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Abstract:

Phosphine-substituted carbonyl complexes

of Ni have been prepared.

The reaction between N1C12.6H2O, NaBH 4
or NaBH3CN and either PPhy or a series of phosphines of
the type PhyP-(CH,y),~-PPhy (n=1-5) and also c¢cilz-dppe
under CO atmospheres have been studied under a range of
experimental condltlionz. The important factors which
affect the reaction pathways are; the ratic of metal:
phosphine: NaBH; or NaBH3CN, the rate of addition of
reducing agent, the temperature and the duration of

reaction.

Complexes with bridging and
monocoordinated dppm were obtained, while with dppe,
complexes with bridging, chelating and monocoordinated

phosphine were obtained.

Hetero and homobimetallic complexes have
been prepared from mono-coordinated bis-phosphine
complexes and“ were characterized by a wvariety of
spectroscopic methods, by X-ray powder diffraction and in

one instance by a single crystal X-ray diffraction study.



The reactivity of the metal-metal bonded
species Ni,(p-CO)(CO),(u-dppm), towards insertion and

oxidative addition was studied.

Cleavage of a P-C bond in dppmm has been
observed wunder very mild conditions and 1leads to the

production of a phosphido complex.

The other ligands dppp, dppb, dpppe and
cls-dppe have produced several additional complexes for

which preliminary data are reported.

The important factors 1influencing the
reaction pathways, the difficulties encountered 1in the
isolation of some of the complexes and the
characterization of these phosphine substituted metal

carbonyls are discussed in detail.
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1. Introduction:

1.1. General Remarks:

The study of transition metal complexes
where carbon mcnoxide groups are present as ligands has
been, and still remains, one of the most active and
productive areas of chemical research. Earlier work was
mainly devoted to the synthesis and the study of binary
metal carbonyl compounds, and it is interesting to note
that the discovery of the first metal carbonyl, Ni(CO},4 ,

-~ e

was made by Mond and coworkers as long ago as 1890. 7"
Since then, numerous other binary metal carbonyls have
been discovered. These compounds possess many interesting
properties such as high wvolatility, high chemical
reactivity and the ability to form numerous derivatives.
In addition, carbon monoxide has the very important
property of being able to stabilize metals in low
positive, zZero or even negative oxidation states., The
reason for this is generally attributed to the synergic
effect, which is the transter of electron density trom
the carbon of the CO group ¢to the empty retal d

orbitals of appropriate symmetry, forming a < bond and

the back donation of the excess of electron density from



*
the £i1lled metal d orbitals to the r aorbitails of the

CO group thereby forming a n-bond. ¢~+% This mechanism
is considered to be crucial in removing negative charge

from the metal atom.

A major consedquence of the back donation
of electron density from metal d orbitals to the ™
orbitals of the CO 1is the reduction of the Cco bond

order. Infrared spectroscopy is particularly convenient

for detecting this phenomenon.

With few exceptions, all ot these
compounds obey the effective atomic number rule (EAN) Dby
forming eighteen electron systems. Metal - metal bonding
is common, particularly with di- and polynuclear

complexes formed by metals with odd atomic number.

As a ligand, CO 1is very versatile and
can coordinate in several different ways as shown
in Fig.1 in which the terminal carbonyl 1s shown in (a),

while (b),(c) and (d) represent CO groups bridging two

or three metals respectively. The Dbridging can be
unsymmetrical, as in (b), or symmetrical as in (¢) orx
(dy. Parts (e)-(k) show CO groups in which the oxygen

of the CO 1ligand is also involved in bonding to one or
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two metal crientt—?:rs.a’:’"i This mainly occurs in
substituted carbonyl derivatives or carbonyl anions. The
last three examples, (i),(3J) and (k) show essentially
end-on arrays and these generally occur when strong

:‘.'.

oxygen acceptors such as AlEt; are available.g'

Substitution reactions of the type shown
in equation [1] are an important part of metal carbonyl
chemistry and may occuxr (1) simply by mixing together the
carbonyl and the appropriate ligand,?(ii) by the input of

thermal or photochemical enerqy:E - or (iii) by

electrochemical methods.“1
M(CO)X + yL - - M(CO)z L + { x-2 Y CO {11.

Examples of each method are 1listed 1in
Table [1]1, which, for the sake ot clarity, illustrates
mostly phosphines as displacing ligands even though a

wide range of ligands has been used for these reactions.

Phosphine ligands have plaved a
significant role in the development of modern
coordination chemistry and more recently in the
development of homogeneous catalysis.l:’ii Many of these



Table

Examples

phosphine ligands.

reactants

—_—— e ——

Ni(CO), + P(OEt);,

Co,(CO)g + 2PPhjy

heat
heat
Cxr(CO)g + dppe
heat/hw
Cr(COg) + dmpe  --————---- >
h v
RU3(CO)12 + P(OME‘)3 ——————— =
hv

Re,(CO)1g + dppe

Mo(CO)6 + PMe3

Mo (CO) g, + dmpe

of substitution reactions

[11t.

products

Ni(CO)4{P(OEt) }

——————— =+ Co5(CO)g(PPhjy) 5

_______ + Ru3(CO) 4 (dppy)

——————— = Cr(CO},4 (dppe)

Cr(CO),(dmpe),

Re, (CO) g (dppe)

MO(CO)S(PM83)

Mo (CO) 4 (dmpe)

in metal carbonys

Ta

10

10b

Sb

11

11

by



are commercially available), and their steric and
electronic features <can be systematically wvaried by
changing the substituents on the phosphorus atom{s) or by

varying the backbone length between the phosphorus

1

i

atomsig, Detalils of the steric and electronic eftects
on transition metal complexes resulting trom changing
substituents on the phosphorus atom in phgsphine ligands

i

R 1 £
have been described elsewhere.

The characterstics of phosphines as ligands
are related to those of €O (and the 1isocyanides). The
phosphorus atom has a palr of electrons which forms a
strong metal-c bond . In addition, it has emnpty 3d
orbitals which <can accept electron density £from the
metal ’7*® as shown in Fig.2. Potentially therefore,
phosphines combine the properties of strong < donors (as
in amines) with those of qgood wm- acceptors (such as CO)
although the extent to which the synergic effect and -

bond formation occurs in metal phosphine complexes 1 a

4]

= -

controversial matter. ~ -~  The 3d orbitals on phosphorus
are mnuch too diffuse and high in energy to interact
effectively with the more compact metal nd orbitals.
Furthermore, if the metal is in a positive oxidation
state then this m- interaction would be turtherxr

diminished; the higher effective nuclear charge further






contracts the metal nd orbitals. Thus, electro negative
substituents such as F or OPh on phosphorus would
increase the effective nuclear charge on phosphorus and
contract the 3d orbitals. Such an effect at the same time
reduces the basicity ot the lone pair on phosphorus. On
the other hand, a substituent such as CH; on phosphorus
would have the opposite effect. It has been shown that
the w—accéptor ability of phosphines increases in the
tollowing order, P(t-Bu)jz < PR3y ~ PPhy < P(OR);3 < PHy <
P(OPh)3 < PFy while the & donor ability 1is in the

approximately reverse order.

In addition to monodentate ligands,

17
phosphines occur as polydentate ligands forming a
large variety of structural products with metal icns. Of

particular interest are bidentate ligands of the type
RoP(CH,) PRy 1n the context of the work described later
in this thesis. These bidentate ligands are often used -~
to stabilize two metal atoms by binding them together. In
addition these ligands also allow isolation and

characterization of intermediate products formed in these

=
g

reactions. Moreover, these bidentate phosphine ligands
can coordinate through only one of the phosphorus atoms,
leaving the other phosphorus atom dangling, resulting in

"the formation of reactive species. The potential of such



complexes in forming homo and hetero-nuclear bimetallic
complexes has recently been recognised . The binuclear
complexes formed uzing phosphines in which n=1 pogsess

some particularly interesting properties such as the

]
ul

i

-
=

unusual coordination of small molecules,. y the ability
to initiate catalytic transformationszé'ES and often the
formation of metal-metal bonds. -~ The well documented

coordination modes for these ligands are shown in Fig.3.

In catalytic systems, an important aspect
is the control of the reactivity of the metal center(s).
Thus, binuclear complexes provide better contrel of the
reactivity of these systems, since the presence of two
metal atoms may tacilitate multi-electron redox reactions
which could not be carried out by only a single metal

-~
o

atom.  Another novel method of changing reactivities of

these catalytic systems is by having different metal
atoms in the same molecule - which results in a different
electron population on two metals in the same complex
thus causing wvariable reactivities. The 1importance ot

such systems has been recognized only recently and is

evident from the synthesis of a large number of such

()

a

compounds in recent years.  More will be said later in

the discussion section.
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Monodentate M-RoP(CH,)nPRo
R2
/ "\
Chelating M M
N,/
Ro
/(CH2)H N
Bridging R2r TRZ
M—M
Chelating- Ro RoP PR2 R2
bridging P | P~
CHY)Yy Meo—o M (CH2)n
Ro R2
i
Chelating - (CHo)p M —RpP — (CHy)y—PRy
monodentate
P
R2
/ (CHz)n\
Rz‘l’ ‘i’Rz
Bridging- M———— M — RyP—(CHp)p — PR3
monodentate |
RoP PRZ
(CHy)p

Fig. 3.



11
with

Since this thesis 1s mainly concerned
phosphine

metal complexes containing carbon monoxide and
ligands, the wvast majority of which have been made
equation (1}, the main part of this
The first

to
followed

according
organized into three sections.

metal carbonyls
complexe

T
15

L

introduction

very brief survey ot simple

survey of phosphine-substituted carbonyl
three

divided into

ons,

-

sect

The latter is further
first with mono phosphines followed by bis
the

dealing

phosphines and concluding with a discussion of bimetallic
Due to the vast number of such complexes in
discussion of these complexes will be
and interesting

systems.
representative
outline

literature, a
some
the

to
last section will briefly
in this thesis.

restricted

examples. The
objectives of the work to be described

1.2. Transition metal complexes containing only CO as
ligands.

Zr and Hf:

1.2.1. Ti,
been

No binary metal carbonyl has =so far

reported for this triad
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1.2.2. Vv, Nb and Ta:

Dimeric specles of the type M,(C0)q,5,
without any struactural details, have been reported for
this 't:r'lc‘,td.?2 V(CO)g is the only neutral, stable Dbinary
carbonyl isolated and charactexized. It 1is an ailr-
sensitive , paramagnetic solid with a single wvco in the
solution i1.xr. spectrum at 1973 cm-i and has an octahedral

I3 = a4

structure. 7T
1.2.3. Cx, Mo and W:
All three metals form carbonyls (with

closely related properties) of the type M(CO);, which are

listed in the Table [2]. Studies on Cr(CO)g show a single

~ 1 .
vco 1In the i.r. spectrum at 2000 cm in the gascous
zE . - . 13
phase and a single resonance at & 212.1 in the *°C
n.m.r Spectrumg: consistent with an octahedral structure.

This has been confirmed by a variety of diffractiocn

i

experiments.;’_4l Studies on Mo(CO)y and W(CO)g; have

shown similar results.
1.2.4. Mn, Tc and Re:

The simplest, structurally isomorphous,



complex

V(CO)G

Cr(CO}g

HO(CO)S
W(C0)g
Mn, (CO)

2 10

TCZ(CO)IO

ReZ(CO)lO

Fe(Co)5

RU(CO)S

OS(CO)5

Ru,(C0O)q
0s,(CO) 4
Fe4(COl};,
Ru3(CO)12
053(00)12

13

Table [21.

Blnary metal carbonyls:

coclour methods of syntheses
blue-black VC13,Na,CO,diqume
160°¢
Colourless Crcl3,Na,CO,aiglyme
naphthalene
Colourless Mocls,Et3Al,CO
Colourless WClg,Et3Al,CO
Yelow HnClZ,PhZCONa,CO,

{200-700atms),200°C

Colourless Tc207,co,(300atms)
220°%
Colourless Rezo7,CO,250-270°C

(200-25Catms)
Yellow Fe,S(Catalytst),CO
Colourless Ru(acac)3,CO,H2,

heptane or MeOH,150°C

200atms.
Colourless 0sG,,CO,heptane
Golden- Fe(co)s,glacial acetic
Yellow acid uv.

Orange-Brown

Yellow-orange Os(CO)S,U.V.

Black Fe(CO)S,EtaN—Hzo,HeOH
Orange RuCl3.3HZO,CO,HeOH
Yellow $30,,C0,Me0H

Pink-Red Vacuum Pyrolyslis oI

2,88

2,88

-3

, 47

2,88
2,88
2,88
60,96



OsS(CO)19

057(C0)21

Coz(CO)e

ha(CO)8
Irz(co)8
Co4(CO)12

Irq(CO)12

COS(CO)IS

RhS(CO)lG

Ni(co),

14

Qrange

Dark-Brown

Purple

Orange-Brown

Orange-Yellow

Orange red

Orange
Yellow-Green
Black

Red

Yellow

Black

Black

{i)Red-Brown

(ii) Black

Colourless

0s5(C0)y,, 210°C,12 hrs.
OsG(CO)lB,CO,9O atms.,
heptane, heat.

Vacuum Pyrolysis of
0s5(C0);, 210°C

056(c°)18' CO, heat

Vacuum Pyrolysis of
0s5(C0)y,, 210°C

Vacuum Pyrolysis of
053(CO)12

(1) C0C03,CO,H2,Petroleum
ether, 150-160°C

(ii) Coclz, Li,Naphthalene,
Co.
Rh, CO

Irc13,Cu,CO

Coz(CO)B,heat

[Rh(CO)2C1]2, CO,Hexane,
NaHCO4,20°C
Ircl3.3H20,CO,MeOH

(i) Oxidizingl[Cog(CO)y51%7,
(i1) KZICOG(CO)ISI;H9C1,NaC1
RhCl3.3H20,MeOH
[Irg(CO)yg1%7,28%,C0,

HOAc.

(IrG(CO)lSIIMe4N]2,

CF3COOH

Ni,co.

62,63

60,96

63

60,96

60,96

88,94

88,94

84

88,94

87,95

87

88,94
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metal carbonyls trom thils subgroup have the formula
M7 (CO) 1 IM = Mn, Tc or Rel and are listed in Table [21].
The compounds consist of two metal-metal bonded M(CQO)g
units whose radilal carbonyl groups are in a staggered
contformation with D4yq symmetry, as shown by an X-ray
diffraction study on Mn,(CO),q4. 777 The equatorial
carbonyls on each metal are slightly bent towards each

other to minimize the steric repulsions of axial and

equatorial groups on each metal.

1.2.5. Fe, Ru and Os:

There 1is a large variety of binary metal
carbonyls known for these metals. The simplest compounds
are M(CO)g ,M5(CO)g and M3(CO),, (M=Fe, Ru or Os]. In
addition, many complex, high-nuclearity carbonyls,
particularly of osmium, are known, which are also 1listed

in Table [21].

The simplest M(CO)g carbonyls have some
common features. For example, they are colourless,
volatile 1liquids (except iron) and have two 1.r active
bands of A," and E,' symmetry consistent with a trigonal
bipyramidal geometry wiih Dj3p symmetry. X-ray diffraction

studies on Fe(CO)5 confirm this and show that the axial
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and eguatorial Fe-C lengths are essentially equal.id
The structure of Fe,(CO)q shows the
molecule to have approximately D3, symmetry with the
carbonyl carbon atoms in a distorted octahedral array
around the iron atoms. Three CO ligands bridge the two
metal centers, each 1iron atom has three terminal CO

groups and an Fe-Fe bond completes the 18 electron count

L

on each iron atom. Detailed i1.r. and Raman studies are

3
> =

consistent with the assigned structure shown in Fig 5.

The structure 2, as shown in Fig 5, of 0s,(C0)g and
Ru,(CO)g is different from that of Fe,(CO)g,  and

follows the general tendency that carbonyl ligands prefer

terminal coordination positions with second and third row

o

a4
transition metals.

Structural differences are also observed
for the M3(CO),, compounds in that Fe;(CO)q,, consists ot
a triangle of iron atoms, two of which have Lthree
terminal carbonyls and are bridged by two by CO 1ligands

in an asymmetric fashion. The remaining iron atom has

only four terminal CO groups as shown' ~°" in Fig.5. In

contrast, the structures of Ru3(C0OJ)q5 and

033(CO)125 consist of triangular cluster ot D , sywmetry

with only terminal co groups in Fig.7. *7%7 There are six

equatorial €O groups 1in the Mo plane and six axial
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groups, with the axial M-C bonds being longer then the

equatorial M-C bond.

In solution, 13¢c n.m.r. studies show that

cE-=7

the molecule i3 ftluxional. ™~ 7 structural differences
between Fe3(CO)12, Ru3(CO)12 and OS3(CO)12 have been
rationalized in terms of the size of the cavity formed by
the polyhedron from twelve CO groups. The R and 0s 4

triangles fit within the cubo octahedron found in these

molecules while the icosahedron found fox Fe3(CO)12 is

-=3

o)

only sufficient for the Fe3 cluster.”

Several high-nuclearity clusters of osmium

have also been prepared and charactericzed, including

2
-

in

- &1 L2 L 53
4 o

had .
i & 4

057(C0) 51" +°% and 0s4(CO),4.7% 7
0sg(CO) g and Osg(CO)q 9 present the first
examples of two binary carbonyls containing the same
number of metal atoms from a particular element and
having a different number of carbonyl ligands. The only
other example in the literature is O0Osg(CO)yg and the

i =

complex Os¢(CO)pg of unknown structure. ~

1.2.6. Co,Rh and 1Ir:
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Binary metal carbonyls from this subgroup
are listed in Table (21, and can be generallized by the
formula M;(CO)g,My(C0O) 5 and Mg(CO) g {M=Co,Rh and Irtl.

0t the dinuclear compounds, Co,(CO)yg 1s the most stable

and exists in three isomeric forms, as shaown in Figure.3

a,b and ¢. In one torm,a,there are two bridging carbonyls
with a Co-Co bond length of 2.52&. The other two

nonbridglng isomerz b and ¢ exist in egquilibrium with the

4]
1

-

bridging form in solution.” Very recent high pressure

13C n.m.r. studies confirm the fast intramoleculer site

exchange process between the CO ligands?: as suggested
earlier. ~ All three forms have been identified by 1i.r.
spectroscopy 1in an argon matrix and both i.r. and Raman
studies show that the amounts of the non-bridged izomers
increases with increasing temperature.?z It is
interesting to note that in this group, the much less
stable compounds Rh,(CO)g and Ir,(C0O)g have been assigned
structures analogous to that of the bridging form of

Co,(CO)g on the basis of i.r. ° and electronic spectral

-

results.

For the M,(CO),, systemns, Co4(CO)1275 and
Rh4(CO)1275 have similar structures, based on a
tetrahedron of metal atoms. One metal atom has three

terminal CO 1ligands while the other three metal atoms
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each have two terminal CO ligands. Three doubly Dbridging

CO groups span three edges of the tetrahedron "°%, as

13

shown in Fig.9. In solution, C n.m.¥r. studies show that

TT.TE

the molecule(s) are fluxional. 7

In contrast, Iry(CO);, has a different
structure consisting of a regular tetrahedron of iridium
atoms with all the carbonyl ligands terminally

. TE_20 . .
coordinated ¢ as shown in Fig.l0.

Turning now to the Mg(CO),g systems,
Cog(CO0)1g and Rhg(CO)j1g have analogous structures based

on an octahedron of six metal atoms, twelve terminal and

four face-bridging carbonyl groups *=%% as shown in

m
uy

Fig.11l. Two 1isomeric forms of 1Irg (CO),4 have been
isolated. The red isomer is isostructural with RhG(CO)lG,
described above, while a black isomer has (asymmetrically
bonded) four edge-bridging carbonyl groups in addition to
twelve CO groupsg? as shown in Fig.12. The TIrxr-Ir bond
distance in both lsomers ls found to be essentially the
same. Structural comparison of the two isomers shows that

the set of four face-bridging carbonyls of the red isomer

]

. -
= 7

become edge-bridging in the black isomer.

1.2.7. Ni,Pd and Pt.
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From this subgroup, only nickel is known
Lo ftorm stable binary carbonyls. In fact Ni(CO}4 iz  the
first isolated binary carbonyl reported in 13890 by Mond
and coworkers' ¢ . It is a colourless, volatile and
extremely toxic liguid which decomposes at ~35°C. Gas-

phase electron diffraction shows that the molecule hazs a

23

tetrahedral geometry and there is a net transfer of
electron density from nickel to the CO groups, resulting
in a small positive charge on nickel. ” It has nine

fundamental vibrations (ZAl , 2E, 4T, and lTl), eight of

which are Raman-active (Al' E and Tz), four are i.r.

P

active (T2) while one 1is inactive(Tl)

£

Palladium i3 the most reluctant wmember of
this triad to form carbonyl complexes while platinum
shows behaviouwr intermediate between that of nickel and
palladium?z. This reluctance of palladium and platinum to
form binary carbonyls has been rationalized in terms of
the synergic effect involved in the bonding of metal
carbonyls, which has o and 7 components as discussed
earlier. The ability of a metal to donate electron
density to the nt orbital of CO is <closely related to
its ionizatlion potential. The first ionization potentials

of nickel, paliadium and platinum 3re 5.81, 8.33 and 8.20

eV respectively giving the mw-back donation ability in
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the order of Ni»»Pt>Pd. ¢ ~ Parallel to this are the
relative stabilities of =zZero valent metal carbonyl

complexes which 15 best illustrated by metal-carbonyl

force constants which are in the order FNi—C>FPt—C>FPd—

2

c- "~ These trends are consistent with the observations
that palladium 1s the most reluctant to form binary

carbonyls from this subgroup.

1.3. Phosphine substituted transition metal carbonyl

complexes.

1.3.1. Sc, ¥ and La:

No phosphine-substituted carbony

complexes have been prepared from this triad so far.

1.3.2. Ti, Zr and Hf:

Only a tew phosphine substituted
carbonyl complexes have been prepared from this subgroup.

They are listed in Table.[3].

T3S

Sikora et.al. =~ have reported that
metallocene dicarbonyls from this subgroup readily

undergo photochemically induced substitution reactions,
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Table [31.

Phosphine substituted metal Carbonyl Complexes of Ti,Zr and HE:

Complexes Metal
MLX,(PR3) Ti,HE
MLX 4 (P-P) Zr,4f
ML, X(P-P), Ti
ML3(P-P), Ti

A: ML + Y; B: MY + L; C:

G: MLY + ¥ or L or both;

Method of syntheses and comments

Da,b

c,n®

c,F

MXY +

H: MLY + R or X or both;

R=Me,Ph,MePh,,F; X=CD

P-P=dppe,dmpe; X=Cp, CyHg

P-P=dmpe; X=PF 3

P~-P=dmpe;depe

L. D:

Conditions:

MLX + ¥; E: MLY + X; F:

ReZ

97,38
38,99
i01

97,98,101

MX + Y or L or

By some other

both

methods; a= hv; b= heat or reflux; c= reducing agent used; d= CO releasing agent

used or CO gas used; e= I releasing agent used; L= CO;

ligand.

These conditions also apply te Tables 4-9.

M= Metal;

¥= Phosphine
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Zr and HEf derivatives being more photolabile than the Ti
analogue. Thus, on photolysis of Hf(CO),(Cp), in the
presence of an excess of PPhjy at 1OEC, facile
displacement of a CO ligand occurs over 4 hrs, resulting
in the ftormation ot a monocarbonyl conplex characterized
by elemental analysis, and i.r. and n.m.r. spectra as
HE(CO) (Cp),(PPhy). However, a similar reaction carried

out under refluxing conditions does not proceed even

after 21  hrs. It has also been noted that when the
chelating ligand dppe 1is used underx photochemical
conditions, only the monosubstituted derivative,

characterized as Hf(CO)(Cp)Q(nl—dppe), is obtained.

Relatively recently, Wreford and
coworkersie; have reported the’'reduction of TiCl,.2THF
with sodium amalgam in the presence of dmpe and 1000 Psig
CO. This 1zresults in the formation of a red complex,
Eormulated largely on the basis of analytical data as
[Ti(CO);3(dmpe); gl,. However, an X-ray diffraction
studyicg later revealed that the molecule is a seven-
coordinate, monomeric complex with a monocapped
octahedral geometry, having significant distortion from
the 1idealized geowetry. In addition, this compound 1is
reported as being non-rigid and it also undergoes a

. . . . . 100
reversible dissociation of CO as shown below.
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Ti(CO)3(dmpe), F==========% Ti(CO),(dmpe), + CO

On treatment with PF,, this tricarbonyl
complex can readily be converted into Ti(CO),(PF3) (dmpe),
which has been characterized by 1.r. and X-ray

crystallography as a seven-coordinate complex with two

29

]
b

chelating dmpe ligands.

Reduction of ZrCl,(dmpe), in the presence
of 1,3-butadiene with sodium amalgam produces purple

crystals of an interesting diphosphine_bridged dimex

{Zr(dmpe)(nE—C4H6)2}2dmpe ". This complex was reacted
with CO at -787C to yield 2Zr(CO)(dmpe) (7 -C,H¢), which
has Dbeen characterized by spectroscopic data (i.r.,3lP

and 13C

n.m.x.) as a seven-coordinated pentagonal
bipyramidal structure with an approximately linear P-Zr-

CO axis as shown in Figl3.
1.3.3. v, Nb and Ta:
Several phosphine substituted complexes

have been prepared from this subgroup, and are listed in

Table.4. These complexes can conveniently be generalized
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Table (41].

