ethanol, characterized

by infra-red and proton n. m. r. spectroscopy, and a yellow liquid
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identified as Mn{CO);H (0.12 g., 0.6 mmole) and characterized
by infra-red (72) and n.m. r. spectroscopy (72) (hydride chemical
shift, 7 = 18 in CHCl;) . The non-volatile products contained a
yellow solid, identified by infra-red spectroscopy as the dimeric
compound [Mn,(CO),,] (0.06 g., 0.3 mmoles), and a white
water-soluble solid assumed to be KCI1.

The above reaction was repeated without potassium chloride
and, although trace amounts of ethyl formate were isolated in the

volatile products, the reaction was basically unchanged.

c) Reaction of [Ir(CO),( COOCH,)(PPh,),] with Water

(i) Preparation of [Ir(CO)z(COOCH3)(PPh3)2]

The preparation of this compound was carried out using
several steps which are outlined below.

Preparation of Vaska's Compound {IrC1(CO)( PPh,),].

The preparation of [IrCl1(CO)( PPh,),] was made by the
method of Vaska and diLuzio (6). Iridium trichloride (1.0 g.,
3.0 mmoles) (Alpha Chemicals) was refluxed with 100 ml.
diethylene glycol and triphenylphosphine (15 g., 57 mmoles) for
2 hours. The solution turned dark green and yellow crystals
formed on cooling. The mixture was extracted with benzene and
the addition of light petroleum and diethyl ether gave yellow

crystals of [IrC1(CO)(PPh,),] (2.0 g., 2.7 mmoles) .
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Preparation of [Ir{ CO );{ PPh;),][C10,]

[IrC1(CO)(PPh;),] (2.0 g., 2.7 mmoles) was added to 25 ml.
methanol containing NaCl10,. H,0 (0.5 g., 3.6 mmoles) and carbon
monoxide was bubbled through for 5 hours. The white precipitate
that formed was tentatively identified as [Ir(CO);(PPh;),][C10,] and

rez.cted further in situ.

Preparation of [Ir (CO ),( COOCH,;)( PPh;),]

The methanol mixture of the iridium salt was made alkaline
to pH = 9 by dropwise addition of methanolic potassium hydroxide
and stirred for 3 hours under a carbon monoxide atmosphere. The
grey precipitate formed was filtered and extracted with acetone.
The acetone solution was treated with light petroleum and diethyl
ether yielding slightly yellow crystals of [Ir(CO),(COOCH,)( PPh,),]
(1.3 g., 1.7 mmole) .

Infra-red (Nujol mull): (C=0O) = 1630 cm !

(ii) Reaction with Water
[Ir(CO),{ COOMe)( PPh,),] (0.09 g., 0.12 mmole) was
shaken in a Pyrex tube at 130° for 18 hours with 1 ml. water satur -
ated with potassium chloride. The volatile products were fraction-
o o o
ally distilled under vacuum through -25, -96 and -196 traps.

The trap at ~1960 contained carbon dioxide (0.002 g., 0.05 mmole) .
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The non- volatile residues were washed with water leaving a

white solid tentatively assigned as [Ir(CO),H(PPh;),]. The solid
had sharp infra-red absorptions at 2105 and 815 cm !, assigned
and &

to v respectively. Further work-up of this

(Ir-H) (Ir-H)

solid yielded uncharacterized decomposition products.

The above reaction was repeated at 900 and the starting
material was recovered quantitatively.

The above reaction was again repeated at 130° in water
without salt present. Only uncharacterized decomposition products
were obtained. Similar results were found in reactions in dilute

potassium chloride solutions.
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