Phosphine substituted metal carbonyl complexes of V,Nb and Ta:

Complexes Metal Method of syntheses and comments Ref
ML (Cp)X(PR3) v E? X=PhC=CPh;R=Ph 102
ML(CSMES)XY(PR3)2 Ta c X=¥=H;R=Me;X=Cl,Y¥=H 103

R=Me,Bu",Et,Ph

ML, (CgMeg) XY (PR3) Ta o X=Cl,Y=H;R=Me 103
ML (Cp) (PRy) v,Nb D2 R=H,Bu",Et,Ph,Cy,Ph 102,104
107
ML,4 (PR3) 5 A R=OMe,Ph,Ph,H,PhH,, 108,
Et,Pr,Cy 126
M5L4(CP) 2 (PR3) v D R=Ph 104
HL4X(PR3) v H,D X=N0;R=Me,M32H,OMe 123
MLg(PR3) v A R=Ph 109,110
124
(MLg(PR3) 1 [NEt,] v,Nb, a%:¢/¢ R=Et,Bu,Ph, OMe 108,109
Ta 110,111
122
MLgY (PR3} V,Nb, A Y=SnPh3,NO;R=Me,H, 111,112
Ta Bu",Ph,OMe,0Ph 123
MLRX,(P-P) Nb,Ta c2, R=CgHg,CgMeg; X=Cl,Br,I 103,114
D,E P-P=dmpe
ML, (P-P), v ad P-P=dppe,dmpe; 115,129
ML ;R (P-P) V,Nb, F© p-p=dppm,dppe, dmpe, 103,114

R=R (p-CgHyNHMe,),,R Phy



(ML, (P-P);1(z]

(ML, (Cp)X(P-P)1(2Z]

ML,X(P-P)

ML 4(P-P)

[ML 4 (P~P)1[Z]

ML X(P-P)

ML5X (P-P)

ML3R(P"‘P)

Mst(Cp)z(P—P)

Ta

Ta

Nb

v,Ta

V,Nb,

Ta

v,Nb,

Ta

v,Nb

-~

R Me,,R (p-CgH,0Me),,

CgHg,CsMes; R =CgH4CH

cis-dppee,dppp,azrphos,
dpppe

P-P=dmpe; Z=Na
X=H,Z=PFg¢

P-P=dppe,dmpe
X=2,4,Cl,Br,I,CN,6Me,
CF3C0,,PhPO,H,NH,S05,N3,
MeCO,,EtCO, P-P=dmpe,
dmdepe ,dmdppe
P-P=dppm,dppe,dppp,dppb
P-P=dppm,dppe,dmpe,cis-

dppee ,dppp,dppb; Z=NEt 4

X=H,SnPh3,NO;P—P=dppm,

dppe,dmpe,dppp

X=NO; P-P=dppm
R=CgH4CHPh,, C5H4CHMe
CgHg;P-P=dppm,dppe

P-P=dppm

116,125
127,128

117

119,129

117,118

115,124
110,112
120,122
127

106,112
111,113
121,123
123

125,127
126

127
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by the ftormula [M(CO)6 Y 1 (n=1-5;x=1,2; Y=Phosphine).

~nn-°x
Thesze complexes have Dbeen prepared elther by the
replacement of other ligands by phosphines or directly

from the parent carbonyls M(CO) ¢ and {M(CO)GJ', generally
by thermal or by photolytic <carbonyl displacement by

phosphines.

Thus, Always and Barnett -~ reported that
when a benzene solution of V(CO)4(Cp) is irxadiated by
U.V. light in the presence of PPh3, the orange, monomeric
complex V(CO)3(Cp)(PPh3) is formed. Attempts to prepare
disubstituted complexes were unsuccessful even aftex
longer irradiation periods or from reactions in the
presence of an excess of ligand, indicating that eithex
V(CO)3(Cp)(PPh3) is not photo-labile or the phosphorus
ligand 1s being dlssoclated preferentially. This 1s
actually observed when a CO saturated benzene solution of
V(CO)5(Cp) (PPhy) is photolyzed, resulting in the
formation ot V(CO)4(Cp). It has been suggested that the
substitution reaction proceeds through the coordinatively
unsaturated species V(CO)3(Cp) which may be stabilized by
weak bonding interactions wlith solwvent molecules.,
Furthermore, the species V(CO)5(Cp) is expected to
recombine rapidly with CO, regenerating V(CO)4(Cp), and

PPh3 must compete with CO for the wvacant cocrdination
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site on the intermediate V(CO)3(Cp).

However, further CO substitution can Dbe
achieved when this complex is treated with toluene under
U.V. irradlation conditions, giving a highly substituted
monocarbonyl complex™~=* characterized as
V(CO)(Cp)(PhC=CPh)(PPh3) which has the structure shown in

Fig.1l4.

Earlier Fischer and Schneider'”? reported
that when the dimeric species V2(CO)5(Cp)2 is treated
with PPh3 over an extended period of time, a Dblnuclear
complex VZ(CO)4(Cp)2(PPh3) is obtained The l.r.
spectrum shows both terminal and bridging CQ groups, and
the structure shown in Fig.l1l5 has been suggested.

Relatively recently, Mayer and Bereaw
have reported that on treatment of 'I‘a((:51“46:33)'&4(E’MeB):2
with CO in the presence of an excess of PMe s over an
extended period, a brown complex Ta(CO)(CSMeS)H3(PMe3)2
is formed. Similar reactions at elevated temperatures
over shorter periods of time give the dicarbonyl complex
Ta(CO)Z(CSMeS)(PMe3)2. I.r. and n.m.r. results suggest
that this molecule has a "four-legged piano stool" type

of structure as shown in Fig.l1l6.
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E

Ellis et.al.

have reported that when
V(CO), is treated with PPh3 for a short period of time at
low temperatures, the very heat, oxygen and soclvent
sensitive paramagnetic green compound V(CD)S(PPh3) iz
obtained. This 1is the first neutral paramagnebtic vanadium
carbonyl derivative which has been reported. Further
substitution by additional PPh3 13 a rather slow process.
When attempts were made to isolate V(CO)S(PPh3) by
removing the aolvent under reduced pressure,

V(CO)4(PPh3)2 was obtained.

Davison and Ellis”~” have reported that
treatment of [M(CO) 1" (M=V, Nb, Ta) with PRy (R=Ph,Buf),
under photochemical conditions, gives [M(CO)S(PR3)I_
complexes, isolated as NEt4+ salts. This direct
substitution of donor molecules into the coordination
sphere of metal carbonyl anions via photolysis is
important particularly when the neutral metal carbonyl,

t

1)

the metal carbonyl halide or the hydride does not exi

or has marginal stability.

Several bisphosphine complexes have also
been prepared from this 3ubgroup. Thus, when

Ta(CsMeS)H4(dmpe) is treated with CO under U.V.
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irradiation, 1t glives Ta(CO)(CSM&5)H2(dm3e). Further
photolysis at elevated temperatures over a one week
period gives the red dicarbonyl complex,

Ta(CO)Z(C5Me5)(dmpe) in which the dmpe ligand is
coordinated 1in a chelating fashion, as shown by n.m.r.

1~

results. "7

However, when Nb(Cp)Cl4 is treated with
dmpe followed by the addition of AlEtClz, the wviolet
Nb(Cp)Cl3(dmpe) complex 1is obtained,iig which, when
reduced with magnesium amalgam (Mg-Hg) in the presence of
CO gas, gives the deep green, monocarbonyl complex
Nb(CO)(Cp)Clz(dmpe). When this complex is further treated
with Na[AlH, (OCH

CH OMe)2] under a carbon monoxide

272

atmosphere, the deep orange coloured Nb(CO)z(Cp)(dmpe) is
formed. This complex can also be prepared by treating
Nb(Cp)Cl3(dmpe) with Na-Hg in the presence of CO. The
complex is a strong base and can readily be protonated by
dilute HCl, giving the hydride contalning cation,
isolated as a PFg salt, {Nb(CO)z(Cp)H(dmpe)]PFg, In
addition, when Nb(CO)Z(Cp)(dmpe) is treated with Mel or
benzyl bromide, dihalo complexes of the type
Nb(CO)(Cp)X2(dmpe) (X=Br, 1) were obtained.

Datta and Wreford reported that the

reduction of TaCl5 with sodium amalgam in the presence of
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dmpe under a CO atmosphere produces the yellow anionic
complex [Ta(co)?(dmpe)z}—, which, when treated with HC1,

ields the apparentl seven coordinated complex
Y ep Y - o

Ll

v

Ta(CD)ZCl(dmpe)z. Spectrogcoplic evidence suggests a
structure Dbest described as a monocapped trigonal prism

where the Cl is at the capping site. Br and CN analogues

were also prepared similarly.

Photosubstitution has been the only

practical method for the synthesis of substituted metal

carbonyl anions of group V elements. Ellis and
FaltynekizD have suggested that the existence of stable
triphenyl stannyl derivatives of such anions could
provide a useful alternative zxroute to substituted

carbonyl anions which do not require photolysis. Thus,
when V(CO)4(dppe)(SnPh3) is treated with sodium amalgam
tollowed by the addition of NEt4C1, a deep-red anionic

complex [V(CQ),(dppe)l(NEt,] is isolated.

Acidification ot this complex with
[Ph4As][HC12] in benzene or interaction wilth tertiary
butyl «chloride in the presence of water, gives the
neutral yellow hydride complex V(CO)4H(dppe)iiE which,
on decomposition, gives the neutral, paramagnetic

V(CO)4(dppe) complex. This complex can also be prepared
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] with [C.H-1[BF,]." "7

by treating [V(CO)4(dppe)](NEt ZoHq

4 4

The Nb analogue of [V(CO)4(dppe)][NEt4]

has been prepared ~" by treating [Nb(CO),]INEt,] with
dppe under U.V. irradiation. Similar complexes with

dppm, cis—~dppee, dppp and dppb have also been prepaxed.

However, when Nb(CO)4(Cp) g treated with dppm under

3 o=
£

ju

similar conditions, it gives the dicarbonyl complex
Nb(CO}, (Cp) (dppm) . The V analogue has also been

J—

prepared. "

Very recently Wells et.al. have

reported that when trans—VClz(dmpe)2 i1s treated with
sodium-amalgam under 5 atms of CO at —785C, it gives the
orange _red complex V(Co)z(dmpe)z. The structure of this
17 electron, paramagnetic, low spin species is shown in
Fig.17. This complex reacts with AgSO3CF3 in acetonitrile
forming a cationic complex characterized, as the BPh4
salt, as [V(CO)Z(MeCN)(dmpe)ZI[BPh4]. X-ray analysis

Pt
P

shows * that the molecule is pseudo octahedral, with two
dmpe 1ligands occupying the equatorial sites. One axial
site 1s occupied by the MeCN and the other accommodates

the two carbonyls as shown in Fig.l1l8.
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treated with RX (R=H, K, Na;X=Cl, MeCO,, EtCOZ, CF4CO,,
PhPOZH, N5, CN, NH2803), it gilves neutral vV(I) complexes
of the type g;g—V(CO)ZX(dmpe)z. However, when Ltrans-

[V(CO)Z(dmpe)Z] is treated with tetrafluoroboric acid at

low temperatures, an orange cationic complex with

4
]

¥

empirical tformula [V2(CO)4H2(dmpe)4]2+ is formed, "
which is isolated as elthexr the BF, or the
[PhCiSOQCF3)2]_ salt. I.r. results show the presence of
terminally coordinated ¢ig-carbonyl and terminal hydride
ligands. In addition, magnetic susceptibility and ESR
results shows that the cafign is diamagnetic, suggesting
that the paramagnetic, [VH(CO)Z)(dmpe)2]+ species has

dimerized, with the formation of a V-V bond. The

structure shown in Fig.19 has been proposed.
1.3.4. Cr, Mo and w.

A very large number of phosphine
substituted metal «carbonyls has been synthesized from
this subgroup. Table.[5] indicates the wide variety of
interesting compounds obtained with mono and bis-

phosphines and also includes sowme bimetallic complexes.

The highly substituted M(CO)Yc complexes

have been preparedigi from metal carbonyls by



Complexes

ML(PR3) g
MLXY (PR3) 5

ML, X, (PR3)

ML2X2(PR3) 3
ML X5 (PR3] 5
ML ,XY (PR3)

ML3(PR3) 3
ML3X(PR3) 5
ML (PR3),
ML ;X4 (PR,)
ML X5 (PR3) 5
ML, (PR3),

ML ,Y(PR3)

ML4X(PR3)

MLS(PR3)

H2L8(PR2)2

MLX(P—P)Z

Metal
Cr,Mo,W

Mo

Mo, W

Cr ,Mo
Mo, W
Mo ,W

Mo

Cr ,Mo,

Cr,W

Cz,

Cr,Mo,

Cr, Mo,

Mo, W
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Table [5]:

Method cf synthesls and comments Ref

A®  R= Me(OMe),,OMe 130

J  R=Me; X=S,CNMe,,Cl; Y=Acetone; COCH,SiMey 131

D,H R=Et,Bu”,Ph; X=S,COMe,S,P(OEt),,S,P(Prl), 132,133

SoCNMe,, S5CNEt,

Da'b X=I; R=Mev(7—coordinated) 178

1°  R=Ph; x=1 134

D R=PhoMe; X=I; Y=NO 135

aP, R=ph,o0Bu,c1, 136,138

ob

D R=CY; X=N2,CpHy, H0,D_0,MeCN 139

D R=Cy,Cy,Prl,Prl (5-coordinateq) 139

D R=Ph; X=Cl,Br (7-cooxdinated) 140

D R=Ph; X=I (7-cooxdinated) 134

AP Rr=prl, ph,PhEt,,Me,Ph, MePh, 136,10,

pb 139,141,
142

G,EP R=Ph; Y=PBu,,P(OMe),,P(OPh);,PPh,H 143,144,

pb 146

G,pP R=Bu, (OMe), (OPh},Ph; X=Cl,CS 143,145

ab  r=Bu,Bu*,Ph,Ph,Bu,Ph,Me,Ph,Et, 136,144

pthri,phguz
aP  R=Me,Et 147
cPrd p-p=appe; x=n,,C5 145,14



[MLX(P-P)1I[Z]}
[MLXY(P-P)1[Z]
MLX5(P-P),
[MLX(P-P),(Z]
[MLXY(P-P)ZJIZ]
[MLZX(P-P)I[Z]

[ML,X(P-P),1(Z]

HszY(P—P)n

ML, X, ¥{P~P)
ML, X(P-P)

ML X, (P-P)
ML3X(P-P)
[ML,X(P-P)1(Z]
HL3(P-P)2

ML, (P-P)

ML4(P—P)2

Mo,W

Cr

Mo, W

Cr , Mo,

Mo, W

Cr Mo,

Cr Mo,

Cx , Mo
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P-P=dppm,dppe; X=C;H4;Z=PF,
P-P=dppe;-Z=I3; X=I; Y=CS
P-P=dppm; X=1I

p-P=dppe; 2=50,F; X=C5Me,CSEt
P-P=dppe; Z=CF,504; X=CS; Y=H
P-P=dppm; X=C7H7; Z=PF6

P-P=dmpe,dppe
P-P=dppm.dmpe,dppe; X=Cl,I,Et,H;
z=Cl,1,PFq,Br,BF . CF 350,

P-P=dppm,dmpe,dppe, X=Cl; ¥Y=NO; X=Y¥=Cl,

Br,I,PPh,;N=1,2,P(OEt),,ASPh,,CNS
P-P=dppe; X=I; Y=Cs

P-P=dppe; X=CH¢

pP-P=dppm,dppe,dmpe; X=Cl,Br,I
pP-p=dppe; X=SbPhy, CgH, NH,, CHgN,PPhg,
ASPh3,CS

P-P=dppe; X=NO; Z=PF6

pP-P=4dppm,dmpm

P—P=dmpe,dppe,dmpm,thPOPth

P-P=dppe

163
149
178,180
148
148
163
150,148

10,169

150,151
149,170
171
152,153,
177,154,
170,178
149

168
150,153,
170

145,154

155

162,176

156,10,

162,166

le
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[ML4X(P~P)][Z] Mo, W E P-P=dmpe; X=I; Z=I,I3 150
M,L 4X,(P-P) Cr D P-P=dppe; X=CgH¢ 168
MoL X5 (P-P) 4 Mo, W D,I P-P=dppe; X=Cl,Br,Il 153
(ML X, (P-P)1[2],Mo0 DP  p-P=dppe; X=C,H,; Z=PF 163
M2L4X4(P—P)3 Mo, W I P-P=dppm,dmpe; X=I,Cl,Br 150,171
153
MLS(P—P) Cr , Mo, D,A P—P=dppm,dppe,dmpe,PhZPOPth 156,164
W 166,167
182,183
(ML gX(P-P)1(Z] Cr E® P-P=dppe; X=Me; Z=BF, 156
MZLGX(P—P)Z J,D PpP-P=dppe; X=CS,biPy 148,165
M LeX(P-P) 4 Cr, Mo, D,I€ P-P=dmpm,dppe 162,165
W
ML4(P-P)4 Mo, W AP p-P=dmpm 162
ML,X(P-P), Mo cd  p-p=dppe; X=N, 169
MLZ(P—P)3 Mo, W pb P-P=dmpm 162

M,L, g(P-P) Mo A P-P=dppe,dppp 164



Complexes

MM L3X(P-P)2

MM LBXY(P—P)Z
MM L, (P-P),
(MM Lg(P-P),1021,

MM L5X(PR3)

{MM L5X2(P—P)2

MM LS(P_P)Z
{MML ,X(P-P),1[2]

MM L4(99h3)(PCy2)2
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Bimetallic Complexes:

Comments

M=Cr,Mo,W X=Cl,I,CN

M =Cu,Aq,Au P-P=dppm

M=CX ,Mo, W x=Cl,BF,CN,N,, H,CECCPh
M =Pt Y=H; P-P=dppm
M=Cr, Mo, W X=Cl,BrI,H,C=CMe,C=CPh

M =Rh,Ir,Pt P-P=dppm

M=Cr ,Mo,W P-P=dppm; Z=PF6; n=0,1
M =Ru,Rh,Ir

M=Cr,Ww X=H; R=Me,Ph

M =ag, Au

M=Mo; M =Ru, X=H; P-P=dppm

M=Cr,Mo,W

M'=Fe,Ru P-P=dppm

M=Mo P-P=dppm; Z=PF6,C1

M =Rh X=NCMe ,NCEt, NCPh, CNBut
M=Mo , W

M =Ni,P4d,Pt

Ref

157,158

159

159,173

174

172,174,

160

172

161,172

173
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photochemical weans. Th of substltution decreases

el
nd

s ot

]
14

in the ordexr of Mo>W>Cr. Thus, when M(CO) ¢ (M=Cr, Mo, W)
are treated with P(OMe)3 under U.V. irradiation cver a
week, white to vyellow monocarbonyl complexes are

obtained.

very recently, Wasserman =t.al.” have

reported that when M(CO)B(C7H8) (M=Mo, W)} are treated
with phosphines (PCy3 or PCszri) the five coordinated
complexes M(CO)3L2 (L=PCszri) are obtained. It has been
suggested that the formation of such coordinatively
unsaturated complexes and thelr stability is largely due
to the steric demands imposed by the Dbulky phosphine

123

ligands. An X-ray diffraction®”  study on W(CO)3(PCy3)2
shows that the formally five coordinated specles appears
in tact to be nearly octahedral. The sixth coordination
site of the distorted octahedron is occupied by a

hydrogen atom of one cyclohexyl group, and 1is almost

directly opposite to one of the CO groups.

The potential for high reactivity of such
coordinatively unsaturated complexes is quite obvious.

Thus, when treated with a variety of ligands, complexes

of the type M(CO)5(PCyq),X "7 (m=Mo, W, X=N,, C,H,, H,0,

D,0O, Et,S, MeCN etc.) are readily formed.

2 2
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Magee et.al. " "+*®7 have reported that
when M(CO)6 (M=Cr, Mo, W)} are treated with PPh3 in
diglyme under refluxing conditions, the pale yellow
complexes M(CO)S(PPhB) are obtained. Under prolonged
refluxing conditions, disubstituted complexes of the type
M(CO)4(PPh3)2 were obtalned. Further substlitution could
not be achieved under these conditions. However, when
arene complexes such as M(CO)3(C6H6) (M=Cx, Mo} are
treated with phosphines, then tri-substituted complexes
M(CO)3(phosphine)3 (phosphine= PPh,;, PPh,Cl, PPhCl, and
PC13) are formed. The large variation in the carbonyl
stretching frequency in going from PPh3 to PCl3 (1949-
2041 cm 1) is attributed to the decrease in the o-donor
capability of the phosphorus ligand, which results in a
decrease in electron density on the metal and a reduced
7-donation to the carbonyl ligand, due to the greater
electronegativity of the halogen. Octahedral structures
with three CO groups in a fac-arrangement have been

suggested for these complexes.

Seven-coordinated complexes with
monophosphines have also been prepared. Thus when
[MO(CO) X531 [NEE,] are treated with PPhy, the yellow

complexesigu [Mo(CO)3X3(PPh3)][NEt4] (X=ClBr) are formed.
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The related seven coordinated W complex is prepared by

43

T

treating W(CO), with iodine under U.V. irradiation-"7%,
This 1initially produces W(CO)4I2 which <reacts furthex

with PPh3 to yield the yellow complex W(CO)Blz(PPh3)?.

An extraordinarily large variety of
bizphoaphine complexeé have Dbeen prepared from this
subgroup, and this presents probably the richest
chemistry outside the group VIII metal carbonyls.

For example, Tatsumi et.al.*" have

reported that when Mo(Nz)z(dppe)2 is treated with Dbenzyl
propionate at elevated temperatures, an orange complex,
formulated as g;ggg—Mo(CO)Nz(dppe)z, is obtained. One of
several proposed mechanisms tor the formation of this
complex 1involves the oxidative-addition of the ester to
the starting complex to gilve the acyl complex
Mo(COCZHS)(OCHzPh)(dppe)2 complex, which is converted

into Mo(CO)(CzHS)(OCH Ph)(dppe)2 via an acyl-alkyl

2
rearrangement. This, by z-elimination, gives
Mo(CO)H(CZHS)(dppez) which reductively eliminates alkane
to form the five coordinate Mo(CO)(dppe)z. Addition of a
dinitrogen molecule gives the final product

Mo(CO)NZ(dppe)z. This addition is reversible, as shown by

the fact that when argon gas is passed through a solution
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= 4

of this compound, Mo(CO)(dppe), is formed.' " An X-ray
analysisiai shows that this sixteen electron complex has
a sguare pyramidal geometry. In addition, an ortho
hydrogen atom from one of the dppe phenyl groups

interacts with the wvacant sixth coordination site of this

complex.

Semmelhack et.al.

earlier reported
that when Cr(CO)3(C6H6) is treated with dppe under U.V.
irradiation, an orange complex characterized as
Cr(CO)z(C6H6)(dppe) is obtalned. Spectroscopic data
suggest that the dppe ligand 1is coordinated through only
one phosphorus atom as shown in Fig.20. Under prolonged
irradiation conditions, the dimeric complex
CIZ(CO)4(C6H6)2(dppe) is obtained, with the proposed

structure as shown in Fig.21.

In contrast, when M(CO)4X2 {M=Mo,W; X=Cl,
Br,I) are treated with an excess of dppe at roomn

temperature over several hours, orange complexes are

in

formed. = Spectroscopic data suggest that these
complexes are dimeric, with one bridging dppe ligand as
shown in Fig.22. However, when these reactionzs were

pertormed under refluxing conditions, monomeyr i

M(CO)2X2(dppe) (M=Mo, W; X=Cl, Br, 1I) complexes were
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obtalned.
Relatively recently, Wong et.al.*®" have

reported that treatment of [Mo(CO)S(PPhZO)][NEt3H] with

sodium hydride followed by the addition of PPh,Cl yields

2
a white complex containing thPOPth (dppo) . X-ray
crystallography confirms that the molecule is

&

Mo(CO)S(dppo)1 and that the dppo is coordinated through

only one phosphorus atom. This complex can also Dbe
prepared by refluxing  Mo(CO)g with dppo.t®*
The Cr and W analogues have alsoc been prepared by
treating M(CO) 5 (MeCN) (M=Cr, W)  with dppo. t**

However when M(CO)6 (M=Cr, Mo, W) are treated with dppo

at elevated temperatures, the tetracarbonyl complexes,

A
Pt}

M(CO)4(dppo), are obtained,1 where the dppo ligand is

coordinated in a chelating fashion.

Some very interesting dppm complexes have

been obtained from the .carbonyls of this group. For

= L

example Isaacs and Graham®’ have reported that
Mo(CO)3(C7H8) reacts with dppm to produce white and
yellow isomeric complexes. The white isomer exhibits two
+“CO bands in the i.r. spectrum, while the 3lpn.m.x.

spectrum shows three resonances with relative intensities

of 1:2:1 and each one shows phosphorus—-phosphorus

1l

ed

U

coupling. These data are consistent with the propos
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fac-conftiguration as shown in Fig.23. (The W analogue has

also been prepared similarly.i;:) The yellow isomer shows

three +C0O bands 1in 1its i.r. spectrum and the four

31p

resonances in 1its n.m.r. spectrum again show

phosphorus-phospheorus coupling. This complex s assigned
a mer-configuration as shown in Fig.24. These fac- and
mer- Mo complexes have also been prepared by treating
152

[Mo(CO)3(C7H7)]PF6 with dppm at elevated temperatures.

The Cr and W analogues have also Dbeen prepared by

=
i=

n

refluxing the corresponding fac-isomers.

In contrast to the above, when
Mo (CO) 3 (CqHq) is refluxed with dppe instead of dppm, an

4+ L=
- i

orange-red ionic complex is formed, (isolated as the
PFG" salt) with a single dppe 1ligand bridging two

MD(CO)Z(C7H7) units.

Very recently, medy—Hor:‘é4 has reported
that TMNO {TMNO=trimethylamine N-0xide) initiated
decarbonylation of MO(CO)6. Addition of dppmn gives
Mo(CO)S(dppm), which, from n.m.r. results, contains
dppm c¢oordinated through only one of 1its phosphorus

atoms. The analogous Cr and W complexes containing

b
u

31
]

monodentate dppm ligands have also been reported. ’

1t has been noted that when Mo(CO)g(dppm) is treated with
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a stoichiometric amount of TMNO, further decarbonylation

154

occurs, giving Mo(CO)4(dppm) in which dppm now acts
in a chelating fashion.
In contrast, when other bilzsphozphlines

are used under similar conditions, complexes of the type
MQZ(CO)lO(P—PS (P-P=dppe, dppp), contalning two Mo(CO)g
units 1linked by a single P-P 1igand,1&4 are formed. It
has been observed that Iincreasing the phosphine

concentration, does not cause further CO replacement and

)

=
=

the Formation of the dibridged species MOZ(CO)a(P—P)z.i

such compounds can however be prepared (when P-P=dppe)
with Cr and Mo by treating, for example, cig-
Mo (CO) 4 (PPhoH) with cis-Mo(CO),{PPh,(CH=CH,)} ~" at room
temperature 1in the presence of KButO as catalyst.
Spectroscopic results indicate that these binuclear
complexes form 10 wembered rings, with c¢is-geometry

around each metal as shown in Fig.25.

47]

However, when fac-Mo(CO);3(MeCN); i
treated with dmpm under refluxing conditions followed by
chromatography, a very interesting yellow complex 1is
obtained. *? Analytical and spectroscopic results suggest

that the molecule is monomeric with three dmpm ligands

coordinated in a monodentate fashion as shown in Fig.26.



< P \ /c c\
p/ | \c oc/
VAN

50

Mo
PN
c P P
o) \/
Fig. 26.
a P e




51

J

Very recently Blagg, Hutton and Shaw

"

have reported that when fac- or mgg—Mo(CO)3(dppm)(ﬁi—

dppm) is treated with Hg(SCN),, a seven coordinate Mo(II)

]

complex, characterized on the basis of analytical and
spectroscopic results as Mo (CO) 5 (5CN) 5 (dppm) 5, is

obtained. X-ray diffraction shows that the molecule 1is

!

3

monomeric, wilth two ¢ilz2-CO and two NC5 groups. In

o
I,
A

addition, one o0f the dppm ligands is coordinated 1in a

monodentate £fashion. The geometry around the Mo 1is

intermediate between a capped trigonal prism and a capped
octahedron and the four membered dppm chelate 1ring 1is

rather puckered. Another related molybdenumn complex

= 7

Mo(CO)zIz(dppm)(ni—dppm), is preparedi" by treating

[Mo(CO)4I31[NEty] with dppm. A similar geometry has been

-

revealed from X-ray results.

A seven-coordinated W complex has been

prepared '~ by treating W,(CO)gI, with dppm. X-ray
crystallography shows that the red complex,
W(CO)I,(dppm),, contains chelating dppm ligands with an
overall pentagonal bipyramidal geometry. One iodine and

the CO group are in the axial positions. The analogous Mo

[}

(4]

complex has also been prepared.i
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The nbd group can be readily displaced
by phosphines.iéz For example, King and Raghuveer have
reported that when M(CO) 4 (nbd) (M=Cr,Mo, W,
nbd=norbornadiene) are refluxed with dmpm, M(CO) 4 (dmpm)
complexes result. However, when Cr(C0O)3(nbd) is treated
with dmpm, a binuclear complex is obtained. " Elemental
analyses, a molecular welght determination togethexr with
spectroscoplic results show‘that two Cr(CO)3(dmpm) units
are bridged by a single dmpm ligand as shown in Fig.27.

From the number of complexes cén%aining
bisphosphines behaving as monodentate ligands referred to

already 1in this section, it is apparent that there I1is

great potential for the use of such speciez as precursaors

to bimetallic systems wvia 1interactions with the
uncoordinated phosphorus atom(s). For example, Blagg
Qngl.isg have reported that when mgg—M(Co)3(dppm)(ii—

dppm} (M=Cr,Mo,W) are treated with CuX (X=Cl,I),complexes

of the type MCu(CO)jx(dppm), are formed. An X-ray

g

ditfraction studyl. on a W complex reveals that the

L

metal-metal bond is supported by two bridging dppmn
ligands and a Dbridging Cl ligand. In addition, a CO
ligand acts in a semi-bridging mode. Furthermore, 1t has
been found that the W(u-dppm),Cu ring is in a pscudo boat

conformation as shown in Fig.28.
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In contrast, when mgg-M(CO)B(dppm)(ﬁi—
dpprm) (M=Cr, Mo, W) is treated with AgyCl,y(PPhgy)y,,

complexes with the formula MAG(CO)3C1(dppm), are

il

i

formed. " Analytical and spectroscopic results suggest
that the wolecules have a wmer-contiguration with one dppm

ligand coordinated in a chelating fashion to the M atom

4]

while the otherx bridges the twoe hetro-atom= 1in  th
manner shown in Fig.29.

£1

Jacobsen gg;gii very recently reported
that treatment of mgg—M(CO)3(dppm)(ﬂi—dppm) (M=Cr, Mo, W)
with Fe,(CO)gq, yields the bimetallic complexes
MFe (CO)g (dppm) 5. An X-ray analysis of the complex with
M=Mo shows that the Mo and Fe atoms are linked by two
bridging dppm llgands forming an eight wembered MoP,C,Fe
ring as shown in Fig.30. A weak Fe--=Mo donor-acceptor

interactlion has been suggested to satisty the 1l8-electron

rule.

Bimetallic complexes have also been

synthesized by other routes. For example, when g¢is-
Cr{CO)4(PPhyH) 5 is treated with ¢is-Mo(CO),(PPh,CH=CH,);
in the presence of KButO as catalyst, a yellow complex is

formed. ' *? Analytical and spectroscopic results suggest
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that the molecule is the dimeric species
CrMo(CO)g(dppel),, having a 10 membered ring formed by the
two bridging dppe ligands, with a structure guite

analogous to that shown in Fig.25.

-~

In addition, Chaudret gE.@L.iT have
reported that an interesting heterobimetallic complex 1is
formed when Mo(CO)gz is treated with RuH,(dppm), at
elevated temperatures. This orange complex has Dbeen
characterized by X-ray diffraction as MqRu(CO)G(dppm)z.
The Mo and Ru atoms are bridged by two trans-dppm
ligands. Three terminal carbonyl groups are bonded to the
Mo atom and two CO groups are terminally coordinated with
the Ru atom. The remaining carbonyl ligand bridges the
two metal centers in an "atypical semi bridging" fashion
as shown in Fig.31. However, when this complex |is
recrystallized from THF, a yellow complex with the same
chemical formula is obtained. EDAX (Energy dispersive
analysis by X-rays) studies confirm that it also
contains Mo and Ru atoms. In solutiun, Dboth complexes
shows similar i.r. spectra in the +CO region, although in
the solid state the band at 1685 cm -~ in the orange
complex is shifted to 1715cm” > in the vellow complex. In
3lp

solution, n.m.xr. spectra of both show an AA'BB'

pattern consistent with the dppm ligands bridging the two
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1

metals. Similarly, 3C n.m.r. spéctra show a single peak

suggesting fluxional behavior of these complexes
consistent with the solution i.r. results. In the solid
state, the yellow complex is therefore believed to have
essentially the same structure as shown in Fig.31 except
that the "semi bridging" CO group now bridges in the

normal fashion.

When these complexes are heated in
solution wunder vacuum, a very alr-sensitive red complex
is formed. Spectroscoplc data show that 1t has two
bridging CO groups and the proposed structure is shown in
Fig.32. [A double bond has been proposed to satisfty the

E.A.N rulel, It has also been noted that all thre

44

complexes (i.e. orange, yellow and red) in solution react
rapidly with molecular hydrogen forming a yellow complex
Characterized on the basis of analytical and
spectroscopic data as MoRu(CO)gH,(dppm),, having bridging

hydride ligands as shown in Fig.33.

1.3.5. Mn, Tc and Re:

A large number of complexes, mainly of

Mn and Re, have been reported for this triad and some of
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these are llsted in Table [6}. This 1s the second most
extenslively studied group atter group VIII, and a wide
variety of phosphine and phosphlite 1ligands have Dbeen
used.

155

Thus, Chatt et.al.’

(U}

reported that when
ReCl, (PhCON5) (PPh3), is refluxed under CO followed by the
addition of PMe5Ph, the white complex trans-
Re(CO)Cl(PMe,Ph), is obtained. this can be prepared by
hgating ReCl,(PhCON,) (PPh3), and PMe,Ph in a stream of CO

over a longer period.

In another example, when
Mn(CO)5(MeCO){P(OMe)3}, 13 irradlated with U.V., 1light
under reflux, 1t gives the mono- and di-carbonyl
complexesiS& Mn(CO)Me{P(OMe)3},4, and Mn(CO),Me{P(OMe) 3} 5.
These complexes react with CO gas at 300 Psi to give the

tricarbonyl complex Mn(CO)3(MeCO){P(OMe)3l},.

The mono- and di-carbonyl complexes

i

referred to above also react with bromine’ T, giving

[}

Mn(CO)Br{P(OMe) 3}, and Mn(CO)ZBr{P(OMe)3}3 respectively.
A similar reaction with the tricarbonyl complex gives
Mn(CO)3Br{P(OMe)3l,. The dicarbonyl complex

Mn(CO),Br{P(OMe)3}3 can also be prepared by treating



complex

MLX(PR3)4

[MLX(PR3)41[ZIn
HMLX3(PR3) 4

MLAX(PR4) 4

[ML,(PR5) 41021

ML2X(PR3)2

[MLZX(PR3)3[Z]

ML2(9R3)3
MLZX(PR3)3
MLZXZ(PR3)2
ML2X3(PR3)2

ML3X(PR3)2

Metal

Mn,Re

Mn, Re

Re, Tc

Mn,Re

Mn

Re

Mn

Re

Mn,Re
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Table (61].

Method ofsyntheses and comments.

R=M82Ph,OMe

X=Cl,Br, Me

R=OMe,PMe2Ph; X=NO; Z=PF6,FeC14
n=1,2

R=PMe,Ph; X=Cl,Br
R=Me,Ph,MePh2,OMe

X=H,Me ,Cl,Bx NHPh

R=0Me,OELt; Z=BPh4

R=Ph; X=CL,Br,I,S,CH.

R=Me,Me ,Ph,OMe, (OMe,)Ph,OEt; X=PFg

R=0Me

R=Me,Me,Ph,OMe, (OMe),Ph; X=Br
R=Et; X=Cl

R=Me29h; X=Cl

R=Et,Pr“,Bu,Ph,MezPh,Meth

Ref

185,186

185,187

i8s8
186,189
-192

187
189,193,
185

187,195

186
187,194
196
188

185,186,198



ML3(PR3)2

[M1X(PR4),102Z]

[ML X, (PR4) 1[Z]
(ML X (PR3)31102]

MLQX(PR3)

(ML ,X(PR3) 1121
ML g (PR )

(ML (PR;) I(Z]
MoL g (PR)
M2L7(PR3)3

MoLg(PR3) 5

H2L9(PR3)

MLX(P—P)Z

[MLX(P-P),112]

[MLXY(P-P)1[2Z]

ML(P-P)Z

[MLX(P-P)1[Z]

MLX(P-P)

MZLX4(Q-P)2

Re

Mn, Re

Mn

Mn,Re

Mn,Re

Mn,Re

Mn,Re

Mn,Re

Mn,Re

Mn,Re

Re

Db, Ie

ad,gb

Cb,Da

D3, 18
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Ph.,Et,PhCl,,OMe,0EL, 0BR

S
Ph(OMe),,0Ph
X=H,Cl,Br,I,NHPh

R=MePh2

R=Me,Ph,Me,Ph,OMe; Z=BF,,PFg
X=Cl,Br, MeCN

R=0Me; X=MeCN; Z=PF6
R=0Me; X=MeCN; Z=PF6

R=Et,Ph,PR2Me,Ph2Et,OPh;

Ph(OMe),,Ph,(OMe); X=H,Cl,Br,I

R=MeZPh; Z=BPh4; X=MeCN

R=Me2Eh

R=OMe,Ph(OMe)2,Ph2(OMe); Z=PF6

R=Ph

R=MePh,, OEt
R=Et,Ph,Me,Ph,OEt,OPh
Ph(OMe),,Ph,(OMe)

R=H,Ph,Me2Ph,MePh2

p-P=dppm,dppe,dppee;
X=Cl,Br,CN,SCN
P-P=dppm,dppe; X=Cl,Br,CNMe
Z=FeCl4,Br3,I3,PF6

P-P=dppe; Y=P(OMe},,P(OEtL),;
Y=P(OPh)3;X=phen,bipy;z=clo4
P-P=dppe
P-P=dppe;X=0"-CcHgPh; Z=PF

P—P=dmpm,dppe;X=Cp,nS—CSHGPh

P-P=dppm, X=C1l

189,196,199

200,192,
201,194
191

187,202

195

195

195
203,198,199
200,190,205
187

190

198

189

206,190
190,201,203,
206,207
190,208,
209,210
211,185,
212,230
185,211

212,230

229
211,212
226
2,226,
162

213



ML, X(P-P)
[ML,X(P-P)1(Z]

(ML, (P-P)I[Z],

ML, X(P-P)

ML3(P—P)

[MLB(P—P)ZIIZ]

ML ,X(P-P)

MoLeX(P~P),
[MZLSX(P—P)1[Z]

MzLS(P—P)

MzLG(P—P)z

[M2L6X(P—P)2][Z]

MoL XY (P-P)

M2L7(P—P)

MyLgX, (P-P)

Mn,Re

Mn

Mn

Mn,Re

Mn

Mn

Mn

Mn

Mn

Mn

Mn,Re

Mn

Re

Mn,Re

Mn
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P-pP=dppm,dppe; X=Cl,Br

P—P=dppe;x=phen,bipy;Z=Clo4
P-P=dppm,dppe;Z=C104;n=l,2
P—P=dppm,dppe,dppp,dppb;X=C1,Br,HCSz,

H,CN, SCN,Cl0,

P-P=dppe

P—P=dppm;Z=PF6

P-P=dppm,dppe,dppb;Z=Cl0,
P—P=dppm;X=SOZ,C82,CH2N2,CSC14N2
BF3,H,N2C(C02Et)2
P—P=dppm;Z=BF4;X=NzPh,N2Me
P-P=dppm

P-P=dppm,dmpm,dppe

P—P=dppm;x=H;z=BF4
p-P=dppm, tedip;X=Y=H,0H,CMe,Cl
X=H;Y=0OMe,OH,Cl

P-P=dppm,dmpm,dmpe,dppe

P-P=d»pm; X=Bx

196,224,
225,231
229
214,231
215,216
217,211
212,218,
219,230,
232
211,212,
216

231

232

220

220
218,197
2,211,
212,216
162

233

221,219

211,212,
216,2
219,221
162
211,212

216,72



Complexes

MM'L2x2¥(P-P)2

ReM L2X2Y2(P—P)2

MnM L3X(P—P)2

ReM L3X2(P-P)2

MniM L3XY(P—P)2

[MDM L 4XY(P-P) 51021

[ReM’L4X(p—pOI{21

[MnM L4X(P-P)2[Z]

MnM LS(PR3)
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Bimetallie complexes:

Comments

M=Re, Mn M “=Rh,Pt
P-P=dppm;
¥=H,n?-C,H,,n%-C4H,
M =Rh
P-P=dppm; X=Cl; ¥=H
M =pt,Pd
P-P=dppm;X=Cl,Br,I,NCO,N3,SCN,SnC1
M =Rh
P-P=dppm; X=Cl
M =Rh,Ir
P~-P=dppm; X=H,Cl;¥=Cl,Br
M =pt;X=Br,Cl
P-P=dppm;Y=H;z=BF4,PF6
M =Rh,Ix
P-P=dppm;X=Cl;Z=PFGBPh4
M =Rh,Ir
P-P=dppm;X=C1,Br;Z=PF6,Br,Cl
M =Re
Re=Ph,Bul,0Ph
M =Re

R=Ph,Bu,0Ph

REE

224,225

224

225,227

228

224

223

225

224

223

208,222

208,222
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Mn(Co)Br with P(OMe), under reflux. I.r. results suggest

c
~

that X (X=Me, Br) is trans- to the CO ligand in the mono-

and di-carbonyl complexes and that the phosphine ligands

occupy equatorial sites.

When PMe,Ph is refluxed with Mn(CO)gBr,

the tricarbonyl complex trans-Mn(CO) 3Bx (PMe,Ph)} is
obtained ™" and reactions of ReOX5(PPh3) o or
ReO(OEt)X,(PPh3), with CO in the presence of PPh3 under

refluxing conditions also give the tri-carbonyl

B

=

complexes1 trans-Re(CO)3X(PPhy) - {X=C1, Br, I). In

addition, when trans—Re(CO)3Cl(PPh3)2 is refluxed in

benzonitrile, it gives the dicarbonyl complex

=

Re(c0)2c1(99h3)21“'

In contrast, when CO gas 1is passed

through a refluxing 2-methoxy ethanol solution of mer-

=ZE

ReClB(PMeZPh)3, two isomers are obtained.'®" One of the
isomers exhibits three strong carbonyl absorptions in the
terminal carbonyl region of the i.r. spectrum and two
overlapping doublets in the I n.m.r. spectrum. The other
isomer shows only two strong and a weak tcrminal +~CO band
in the 1.r. spectrum and a triplet, with relative

intensities 1:2:1 in the IH n.m.r. spectrum. These

isomers have been formulated as fac- and ner -
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Re(CO)3C1(PMe2Ph)2 respectively. The analogue of the
mer—-isomer has also been isclated in a similar reaction

using mgg—ReBr3(PMe2Ph)3.

The complex mg;—Re(CO)3Cl(PMezPh)2 can
alszo be prepared by treating trans—ReCl4(PMe2Ph)2 with CO

or Dby the actien of forwmic acid on mwmer-ReX;(PMe,Ph),

(X=Cl, Br).

Reduction of Re(CO)C13(PMeZPh)3 with
NaBH4, under refluxing conditions followed by the
addition of H,0 gives the vellow complexigi

Re(CO)zcl(PMeZPh)3, which c¢can also be prepared by
reducing mg;—ReCl3(PMezPh)3 with Na-Hg followed by

passing CO gas through the solution.

=T

Earlier, Freni et.al.’ reported that on

treatment of a benzene solution of ReH3(PPh3)4 with CO,
the white crystalline complex Re(CO)zH(PPh3)3 is formed.
Moreover, when ReH3(PPh3)4 is treated with CO over an

extended period of time, another white complex,

Re(CO)3H(PPh3)2, is obtained.

When an(CO)lo is irradiated with U.vV.

light 1in the presence of PPh3, it gives an orange



64

complexzﬁ7, which can also be prepared by heating
MnZ(CO)10 with PPh3 in an evacuated tube. Analytical and
i.r. data suggest that the product is dimeric with
symmetrically substituted PPh3 groups occupying axial
positions as shown in Fig.34. The Re analogue has also

a

been prepared under similar conditions using Rez(CO}lO

-
o

and PPh3.

A large variety of bis-phosphine
complexes have Dbeen prepared for this subgroup. For
example, when a mixture of Mn(CO)gBr and P-P (P-P=dppm,
dppe) is irradiated, the orange monocarbonyl complexeszii
Mn(CO)Br(P-P), are obtained. It has been suggested that
the least restricted structure for these complexes is one
with a trans-configuration of the P-P ligands as shown in

Fig.35. This is also supported by the extreme resistance

bromide ligand in Mn(CO)gBr.

Analogous Re complexes (when (P-P)=dppe,

==

dppp) have also been preparedl‘ by treating
ReCly (PhCON5) (PPh3) with CO under refluxing conditions
tollowed by the addition of P-P.

2T a
PO )

Very recently Carr, Shaw and Pett have
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9 9 o
, Co CO 5 l P
/ | ~ |/
PhaP Mn Mn PPh, Mn
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Fig. 34. Fig. 35.
Q 9

Fig. 36. Fig. 37.
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reported that treatwment of Re(CO)Clg solution with dppm
under refluxing conditions yields a white complex which

exhibits two strong bands 1in the terminal carbonyl

region, at 1936 and 1837 e respectively while the 319
n.m.r. spectrum shows four non-equivalent phosphorus
nuclel with chemical shifts &=-43.7, -27.0,-20.2 and 10.3

each showing phosphorus-phosphorus coupling. In addition,

the 1

H n.m.xr. spectrum in the PCH,P region shows two AB
type patterns. The one at higher frequency 1s assigned to
the chelating dppm ligand, and the other the monodentate
ligand. On the baslis of theéekrESults, the authors have
suggested that the complex 1s nmonomeric having the
chemical formula Re(CO),Cl(dppm), where one of the dppn
ligand acts as a monodentate ligand as shown in Fig.36.
The Mn analogue has also been prepared and

characterized similarly. +77" Mention of this will be

made again in the discussion section of this thesis.

when dppm or dppe is added ¢to a warm
- benzene solution containing Mn(CO)¢Br followed by U.V.
irradliation, yellow complexes are obtained. ' These
complexes can also be prepared by the bromination of
Mn,(CO)g(P-P), (P-P=dppm, dppe). Analytical and 1.r. data

suggest that these complexes are monomeric with the

formulation fac-I{Mn(CO),; Br(P-P)] as shown in Fig.37.
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Colton and Commons ~~  had reported
earlier that a very interesting red complex is formed on
prolonged refluxing of Mn,(C0);4 with dppm. This complex

shows four strong vCO bands in the terminal carbonyl

region, together with a strong band at 1645 cm—i. The JlP

n.m.r. gspectrum shows a single resonance at =69.45

(o

consistent with bridging dppm. An X-ray diffraction
study1g7 revealed that the molecule 1s dimeric, with the
two metals 1linked by two dppm ligands, and two CO groups
are terminally bonded to each metal. In addition, one CO
group 1s coordinated in an wunusual Dbridging fashion,
being bonded through both the C and the 0 atoms. This 1is
apparently the first example of a CO group acting as a
novel four electron donor, with two electrons going to
each manganese atom. The geometry around each metal

(ignoring the metal-metal bond) is distorted trigonal

bipyramidal as shown in Fig.38.

The treatment of a CH2C12 solution of

23
=z

this complex with S0O,, produces an orange complex

which has been characterized as Mn,(CO)g(S0,) (dppm), with
the structure shown in Fig.39. I.r. data suggest that the
bridging CO group behaves as a normal two electron donor

in this complex. It was also noted that the addition of



638

Fig. 38.
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505 is reversible and, on heating a solution of the 30,
complex, regeneration of the parent My (CO) g (dppm) 5

complex occurs.

Recently, Prest et.al. " have reported
that when Re3(CO){,H;3 is refluxed with an excess of dppm,
tollowed by chromatography,it gives, in addition to other
productz, a dihydride complex, ResH,(CO)g(dppm), which
has been characterized by X-ray diffraction studies as a
dimeric system in which six carbonyl groups are
ltérminally coordinated with three on each metal atom. In
addition, the two hydrides and the dppm 1ligand bxridges
the two metal atoms. The Re-Re bond distance, at 2.8934,
is significantly shorter than expected for a single Re-Re
bond. A metal-metal double bond has been proposed in

order to¢ satisty the EAN rule. The structure isg zhown in

Fig.40.

Similar reactions of Re3(CO)12H3 with

tedip [(EtO),POP(OEt),] gives the analogous Re,(CO)g{(u-

ma o
217

Hy) (u-tedip) complex.

However, reactions of Re3(CO)q5H3 with

dppe gives, in addition to other products, a colourless

complex which has been tentativelyil? assigned the
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compared to the remalning four CO groups which have no
trans-ligands with w-acceptor properties. It has been
suggested that this is partly due to the competition for
dm electron density between the carbonyls and phosphorus.

The reaction of Re,(CO)g(P-P) (P~
P=dppm,dmpm) with MeOH proceeds similarly to that of
Reo (CO) g (dpp) with Ho0 and glves Reo(CO)g(u-H) (u-0Me) (P-

P) and Re,{(CO)g;(OMe),(P-P) respectively.

The authors ' have suggested that
metal-metal bond homolysis is inveolved in the formation
of these complexes. However, the bridging 1ligand 1in
Re,(CO) g(P-P) (P-P=dppm,dmpm) retains the two metal
centers in close proximity and the radicals produced by
photolysis rapidly reform the metal-metal bond. This
reformation competes with ligand substitution for CO.
Furthermore, the steric and electronic properties of the
phosphine ligands have also been suggested to reduce the
labilities of carbonyl radicals toward substitution. At
the same time, prolonged Iirradiation makes other
pathways, particularly €O dissociation, more likely.
Photolysis of Re,(CO)y(P-P) with ROH (R=H, Me) has been
suggested to occur via either dissociation or homolytic

metal-metal bond cleavage. Dissociation of €O would
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result In the formatlon of the coordinatively unsaturated
specles Re,(CO)4(P-P) which could pick up one ROH group
followed by dissociation of a CO group from the other
metal center, thus forming Re,(CO)g(u-H) (u-OR)(P-P) via
an O-H oxidative addition process. The samne p;oduct is
obtained via homolytic bond cleavage which is followed by
the =substitution of a CO group on each metal center by
ROH, retormation of the metal-metal bond , and then 1loss
of the one of the ROH groups followed by O-H oxidative
addition process, forming finally ReZ(CO)G(u—H)(g—OR)(p_

P).

Only a few heterobinuclear complexes
from this subgroup have been reported and these are
listed 1in Table(6]1. Thus, recently, Hoskins, Steen and
Turney:27 have reported that when a mixture of Mn(CO)gX
(X=C1, Br, I) and Pd(dba), (dba=dibenzylidene acetone)
and dppm 1s stirred in hot toluene followed by refluxing
ftor 30 minutes, deep-red crystalline complexes are
produced. These can also be prepared by treating

Na(Mn(CO) 1 with Pd,Cl,(dppm), in THF at 0°C. One of
)

these complexes was characterized by a single crystal X-

ray diffraction study which showed that the molecule

consists of an essentially planar (CO)BMnPdBr unit which

is approximately perpendicular to the plane containing
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tour phosphorus atoms of the two bridging dppm 1ligands.
The Mn atom 1s six-coordinate having an edge-capping
trigonal bipyramidal geometry where the metal-metal Dbond
occuples  the capplng position. The three CO groups ftorm
the trligonal plane. The remalning two sltes of the L.bh.p.
are occupied by the two phozphorus atoms from the
bridging dppin a8 shown in Fig.44. The Mn-C dlistance 1is
comparatively 1long while the Mn-C-0 bond 1is c¢lose to
linear, suggesting the presence of bridging CC and the
absence of Pd-0 interactions. On the basis o0f these
observations, together with a +»CO band in the 1i.r.
spectrum at 1860 cm”i, the authors héve suggested the
presence of a semi-bridging carbonyl group. It has been
further suggested that the gross distortion of the
carbonyl geometry is probably the result of substantial
sterlc pressure arising from the CO ligands themselves
and the phenyl groups of the dppm ligands which force
two of the CO groups into the cavity surrounding the Pd
atom, resulting in a relatively close approach made by Pd

to two CO groups.

The analogous complexes, MnPt(CD)3X(dppm)?
where Pt takes the place ot Pd, have been reported235 as
being formed when mgg—[Mn(CO)ZX(dppm)(ai—dppm)J (X=C1,

Br) 1is treated with Pt(PPh3)4 under a CO atmosphere, at



74

ocC

=

3
0
o

[7]
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elevated temperatures.

On treatment of these bimetallic complexes

with an excess of HBF4.Et20, the deep red crystalline

complexes [MnPt(CO)3H(X)(dppm)2}BF4 are obtained®®
(X=Cl, Br). However, the i.r. spectra show that the CO
groups are now entirely terminal. In addition X-ray
analysis on the Cl complex reveals that the Mn and Pt
atoms are 1linked by two dppm bridges forming an eight
membered MnP4C29t ring in the boat conformation as shown
in Fig.45. The ly n.m.x. spectrum shows a sharp singlet
for the CH, group, with satellites due to 195pt coupling,
and 1t did not resolve from room temperature to —SOGC,
indicating that the hydride in this complex moves
rapidly Efrom one side of the Py plane to the other

causing equivalence of the CH, hydrocgens.

Complexes of the type [MnM(CO)4C1(dppm)2]PF6

Y]

-
a

(M=Rh, Ir) have also been reported to form when
Mn(CO)ZCl(dppm)(nl—dppm) is treated under a CO atmosphere

with ha(CO)4Cl2 and Ir(CO)2C1(H2NC6H4Me—P) respectively.

Very recently, Carr, Shaw and Pett™ " have

reported that when Re(CO)ZCl(dppm)(ni-dppm) is treated

with haclz(C2H4), a yellow complex is obtained. The 31p
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ol

n.m.r. spectrum shows a singlet and a doublet at =6.9
and 28.0 respecktively of equal tetal relative iﬁtensity.
This 1is 1in contrast to the general AA'XX' or AA'BB'
pattern frequently observed in the spectra ot
heteroblimetallics where dppm bridgez the two metalz. The
i.r. spectrum shows two +CO bands at 1952 and 1849 cm~

A single-crystal X-ray diffraction study shows that the
(Co)zRe(p—Cl)th(C2H4) unit 1s approxlimately
perpendicular to the plane of the four phosphorus atoms,
the two CO ligands are terminally coordlnated to the Re
atorm and the two Cl atoms symmetrically bridge the Re and
Rh atoms. In addition, CyHy is ﬁ2~terminally bonded to
the Rh atom, with a long C-C distance, while the Re-C
distance in the ReC,H, unit is short suggesting that Coly
is unusually strongly bonded to the Rh. It has Dbeen
suggested that this may be due to the strongly donating
phesphine 1ligands prowmoting back bonding of the type
dW(Rh)-—%ﬂ*(C2H4). Moreocvexr, the 1 n.m.x. spectrum shows
the C,H, resonance at 0.98 ppm, again suggesting unusual
bonding of the CoH, in which this unit 1s coordinated

into a Rh-cyclopropane type of structure as shown in

Fig.46.

1.3.6. Fe, Ru and Os:
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Table [71.
Complex Metal Method of syntheses and comments Ref
[MLX(PR,) 4021 Fe,Ru,08 10 R y=BMePh,PMePh, BCY,, FPh,, P (OMe)3 234-235
Z=PF¢,BPh,;X=NO
[MLX(PPh3) ,(Y)1{Z1, Fe,Os D R=PhN,, P (OMe) 4 235,236
Z=BPh4;a=l,2;b=0,l
ML (NO) X (PPh) Fe,Os X=MeCO,; 234,235
ML (Cp) (PPh5) X Ru, 0s cPre x=c1,sr 237
(M2LX5(PRy)g1021, Os FPrd r=ph;x=7=C1 238
MLXR(PPhy), Ru,Os 1€ R=N,Ph;H,Ph;X=H,D 239
MLXX' (PR ) Ru,Os FP,d x=c1,Br,I;Xx =H,NO,Cl;R=Cy,Ph 235,238
’ 32
240
MLHX(PPh3) 5 Ru,Os FP,d x=H,cl1,Br 241-248
c 259
MLxx’(pR3)2 Ru,0s J X=NO,,NO5,0AC;X =H,Cl;R=Cy,Ph 246-247
MLXR (PR5), Ru,Os H X=Cl,MecN;R =PH,Ph, HCS,;R=Cy,Ph 240,248
ML,XR(PR4), 1021 Fe,Ru,0s H Y=H,D,N5,NO,NCO,HCO,NO,,MeC0,,Cl, 236,239
Br,I,;z=BF4;a=0,l
ML,R(PR3),1(Z]a Fe,Ru,0s HP/C R7=N,Ph,NO;R=Cy,Ph,Me,Ph,MePh,, 244,235
OMe,OPh,Et,;Z=BF,,BPh, 239
MLH, (PR;) 5 Ru bt R5=Phy, MePh,; 244,245
259
ML,XR™ (PR5), Fe,Ru,0s DP, X=H,OAC,Cl,I;R =H,Me, SMe,CF,H, 240,242

HP, CHNMe,CHSMe,PPhMe,CHO,MeCO,0AC, 247,
1d,/b NO,,CH,C1,Cl,Br 249-256

E 260,261



MLZR (PR3)2
ML2R2(PR3)2
MLzR(PPh3)2
MLZXR(PPh3)2][Z]
H2L2(9R2)2
[MLZ(Cp)(PR3)][PF6]
HZLZ(Cp)z(Pth)z
ML, (PR3),

M2L3R 3X(PR3)2
ML3XX (PPh3)
[ML3X(PPh3)2][ZI

ML4(PPh3)

MLq(PR3)

ML4(PR3)

ML4XaR b(PRz)c

MaLg(CP) (PRI X,

Os

Os

Ru,0Os

Os

Fe

Fe

Fe

Fe,Ru,0s

Fe

Ru

Ru,0s

Os

Fe,Ru,0s

Fe,Os

Fe

Fe

78

a’b

Ia

R “=n?-CH,0,n%-CH,5,R=Ph
R=H,HCO,
R=PPH(OMe) ; CNMe, =CF ,
X=C1,H,0;R=CH,O0Me; Z=CF 4505,
AlCl,,S,N,

R=Ph

R3=Me3,Ph2H,(OMe)3

R =CH,CO, ; X=0H, R=Bu"
X =X=H,Me,Cl,Bx,I

X=H,X =Me,SiPh,,Cl

X=H,Br,1;2Z=Br,I,HCl,,Cl0,,

BF,;PF

475%¢g

R=Et,OMe, OPh

Ry=MeH,,MeH,Et ,H,PhH,,Ph H

PhMeH,(p—toluene)zH

X=Cp;a=1,2;R =PEt;,PPh,,P(OMe);

P(OEt)4,P(0Prl)5;b=0,1,2;Ry=Ph,;

PhH

1=Ph;X=PR"5,P(0R") 5

254,255
257,251
248,260
254,

258

262

262

262
263,249
251,264,
265,287
250,266
267

2638
251,238
256,265
269,270
257,

265
251,271,
287

256,
263,

267

266,

272

262,

273

273



R =Me,Et,Pr’,Ph;a=o,1

MoLgX(Y) o Fe AP x=H,;¥=P(CF3), 274
MpLg¥(YT) Fe AP,H Y=Y“=PMe,,PEt,,PMeH,PPhMe,PPh,C,Ph272,273,
Y=C29h,Cp;Y=PMe2;PPh2 275-
279
MoLg(PM_,) 5 Fe ab 276,278
M,Lg(PPh), Fe a 280
MLX4(P-P), Os rb.d p-P=dppm,dppe 238
[ML(X) (Y)  (P-P)1(Z] Fe,Ru,0s DP  P-P=dppm,dppe;X=CH,PPh,,I;¥=NO,Cp 235,281
2=BPh,,PF.,BF,;a=1,2;b=0,1 317
(M,L(CP),X(P-P)1(2], Ru X=CH,CH,,CH,;P-P=dppm; 282
Z=BF4;a=0.l
(ML (X)(P-P)1(Z1 Fe,Ru c® p-P=dppe;dppee;Z=BPh,;PF.;SbFg,Cl 281
19,€ ¥=Cp,COD;n=0,1 318
ML(P-P), Ru c p-p=dmpe 283,294
{ML(X)(P—P)ZI[ZIa Ru H,C P-P=dppm,dppe,depe,dppp 285
x=H,CcHo’ 13cHo, cpo;L=co,13co 286

Z=SbF6;BEt4,PF6;a=O,l
(ML, (X) (Y)5(P-P)1[Z] Fe H®, P-P=dppm;dppe,dppp,;¥=Cp;X=I, 281

1®  a=0,1;2=BF,,BPh,, SbF.,Cl,

ML,(P-P}(n-P-P) Fe B, P-P=dmpm,dppe 283,294
ML, X, (P-P) Ru FP  X=1;P-P=dppm 290

[ML,X,(P-P)1[Z] Fe,Ru pP, x=NO,Cp,COD;P-P=dppm,dppe 234,163
F& Z=PF.;n=0,1 318

[ML,(Cp),(P-P)1[ZIn  Fe pP-® p-p=dppm,dmpm,dppe,dppea 281,292

2=BPh,,SbF¢,Cl,;n=0,1 293,162

M2L2(Me-Cp)2(P—P) Fe pb P-P=dppm,dppe,dppee,dppea; 281,292

dppea=thPNEtPPh2;
dopze=Ph ,PC,H,PPh,
MoL(CD) 5Xo (P-P) Fe HP  p-p-dppe;X=I 281

ML 5 (P-P) Fe,Ru 23, p-p=dppe 295,281



ML, (P-P)

MyL,4XR(P-P)

MZLQR(P-P)

MZLG(P—P)Z
MZLSH(Ph2?CHPPh2)

_H2L7(P—P)

MoLg (P-P)

Complexes

[mn'L2X(P-P)I
(MM L3X{P-P)]
(MM LR(P-P)]
MM L, X, (P-P) ]

[MH’LSX(P—P)]

(MM LSR(Y)]

Fe

Ru

Ru

Fe

Fe,Ru

Fe

Fe
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a3 P-P=dppm

A%, pP-P=dppm,Ph,PCHPPh,;X=R=I,

yb AX=H,C1;R=PPh2,PhPCSH4,PhPC6H4C(O)
R=dppm;P-P=dppeé

A%, P-P=R,PXPR,;R=Me,F,

B  X=CH,,MeN

AP p-P=R,PXPR,;R=F;X=MeN

A%/P p-p=R,PXPR,;R=Me,Ph,F

2;
B2 X=CH,, MeN
as P-P=R,PXPR,;R=F,Ph

X=NeN,(CH2)n;n=

Bimetallic Complexes:

Comments

M=05;M =Rh;X=Cl,BE
P-P=dppm

M=Ru;M =Rh; X=Cl

P-P=dppm
M=Fe;M’Co,Rh;R=c7H7,(No)3
P-P=dppe |

M=Fe;M =Pt;¥=Br

P-P=dppm

M=Fe ;M =Rh;X=Cl

P-P=dppm
Y=PPh2;R=(PPh2H)2;(P?hZMe)z;(PMeZPh)Z;
(Ph,PC=CPhL),

M=Ru,M =Co

316
316
230
297
315

298,309

162

298,315
314
238,28
162,316

298

307

306

305,313

299

299

310



(MM LS(P-P)ZJ

(MM LGR(Y)]

(MM Lo (PR, ]

[MH’L7X(P—9)1

(MM LgX_(Y)]

[HM'LB(?-P)]

MM Lg{Y)]

81

M=Fe;M =Cr

P-P=dmpm

M=Ru;M =Co;R=PMe,, PPh,,PPhyMe,PMe, Ph,
(Ph,PC=CBu®) ;Ph,PCCPh
Y=PPh2;n=l,2

M=Fe;M =Co

R=Ph

M=Fe ;M Mn;X=Br

P-P=dppm

M=Fe,0s;M =Mn,Re
x=Br,H;a=0,1;Y=PHe3,PPh2,dppm
M=Fe;M =Mo,Ru

P-P=dppm,dppe

M=Fe,0s;M =Mo,W

Y=PMe3,dppm

283,

309

310

300

307

302,301,

302,307

303,307
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Again, from this group, a Vv

14

number of complexes showing a wide varity of structural
types has Dbeen prepared using mono and bisphosphines.
Representative examples are listed in Tablel[7], and these
can be conveniently generalized by the formula [M(CO)n_
XYX]Z where n=5,z=1 or 2 and x=1-4; M=Fe,Ru,0s; L=CO;

Y=phosphine.

Highly substituted complexes of the type
[M(CO)XaYb_a][Z] (a=1,2, b=4) with monophosphines havg
been reported for all three metals. Thus, Johnson and
Segal®“”® have reported that when PMe,Ph is added to a
solution of [Fez(CO)Z(NO)(PMezPh)]Z{PF6] a complex
formulated, on the basis of analytical and i.r. data, as
Fe(CO) (NO) (PMe,Ph)3 was obtained. In a similar reaction,
they also prepared [Fe(CO)(NO){P(OMe)S}g}{PFSI. However,
when PPh3 or PCy, were used in analogous reactions, the
fact that monocarbonyl complexes were not formed was

attributed to the steric bulk in these 1ligands. The

rei=

analogous Ru and Os complexes were preparsd where

[M(CO),(NO) (PR3)41[BPh, 1 (R=Ph,Cy,MePh,} was reacted with

PR, under refluxing conditions. X-ray diffraction results

3

on the complex [Ru(NO)(dppe)z][BPh4]:@* and

=

{OS(CO)Z(NO)(E’Ph3)2][ClO4]'2 showed the metals to be

coordinated in a trigonal bipyramidal geometry with
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linearly bonded NO located in the equatorial plane of the
trigonal Dbipyramid. However, treatment of complexes of
the typs M(CO)QCNO)X(PR3}2 (M=Ru,08) with halide 1ions
resulted in attack at the wmetal center leading to neutral
complexes of the type M(CO)(NO)(PR5), (X=halide). In
contrast, reactions with methoxide ion (when M=Fe,0s)
occurred at coordinated carbonyl sites, forming neutral

s .
2 2=S

carboxy-derivativesz, "7« which were 1zolated and

[0}
I

characterized except for the Ru compound which could not

n

be isolated due to its instability.”~

A red dimeric complex of OF was

B

obtained” when O0s{(IV) chloride was treated with PPh3
and concentrated in 2-methoxyethanol. The complex,
formulated as [OSZ(CO)C13(PPh3)5]Cl3, shows 1.r. signals

consistent with a terminally coordinated CO and bridging

Cl groups although no further detalils were given.

Moers et.al reported~*” that on passing
CO gas through an ethanolic solution containing M(III) or
M{(IV) halide salts (M=Ru,0s) in the presence of PCys or
simply by mixing these nmetal salts with PCy,; in 2-
methoxyethanol and heating over an extended period of

time, orange to brown complexes were obtalined. On the

basis of analytical and i.r. data the authors proposed
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that the complexes have five-coordinated sgquare pyramidal
structures, with phosphine ligands occcupying, for steric
reasons, trans-positions as shown in Fig.47.

Similarly, carbonyl hydride complexes of
Ru and Os were also obtained on treatment of elither
hydrated metal c¢hlorldes with ethanoclic potassium
hydrowxide in the presence of phospﬁine ligands or by
treating metal(IV) chlorides with potassium hydroxide

and phosphines at elevated temperatures, giving systems

%}
13
2

aoa o
= & =

. . 2413 L .
which were characterized Y ' by analytical and

spectroscopic data as M(CO)HX(PPh3)3 (X=H,Cl,Br}.

In addition, alcoholysis of
H(CD)(ND3)2(PPh3)2 (M=Ru,03) type complexes results in

the formation of white, crystalline hydrido <carbonyl
complexes.zd? 14 n.m.r studies reveal the hydride signal
as a high tield triplet while the 31p spectrum shows a
singlet due to magnetically eguivalent 31p nuclei. These
results, together wlth i.r. and other evidence, suggested
the structures shown in Fig. 48(a) and (b) for these
carbonyl hydrido complexes. However, the relatively high
values of the hydride resonances in the ly niner.
spectrum and the +vM-H frequencies in the 1.r. spectrum

favour the structure 48(b).
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Di- and tri-substituted complexes of
the type M(CO)3(PPh3)2 and M(CO)Z(PPh3)3 have been
prepared for all three metals. Thus, the reactions of
Fa(CO),(CqHg) with PPhy in ethylcyclohexane produced a
vellow solution which, on chromatography, yielded 3
vellow complex formulated (analytical and i.r. results)

47

as Fe(CO)3(PPh3)2.2 This complex can also be prepared

by treating Fe(CO)5 with PPh3 at elevated temperatures in

=7

an evacuated sealed tube.~ The presence of a single »CO
band in the i.r. spectrum has been interpreted as being
due to a molecule with Dsp symmetry in which the CO 1is

assigned to the trans-geometry.

On the other hand, when PPh3 was treated
with Fe(CO)3(C4H4) in a manner similar to that described

above for the CqHyg derivative, another yellow complex was

£

cbtained which was formulated as Fe(CO)z(PPh3)3.2" Two
strong bands in the +CO region in the i.r. spectrum were
interpreted as being due to the presence of two isomers
having trigonal bipyramidal structures with the CO groups
occuping either the axial positions or adjacent positions

24F
to one another.

The similar Ru and Os compounds,



86

M(CO)3(PPh3)2, M=Ru,0s, have been prepared from reactlions

of M(CO)g with PPh3.2 These complexes react with
hydrogen at elevated temperatures and pressures in THF to
form the colourless complexes M(CO)2H2(PPh3)2. N.m.r. and

ol

i.r. data show“** that these complexes have the structure

shown in Fig.49.

Monosubstituted derivatives of the type
M(CO)4(PPh3) have been reported for all three metals.
Thus, Fe(CO)4(PPh3) has been prepared from the reaction

of Fe(CO) with PPh and spectroscopic data are
5 3

>2
=

consistent with the molecule having C3V symmetry The
analogous Ru and 0s complexes have Dbeen prepared by
treating M(CO)5 compounds (M=Ru,08) with one eguivalent

Sl

of PPh, in THF under UV irradiation.?®

A wide varliety of bisphosphine complexes

J]
]

5
S

*

1]

is known. For example, Haines and Dupreez reported
that treatment of Fe(CO)Z(Cp)Cl with dppe or cis-dppee in
THF under UV irradiation 1in the presence of certain

anions, produced yellow complexes formalated as

[}

[Fe(CO)(Cp)(P-P)1l2], (P-P=dppe,cis-dppee;Z=BPh, or SbF
Similarly, when Fe(CO)z(Cp)I was treated with dppm undex
refluxing conditions in benzene, a green complex

formulated, on a similar basis, as [Fe(CO) (Cp)(dppm}lI
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was obtained.

Another example of CO displacement by a
phozphine i3 illustrated by the fact that treatment of
RuZ(CO)S(Cp)2CH2 with dppm under U.V. light produces'2
the complex Ruz(co)(Cp)z(CHz)(dppm) which can be
protonated with HBF,.OEt, to form

[Ru,(CO)(Cp),(Me)(dppm)1F, isolated as the BF salt.

4

Slow <crystallization of the 1latter from THF-Hexane,
resulted in the formation of [RuZ(CO)(Cp)Z(CH)(dppm)]BF4
A single crystal X-ray diffraction study on this orange
complex revealed that the Cp ligands are c¢cis to each
other, due to the coordination of the dppm ligand having

bulky phenyl groups. The central Ruz(p—C)z unit 1is

somewhat puckered and the u¢-CH ligand bridges the Ru,
shown in Fig.50.
These authors further noted that the

Ru(u~-CH) distance at 1.937(7)A was significantly shortex

than the Ru(u2-CO} distance at 2.028(6)}4, which is

attributed to the superior w—-accephtor qualities ot cut as
compared to CO. It was further suggested that the
tormation of these complexes probably involves a

mechanism where the g_-'—CH2 complex 1is readily oxidized to
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its radical cation which loses a hydrogen radical uapon
treatment with Ph3C’ to give the p-CH complex. However,
the ;~CH2 complex could not be converted into the u—CH
complex upon treatment with [Ph;Cl1IBF,]. Furthermore,
the p-CH cowmplex, even under 1 atm. of hydragen, does

not revert to the g~CH3 complex.

o~ o
o

Johnson and Segal reported that when
M(CO)(NO)(PPh3)2C1 (M=Ru,0s) are treated with. AgPF ¢ in
CH2C12/acetone followed by the addition of dppe, the
cationic species [M(CO)(NO)(PPh3)(dppe)]PF6 is formed. A

trigonal bipyramidal structure was suggested on the basis

of i.r. data.

2410

Very recently, Jones and Libertini
reported that when CO gas is passed through a Dbenzene
solution containing Ru(dmpe)z(PMe3) at ESGC, the pale

yellow complex Ru(CO)(dmpe}, is formed. A single crystal

]

X-ray diffraction study showed that the wolecule has a
trigonal bipyamidal structure with the CO ligand being on
an egquatorial position as shown in Fig.51. These authors
suggested that this complex is formed either via an SN,
type mechanism which involves an octahedral transition
state formed Dby the attack of CO at the vacant

site of the base of the square pyramid in Ru(dmpe)z(PMe3}
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or via reversible dissociation of one end of a dmpe
ligand followed by the coordination of the CO and rapid
dissociation of PMej.

In contrast, Mague and Mitchenergi:
reported that when CO gas 1s passed through an ethanol
solution containing Ru(III) chloride under retluxing
conditiona followed by the addlition of dppm, the yellow
complex Ru(CO),Clo(dppm) results. Spectroscopic data show
that the chlorine atoms occupy mutually txans positions
while the CO groups are cis to each other as shown 1in
Fig.52. However, when CO gas 1is passed through a
refluxing solution containing ggggg—RuClz(dppm)z, the
white cationic complexes [Ru(CO)Cl(dppm),1(2] (Z=Cl,BF,
or PFg). are formed. Spectroscopic data suggests that
these complexes are octahedral with trans chlorine and

CO groups.

o=
L=

In a very brief report, Khan et.al
have described that when 0s(III) chloride and 0Os(IV)
chloride are treated with dppm and dppe In DMF under
refluxing conditions following by the addition of a ftew
drops of concentrated HC1l, the pale-yellow complex

OS(CO)C13(dppm)2 and the green conplex O0s(CO)Cl(dppe),

are formed respectively. It has been suggested that in
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the dppe complex the chleoride 1llgands occupy trans-

positions to each other and trans- to a phosphorus atom
in a mer arrangment, while n.m.r. spectra of fhe dppm
complex show resonances due to the methylene protons of
dppm ligands consistent with the phosphine acting in both
a monodentate and bidentate manner. No further detalls

were glven.

Hydridocarbonyl complexes containing
bisphosphine 1ligands have been reported to form for all
three metals. Thus, on passing CO gas through an acetone
solution containing trans-MHCl(depe), (M=Fe,Ru,0s) and a

stoichiometric amount of NaBPh,, the yellow to colourless

P
=1

complexes [b‘I(CO)IP{(de;_)e)2](Bl?hl}]'2 were formed. Again, no

turther details were given.

Relatively recently, Smith et.al

reported that treatment ot either trans-
[Ru(CO),(dppe) 1121, or cis-[RuCO),{(dppm),1[(21, (Z2=5bFg)
with  Na(HB(OEt)s;] or K(HB(OPrl)3] resulted in  the
formation of the complexes (Ru(CO)(CHO) (P-P},1(Z] (P~
P=dppm,dppe). Moreover, treatment with Li(HBEt;) yielded
the complex [Ru(CO)(CHO)}(P-P),1[BEty] while Li(DBEtgjy)

gives the complex [Ru(CO)(CDO)(P-P),1[Z] in which the X-

ray crystallography shows that the CO and CDO groups are
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trans to each other. The 13

C labelled analogue was also

prepared from trans—[Ru(13CO)2(dppe)2}[Z]2 in a similar

manner. It was noted that the reacktion ot trans-

[Ru(CO),(dppe)oll2]l, with Li(DBEty) was much slower than

the reaction with Li(HBEt3).

=
=

Recently, Wong et.al.” have reported

L

that when a suspension of FeCl,(dmpm)5 in THF is treated
with sodium amalgam and pressurized to 60 Psi of CO at
elevated temperatures over three days, formation of two
complexes, one yellow and one orange occurred. These
complexes can also be obtained on pressurizing a hexane
solution containing Fe(dmpm)y to 60 Psi of CO over two

days. The 31?

n.m.r. spectrum of the yellow complex
exhibits three resonances, a multiplet, a doublet and a
singlet of relative intensities 1:2:1 centered at 46.4,-
6.3 and -58.7 ppm. These resconances has been assignsd to
the P atoms of a coordinated monodentate 1ligand, a
bidentate ligand (1.e.chelating ligand) and the
uncoordinated P atom of a monodentate dmpm ligand
respectively. In addition, the i.r. spectrum shows twoc CO
bands in the terminal carbonyl region indicating a c¢is-
dicarbonyl contiguration, and on the basis of these
results, a trigonal bipyramidal geometry shown in Fig.53
has been proposed. The orange compound exhibits a single

31

+CO band in its i.r. spectrum and the P n.m.x. spectrum
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shows a singlet at 47.3 ppm.consistent with a sqguare
pyramidal structure as shown in Fig.54.

P
3i5

Earlier, Wegner et.al. reported that

treatment of Fe(CO)g with dppm under U.V. irradiation

yielded the yellow complex Fe (CO)4(dppm) in which the

-
-

dppm ligand 1s coordinated via only one P atom thus
forming a complex which is clearly «closely related to
that shown in Fig.53. Similarly, Isaacs and Graham' "~
reported that reaction of [Fe(CO),(Cp)(MeCN)][PFg] with
dppm and dppe in ethanol under refluxing conditions yield
the yellow complexes [Fe(CO)45(Cp)(P-P)]1[PFg] (P-P=dppm,
dppe). Spectroscopic data xeveal that the dppm and dppe

are also coordinated through only one phosphorus atom in

these complexes.

There are several examples in which dppm
acts as a mecnodentate ligand to Ru. For example, recent
work of Coville and Darlingai? revealed that the reaction
of Ru(CO),(Cp)I with dppm in toluene in the presence of
Fe(CO)z(qs—CSMeS) as a catalyst results in the formation
of the yellow complex, Ru(CO)(Cp)I(dppm). Spectrxoscopic
evidence suggests that the dppm is bonded to the Ru atom,
utiliiing only one phosphorus atom, In related work,

Chaudret et.al. -~ described that Ru(COD) (dppm), reacts
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with C€CO gas in toluene to form the yellow complex
Ru(CO)(COD)(n2<dppm). This 5-coordinated Ru complex 1is
monomeric with chelating dppm. However, CO reacts further
with a solution ot this complex in toluene to form
Ru(CO)z(COD)(ni—dppm). Spectroscopic data indicate that

dppm now bonds through only one phosphorus atom. It is

-

interesting to note that it 1s one of the dppm ligands

that was szsubstltuted rather than the <C0OD, which 1=

normally easily displaced from transition metal
complexes,

In another recent report, Colombie
gg;gl.z?r described that when Ruj3(CO)g(dppm) is treated
with iodine in toluene at elevated temperatures, a

yellow solution forms which, on chromatography, yields
the two cowmplexes Ru,(CO)4I,(dppm) and Ru(CO),Clo(dppm).
The latter is analogous to Ru(CO)2(‘.‘1;_»((:"ippm):312 shown in
Fig.52, and an X-ray diftfraction study on the former has
revealed that the two Ru centers are bridged by a dppm
ligand and two iodine atoms. The octahedral environment
ot each metal atom is achieved by two CO ligands as shown
in Fig 55. In addition, a metal-metal bond has Dbeen
proposed on the basis of a Ru—-Ru distance of 2.7074(6)3,

as well as from electron counting (34 electron species).
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Reactlons between Ru5(C0)y, and HC(PPh,),

in THPF at elevated temperatures have vyielded several

o
(S

products, =~ formulated as M,(C0)4(X)R(P~P) (where X=Cl,
H; R=PPh,, PhPCgH,, PhPC¢H,C(0); P-P=dppm, Ph,PCHPPh,).
A single-crystal X-ray diftraction study on
Ru, (CO) 4CL(PPh,y) (dppm) shows that the molecule contains
two Ru atoms bridged by a PPh, group, a dppm group and a
cl atom. In addition, there are two terminally
coordinated CO ligands on each metal as shown in Fig.S56.
It was suggested that PPh, and dppm are presumably
derived from HC(PPh,)3 by cleavage of a P-C bond to give
PPh, and HC(PPh,;) followed by the protonation of the
central carbon atom on the HC(PPh,;), unit to give dppmn.
The Cl1 probably comes from CH2C12 present as solvent of
crystallization in the solid HC(PPhy)3. The hydrido
complex Ru,(CO) HI{PhPCgH,4C(0)}- (Ph,PCHPPh,) has also
been characterized by an X-ray diffracticn study and has
been shown to have the structure shown in Fig.57. This
complex has been suggested to form by the cleavage of a
P-C bond in HC(PPh,)3 as described above, except that
instead of being protonated, the central carbon atom
coordinates to a Ru atom forming Ru-C-P and Ru-P-C-Ru
rings in a similar way to the formation of (0C);Fe(u-
th}?CHPPhZ)FeH(CO)331‘l from the reaction ot

FeszO)7(dppm) and LiMe. The vyellow-brown complex
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Ru, (CO) 4 (H) (PhPCgH,y )} (Ph,PCHPPh,) was characterized by
analytical and spectroscopic data, which together with a
comparison of the spectroscopic data of the complex
shown in Fig.57 led to the proposed structurs shown in
Fig.58.

In contrast, when Ruj(C0);, 1z treated
with dppe in benzene at elevated temperatures, under 100
atm. of CO pressure, the pale vellow conmplex
Ru(C0O) 3(dppe) is formed- °. The available spectroscopic
evidence favours the structure shown in Fig.59(a), but
(b) cannot be ruled out at the present time.

Cotton and 'I‘roupi:3 have reported that
when Fe,(CO)g is treated with dppm in THF, a brown
crystalline complex results.The molecule contains two
iron atoms, each having three terminally coordinated CO
ligands connected by a relatively long Fe-Fe bond at
2.7094, and symmetrically bridged by a CO and a dppm
ligand. The geometry around each iron atom is roughly
trigonal bipyramidal with a P atom at an apical position
as shown in Fig.60. l3C n.m.r. spectroscopy in the CO
region shows only a triplet with 1:2:1 intensity,

consistent with the rapid scrambling of CO ligands over

all

&1

ites, with the bridging and terminal €O ligands

interchanging at a rate faster than can be detected on
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the n.m.r. time scale.

il

=

In contrast, Newbton QQLQL.E' reported
that treatment of Fe3(CO),, with dFPma, CH3N(PF5),, in
boiling THF solution, tollowed by rapid removal of
solvent and recrystallization of the product from CH,Cl,,
results in the forwmation of tFe(CD)3(dFPma)]2. A single-
crystal X-ray diffraction study revealed that there are
two Dbridging dFPma wunits and each metal has three
terminally coordinated CO ligands. An interesting feature
of this complex is the geometry around each 1iron atom
which is square pyramidal rather than the usual trigonal
bipyramidal, as shown in Fig.61l. One of the CO 1ligands
occuples the apical position while two CO groups together
with two P ‘atoms of dFPma are at the basal positions.
However, thilz complex ls unstable at reom temperature and
evolves CO to form Fe,(CO)g(dFPma),. This can also be
prepared (a) from the reaction of Fej3(CO);o9 with dFPma in
boiling ether or THF over several hours or in hexane at
room temperature over an extended period of time and (b)

from the reaction of Fe(CO)5 with dFPma in ther under

¢l

[l

=

U.V. irradiation. X-ray diffraction reveals - that each
iron atom is coordinated to two terminal CO ligands, and
the two metals are bridged by two dFPma groups and a €O

ligand as shown in Fig.62. The geometry around each metal
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atom can be best regarded as either a distorted
octahedron or a trigonal bipyramid depending upon whether
a c¢oordination position is allocated to the metal-metal
bond. An interesting difference between the structures
shown in Fig.61l and 62, containing the szsame Dbldentate
ligands, 1is the existence of a metal-metal bond in the
former. Newton et.al. have reported that Fez(CO)g
reacts with dFPma in ether at room temperature to give a
mixture of yellow Fe,(CO)g(dFPma) and red-orange
Fe,(CO}q (dFPma) complexes. They have suggested that the
latter is analogous to Fez(CO)7(dppm)Eg shown in Fig.60
while the former has been assigned the structure shown in
Fig.63. Analogous complexes having similar structures
were also reported for the ligands dppm, dppe, dppp and

22 L
=]

dppb earlier by Wegner et.al. who reacted Fe(CO)g

with the appropriate ligand in benzZene under U.v.

irradiation conditions.

o
=

Similarly, King and Raghuveer1 reported
that Fe,(CO)g reacts with dmpm in THF underx U.v.
irradiation to produce the red complex Fe,(CO)g(dmpm),,
having an analogous structure to that of Fe,(CO)g(dFPna),
shown in Fig.62. In contrast, when Fe,(CO)g 1s treated
with dmpm in Et,0 over an extended period of time, the

orange complex Fe,(CO),(dmpm) is obtained. These authors
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(s
v

have sugges

] that thisz complex has a structure

analogous to that of the dppm complex:' shown in Fig.60.
However, when a toluene solution containing
(Fe(CO),(Cp)ly, 1s reacted with dppm under refluxing

conditions over an extended pericd of time, a green

complex, shown to be Fe,(CO),(Cp),(dmpm), is formed. The

4]

proposed structure i shown in Fig.64.

Analogous complexes containing dppm, dppe, c¢is-dp

jo!

ee,

o oa -
o T o

dppp and dppea ligands have also been prepared. s

il

In another 1interesting study, Brouce
_____ reported that Ruj(CO};, reacts with cis-dppee,
in THF in the presence of a catalyst, to form a pale
yvyellow complex , which can also be prepared either by
refluxing Ru3(CO);, with cis-dppee in refluxing THF or
via pyrolysis of RuS(CO)lo(glg—dppee) in THF. X-ray
diffraction shows that the complex is binuclear with a
cis-dppee 1ligand bridging the two metal atoms in such a
way that both phosphorus atoms are bonded to one Ru atom
while the olefinic double bond i1s coordinated to the
other Ru atom. Three carbonyl groups on each metal
complete the coordination as shown in Fig.65. On the
basis of these findings, a Ruj--+Ru,; donor Interaction
has been suggested. It nhas also been reported that when

this complex 1is reacted with dppm in hexane under



104

Me2p P Me2

| |

Fe———— Fe

C

0.
C

0]

Fig. 64
C =—2¢
/ /
(@)
c Phop Y\ /
\ / \&
ocC Ruy Ru, -CO
/ N
C O
o .
Fig. 65
Cc - (&
\‘ o
o Ph2P \\ C
C\ PhoP % /
//// 5
Ru Ru
OC CO
PhyP Pph,



105

refluxing conditions, a yellow complex was isolated and

d, on the basis of elemental analysls and

gl

characteriz

el

spectroscopic data, as Ru,(CO),(dppm) (cis-dppee) where
the dppm 1ligand also occupies a bridging position as

shown in Flg.o66,

Several bimetallic complexes, listed in

Table.[71], have been reported from this subgroup.
For example, Laggo QE;QL.EDS reported that a rapid and
specitic ring opening reaction occurs when trans-

0sCl,(dppm), is treated with Rhy(C0)4Cl, in methylene
chloride in a 1:1 molar ratio forming the orange complex
OsRh(CO),Cly(dppm),. Treatment of this with a variety of
reagents, such as LiBr, Nal, NaNj, KSCN, produce
complexes of the type OsRh(CO) ;,¥,X(dppm) 5 where
X=Br,I,N3,53CN and ¥=Cl. An X-ray structural determination
on the complex where Y=Cl and X=Br reveals that the dppm
and CO ligands bridge the two metal atoms, the Br atom is
coordinated to Ru and the two Cl atoms are coordinated to
0Os as shown 1in Fig.67. However, addition of a 1large
excess of LiBr or Nal (30 fold) in boilling methylethyl
ketone resulted 1in the formation of comnplexes where
X=Y=Br and X=Y¥=1I, respectively. All of these complexes
are presumed to have similar structures, as shown In

Fig.67.
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In contrast, the reaction between
RuH, (dppm) o and [RhC1(COD)], in toluene at room
temperature yYields the heterobimetallic complex

RuRhHZCI(COD)(dppm)Zaaﬁ. Treatment of this complex with
CO results in the formation of RuRh (CO) 3;C1 (dppm) 5 for
which spectroscoplc studies suggest that the dppm and at
least one CO are bridging. The proposed structure 1is
shown in Fig.68, and has two CO groups terminally
coordinated to the Ru atom while the Cl1 1is terminally
bonded to the Rh atom.

Recently, Lin and Takats®"" have reported
that varying amounts of CO can be replaced by phosphines
in the bimetallic complex, FeRh(CO)g(CqHy). For example,
reactlon with one mole of PMeg or PPhjy produces
FeRNh(CO) 4(CqH5) (PR3y) (R=Me,Ph) but the use of two moles
of PMe3 or one mole of a bisphosphine produces
FeRh(CO)3(C7H7)(P—P) (P-P = 2PMe3, dppm, dppe, dmpe). A
single crystal X-ray diffraction study on the dppe
complex revealed that the CqHg group and one CO ligand
bridge the two metals while +two CO ligands are
terminally coordinated to the Fe atom. In addition, dppe
is bonded in a chelating fashion to the Rh atom as shown

in Fig.69. Similar structures were also suggested for the
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dppm, dmpe and PMej analogues.

Very recently, Jacobsen et.al.
reported that the reaction of Fe(CO)4(3i—dppm) with
Rh,(C0O)yCls, in a 1:0.5% molar ratio in benzene rapidly
torms FeRh(CO)gCl(dppm). The i.r. spectrum shows only

terminal carbonyl groups as confirmed by single crystal

X-ray diffraction which revealed that the two metal atoms
are bridged by a single dppm ligand, as shown in Fig.70.

A netal-metal distance of 2.6994 suggest

]

2 the presence of

w

a metal-wmetal bond which 1z thought to be largely of the

donor-acceptor type viz.Fe---=Rh.

In contrast, the reaction ot Fe(CO)4(ni—
dppm) with PtX,(COD) (X=Cl,Br) produces
FePt (CO)y4Xo(dppm), the i.r. spectra of which indicate the
presence of both terminal and bridging CO ligands. An X-
ray dittraction studyz?; on the Br complex shows Chat the
molecule has the structure shown iIn Fig.71. The metal-
nmetal distance of 2.647 A, is consistent with the
presence of a nmetal-metal bond. There appears to be a

very weak interaction between the Pt and the CO, {(i.e.,

the CcCo 1

W

best described as a bridging ligand) and this
is «consistent with the position of +CO at 1860cm” . The

bponding between Fe and Pt is unusual and is largely ot
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the donor acceptor type, viz Fe = Pt. Thiszs appears to be
the only reported example so far of a crystal structure
of a bimetallic complex containing a Fe-Pt bond. The same
authors have also reported that treatment of Fe(CO)4(:l—
dppm} with PdCl,(PhCN), results in the formation of a

complex characterized, only in solution, as

-
<

FePd(CO)4C12(dppm). Similarly, treatment of Fe(CO)4(ﬂi—
vdpp) with Rho(CO)4Cl,; yields FeRh(CO)gCl(vdpp), believed
to have an analogous structure to that of

FeRh(CO)gCl(dppm), shown in Fig.70.

_____ reported that
when a solution of Fe(dmpm)z(nl—dmpm) in THF is treated
with Cr(CO)y wundexr U.V. irradiation over an extended

period of time, a red crystalline complex thought to be

Felr (CO)  (dmpia) ig obtained., However, ¥X-ray dlftraction
5 E 2 ’ b4

reveals " the presence of six CO groups, i.e. there are
two M(CO)3 wunits bridged by two dmpm ligands. The
geometry around the 1iron is distorted trigonal
bipyramidal while Cr is in a distorted square pyramidal
arrangement as shown in Fig.72. Electron counting
indicates 18 electrons at iron but only 16 electrons at
Cr, and the authors have suggested a donor-acceptor type
of interaction between the metals, viz. Fe--=Cr, might be

involved even though the Fe-Cr bond distance is qguite
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long at 3.111A.

Benson et.al,’ in an earlier study,
reported that on treatment of Fe(CO),(PPhyH) with
Co(CO)3(7-C3Hg), the Dbrown complex FeCc(CO)q7(FPhy) is
obtained. Spectroscopic data suggest that the PPh, group
symmetrically bridges the two metal atoms, and the
carbonyls are terminally coordinated as shown in Fig.32.
Similarly, reactions with Mn(CO),(m-Cs3Hg) give the
related complex FeMn(CO)3(PPhy), Dbelieved to have a

structure analogous to that shown in Fig.73.

T

= ae

Relatively recently, Coleman et.al.
reported that when {RuCl,;(p-Cymene)},(dppe) is treated
with Fe,(CO)g in benzene under refluxing conditions, the
yellow complex FeRu(CO)g(dppe) is obtained. Spectroscopic
studies suggest the presence of only terminal CC groups
and a bridging dppe unit, as shown in Filg.74.

Even more recently, Jacobsen et.al.’
reported that Fe(CO)q(nl—P—P) (P-P = dppm or vdpp) reacts
with Mn(CO)gBr in toluene at elevated temperatures to
produce FeMn(CO)4¢Brxr(P-P) (P-P=dppm or vdpp). Similarly,
when [Fe(CO)4(:1—dppm)] is treated with Mo(CO),4(nbd) in

benzene it forms an analogous orange conplex. An X-ray



112

8_ Py e
o
e | / N/

Fe Cco co
/ \
o® c

o)
c
o)
Fig. 73.

P P
c© c®
yd e
oC Fe Ru
AN VAN
Co ¢ ’ Co
C c
o o,
Fig. 74
P ]
o
o C
o
~ |
oC "Fe Mo co
N\, & |
o)
c “ C
o o



=y

dittraction study shows ~ that Fe(C0O)y and Mo(CO), unlts
are linked together by a single dppm bridge giving a five
membexred FePCPMo ring. The Fe-Mo distance of 3.0244
indicates the presence of a metal-metal bond as snown 1in
Fig.75. In order to satisty an 18 electron configuration
on each metal, it has been suggested that this is another
examnple where the metal-metal bond i3z of the donor-
acceptor type, viz Fe-->Mo. These authors also reported
that when CO gas 1s passed through a benzene solution of
FeMn(CO),(dppm), the yellow complex FeMn(CO)yBr(dppm)
results. When a solution of this complex in benzene 1is
treated with N,, it loses one CO molecule and reverts to
FeMn(CO),Br (dppm). Similarly, when FeMo (CO) 4 (dppm) is
treated with CO gas in methylene chloride solution over

an extended period of time the complex FeMo(CO)g(dppm) is

formed which was characterized only in solution.
1.3.7. Co, Rh and Ir:

Again, a large number of phosphine-
substituted carbonyl complexes have been prepared from
this subgroup and representative examples of these are
listed in Table [8]. These complexes can be conveniently
generalized by the formula [M(CO)S*nYnI+ where Y=

phosphine and n=1-4.



114

Table [81.
Complexes Metal Method of syntheses and comments ref
MLX(PR,) 5 Co,Rh, c,DP X=H,D,Cl,Br,I;R;=Me,,Phy,MePh, 319,320,330,
Ir Gb-c 334,321
322,330,
339
[ML(PR4) ,112] Co pP,ce z=Cl,Br,I,BPh,;R=Me,OMe 323,324,335
[ML(PPh4) 51021 Rh,Ir G Z=C10,,PF,BPh, 325,327,328
MLX(PR,) , co,rRh, abP,c x=C1,Br,1,Cl0,,NCO,NO,,CN,N; 328,329,330,
Ix H,D NCSe,C8H13;R3=He3,Et3Ph3, 331,332,320
ButMe,, BubEt,,Butpr,”, Butau?,, 333,340,
Bu®,Et,But o™ 341
ML(Cp) (PR;) Co,Rh  HP R=Ph 335,336
Ir 338,337
(ML(Cp)X(PR3)1(2] Rh,Ix HE X=Me ,Et,CH,CN 342,343,
z=Cl1,Br,1,BPh, 338,336
ML, (PR3] ¢ co,Rh  aP,c R=Bu",Ph 344
ML, (PR3), Co,Ir  €,D, R4=Ph, MePh,, (OMe)3, (OEt) g, 335,345,
H,F® (OPh) 5,X=H,D, m-C3Hg, Bz, I 347

MoLoXp(PR4) Rh H X=EtOH,CHC1,,Cl,Bz, I 342,334,



ML, X, (PR,)
[ML,(PR3)31(Z]
MLHX, (PR5), (PR5),
[ML,X,(PRy) ,1(Z]
ML,X(PR4)

ML X, (PR5)

(ML, (PR5)51(Z]
[ML;(PR5),1(2]

ML3(PR3)

M2L3X(PRh3)

MoL 4 (PR3) 4
MyLg (PR5) 4

M2L6(9R3)2

M2L7(PR3)

(ML (P-P),1(Z]

IM,LXY(P-P}1LZ1_
<«

MLX(P-P)

Ir
Co,Rh

Ir

Ir

Co

Co,

Co,Rh

Co,Rh

Co,Ir

Rh

Rh

Co

Co,Rh

Co,Rh,

Ir

Rh

Rh
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c,GP,

Ie

A,E

R=Ph

X=Br,I;R=Fh

R=Me ,Et,Ph;Z=BPh,
X=H,Cl,Br
R3=Me3,Et3,Me2Ph
R=Ph;X=H; 2=PFg4
X=H,MeCO,C5F5,SnMe3,C104,C1,
Br,I,R3=Me3,Ph3,(OHe)3,
Ph(OE)Z

X=Cl,Br;R=Ph
R3=(0Me)3,MePh2

Z=CIO4

R=Me ,Et,Ph,NMe,
Z=BPh,,PF,Cl0,
X=SnMe3,SnPh3,MeCO,CONMe2
R=Ph

X=CO0 Me,COzEt

2
R=Ph

R=Me,Et

R=Me,Et,Buf!,Rh, (OMe),Ph

R=BuM,Cy,Ph,OMe,OEt ;OPr !
P-P=dppm,dppe,dmpe,dppp,dppb
z=Cl,Br,I,BF,,BPh,,Cl0,,Pz
{S,P(0Ph) 5}, {S,PCy,}
P-P=dppm, X=Y,Br,I;X=Bx,
Y=502;Z=Er;a=0,l

P-P=dppm, dppe

346

347

324,325
341

347
323,319,347
335,324,
350,328

335

335,325
324
324,325,
335
327,349,
351

352

353,329,

354,334

349
355,349
344,353,
356

357
358-363,
368,338,
335,385

364-367

361,14,



MLXZR(P—P)Z

MZLXZY(P_P)Z

MLXX Y(P-P)

ML,X(P-P)

[M2L2X(P—P)2}[Z]

HZLZX(P—P)Z

[M,L,X,R,(P-P)1(Zal,
MZLZXZ(P—P)Z

MZLZRZ(p—P)

[HzLZXR(P—P)ZJEZI

M Lp(P-P)y
MoLoXoR(P-P) 5
[MyLX3(P-P),1(2]
MoLoXg(P-P) 5

MyL X 4R(P-P) 4

(MoL4X(P-P) (2]

M2L3(P‘P)2

EM2L3XZ(P—p)2][Z]2

Rh

Rh

Rh

Co,Rh

Rh,Ix

Ir

Rh

Rh

Rh

Rh,Ix

Rh
Rh
Iz
Rh
Rh
Co,Rh

Ir

Co,Irx

Ir

[MoL 43X (dmpm) (dppm) 1 {Z]1Co
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cC,E

H

E,H®

g O I
v T o

m

IC

o J

X=Cl,Bzr,Cp

P~-P=dppe,dppp; X=Cl;R=H
P-P=dppe;X=Cl,I

Y=C234,C1
P-P=dppe; X=Cl;X =I;Y=COMe
P—P=dppm,dppe;x=l,C2H4,PhC2H4
C6F5,5y9h3
P-P=dppm, X=H, S, SH, SEt, SCH,Ph,
Se,OH,Cl,PH(CY);2=BPh,,PF,,
Rh(co)zcl2

P-P=dppm; X=0HC1l

P-P=dppb;X=Cl,Br,I,Me,CH,CN,

405

361

380,

382

361
369,370,
345,368
366,371-

375,388

388

404

HgClz,Z=Cl,Br,I,PFS,BPhq,chlz;a=2,3;

P-P=dppm,dppe,dppp,dppb
X=Cl

P-P=dppb;R=Cp,Cl
P—P=dppm;X=S,Cl;R=SO2
2=BPh,, IxL,Cl,
P-P=dppm
P-P=dppe;X=Cl;R=C0OD
P-P=dppm;X=H;2=C1,BF,
P-P=dppe;X=Cl
pP-P=dppe;X=Cl;R=H
p-P=dppm;X=H,S5,Cl,I
Z=I,BPhy,BF,,PFg,Ir(CO),Cl,

;I(CO)zClz

D-P=dppm
P-P=dppm; X=MeCN; Z=BF 4

L=a=1

361,14,
376
404,405,
366,371,
376

368

361

386

361

361
377,371,
368,374,

387,388

377,388
388

377



[M2L4(P~P)2][Zln

(MyL4(P-P)51(Z]

[M2L4(P‘P)2

[MyL4X,(P=P) 51021,

[MoL 4X(P-P), 102},

(MoLg(P-P),10Z1,

MyLg(P-P)

(MyL3X(P-P)51(2]

MoLgX4 (P-P)

Complexes

MM LRX(dppm) 5

(MM LR(dppm),1(2Z]

MM L,RX(dppm) 5

[MM’L3X(dppm)2][Z]

MH'LXz(dem)z

MM‘LX3(PthpY)2

MM'@XS(Pthpy)Q

co,

Co
Ir

Rh

Ir

Ir

co

Rh

Co

Ir B8,

,Ir 9,1
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F-P=dppm,dmpn

Z=Hg,Cl

n=0,1
P-P=dppe;Z={Co(C0J 41,
P-P=dppm

p-P=dppm;
X=I,H;2=BF4;a=0,2
p-P=dppm,dmpm; X=C1l
Z=BFh4,S05CF3;n=1,2
P-P=dppm; Z=BF 4

p~-P=dppm,dppe,dppb

P~-P=dppm; X=Cl

P-P=dppe; X=CgFg

Bimetallic Complexes:

Comments

M=Ir
M'=Cu,Aq
M=Ix
M'=Aqg,Au
M=Ir
M'Rh
M=Ir

'=Rh

'=Ag
M=Rh

R=PhC=C
X=C1
R=PhC=C
Z=Cl1,BPh,
R=PhC=C
x=C1

X=Cl

369,378,

390,331

378
388
373
388
371,390,
391
388
379,378,
383
383
384

Ref

406

406

406

406

406

407

4068



Otsuka and Rossi

Co(CO)(CgHy3)(CgHy9) reacts with several phosphines

in toluene at low

complexes
complexes react

temperatures to

Co(CO)H(PE3)3. The

were prepared

>

hydrazine = The

form®** when trans
in
In addition,
refluxing ethanol

tormaldehyde

turther treatment with NaBH, , gives the hydrido

Rh(CO)H(PPh3)3.
deuterium

latter, producing

study’

e
WA

a trigonal bipyramidal geometry with all three

groups

carbonyl groups.

for the Co and Ir complexes. ’

through

CO(CO)(C8H13)(PR3);

further with

the presence of PPhj,

treatment

yvields

Hydrogen-deuterium exchange occurs

is passed through the benzene solution of

Similar structures have beéen

a suspension of Rh(CO),(PPhjy)j
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520

have reported that

(PRs)

temperature, producing the dark brown

(R=Ph,0OPh,MePh,). These

free ligands at elevated

produce the hydrido complexes

th

hoh
I
iy}

of

i
T

Rh and Ir analogueg

i
—

hydrid

i

21
o g

reducing

by M(CO)C1(PPhy), wi

Rh analogue has also been reported to
NaBH4

in refluxing ethanol solution.

of RhCl;.3H,0 with PPhy in

followed by the addition of aqueous

which on

complex
when
the

Rh(CO)D(PPh3)3. An X-ray diffraction

on Rh(CO)H(PPh3)3 revealed that the molecule has

phosphine

hydride and

suggested

32 1

)
ta

When CO gas is passed

in c¢yclohexane,



119

the yellow, dimeric complex [Rh(CO),(PPh3),1, 12 formed.
However, when solutions of Rh(CO)H(PPhy)3 are treated
with CO followed by concentration with molecular
nitrogen, the red complexes [Rh(CO),(PPh3),(S) 15
(5=EtOH,CH,Cl,) are obtained. Simlilarly, treatment of a
benzene solution of the ethanol solvate with molecular
hydrogen, or alternatively by stirring Rh(CO)H(PPhjy)3 in
benzene solution under N, gas over 24 hrs. followed by
vacuum concentration, produces the orange complex
[Rh(CO) (PPhy)51,5. A four-center transition state has been
suggested as being involved in the formation of <this
complex as shown in Scheme.I. Furthermore, it was noted
that on treatment of this orange complex with CO in the
presence of PPhj, the closely related, vellow, dimeric
complex [R}'l(CD)Z(PP}“13)2]2 iz obtained. This iz also

s
=32

reported to form when benzene solutlions of Rhg(C0) g

4

are treated with PPhj under a slow stream of CO gas. I.r.
spectroscopic data show the presence of both bridging and
terminal CO groups and on this basis, the structure
shown in Fig.76 has been propesed. The wvariety ot
interesting reactions which this species undergoes 1is
illustrated in Scheme II.

Klein and Karsch- -~ reported that

reactions of CoX(PMej3); (X=Cl, Br, I) with CO gas underx
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i
different conditions yield either the red complexes

characterized

as Co(CO)X(PMeg)y having structures
analogous to;that of Rh(CO)H(PPh3)3,EEE or the neutral
dicarbonyl chplexes Co(CO),X(PMe3), probably having a
trigonal bip;tamidal geometry with axial PMej ligands.

|
Treatment of| Co(CO)X(PMejz)3 with more PMey at ambient
|

temperatures over extended periods of time yield the

!

cationic conlexes formulated as [Co(CO)(PMeg) 41121

(z=Cl, Br, Uﬂ with a proposed square-pyramidal geometry
I

with CO being in the apical position.
[
r

f
2[Rh(CO)H(PPh3)1 ==+ [Ph3P--Rh....... Rh--PPhj]

f +2PPhy + -H,

!
! |
OC---- Rh ---- Rh ---- CO
| I

Scheme ([(I].
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H

|
[R%(CO)Z(PP}I:g)ZIz &
!

Yellow co
- Hz
y)

[Rh(CO),H(PPhy) ]

v

[Rh(CO)H(PPhy) ;!
&

2 | 3 ?
W) 4
CO 3} ‘UQ
A\ 4 = gb//H

[Rh(CO) (PPhy),51, —--= [Rh(CO)(PPh3),]

; \\\\\\x ///;2 - Orange
/- [Rh(CO)H(PPh3)2]

5 PPhS.H2
| Scheme [(II].

1 Perchlorato complexes of all three

metals have been prepared. For example, treatment of

—

M(CO)CI(PPhb)Z (M=Rh, Ir) with AgClO, in the absence of

:
light reszults 1In the formation of the complexes

-
" A=

w

characterizLd as M(CO)(Cl0y,)(PPh3), +where ClOy is

|

coordinated with the metal via a covalent metal-0Cl0O,

|

linkage. fhese react further with PPhs to form the

tetragonal| cationic complexes [M(CO)(PPh3)31[ClO4l. On

|

|

the other #and, treatment of Co(CO),Cl(PPh3), with AgClOy,
|

under similar conditions gives five coordinated

CO(CO)Z(CIP4)(PPh3)2 complex. These complexes present
|

. . . 1 . ,
apparently the first examples cf M (dg) percihiorato

|

complexes!0£ the transiticn metals.

|
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K Carbonyl phosphine complexes
incorporating /the cyclopentadienyl group of the type

M(VO)(Cp)(PPh3P,(M Co,Rh,Ir) are known. For example

Oliver and Graham = have reported the synthesis of the
Ir compound f reaction Dbetwee I¥r(CO)Cl(PPh3), and
Na(Cp) in benzene under retfluxing conditions. Solutions

|
d
|
of RhCl(PPhjy) 3 react with CO to form, firstly, the yellow
RhC1 (PPh3y), c%mplex which reacts with Na(Cp) to form the

orange Rh(CO)(Cp)(PPh3) The analogous cobalt complex can

LJ

be prepared by treating Co(CO),(Cp) with PPhy 1In

hexane under

|
a?°’
|
4

retluxing conditions, over an extended
period of time.

Csontos, Heil and Marko -

/ reported that
CO can be r!pldced by PPhjy in carboxylate .complexes of
Rh. Thus, w%en a hexane sclution containing Rh(CO),(RCO4)
(R=Me, Et)!is treated with PPhjy, a dark brown complex,
formulated ?n the baslis of spectroscopic evidence as the
unsymmetric%l dimer shown in Fig.77, is formed However,
with an Excess of PPhjy, the yellow disubstituted

!

mononucleaﬁ complex Rh(CO}(MeCO,)(PPh3), is formed.

Yamamoto gg;@;.ﬁdg reported that when CO

gas 1s passed through a m-xylene solution containing

Co(C2H4)(P?h3)3 at 1low temperatures, a reddish-brown
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|
I

complex 1z obtalned. Analytical and spectroscople data
|

hel]

suggest that /the complex is dimeric with the tformula
[Co(CO)3(PPh3)}2. In addition, when a CoH(N,)(PPhjy)j
solution in to}uene is treated with CO,, a brown dimeric

[
complex [Co(CO)(PPh3)3]1, 1is obtained. This complex
|

exhibits a ﬂCO band in the i.r. spectrum at 1877 em™

consistent wiéh bridging €O ligands,
[

|
|
| As expected, COD is readily displaced Dby

E
= =

CO from comblexes and, indeed, Schrock and Osborn

reported thaq treatment of [Rh(COD)(PPh3)2}{BPh4] with CO

gas 1in aceﬂone, yields [Rh(CO)3(PPh3)},1[BPhyl. This
|
complex «can| also be prepared more conveniently by

treating {Rhﬁnbd)(PPh3)2][BPh4] (nbd=norbornadiene) with

molecular hyérogen in acetone followed by the passage of

|

CO gas. Copalt and iridium analogues have also Dbeen
J

reported.’ :ﬁ It has also been reported that these
|

complexes %ose CO slowly in the solid state but very

readily in %olutlon For example, solutions in DMF, DMA,
|
i

MeCN or acetone evolve co and the complex

{Rh(CO)S(PPhS)ZJ(BPh4) can be 1isolated (S=coordinated

I
solvent). lThe lability of two CO groups results in the
I
l

reaction of [Rh(CO)3(PPhy)o1[BPh,yl  with nbd, 1,3~

F

butadiene @r PPhy to form [Rh(CO)(diene)(PPh3)2][BPh4]
!

or [Rh(COP(PPh3)3. I£ the PPh3 reaction is carried out

.f
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under a CO atmosphere, Rh(CO)Z(PPh3)3, having a trans-

. f
trigonal bipyqamidal geometry, 1s produced. The most

|
interesting E?ature of these complexes 1s the extreme
J
lability in theilr sclution chemistry. Thus, in solvents,
oletin, phasphine and CO compete for, and exchange at,

|
|
sites  on the three-coordinate  [Rh(C0)(PPhy),1[BPhy]

|

moiety, forming a wvariety of 4- and 5- coordinated

species,
} It was further noted that the complex

[Rh(CO)Y(PPh3/)2]+ (Y=1,3-butadiene) exhibits two bands in

its i.r. sdectrum in the s0lid state as well as in
solution. T7e occurrence of three resonances in the lH
n.m.r. spectrum suggests the presence of two

|
energetically similar 1isomers in equilibrium in solution.

However, thé presence of two peaks in the 31? n.m.xr.

|
spectrum iw%icates that the dynamic process observed in

| - .
the proton: spectrum does not result from a phosphine
|
dissociation process.

|
|

i

)

-

have

described ithat treatment of COZ(CO)B with PPh3 in Nujol
I
|

solution results in the formation of the monosubstituted

derivativefCoz(CO)7(PPh3), which can also be prepared by

reacting Céz(CO)6(PPh3)2 with CO gas in hexane. The i.r.
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!
spectrum shows jonly bands in the terminal +CO region and

the Structurﬁ shown in Fig.73 is therefore proposed.
|

Howevcr, in ¢oncentrated solution, the 1.r. spectrum
|

shows two additional weak bands in the bridging «CO

|

ting that, under these <conditions, the

!

complex is 1in bquilibrium with a low concentration of CO

region sugges

bridged isomerls.

i
f

| R

; Recently, Carriedo et.al. " have

| . 5 . . < .
reported a very interesting reaction in which an ethanol

solution of CP(II) chloride was treated with NaBH4 in the

presence of 4?h3 and (PBzPh3I]Cl under an atmosphere of CO
i

gas resulting in the formation of a yellow-green complex,

formulated | as [Co(CO),Cl,(PPhy) 1[PBzPhj]. The
correspondiné bromide was prepared from CoBr, and
(PEtPh3]Br. jIn contrast, a similar reaction with Co(II)
lodide an# [PEtPh3]I vyielded Co(CO)I(PPhB)z. No
structural details were given. These authors also

|
[
reported tﬁat on passing CO gas through the ethanolic
|
!

solutions ~of dimeric or polymeric complexes
[CoX(PPh3)2f]n (x=Cl1,Br,I}), the dicarbonyl complexes
!
|
Co(CO)ZX(Pﬂh3)2 are obtained. Moreover, when

CO(CO)ZCl(th3)2 is treated with Mg(CgFg)Br in THF

solution an orange crystalline complex is obtained; this

P 24

2

can also ﬁe prepared by treating = Co(CO) 4(CxFg)  with

J .
I
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PPhy in hexane, solution, and it has been characterized,
!

largely on the basis of analytical and spectroscopic
data, as Co(CO#
|
|

2(CgFg) (PPh3), with a trigonal bipvramidal

geometry.

| A‘large variety of structural types has
been prepared,;using bisphosphines, from this subgroup.
Thus, Carrieqo QQL@L.GES reported that treatment of a
Co(CO)zcl(PPh%)z solution with T1Cl04 in the presence of
dppm orxr dpﬁe gives orange crystalline complexes,
formulated a% (Co(CO)(P-P),1(Cl0O,) (P-P=dppmn, dppe) .
N.m.xr. data !on the dppm complex 1indicate that the
molecule iq non-rigid in solution, and an X-ray
diffraction ;study shows that both dppm 1ligands are
coordinated /in a chelating fashion. The geometry around
the metal isgdistorted trigonal bipyramidal, with the CO
ligand beingzin an equatorial site. It has been suggested

-

earlierx ;that distortion occurs due to the expected

=

(3]

requirement# of the dppm bite angle being smaller than

the 907 in the idealized trigonal bipyramidal geometry.

)!
This was cbnfirmed by the cyrstallography results which
l

found a value of 73.1 . The rhodium analogue has also

F=3
=

been };)IeL:)“r(:;cT35 by passing CO gas through a CH,Cl,

solution ‘containing [Rh{(dppm), 1B, The analogous

DR

iridium-4d B complex has been reported to formé when
Ppp p

|
|
i
|
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.
1
Ir(CO)Cl(PPh3)Z 1s treated with dppp at low temperature,

I
[

giving [Ir(CO)quPP)Z][Cll.
!

|
|

( In contrast, the reaction between
[NBun4]{Ir(CO)PIZ} and dppp under CO gives two
Complexesg?g; fthe colourless Ir(CO)I(dpppl,;, with a
single vCO / band at 1930cm”’ and analogous to

| s
Ir(CO)Cl(dppe)2,14 and a bright yellow, monomeric complex
r

which shows t%o +CO bands in the terminal carbonyl region

and a Single!resonance in the 31

|
structure shown 1in Fig.79 has been proposed for the

P n.m.r. spectrum. The

vellow compl#x. A benzene solution of this complex reacts

with Hjp toi give a colourless complex formulated as
I

Ir (CO)H5(I)(dppp). The bromide analogue has also Dbeen
!

prepared. |

L On the other hand, treatment of [NBun4]
[Ir(CO)iXZ]K (X=Br,I) with dppe gives the orange
complexes I%(CO)X(dppe) which, in solution react rapidly
with hydrog%n forming the colourless, mononuclear hydride
species IrﬂCO)XHZ(dppe) with the proposed structure as
shown 1in ;Fig.80. It was also noted that Ir(CO)}X(dppe)

{X=Br,I) r%act with C0O, giving the dicarbonyl complexes,

r
analogous to the dppp product as shown in Fig.79.
I

n

za

Espana et.al. earlier reported that
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!

when Co(C6F5)2kdppe) 1s treated with NaBH, under a CO

|
atmosphere, Whe orange complex Co(CO) 5 (CxzFg) (dppe)

tormed. These duthors also reported that the reaction of
I

Co(CO) 4 (CxFg) ﬁwith dppe gives a dinuclear complex,

showing +CO ba%ds in the terminal carbonyl reglon of the

i.r. spectrum! and a singlet at =71 in the 31? n.m.r.

spectrum. Thﬂ complex was formulated as Co,(CO)g(CgFg)s

|
(dppe), wher? the dppe ligand bridges two Co(CO)3(CgFg)
I

units.

|
|

Relatively recently, Faraone et.al.’”"

reported thalt treatment of benzene solutlons containing
Rh(CO),(Cp) ith dppb under refluxing conditions followed
by column chromatography, yields an orange complex

which was t$oroughly studied by spectroscopic and X-ray

|

methods and, which consists of two Rh(CO)(Cp) units

|

bridged by a{single dppb ligand. The coordination around

I

each Rh atom is trigonal with the «c¢oordination position
[

being occ%pied by the centre of the Cp ring, the

phosphorus %nd the CO group, as shown in Fig.81.

|

j In contrast, when Rh(CO),(Cp) 1s treated

[

with dppmf in refluxing heptane, the yellow orange
|

_‘.‘!'
monomeric complex

f

ray analysﬁ~ shows that the dppm ligand 1= bonded through

i

41

£

Rh(CO){(Cp}) (dppm) 1is obtained. An X-

|
|
f
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!

only one P ato@, thus presenting the first exawmple o0of a
complex from ths subgroup in which the dppm 1ligand is
coordinated i% a monodentate fashion. The coordination
around the R% atom can again be described as either
trigonal or pe#tagonal based upon the arguments presented

for ha(CO)Z(hp)z(dppb). These authors noted that the
|

reactions aimﬂd at utilizing the uncoordinated P atom of

dppm in atteméts to make binuclear, dppm bridged species,

!
| s
may not be su?cessful due to steric reasons. In fact, no

changes occur;when this complex is refluxed in heptane orx

when it is re#luxed with Rh(CO),(Cp).

Another interesting Rh complex has Dbeen

274

reported b} Balch et.al. The reaction between

Y Baieh ek-al
ha(CO)4(MeC¢2) and dppm in benzene, results in the

I
formation Ff the red complex Rh5 (CO) 5 (MeCO5) (dppm)

|

which, on ;the basis of spectroscopic data, has Dbeen
j

assigned the structure shown in Fig.82.

|

j
; Sanger15 reported that when solutions of

Ir2C12(COD);are treated with dppp under a CO atmosphere,

a yellow cohplex is obtained. This same complex can also

!

be prepargd by the reaction of IrClj, with LiCl under 40

Psi CO pressure in the presence of dppp at elevated

|

temperatur¢s. The complex has a single band 1in the

|

!
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terminal +CO |region in the i.r. spectrum and a single

resonance 1in P n.m.r. spectrum. On the basis ot

these resultsf together with analytical data, Sanger

proposed the formulation Ir,(CO),Cl,(dppp)y in which the
f

dppp ligands b%idge the two metal atoms and in which the

I

!

CO groups are Frans to each other. However, a very recent

X-ray diffra&tion st:udy:3

|
|
actually cons%sts of two planar Ir(CO)P,Cl units bridged

-
T oL

revealed that the molecule

l
by dppp 11gan@s forming a 12 membered ring. The Co and Cl

|
groups are in a non-parallel, cls-geometry as shown 1in

|

Fig.83, thus| minimizing coupling between the two CO

|

groups, cons/istent with the single +CO band in the 1i.r.

f
1
spectrum. /

The corresponding complexes with bromide

—

T
33

and iodide have also been reported. '~ The latter is made
by simply rgxchanging iodide for chloride in the above
complex aAd the former by the reaction between
[Ir(CO)zBrzj[NBun4] and dppp in acetone from which CO gas
is evolvea. Both complexes are believed to have
structures jsimilar to that of the «chloride, although
there are! slight differences in the i.r. spectra. For

example, the bromide complex shows two i1.r. bands in the

terminal c¢arbonyl region while the iodide complex shows
|

only one., Both have a single resonance 1in thelir 31
!
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n.m.r. spectra consistent with bridging dppp ligands.

|
! .
| These complexes undergo ready oxidative
|

addition of Hzfat 1 atm. in CH,Cl, solution producing two

|
complexes, theftetrahydrides IrZ(CO)2X2H4(dppp)2 and the

~ ——

! 272 =T
dihydrides IrzﬁCO)ZXZHZ(dppp)z.“ Y An X-ray crystall-

|

ographic study|/ on the former reveals the presence of cis-

hydrides on (each Ir(III) as shown in Fig.84. On the

other hand, tHe structure of a dihydride complex as shown

l
in Fig.85 clearly shows the presence of four and six

|
coordinated Ir(I) and Ixr(III).
l

Another tetrahydrido complex of iridium
I

Ir,(CO) H4(d§pm)2, has recently been prepared by McDonald

bQ the reaction between Ir(CO)Cl(dppm), and
J

!
NaBH, wunder! a H, atmosphere. An interesting reaction

!

occurs whenfCHCl3 solutions of this complex are stirred
under an a&mosphere of Ny gas. The resulting golden

yellow c&mplex, [Ir(CO),H3(dppm),IC1, has the

unsymmetric#l structure shown in Fig.86, consisting of

J
two significantly different <coordination geometries

I

around each/metal atom.
|
f Earlier, Sanger14 reported that reactions
|

between RhE(CO)4C12 or Rh,C1,(COD), and dppm yield the
|

dimeric complex Rh,(C0),Cl,(dppm),, which on the basis of
/
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spectroscopic data 1s Dbelieved to contain two dppm
ligands Dbridging two Rh(CO)C1l units. The corresponding
dppp and dpﬁb complexes have also been prepared

similarly, although the analogous <reaction with dppe

gives the lmonomeric complex characterized as
!

Rh(CO)C1 (dppe) -

interesting asymmetric rhodium dimers
have Dbeen pﬁepared by reactions of either SO, or CgNy

with ha(co)zélz(dppp)z. The yellow complexes so obtained

(e S

have been ! characterized spectroscopically as
f

ha(CO)2C12L2“dppp)2, (L=S05,CgNy4), in which both L

groups are coordinated to only one Rh atom, and the P

|

I
to the otherfas shown in Fig.87.

King and coworkers =~ have prepared some

ut

novel metal~ko~phosphine complexes using MeN(PF5),, which

is clearly #elated structurally to dppm. For example, the

reaction @etween Co,(CO)g and MeN{(PF5), at low
r

temperature% followed by chromatography gives a dark

purple colobred complex. X-ray diffraction data shows it

to be metah—metal bonded with three Dbridging MeN(PF,),

ligands and terminally coordinated CO groups as shown 1n

Fig.88. When this complex 1s exposed to U.V. irradiation
[
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in the presence;of dppe,id; a purple-brown complex can be
separated Dby ;Column chromatography from the resulting
mixture. Thi% complex has been spectroscopically
identified as ﬁhe product shown in Fig.88 in which one CO

group has beén replaced by a dppe 1ligand coordinated

r
through only one P atom.

The related ligand, MeN{P(OMe),}, also
J
reacts with Co,(CO)g at low temperatures, producing the

violet-brown jcoloured complex Co0,5(CO),4(MeN{P(OMe)sis)s.

|

X~-ray difEracFion reveals ° that the molecule is dimeric
P

and the metal-metal bond is supported by two bridging
|
|

bis-phosphin# ligands. In addition, each cobalt has two

terminally b?nded CO ligands, as shown in Fig.89. In this

complex it 'is interesting to note that, in the same

|
!
!
molecule, twp identical atoms with identical ligands have
different ckordination geometries. One of the cobalt

atoms has aflocalized trigonal bipyramidal geometry while

the geometry of the other Co atom approaches sqguare
|

pyramidal. fHowever, 319 n.m.r. sSpectroscopy shows a
j

single resonance in solution, indicating eguivalent

[
phosphorus atoms. It has been suggested that the molecule

!
is a ster#ochemically non-rigid system in which the two
cobalt atom and the phosphorus atoms became equivalent in

solution én the n.m.r. time scale through a fluxional
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process. Very recently, a mechanism has been

O, 3% : s i
foxr this fluxional process in the

proposeds? f

|

analogous iridyum complex Ir,(CO),4(dmpm), which involves
|

bending back og the two cis-phosphorus atoms at M(I) with
r

a simultaneoué rotation of the two terminal CO ligands

toward the sidf which has the P atoms, to give a trigonal

bipyramidal gbometry at M(I). This is accompanied by a
|

squeezing of fhe two phosphorus atoms together at M(II)

from the phosphorus nuclel, imposing a tetrahedral

M(II). This has been described as a

:
along with rdtation of the two terminal CO ligands away
!
geometry ati

"windshield wﬁper" type of motion.

|

|

i S

f Relatively recently, Kubiak et.al.

have repoftéd that on treatment of Rh,(CO),Cls(dppm),
with N@BH4 ’in ethanol, the purple, metal-metal bonded
dimeric Rh(b) complex Rh,(CO),(dppm), is formed. This
reacts witthO gas to form a red-orange compound which
in the 1light of spectroscoplic =studies, has been

formulated jas the A-frame complex, Rh,(CO)5L,. A guite

different t§pe of product forms when Co,(CO)gq is reacted

with in dme, dmpm or dmdpra. The orange complexes S0

| ;
formed havegboth terminal and bridging CO groups and 3p
i

n.m.x. Spedtra show the phosphines to be bridging in the
I

|
proposed arrangement shown in Fig.90. The dppm complex
!
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!
reacts  wlth H# at 70 atm, and at elevated temperatures

I

resulting in thf cleavage of a P-C bond of a dppm ligand.

Thus, the green/ complex so formed has been shown by X-ray

|

crystallographﬁ to contain two bonded cobalt atoms

bridged by th%ee different groups, a PPh,, a dppm and a
|

hydride, resu%ting in a relatively longer Co-Co bond at

2.6374. The st#ucture is shown in Fig.91.

|

|
!
! In contrast, when Co,5(CO)g 1is treated

with dppe OJ cis-dppee followed by the addition of

4
i

|
NaBPhy, the r?sult 1is the formation of the tetra carbonyl

complexes,"L [Con(CO) 4(P-P)3]1(BPhy]l (P-P=dppe,cis-

dppee). On the basis of i.r. spectroscopy, it has been

suggested that these complexes have a structure in which

|

two Co(co)zqP—P) units are bridged by a P-P 1ligand as

_ [ . : .
ghown 1n Flg.92. More willl be =2ald about thls later In
the thesis. /

f
j

| Only a few bimetallic complexes have been

reported fr#m this subgroup. For example, Hutton, Pringle

4doa

and Shaw] have reported that treatment ot
[Ir(CO)(dpp%)Z]CI with CuC=CPh in boiling acetone glives
the red com#lex IrCu(CO)(PhCEC)(dppm)zcl. Low temperature
3lpn.m.r. s&ectra show an AA'BR™ pattern consistent with

|
dppm 1iganﬁs bridging two different metal atoms. The i.r.

!
|
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|

spectrum exhibifs two bands assigned to terminal +CO and
w{C=C) respecthely. X-ray diffraction confirms*~® that
the metal—metah bond 1is supported by two bridging dppm

ligands and tqat the coordination pozitionz around the

T
T
]

lridium atom #t. occupied by the acetylenic and co

|

groups while @ a C1 ligand is terminally bonded to the
copper as shown in Fig.93. The analogous gold complex is

also prepared ﬁimilarly. In related workADE, the iridium

| .
complex [Ir(ﬁO)(dppm)z][Cl} reacts with AgOAcPhC=CH to

give IrAg(CO)@l(PhCEC)(dppm)z, which further reacts with
|
|

NaBPh, to give [IrAg(CO) (PhCZC) (dppm),1[BPh,1. It has
f

also been repbrted that d10 metal ions in these complexes
can readily/ be displaced with other metals, in
transmetallaﬁion reactions. Thus IrM(CO)(PhCEC)Cl(dppm)2

{where M=Cu4Ag} reacts readily with RhZ(CO)4Cl2 in

methylene Chioride to give IrRh(CO)ch(PhCEL)(dppm)z. in

|

addition, [%r(co)(dppm)zcll(cll reacts with AuCl(PPh3)

|

in boiliné acetone to give the deep red
[
[IrAu(CO)Clddppm)zltcll which is isolated as the chloride

!
salt. Neu?ral complexes are formed with [AgCl(PPh3)]4

and €ucCl. g

f The same authors have also reported®™~
that on tre%ting IrAg(CO)ClZ(dppm)2 with ha(CO)4C12, two
complexes a&e formed which can also be obtained from the

|
reaction Jof [Ir(CO)(dppm)j][Cl] with RhZ(CO)4C12.

[
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However, when C& gas is passed through a solution of this
|

mixture, two prfducts are obtained, the major product has

been formulated as [IXRh(CO),Cl(dppm),]1[Cl] while the

minox product/is proposed to have the chemical formula

[IrRh(CO)zcl(dgpm)zllcll which has an ‘A trame'’

!
structure, where Cl is 1in the bridging position. This

|

has been ftorwmed probably by the loss of a CO group ftrom

[TXRh(CO),C1l(dppm),1Icl].
/

! It has also been reported®™ ™ that

|
[Rh(CO)(dppm)i]Cl reacts with [AgCl(PPh3)], giving a

complex formﬁlated on the basis of elemental analysis,

J
i.r. and n.m.r. results as RhAg(CO)Cl, (dppm),.
e
f
|
!

07

| Farr et.al.?

otnetallic  com

i
!

have reported another
interestihq bimetallic complex, Rth(CD)C13(PPh29y)2,
which 1is fo%med when Rh(CO)Cl(Pthpy)2 is treated with

Pd(COD)Cl2 [where Pthpy=diphenylphosphinopyridene]. An

X-ray diffrbction study shows that the Rh atom 1is six-

1 r = 3 .
coordinated |by two terminal chlorides, a carbonyl and, in

|
addition, 1is bonded to each of the two bridging Pthpy
|
units. The |second metal is approximately square planar,
!

and the metal-metal distance of 2.5944 1s consistent with
|

a direct meﬁal—metal bond as shown in Fig.94. It has been

suggested t%at the formation of this complex involves the

|
|
!

[



144

oxidative add}tion of a d8 Pd(II) complex to an
isoelectronic d# Rh(I) complex.
|
!
In another recent paper, Farr et.al.
that when ha(co)4cl2 is treated with

have reported

(
/
|
[
cis- Pt(Pthpy)éclz, a vyellow complex formulated £from

w

spectroscopic ) and analytical results a
Pt[(Pthpy) lb{Rh( )2C12} iz formed. On heating thisz
is convertedflnto RhPt(CO)Cl3(PPh2py) but, when treated
with hallde fions, 1t glves RhPt(CO)XS(Pthpy)2 {where

X=Cl,Brl. It! has been noted that oxidative addition

|

occurs only jat the Pt site and that the rest of the
|

binuclear complex rewmains intact.
|
[

i 1.3.8. Ni, Pd and Pt:

|
} A large variety of phosphine~-substituted

carbonyl com%lexes has been prepared from this subgroup.

These are Histed in Table [8], and can conveniently be

generalizedf by the formula [M(Co)n_xYx]z. {where Y=

phosphine; 1-3; n=4; =2=1,2). The majority of the nickel

ave been prepared by the direct reaction of

!
®=
!
complexes ?
!

the metal carbonyl with the ligand, although other routes
!

which mainpy involve reactions of substituted carbonyl

complexes !have also been explored. It is interesting to

!
|



Complex
ML(PR3)3

MLPF3 (PPh3),
MLXZ(PMe3)
MLX,(PMe 3)
[(MLX(PR3)31(2Z]

[MLX(PEt)51{2Z]

MLX(PR3)R”

[HLX(PR3)2][Z]

|
f
ML (PR4) (CF 3CZCCF 4

MLXR ™ (PR3)
MLX(PR3) R’

ML(PR3)3

[ML(PR3),R™1(2]

MZLS(PPh3)3

|
f
|
|
|
)
f
{

|
i

/Ni,Pd,Pt

|

|

|

Pd

' N1

/Ni,pt

|

Ni

Ni

Pt

Pt

Ni

Pt

Pt
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Table [91.

Condition of syntheses and comments

A,B,C R=Me,MePh2,p-MePh,Ph2CH2;OEt;OPh

F,G

B

X=Cl,Br,I
R=Me,Et,Bu,Cy,Ph, Me,Ph;MePh,,
Ph,Cy,X=Cl,Br,I

X=Cl,Br;2=BF,

R=Me

X=C1,NO;Z=BF4;PF6;C104

R=Bu,Cy,Ph,MePh,, But,Ph;

R =H,allyl,aryl;x=Cl,Br,I

R=Ph,PhMez,Ph2Me;Z=C104,PF6

ref

409-417,
7

4138

418
419,420

419
421-423,

155,424

431

432,433

X=Me,Et,PFs,C6C15;MeOC6H4;p-HeC6H4

p-0,NCgHy4
R=Ph

X=Aryl;R =R=Ph
R=p—Me2Nc6H4;x=c1;R‘=?
R=(Ph2)(p—PhOMe);(p—PhOMe)3
R=Et;Ph;R =H;Me;Ph

2=Cl04,5nCl,BPhy

434

428

431

435
7,417-419
422,424
436,437
427,438



ML2(9R3)2

ML2(9R3)2

ML, (PXR,) 5

MsLsX(PR3) 5

HL3(PR3)

ML3(PR3)

ML3(PXR2)

[MpLg (PR5) 1121

ML (dppe)dppee
ML (dppm) ;

HZLXZ(P‘P)Z

(M,LX(P-P),1(21,
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R=Me,Et,Bu”,EtCN,NMe,,F;Cl;
OEt, OPh

X=PhCH,,Et,Prl,Cl

R=BUZtPh;Ph;X=C12;C6H8

R=Ph

R=Bu®,OEt,0Ph;Cy, 4=-FCgH4; 3-FCgHy;

3-ClCgH4;F,Cl

X=But,SiMe3,GeMe3,SnMe3
R=But,SiMe3;GeMe3;SnMe3

Z=L1i(THF),4;R=Ph,Cy

P—P=R2PYPR2;R=Me,Ph
Y=CH2;X=C1,BI,NCO;OH,OPh
X=H,D,Me29y;Z=PFSBF4,I;n=l,2

p-P=dppm,dppe,dppp,dppb

7,439-
442,444
-446
472,477
413,447
450
413,447
450
427,451
412,413,7
444,446,
446,449,
472,478
416,7,449
452,453,
454
453

455

446,456
457
26,458,
459
458,460,
-462

463



[MZLZX(dppm)zltzlz
HLz(P*S.Et)z

HLz(P’P)

Hsz(dmgm)3

H,L3(P-P) 2

MoL4(P-2)2

H2L6(9~?)

Complexes

N1

(MM X, (dppm) o121,

ab, s,

also
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'Z.=PF6
X=ﬁe2;Z=BF4

p-SEL=Ph,P(CH7}SET

?—9=dmpm,dmpe,depe,dppe,dppee

dPPPrdPPberPP

P-P=82919R2;R=Me,CZﬂs,gh,C32CHCN,

F,Y=C33N,CSH4,O-CsHé;n=l,2,3,4

p-p=R,PXPR;R=CF3;F;ED

X=NH,NCHB;S,O,C32

P—P=R2PXPR2;X=0,(CHZ)Z
R=CF3,C255
P‘?=R2PXPRZ;R=C255;C32CH2CN

X=(Cﬂz)

Bimetallics Complexes:

Comments

M=pt=pt;M =pd;X=Cl
n:?d;n‘zah,xz;x=(cchn)
z=c1,2=1

M:Et,?d;ﬂ’:?t,?d;x=c1

M:pt;n’zah;a=czne,(cloa7)2,

xcsuf;z=pys;apn4,ah<ca)2c12

b=C,

Re

496

501

4812
483

495

464
461
4438
439, 446,
465,466
469,472
474,162
162
467,468
469,475,
476
466,463,
470,472

466

, 437

, 494,



MM L3 (CPIR(Y) |

MM L3X(dppm), {
HH'L4X(Cp)(dpp#)
MM LyX(Y) {

|

|
I
MH'L4(R)(dppm)%ﬂx-dPPm)

[HH'L4XaR(dppW%1

J
|

HM'LS(Cp)(PHe‘)
[MH’LS(R)(dppT)]CZ]a

HH'LS(R)(dppeL

|
|

148

M=N1;M =Mo,W,Fe;R=PPhg, CyX 485,487

X=H,Ph,CO,Me,Bu", Y=PPhy

M=Pd,Pt;M =Mn, X=Cl, 228,500,
Cr,Mo,W; (PhC=C) 5 s01
M=Ni;M =Mo;X=CN,SPh 488
M=pPd;M =Co,Fe;X=Cl; 489,490
Y=PPh,,PPhy 300
M=Pt;M =W;R=C(0OMe)X 491,
X=Me,CgH Me-, 492

M=Pt;M =W;R=C(Cp)A,CA;C{OMe)A 491

X=Br;a=0,1;A=CgH, -Me—,

M=N1;M =Fe 493
M=Pt;M =W;R=C(OMe)He;CMe;CyH, 492
Z=8F4;a=0,1

M=Pt;M =W;R=C(OMe)CgH, Me-, 499
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note that nickel and platinum dominate the chemistry of

phosphine—gubstﬁtuted carbonyl complexes in this
!

subgroup. This Fs consistent with the reluctance of Pd to

form carbonyl/ complexes as discussed in the previous

|

|

|

] The highly substituted complexes
|

section.

M(CO) (PPhy) 5 FM=N1,Pd,Pt) have been synthesized by a
variety of Fethods. For example Ni(CO)(PPh3)3 was
prepared as % yellow solig®*”? by treating Ni(COD)2 with
PPh3 in the/ presence of phenyl propionate. It was
suggested thaﬁ the actual mechanism involves the initial

cleavage o‘f the CoHgCO-OC Hg bond followed by
!

decarbonylatibn. The analogous cream-coloured Pd complex

|
!
can be prep%red either by the reduction of PdII(acac)7

| .
with AlEt3 oq by the reduction ot Pdclz(PPhB)z with NaBH,

| i 0%
in the presence of PPhy under a CO atmosphere”™ " ". The Pt

I

analogue was earlier reported by Malatesta and

471

Cariello nd later isolated and characterized by Chini

|
**®  and also Albano et.al®'®. on treating

and Longoue

|
Pt(PPh3)4 for Pt(PPh3)3 with CO, two isomeric complexes
were isolaéed by Chini et.al®*® as pale yellow and
colourless solids respectively. An X-ray study showed * "~

that the laktter has a more deformed tetrahedral structure

resulting in a greater back donation from wmetal to CO as

|
|
|
|
t
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j
shown in the i}r. Spectragig All these complexes were

characterized on the basis of analytical and

4]

spectroscopilc rksult

]

|

| 8imilar complexes with other monodentate
| :

: | : .
phosphine and phosphite ligands have also been reported,

|

Thus Ni(CO){P(?Ph)3}3 was isolated™*” when‘Ni(acac)2 was

treated with P]f(OPh)3 in the presence of AlEt3 under a CO

atmosphere aa elevated temperatures. This complex can

also be prepaged by reacting Ni{P(OPh)3}4 with CO gas 1in
1,5-cycloctadiene (COD), again at elevated temperature. A
structure an?logous to that of the PPh3 complexes has

I
been assigned/ on the basis of elemental analyses and i.r.

f
data. |
i{
; Several halide derivatives of these
complexes h%ve also been prepared) Thus Saint-Joly
7 J
et.al.*t” | reported that [Ni(CO)X(PR3)51(2Z] and

Ni(CO)Xz(PR3b type complexes can be prepared either by
reacting Ni%Z(PR3)2 compounds with CO or by replacing the

PR3 ligand ?rom the pentacoordinate complexes Nin(PR3)3
|

and [NiX(PRB)4][Z] with CO under normal conditions. These
complexes (whezxe R:Me,Et,Ph,MezPh,Meth; Z=BF 4 and

j
X=Cl1,Bx,I) j were characterized by analytical atid

|
spectroscopic data to be five-coordinated with trigonal
[

i

|
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=)
i3

bipyramidal geometry. An X-ray diffraction study” on

e

Ni(CO)I,(PMes;), shows that the PMe; groups are in the

axial positionsfwhile CO occupies an>equatorial position
/

as do the two iodide 1ligands. The most interesting

f

teature of thefstructure is the Ni-C bond distance which,

at, 1.7284, #s the shortest such distance reported so

far. These aut%ors found that the experimental stability
|
orxder towards po dissociation of Ni(CO)Xz(PR3)2 is I > Br

|
|
> €1 and R= Me > Et = Me,Ph > MePh, > Ph with the

|
exception of | Ni(CO)Br,(PEt,;), which is very unstable.

Four~coordina§ed platinum complexes of similar structure

| g

42
have also been reported
1
f

i
|
|

[ A large numbexr of complexes of the type

i

431

[M(CO)X(PR3)%r],¢2 4 are known for all three metals.
These comple%es are generally prepared either by reacting
halophosphiné complexes with CO or by halogenating the

phosphine-substituted carbonyl complexes.

}

f Disubstituted complexes ot the type
M(CO)Z(PR3)J have been reported for all three metals.
Thcse are g’nerally prepared by reacting either the metal
carbonyl wﬁth phosphine or by the action of CO on zZero

valent met#l—phosphine complexes. In addition, halo-

substituted complexes have also been reduced in the

|
|
|
|
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1
presence of pho%phine and CO, Thus, the platinum complex

Pt (CQ) (PPh3)2 'has been prepared hy treatment of PtC12

2

with CO in the presence of PPh,; using zinc dust under

|

refluxing conditions. This complex can also be prepared
F

by treating Pt%(CO)B(PPhP))4 with CO. The P4 analogue has

been preparedaf? by the reaction of Pd3(CO)3(PPh3)3 with

Co while Ni(CO)z(PPh3)2 was isolated as a crystalline
|

ATz

complex, when’ Ni(CO)4 is treated with PPh3 These

| |

complexes weﬂe largely characterized on the basis of
elemental ana#yses, dipole moment data and 1.r. spectra.
Both the Pd %nd Pt cowplexes are unstable and decowmpose
in the absenc% of CO. More will be said about this laterx
in the discussion section.

|

! A number of other disubstituted complexes
are also kn$wn. For example Baird and Wilkinson®~  have
reported th%t when Pt(PPh3)3 is reacted with carbonyl
sulfide, a c?mplex Pt(COS)(PPh3)2 is formed which is very
labile. Whed‘ heated in chloroform, it is converted into
a yellow c#mplex which, on the basis of analytical and

|

i.r. data,/was formulated as Pt,(CO),5(PPh5y)4. However,

]
=

| 253
later a single crystal X-ray

T

study showed that this

complex isjreally Pt (CO)S(PPhq)3 having a Pt-Pt bond

f

:

!

J

and a threelmembered ring containing sulfur. The complex
|

exists in dwo isomeric forms and the difference between
|

|
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r
the two isomer§ is mainly confined to one PPh3 group in

i

which the phényl rings adopt two guite diftferent

conformations with respect to the rest of the molecule.

This results in a slightly different orientation of the

|

adjacent carbjnyl group for each isomer. The two 1i.r.

bands observed by Baird and Wilkinson®®  are consistent

I
with the pre%ence of one CO group having a different

environment inithe two forms.

|

|
! Monosubstituted derivatives for all three

|

metals have dlso been reported. The white, crystalline

Ni(CO)3(PPh3)/forms on treatment of Ni(CO)4 with PPh3 at

47

low temperature. 7 It can also be prepared by starting

|
with Ni(PPh3P4 and reacting it with c0.**® However, the

pd analogue} was prepared by passing CO gas through a

solution conéaining Pd3(CO)3(PPh3)3, while the analogous

Pt complex can be prepared by treating either

Pt3(CO)3(PPhI’B)4 or Pt(CO)Z(PPh3)2 with CO gas. The Pd and

|
Pt complexep are unstable in the absence ot CO and
r

decompose reladily to give either dicarbonyl or polymeric

|

complexes. These compounds were characterized largely on

the basis |of their i.r. spectra, except for the Ni

complex whiéh was more fully characterized on the Dbasis

of analyticgl data together with i.r. spectra.
|
|
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|
‘

A large number of bisphosphine complexes
|

have been synfthesized frowm this subgroup. Davis and

o=

Sneeden” have}reported that when Pdclz(dppm) is treated

with NaBH, in the presence of CO gas, two complexes are

i

obtained which were formulated, on the basis of

|
analytical anq i.r. data, as sz(CO)Clz(dppm)2 and

sz(CO)(dppm)zJ However, no structural details were

r
given. The former complex can also be prepared by passing

|

CO gas into a;solution containing szclz(dppm)z.

A
=

This
palladium deri%ative, has been characterized analytically

and spectroscbpically as a dimeric complex (Fig.95)
{
having a singﬂe “C0O band assigned to a bridging CO ligand

1 |
at 1705 cm™' in the i.r. spectrum. Similar complexes in

which Br,I, and NCO replace Cl have also been reported

|
i
|
|

and analoqous;structures have been assigned.

‘ The platinum analogue has been prepared
either by bhbbling CO gas into a solution containing

I
Ptzxz(dppm)zg or by the reaction of [Ptz(CO)2X4]£- with

dppm455147?(X=C1). This complex exhibits a +CO band in

the i.r. spectrum at 1638cm™" and, in solution, it
|

readily (isomerizes to another species,

[Ptz(CO)X(dp#m)2]+, which can be isolated as the PF,

|
salt. The %husually low +CO frequency led these authors

|
to suggest that CO acts as a four-electron donor and as a
|
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bridging ligand in this complex in a manner similar to

that observed [for a Mn complex reported earlier by

Commons and Hoskins.® The structures shown in Fig.96(a

e

and b) were proposed for the Pt complex. However, single

|

Pffraction studies on analogous palladium

crystal X-ray d

Z 1

complexes, Pde(CO)Xz(P—P)2 (where (P-P)=dpam, ~

dmpmASq), have been reported and these have been shown to

|
{

I
have bridging ¢O groups acting as more conventional two-

electron dopors. These results prompted a

A
A e

reconsideration®’ of the structures shown in Fig.96 and

a structure anblogous to that ot {Pd(CO)Xz(dppm)zl, shown
I

in Fig.95, haﬁ now been assigned.
I
|

f Hutton et.al.*”' reported that the A-
frame comple% [Ptz(g—co)(Me)z(u~dppm)2][BF4]2 can be
{
prepared on treatment of [Pt,(Me),(NCMe),(u~dppm),}I[BF,]
| 2 2 2 PP 5 412
with CO. However, on further treatment with CO gas this
complex gi%es, reversibly, the dicarbonyl complex
|
[Ptz(CO)Z(MeﬂZ(u—dppm)zl[BF4]2 which exhibits a single
+*CO band at 2‘1100cm—1 in the i.xr. spectrum. An X-ray study
showed thatj this complex has the structure shown in
Fig.87.

==

Kullberg and Kubiak®™~  have reported that

!
|
|
|
|
] ~

on treatmenq of sz(OH)z(;—dppm)2 with l‘)CO, the A-frame

(

|
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complex sz(;_i.—l CO)(OH)Z(;_L~dppm)2 is formed and this was

—_—ad

characterized as a structure analogous to that shown in

Fig.95 by conparing its ~“P and “°C n.m.r. spectra with

I
those of sz(g~?O)C12(g—dppm)2.

l

t

In contrast to dppm or dmpm, when

|
|

bisphosphine ligands with longer back bone carbon chain

l
lengths were' used, products of entirely different

structural types were obtained. Thus, Minghetti QQ;@L.i

|

reported that| when CO gas is passed through a solution
|

containing [Pt£H3(P~P)2][BF4] {where P—P=dppe,dppp,dpgb),
|

green to violet complexes are obtained which were
|

characterized [from analytical and spectroscopic data. In

addition, a s#ngle crystal X-ray diffraction studyiég on

the dppe coﬁplex shows that both dppe ligands 1in this

|

complex are fcoordinated in a chelating fashion, the
hydrogen and FO are bridging ligands and there is a Pt-Pt
bond. The st%ucture is shown in Fig.98. Related complexes
obtained usﬁng dppp orxr dppb were assigned analogous

structures. |

** have reported that on

! .
] Corian et.al.®
;‘

treatment o; Ni(P—P)2 {where P-P=dppe, dppp, dppb) with

I
CO gas in C(*'6H6 oY CH2C12, monc and dicarbonyl complexes

are obtained. Analytical and i.r. data indicated that
!
these complﬁxes are Ni(CO)(P-P)(n -P-P) and Ni(CO)Z(P~P)

|
i

{
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J
|

respectively. Complexes of the former type, wherxe P-

P=dppp and dpp%, have been reported when compounds of

= &
=

the type Ni(Pu[F’)2 are treated with acyl halides.® The
|

latter type OF complex has also been reported to form

=2 152 T A

and dmpe.’

T

l ; .
with the 1igandF dppee”™”7; depe ~7; dmpm
Moxre will Dbe Laid about this later in the discussion

)
|
section. |
|
|

Organic ligands such as cyclopentadiene

have also been displaced in some instances. Thus, King

——

e,

and RaghuVeerl;2 reported that treatment ot [Ni(CO)(Cp)]2

with dmpm in boiling THF results in displacement of the

Cp ring and qhe formation of a yellow complex which, on
|

the basis oﬂ analytical, spectroscopic and wmolecular

weight determination data, has been characterized as a

|

dimeric system with three dmpm ligands coordinated in a
|

bridging fash%on as shown in Fiqg.99.
|
|
‘ In contrast, when dmpm is treated with
|
Ni(CO)4, a white complex is formed which was originally
characterized as monomeric Ni(CO)Z(dmpm). However, a

single crys%al X-ray diffraction study by Porschke

*7% reVealed that this complex is actually dimeric

and has the étructure shown in Fig.100.
|
|
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h very interesting Ni-CO complex has been

reported by Rigo et.al.”*" It forms when Ni(P-SEt),

{where P-SEt=1-(thioethyl)-2(diphenylphosphino)ethane} 1is

treated with CO at 1 atmosphere pressure. The solution

immediately decolorizes and a white crystalline solid is
|

!
obtained. This| was characterized by analytical and

spectroscopic #ata as Ni(CO),(P-SEt),, where both P-SEt

units act as mbnodentate ligands forming a tetrahedral
[

|
structure arodnd the nickel atom as shown 1in Fig.101.
Mention of tjis will be made again in the discussion

section.

|
|

f . .
| Bimetallic complexes with varicus metals

have been prepFred from this subgroup using a variety of

methods whicw are listed in Table [81. For example,

K -
= <

Bender et.alw

reported that, on treatment of either

Pt(CO)(PPh3)3J with the 1labile PdClz(PhCN)Z or of

|

Pd(CO)(PPh3)3jwith PtCl,(PhCN),, a bimetallic complex is
tormed. This{has been characterized (analysis,i.r. and
31p n.nm.r. spectra) as the dimeric system shown 1in
Fig.102. It | exhibits a single +vCO band 1In the 1i.r.
1823cm™ ' which was assigned to the CO ligand

spectrum at

bridging.two |different metals.

|
|
|
|

_ = o o=

Pringle and shaw®” /"~ reported that

|
|
|
|
|
|
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|
when Pd(PPhjy)g, JS treated with the labile Pt(II) complex
Pt2012(NCBut)2 ?n the presence of dppm, an orange complex
PthClz(p—dppm)% is formed. When CO gas is passed through
the solution c$ntaining this bimetallic compound, a red

crystalline complex can be isolated. Due to the low

|

solubility of Fhis complex, it was characterized mainly

|

from elemental, analytical and i.r. spectral data as

Pth(y-CO)Clz(ﬁppm)z. The single wCO band exhibited by

this complex iﬁ the i.r. spectrum at 1680 cm™ ' is almost

average in f%equency between +CO for Ptz(y—CO)Clz(g—
dppm)2 (1638c£’1) and for sz(p—CO)Clz(;u.—dppm)2 (1705
cm™*). It was Llso noted that the mixed complex does not
lose 1its CO aL readily as does the dipalladium analogue

but probably | more readily than does the diplatinum

J
analogue. Fugthermore, it was also observed that CO can
be readily di%placed by SO2 which ,in turn, 1is easily and
completely di#placed by N,,Ar or CO (to regenerate the u-

CO complex)./ Thus, a small amount of SO2 can be used to
[
catalyse the reversible uptake of CO by PthClz(g—

dppm)z. More will be said about this in the discussion

|

section.

In other reactions, when Pt(dppm)Clj is

I
treated with;AgOAC*MeCECH, it gives PtAgClZCECMe(;—dppm)z

I
§

which, on Fransmetallation with ha(CO)4C12 forms a

i

|
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complex 1isolated as the PF, salt. This was originally

|
thought to be a}dimeric system with the acetylide 1ligand

4t
[

symnetrically Bonded to both Pt and Rh atoms “"/*7% as

[k

shown in Fig.iOS. Howevexr, a single CzyStal X-xray

diffraction study”*”
I

group is g—bond%d to Pt and forms an unsymmetrical side-

-
=

later revealed that the acetylide

on nw- bond to Fh as shown in Fig.104. Similar complexes

1

A B

have also beenireported for P4. In addition, complexes
I
of the type MM"(CO)3(p~CECPh)(g:—dppm)2 (where M=Pd,Pt and

M'=Cr,Mo or ) have also been prepared and similarly

A~

902 S01

characterized.] ,

!

!

{ The brown complexes NiFe(CO)3(Cp)(PPh3)—
(CZR) [wher% R=H,Ph,C02Me] have Dbeen prepared by
treatment of ﬁi(Cp)(PPh3)(C2R) with Fez(CO)g. These were
characterized{ initially from mwass and 1i.r. spectral

|
evidence. In addition, a single crystal X-ray diffraction

study on thegcomplex where R=H showed that the ethynyl

triphenylphosphonium group acts as a bridging ligand, and

that the pHosphorus atom is closer to the nickel atom

|

than to I the iron atom. An intramolecular

|

triphenylpho%phonium salt type of structure was suggested

|
with the formal negative charge distributed between the

= azz

|
nickel and the iron atoms *%s as shown in Fig.105.
|
l

(]
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( Several other himetallic avatems

containing nicKel. have been described. Thus, Carlton

- |
et.al.*®" have Teported that when Na[M(CO)3(Cp)] {M=Mo, W)}

gl

are treated wit% NiClz(PPh3)2 in THF at room temperature,

followed by thexaddition of water and careful washing of

|
the resulting | solid with acetone; a moderately stable

deep green / crystalline complex formulated as
NiM(CO)3(Cp)(Péh3)2, is formed. The i.x. spectrum
suggested thel presence of both bridging and terminal
carbonyl groués n.m.r. studies indicated it to be a
paramagnetic Species. X-ray diffraction studies, however

I _ . .
{on M=W), reyealed that one of the CO ligands is

terminally codrdinated to W while the other two CO groups
interact wi?h nickel and may be considered as

semibridging.

In other studies, Ehrl and Vahrenkamp®™~

f
reported that reactions between Fe(CO},, PMe,Cl and

|

Ni(CO)3(PMe2q1), produce a bimetallic complex,

NiFe(Cp)(CO)é(PMeZ). Spectroscopic data suggested that

the PMe, unit bridges the two metal atoms and, in
I

addition to’the Cp ring, two of the carbonyl groups are

1]

terminally c?ordinated to the iron atom while three are

attached to Fhe nickel atom as shown in Fig.106.
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Fig. 107.
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f
i In another interesting xreaction, Sato

*¥% isolated both black and brown complexes when an

ether solution containing Mo(CO)4(C7H8) was treated with

Ni(Cp)(SPh)(n1~?ppm) or Ni(Cp)(CN)(ﬁi—dppm) respectively.

weiqht data for the black complex suggested a

Molecular

monomeric specijes. However, the 31p n.m.r. spectra of the
two complexes;show two doublets indicating the presence
% nt phosphorus atoms which suggested

of non eqg

bridging dppm

%s shown in Fig.107 and 108.

;

j A number of other bimetallic complexes
|

|

have also been| prepared and these are listed in Table[8]1.

1.4. Objectives:

!
|
:
|
|
|

From the preceding introductory

it is clear that reactions of metal

discussion, |

carbonyls, ox| substituted metal carbonyls, with phosphine

ligands is ;by far the most widely used route to metal-
CO—phosphinej complexes. Of mech less importance are
reactions é metal-phosphine complexes with carbon
monoxide. #he prefered xroute to these complexes,
theretore, nakes extensive use of metal carbonyls as

|
starting injteials. This may not always be convenient forx

——
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§

|

a number of reasbns. For example, some carbonyls may not

be readily available, many are air sensitive, very
volatile and éxtremely toxic and therefore great care
must be pract%ced when handling them ( 0.001 p.p.m of

Ni(CO), is the éaily threshold limit and longer exposures

i
—

may be fatal. - Several metal carbonyls are liquid at

room Lemperature.

In the past several years, extensive
research has!| been done in these laboratories to
investigate tﬁe properties of NaBH, aﬁd NaBH,CN as
reducing agent% and as coordinating ligands in reductions

of higher oxidftion state metal salts in the presence of

a variety ot %hosphine ligands. Much valuable information

food
ot
[

11

o
91

has been obt#ined from these reactions and the r

1N
)
el
151
i1

s

S -

have, for the most part, already been published.

|
These studiesghave shown that interactions of transition

|
metal salts jwith NaBH, and NaBH3CN in the presence of

|

phosphine liﬁands produce a wide range of new products.

This 1is paﬁticularly true when NaBH3CN is used. In

|
general, dossible to 1isolate several intermediate

|
products in| these reactions simply by adjusting the

i

conditions ¢f the reactions. °~ There 1is clearly the

potential t# extend these reactions by introducing
I 2= ==

CO.Apart frpm two or three instances, ¢/~  however,

11}

]

[
If
|
[
!
|

|
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phosphine-substituted carbonyl complexes have not been

prepared by tAl route, and there is no report in the

I - : )
literature of the production of complexes using NaBH3CN,

A milder reducing agent than NaBH,;, as a regent in such

]
syntheses. }
|

f It is also well known, that most of metal
|
|

carbonyls are ! extremely toxlc and great care muast pe

practiced when handeling these results. Thus, 0.001

P.P.M. of Ni(Cb)4 1z the threshold limit set for one day

exposures. Exposures longer than this may cause severe

damage to the body system and can be fatal in mwost
=Y . .

cases. Seveﬂal metal carbonyls are 1liguid at room

temperature aJd are highly volatile. They must therefore

be handled wiih especial care routine laboratory work.
|

Bearing these facts in mind, this project

was started with the following objectives.

(a). To establish a convenient route for the formation ot

zexrovalent, phosphine-substituted nickel carbonyl

|
ab
|
|
f
?

complexes Ni(II) salt thereby avoiding the direct use of

the extremely toxic and voltlile Ni(CO),.
]
f
f
(b). To Uudy under a wide variety of conditions the

f
1
I
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i
J
interactions Df) BH, and BH3CN_ as reducing agents for

Ni(II)} in the ﬂresence of mono-and bisphosphine ligands
under a CO atmosphere. In particular,the objective of

this study was to investigate the influnce of zreaction

conditions (am$unt of phosphine, temperature, rate of

addition of reducing agent and duration of reaction etc)

|
and the nature pf the phosphine ligand upon the types of
‘ i

product formea and the bonding modes adopted by CO 1in

complexes containing that ligand.

|

i
| P
(c). To compare the behaviour of NaBH, with that of

|

NaBH3CN as a reducing agent in the above reactions and to

I
note any additional stabilization due to CO 1ligand in

|

f
the complexes formed(compared to products pbtained when
|

CO is absent from the reaction).
|
f

|

(d). To detérmine the reactivities of any Ni(0)-CO
|

phosphine products towards a variety of ligands.
i

(e). In the course of this work, unexpected products

1
i
containing nonocoordinated bisphosphines were obtained.

i

This led to a last objective, to investigate the natuare

of these ag . precursors homo and heteronuclear bimetallic

{
!
systems.
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these studies which

|

_1The results of
involve the caAeEul control of reaction conditlions and
the use of 4 wide variety of physical methods EOT
of the compounds which were

structural I
isolated are e nest chapter.
|
!
|
l
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2. Experimental:

2.1. Material:

{
f The phoszphinesz dppm, dppe, dpop, dppb,

rem Chemicals

t

and dpppe w%re purchased from 5
|
[

incorporated and PPh; from Alfa Products Ventron

i
Division, NaBHé and NaBH3CN were obtained from tne

l

Aldrich Chemical Company and, due to their hygroscopic
|
I
nature, were sftored over anhydrous CaCl,. Reagent grade
NiCl;.6H20 anJ iodine were was purchased from BDH

Chemicals Limited. Reagent grade Mo(CO)6 and Ni(CO), were
!

J
purchased from Strem Chemicals. Agqueous HBr(48%) and

r
agueous HC1(3P%) were obtained from Alfa Products and

. P NP . .
American Sc1enF1f1c and Chemicals respectively. CP grade

carbon monoxﬁde and UPH grade hydrogen gases were
gyide

fram fanadian biguid air thd.  sBulfur  disxd

I

ni
)
1~
D]
[
xU
ING
N
MR

and nitric ox?de gases were purchased from Matheson Gas

Products. AlP the abhove chemlicals were used without

turther purifhcation.

|
|
|

{ Pt(cob)cl,  and [RR(CO),C1], were
syrithesized faccording to publiched methods . 207-509 a1

l
reagent grade and were degassed with oxygen

m

solvents w
n or

re
|
iﬂrogen and stored in a N, filled glove bhox
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degassed by dry nltrngpn gas prior to use in fume hood.

10
o]

All glassware uséd was dried at 100%c.
|

&nlflal synthetic work was done in a well
ventilated fumeEhood using the apparatus shown in Fig.1l09
under completeﬂy controlled «conditions to avoid any
contact of atﬁospheric oxygen with the reactions. All
other manipula#ions were carried out in a glove box

!
(unless otherwiée mentioned) which was constantly flushed

with dry nitrogﬁn

|

2.2. 4nalyses and Physical measurements:

|
J
| All alr sensitive sanples were suitably
|

atmospheric oxidatlon or hydrolysis during

protected from
|
' -

analyses and ppy51cal measurements.

|

f The infrared spectra of the =zamples were
|
recorded as Nujol mulls pressed between sodium chloride
|

plates for the 4000cm™ * to 600cm™ " region or between

|

polyethylene plateb between the reqgion 600cm™ * to 200cm”
on a Beckmah IR 4250 spectrophotometer (Calibrated

periodically ' with a polystyrene refrence £ilm).

|

Electronic sﬁectra (usully reflectance) were recorded on

5
a Cary-14 regording spectrophotometer in the 18,00 to 300

:7
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00000

f A
Fig. 109. Apparatus used for syntheses.
‘ .
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nm range.

Al
*%P and *H n.m.r. spectra were recorded on

I
a Bruker WP 80 Fourler transform instrument equipped with

|

an automatic temperature control device (B-VT 1000) at

f

32.3 mHz and %O mHz respectively. The chemical shitts
|
|

relative to internal tetramethylsilane
!

(TMS) and external H,P0,(85%) for W and Jlp n.m.r.
[

rezapectively by
f

were measured

at, In practice, the direct use of HaFO,

1 a ] ) s
during routlnF 3Slp nim.x. spectra was avoided to

. - ! . -~
eliminate saturation of the spectra by HaPGy, . The
|
position of tH; H4PO, signal wazs first recorded agalnst
|
either D50 O? (CD5)5C0 which were used as external

!
frequency lock systems, and which were sealed in thin
glass capillaﬁies coaxically fitted to the 3lp n.m.r.
I
|
sample tubes through a vortex plug. The position of HLPO,

|

: Ic :
against these frequency locking solvent

1

s was found to be

U

2800Hz (D,0) and 2910Hz (CD),CO. Hence chemical shifts of
other °31p signals from the samples were calculated with
reference to‘ these freguencies. There are two mailn
advantages iﬁ using this method. Firstly, if H,PO0, Iis
used as  an gexternal reference, the HPOy, signal can
eazlily be zaturated and thus weak zignals In the szsample
may not be m%asured. By using the above method a sample

i

may be scanned over a longer period of time and this 1=z
|
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xd

-
.

ad

|
particularly uﬁe&ul tor sparingly soluble zawmplesz  wh
pulsing for 104ger period Dbecome feasible. Secondly,
solutions of re?ction mixtures could be scanned without
contamination by

added as an intérnal standered). The 31? n.m.r. spectra

and possible reaction with H5P0, (1f

[
were normally r%corded at ambient temperatures (unless

otherwise specﬂfied) in the proton decoupled mode. The

|

chemical shift(s) are positive 1f down field from the
refrence signai. 319 n.m.r. spctra were simulated wusing
Bruker's BNC~28/ITRCAL simulation and interation program.

;

! The X-ray crystallograpnic results to be
referred to ﬁater were obtained by colleagues at the
Department of %hemistry University of Minnesota at Duluth
UsA, Crystals were grown for this purpese according to
the methods tc| be described later. Suitable crystals were

|
carefully sel%cted under a microscope in a N, filled

glove bag and were sealed in 0.3 mm Lindeman caplilaries,

The X-ray powder diffractlion data were
aquired on Phillps P.W.1050 diffractometer eguipped

with a P.W.1010 generator.

TR S —

!
!
f Mass spectra were recorded on a Hitachi-

Perkin Eler model RMU-7 double focusing Mass
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|
gpectrometer (uzually to £ind the golvent of
|
crystallization)|
|
!

Approximate analysis for some samples

re obtained | on a Hitachi S$70 scanning electron

W

T

|
|
|
!
|

microscope, @4%1998d with a Tracor Northen X-ray micro

analysis system. Crystals were glued by carbon on carbon

stubs and coated with carbon.
J

|

J

/A Phillps P.W.1540 X-ray £fluorescence
spectrometer eq#lpped with a PW11l30 generator and 2.7. KW
Cr anode X-ray tube was used generally to establish the

presence of halide in samples.

—————— r—l_ﬁm*\

| Micro analytical data for carbon,
hydrogen and #nitrogen were acquired on 3 Perkin Elwmer
model 240 Gnalyzer and on a Control Equipment

Corporatationﬂs elemental analyzer model 240-XA equipped
|

with an autuwoflc coumputor control system. For samples

or a mixture of V205 and WO1 were used as

J . c
where combust T““ was incomplete under normal conditions,
|
either V,0¢g !
I

combustion a#ds. Metal and phosphorus analyses were

obtained from an Allied Analytical Systew's Jarrel-Azh

|
|

ICAP 9000 gspectrometer with simultaneous elemental

determination using an argon plasma.
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|

Molacular welghts wer

determined elther

T

in CHCl, or in C6L6 sclutlion at ambient temperature using

a Wescor 5500 vapor pressure osmometer calibrated with

PPhS. Accuracy was checked periodically by measurements
|

ot the mulcauli% welght of elthexr PPh,, dppm or dppe in
‘ -~

CHC13 or in C6H6r
|
’ Melting points were recorded on

Gallenkamnmp melt%ng point apparatus.

!

J
f 2.3, Syntheses:
|
l

/ A general pattern waz followed £or most

of the synthesés which will be described in this chapter.
|
Thi=s involved &he addition of the reducing agentz, NaBH,

he CO-zaturated Ni(II; chloride =olutlions

or N%BH3FN

\

j
in the rese pcp of the appropriate phosphine ligand.
Usually, the { action medium was elther ethanol/benzene

or ethanol/tﬂluene. Mixed sgsolvent systemn were uased
because mcstf of the phosphines used are conpletely
soluble in be%zene or toluene whereas the nickel salt Iis
soluble in eéhanol. The reactions were studied under a
wide range of{conditions and the more lmportant factors

which were f%und to affect the course of the reactions

are.:
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{a) the amount of NaBH4 / NaBH3CN used.,

I
|
{h) the rate of #ddition of NaBH4 / NaBHLCHN.
{c) the reactionjtime.

|
(&) the temperat?re.

tal to ligand (phosphine).

L’tl

|
(e} the ratle uEJm

(f) the nature. OE he phosphine used.

{

(g} the solvent]s stem.
!

£ et

1

I

2.3.1. Dicarbonylbis(triphenylphosphine)nickel(O)

(h) the rat rring.

L’I‘

Ni(c0)2(99h3>2ﬁ
|

i

i

{a). From NaBHJ:

|

f A stirred mixture of NiCl,.6H,0 (0.50g;
. r

2.10mmol) in =2fthanol (20mL) and PPh3 (2.20g; B8.41lmmal) in

!
toluene (30mL)| was saturated with CO gas for 40 winutes.

To this lith greenish black solution was added a

~—
.

suspension uleaBH4 (0.24g; 6.32mmol) in ethanol (15mL

The solution immediately turned to reddish then yellow.

!

CO gas was |constantly bubbled at a rate of ~2-3
|

bubbles/secon? for a further 1.5 hours during which time

formed., Thisz waz flltered

pitat

I'D
2
i
(o]

a ¢cream colohred pr
l
|
|

l

|
I

|
|
i

|

|
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|
|

off, washed with ethanol (.10mL) and diethyl eth

o0

r

(~10mL}, redissoﬂved in benzene (~25mL) and left at room

|

temperature over (12 hours. The light cream crystals which

10mL) and dried under reduced pressare,

formed were filtTred off and washed with ethanol (~10mL)
dietheyl ether (L

|

J

yield: 20% M.P. 130°C

Analysis j
|
Calc%. for Ni(CO)z(PPh3)2:
;c = 71.39% H = 4.70%

Founf : 71.06 4.63

I
(b). From NaBH3FN:

|

| NiCl,.6H,0 (0.5g; 2.lmmol) and PPh,
]
(2.20g, &.44mpol) were mixed and stlrred in  benzensa/
ethanol (1:1; 60nL) under a slow stream of CO gas for

about one hou#. An ethanolic (30mL) solution of NaBH3CN
. . |
(0.53g; 8.4mweol) was then added to thils greenish Dblack

solution. CO Jas was allowed to pass at a slow rate (2-3

l
bubbles/sec.)/ through this solution for a further 2 hrs

while it was $tirring. The light greenish-cream coloured

suspension s% formed was filtered off, the 1residue was

washed with gthanol (~10mL) and redissclved in b

|

(~25mL) and ethanol (~10mL) was added. This mixture was

ncene

(T
T

then kept a%ide for four weeks during which time 1light

J
|

;
|
|
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|
!
] ; filtered off and washed with

|
| hexane (~10mL) and, £inally dried under

|

enthanol (~10wL),
reduced pressure

Yield : 40%

of Ni(II),dppm,NaBH, or NaBH,CN and CO.

g
|
J
:
I
2.3.2. Reactlonﬂ
|

This system has been studied wunder a

range of reaction conditions and several Iinteresting

~*ﬁ-g«~ﬂ“

lated. The reactivities of some of

products have b?pn iso

41

[has been investigated. Details of thes

these products

reactlions are deszscribed helow.
|

|
2.3.2.1. H—Cagbonyl—g—bis[bis(diphenylphosphino)methane]

bis{monocarbonylnickel(0)}.

Niz(p—CO)(CO)Z%;—dppm)z.

r
|
(a) From NaBHd
|

j!

; N1C12.6H20 (0.50g; 2.10mmol) and dppm
(1.62g; 4.21m+ol) were mixed in ethanol/toluene (1:1;
mL) under a Siow stream of C0O gas. Then a suspenslon of

NaBH, (0;24gb 6.32mmol)  in ethanol (15mL) was added
|
dropwise to | the stirred mixture over a period
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I
minutes while €O gas was =still passing  through the

|

solution. The qolution turned flirst to green then

greenish grey , forming some solid suspension. CO gas was
bubbled slowly %~2~3 bubbles/sec.) for another two hours
during which time the suspension changed to orange. This

|
was filtered oﬁf and the filtrate allowed to stand at
|

-
-

room temperature for two days during which time orange
crystals  formed. These were filtered oftf, washed wlth
ethanol (~ 10‘mL) and then ether (.~ 10 mL) and dried
under reduced p%essure.
Yield: 40% ; “ M.P. 240°C (decomp.)
Analysis: )

Calfd. for Ni,(CO),(dppm),

f C=65.61% H=4.53%

Found: 65.78 4,69
{b) From NaBH;CN :

A mixture of NiC12.6H20 (0.50g; 2.10
mmol. ) and dppw (2.83g; 7.36mmol.) 1In ethanoel/benzene
(1:1; 60mL) was stirred and saturated with a slow stream
of CO gas over 25 minutes. An ethanolic solution (15mL)
of NaBH,CN (0.4%g; 7.77momol.) was then added to this
solution over a period of 15 minutes while CO gas was
still passing through it slowly. The mixture was =tirred
for a further 3 hours under a slow stream of CO gas (~2-3

bubbles/sec.,), during which time the solution turned to
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1
o
I
(e
o
e
Tt
o
~
T

green, then qr%y untlil ftinally a white o1

(~10nkL)

T

forwed, This was (flltered off, washed with hexan

0lid was rediszolved in bsnzene

H‘r

and ether (.10mL)}. The

|

(~20mL )} and h%xane {(~10mL) added. Crystallization
occurred over ~ﬁ2 hours at room temperature. The orange

filtered off, washed with ethanol (~10uwl)

L’[l

crystals wer
and dried under reduced pressure.

]
Yield : 37% }
|
j
2.3.2.1.0. Reacrlons of Ni(g—CO)(CQ)Z(p—dppm)z:
|
|

/ A number of rectlons were carried out to

study the re#ctivity of the metal-metal bonded Ni(g-

1t

i
CO)(CO)z(;~dppm)2 complex. The details of these reactions
:‘
are sumnparized|here:
J

|
2,3.2.1.1. p—sblfurylbis—;[bis(diphenylphosphino)methanel

|
bis{monocarboqylnickel(O)}

|

|
-

( Dry sulfur dioxide was passed for ~5-7

seconds into stirred orange solution contalning Mi {u-
cCo)(co )q(dppn)z (0.20g; 0.22mmol) in dichloromethane

(20mL). The f solution ilmmediately turned dark brown. A
I

hanol (~8mL)} was carefully added and the

[ma]

[

layer

i
|
|
|

|
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|

|

-~
u'

r five days at room temperature. The

zolution was leftl £
dark brown needles so formed were filtered off, washed

with ethanol (~10mL) and hexane (~10mL), then dried underx

l

reduced pressure%

yield: 13% f M.P. 230°c

Analysis: |

|

Calcd. Ifor Ni,(C0),(S0,) (dppm),.0.33CH,CL,.

C = 60.07% H = 4.25%

Found: | 60.01 % 4.48 %
|

2.3.2.1.2. Bis(Titroso)—p—bis[bis(diphenylphosphino)meth—

ane]—bis{monoca#bonylnickel(O)} chloride.
I

[Ni,(CO),(NO),(pu-dppm),10Cl,]

Into & stlrred orange soclution of

|
|
H
Niz(;—co)(co)zgg—dppm)z (0.20g; 0.20mmol) in dichloro-

methane  (20mL) nitric oxide gas was passed for  -.8-10
|
I

seconds, rezsulting tmmedlately in a dark bkrown colour. To

|

this dark brown solution, a layer of ethanol (~8mL) was

w
T

|
added carefully and the mixture was left for one week at
room temperaﬁure. A dark brown microcrystalline product

forwed and wgs filtered off washed with ethanol (~8ml),

7}

and hexane (~10nL), and dried under reduc
) J

T

d pressure.

in
I

Analysis: M.p. 278°cC

Cale. for [Niz(CO)Z(NO)z(dppm)zl[Cl]2
|
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i
15
}—-.-
-l
e
wly

i
WO
et

53.19% H

g
I

|
|
Found: ’ 58.69 4.52 2.73
|
!

2.3.2.1.3. ;—Cdrbonyl—p—bis[bis(diphenylphosphino)meth—
|
ane]bis{bromonic#el(I)}.

!

f .Niz(p.—CO)(CO)z(p—dppm)2 (0.19g, 0.19
mmol) was dlsaalked in dichloromethane (10mL) and stirred
for about 10 Jinutes. To this orange solutlion aqueous

|

hydrobromic aciq (20 drops,; 48%) was added zlowly. CO gas

was evolved and the resulting green solution was stirred

for a further kive minutes. The adqueous layer was then
removed, and ; layer of ethanol (~5wmL) was carefully
added to the rFmaining solution which was then left for
four days at rokm temperature. The deep green crystalline
product =o foJmed was filtered off, washed with ethanol
(~10mL) and h?xane (10mL) and then dried under reduced
pressure. }

yield: 11% M.P., 228°C

Analysis:

’ c = 55.11% H = 4,20°
|
Found: 55.0% 4,25

|
f
|
|
|

|



185

|

2.3.2.1.4. ;—caﬁbonyl—p—bis[bis(diphenylphosphino)metha—
ne]bis{iodonickei(l)}

|
Niz(;—CO)Iz(p—dme)z

An orange solution containing

Ni,(CO)5(dppm), | (0.46g; 0.47mmol) in dichloromethane

|

!
(~20mL) was stlfred for about 10 minutes. Iodine (0.12qg;
0.473mmol) sio lved also in dichloromethane (~8mL), was

l
added dropwl sef to .this solution over .6-8 minutes,
resulting in thF formation of a maroon coloured zolution
and the evolutkon of CO gas. The resulting solution was
stirred for a ﬂurther five minutes. A layer of ethanol or

|

hexane (~8—10 mL) was then carefully added and the

zolution was le at room temperature for four days. The

A
[
Du 2
) ““

! - -
maroon microcrystalline product so formed was flltered

off, washed with ethanol (.5mL) and hexane (~5mL) and

then dried un") reduced prezsure
Yield: 13% f
Analysis: {

a}cd for Ni,(CO)I,(dppm),.0.25CH,Cl,.

j C = 51.74% H = 3.74%
Fou%d 51.93 3.88

!

f
2.3.2.1.5. #1s—p—[bis(diphenylphosphino)methane]bis{iodo

|



186

nickel(I)}. |

Ni Iz(g dppm)z
ztirred solution of NlZCg—

Ll
Y

!
|
|
[ To
|

CO)(Co) ytu-dppm)y (0.0632g; 0.064mwmol) In dichloromethans
o f+3
(~20mL) was add%d lodlne cryztalzs (0.008g,;, 0.03Zmmoel).
. | " Y et - - .
The resulting green solution was stirred for a further 10
|

|
minutes while CO}qas was evolved. Ether was then allowed

to diffuse slowly into the solution over a period of four

days at room te#pcraturé The greenish-gray powder which

!
I
formed was filtered off, washed with ethanol (~10mL)} -and

|
dried under rediced pressure.
| .
Yield: 9% | M.P. 230°C
!

Analysis: I
|
)

C%lcd. for Ni,I,(dppm),.1.5CH,Cl,

C=48.79% H=3.71%

Found: 48.76 3.76

2.3.2.1.6. Bisru—{bis(diphenylphosphino)methane]bis{dicar

bonylnickel(O)ﬁ

{
|
f Thiz complexw could not be isolated due

to its instability
i

| , . .
state. Howeve r it was characterized on the basis

at room temperature in the =o0lid

of 1.r.

and 31P n.ﬁ.r. data (see discussion). The complex was
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|
|
prepared when cFrbon motioxide wasz  paszed through a

dichloromethane |=olution (20w, ) of Ni,{(p=-CO)(CO),(u-

&~

dppm)2 (0.32g; 0.33mmol) over a period of ~5-7 minutes.
The original oyange solution turned pale vyellow in

colour, forming| the required complex. This c¢an b
stablized in solﬁtion in the presence of an excess of CO
l
|
or 1if the reaction vessel is placed on an ice bath. All

el

[
f
evaporating the

attempts to isolate this complex by adding hexane or by

solvent under reduced pressure were,

N
i
however, unsucTessful and only the starting Niz(;—
CO)(CO)Z(;J—dppm‘a2 complex was obtalned.

!

t
2.3.2.1.7. Reactions of Ni,(p-CO)(€0),(u-dppm), with HCl:

[
|
i

]
!

!

[

Ta ] Eirred orange zoluticn

f

1{
|
containing Nio{u-CO)(CO),(u-dppm) (0.371g; 0.383mmol) 1in
2! 2 2
|

dichloromethans (~25nL) was added dropwise aqueous HC1

&

(30 drops; 37%). CO gas was evolved and the orange
|

solution turnkd green. This was stirred for a further 5

l
minutes and the aqueous layer was then removed. A layer
of ethanol (~%mL) was then carefully added to this green

solution whi?h was then left over a week at room

temperature. The bright green crystalline compound which

r
Formed, was Eiltered off, washed with ethanocl (~10mL)
|

and dried undbr reduced pressure.

|
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Found: C=62.48% H=4.74%

|

2.3.2.1.8. Reactions of Ni,(u-CO)(CO),(u-dppm), with Sg:

| Ni,(p-CO)(CO),(n-dppm), (0.22qg;

0.23mmol) was pissolved in dichloromethane (25mL) and
stirred for about 10 minutes under Ny. TO this orange

Solution was aided a suzpenslon of S (0.06g,; 0O,23muaol)

in dichloromet?ane (TmL) dropwise over a period of S
I

minutes. The Eesultinq mixture turned black. This was
:;

urther % minutez. The black suspenssion

I

was filtered oflff and a layer of ethanol (~10mL) was added

stirred for

carefully to the filtrate which was then left aside for
two weeks. The black crystalline product so formed was
filtered off {and washed with hexane (~10mL) and dried
under reduced %ressure.

J M.P. 400°C (decomp.)

Analysis:

FouLd: C=33.15% H=2.65% 5=25%
2.3.2.1.9. Reactions of Ni(p—CO)(CO)Z(p~dppm)2 with other

| Few exploratory reactiong of Ni{u-

CO)(CO)Z(p—dp’-ipm)2 with Pt(COD)Clz, chlz,'ZnCI2 and CdCl2
|
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|
|

2 ‘ 2
were carried out, No z2olid product conld be i1=z0l;
| .

L

ted in

il

these reactions All these reactions were carried out

I

]
under identical'conditions, therefore, only details ot
one reaction [i.%. Pt(COD)C12] will be given. Thus, to a
stirring dichl%romethane solution (25mL) of Niz(u—
CO)(CO)z(y—dppm)& (0.16g; 0.l6mmol) was added PL(COD}Cl,
(0.06g; 0.16mm#1) in dichloromethane (10mL). The orange
solution immedi#tely turned dark purple, this was stirred
for a further %O miutes and a layer of ethanol (10mL)
was then added éver a pe;iod of one week. The solvent was
then removed uﬁder reduced pressure and the mixture was
redissoclved in' dichlorometane (20mL) and hexane was
slowly diffused over one week, no 30l1lid could be

obtained. /

i
|

2.3.2.2. Dicar@onyl—bis-nl[bis(diphenylphosphino)methane]
nickel(0) |

Ni(CO),(n -dppm),
|

|

; A solution of NIiCl,.6H,0 (0.5g,; 2.10

mmol) 1In eth%nol (35mL) and dppm (2.82g, 7.26mmol) in

benzene (25mLﬂ were mixed together, stirred and saturated

with a sldwfstream of C0O gas for 25 minutes. To this
5

j . . .
dark brown suspension, an ethanclic solution (10mL) of
|

NaBH3CN (0.5g;5 7.%4mmol) was added dropwise over a period
!
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. oa =2low

0

u

2 2ti1l passzln

w

3
oo

of 10 minutes whple CO gas w
rate. This was Jtirred ander a constant flow of CO  gas

I
for a further 1.5 hours, during which time the initial

dark brown colouj changed to purple, then blue, then red
and finally a cr(am coloured precipitate formed. This was

filt

1<

red off. F layer of hexane (~15mL) was added

carefully to the filtrate which was then allowed to stand

at room tempepature over 12-hours. The colourleass
crystals which/ tormed were filtered off, washed with

hexane (~20mL) dnd dried under reduced pressure.

|

Yield: 39% M.P.=150%C

i
|
Bnalysis: ’

{Calcd. for Ni(CO),(dppm),

i c

|

1%
[Ne)
e}
oF

70.69% H

I

H
n
N
[

]

|
} Found : C 70.59 H
]

2.3.2.2.0.'Reaétions of Ni(CO)Z(qi-dppm)Z:
|

{ Several reactions of Ni(CO)z(ni—dppm)7

|

were performed to wake hetro- and homobimetallic
I

complexes. The| details of these reactions are given here:

|

2.3.2.2.1. %—Carbonyl—g-bls[bis(dlphenylph@sphino)meth—
ane]—chloroni%kel(o)chloroplatinum(II).

NiPt(p—co)clzﬁp—dppm)2

|

i
|
i

|
|
|
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f Solid Ni(CO)z(z‘;i—dppm)2 (0.10g,; 0.12
mmol) was added ﬂo a solution of Pt(COD)Cl2 {0.44g9, 0.12
mmo1l) in dichlojomethane (15mL). The Ni complex readily
dissolved and t%e resulting solution immediately turned
dark purple. A iayer of ethanol (~6-8nL) was carefully
added and the solution was left for four days at room
temperature. ThF dark purple coloured crystals which
formed were filqered off washed with ethanol (~10mL) and
ether (~10mL) a#d then dried under reduced pressure.,

Yield: 25 ! M.P. 205°cC

o®

Analysis:

|
|

Calcd} tor NiPt(CO)Clz(dppm)2.0.33CH2C12
| c = 53.61% H = 3.88%

|

| ~ - -
Founp: 53.72 4.1¢

|
|

2.3.2.2.2. ;—Cdrbonyl—p—bis[bis(dipheylphosphino)methane]

I
chloronickel(0O)chloropalladium(II).

NiPd(u—CO)Clz(r—dppm)z.

|
2 A suspension of PdCl, (0.04g; 0.2mmnol)

|
in acetane ({10mL) and water (~2mL) was added to =o0lid

Ni(CO)Z(ﬁl—dme)2 (0.17g; 0.2mmol). Benzene (~10mL} was

added to thé resulting mixture which wag then =zhaken
|

manually for | about ~20 minutes forming a dark greenish-

|

i

i
{
|
I
i
|
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| s - - -
purple Euﬁp&ﬂﬁiﬁw, Thiz wazx tiltered off and a layer

v

hexane {(~8mL) wﬁs carefully added to the filtrate which

was allowed to stand at room temperature over a period of
.i _

two weeks. The intensely green crystals so formed were

filtered off, walhed with hexane (~10wmL) and dried undex

|

reduced pressure,
I

Yield : 19% )

Analyslis:

|
|
|

Calcd. for NiPA(CO)Cl,(dppm),.H,0
J C=58.28% H=4.38%
Found: } 58.01% 4.49%
|
2.3.2.2.3. Larbonyl g-bls(bis(diphenylphosphino)meth-

ane]chloronlckeh(o chloronickel(II)

Niz(p—CO)Clz(pndppm)z

N1P12 H,0 (0.07y, 0.31mmol) Was

ethanol {10mL) and added to so0lid

|

|
dissolved in}
Ni(CO)z(r;i—dpprn)2 (0.27g, 0.31lmmol). Tc this suspension,
benzene (6mL){ added and the resulting mixture shaken
manually for i about 10 minutes forming a dark green
solution. A hayer of hexane (~8mL) was added to this
solution whiqh was then left aside for two days, during

J

which time dﬁrk green microcrystals were formed. These

were filtereé off, washed with hexane (~10mL) and dried
I

|
!
|
|
|
|
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|
|
|
|

under reduced prerure.

yield : 35% | M.P. 210°C.
Analysis: /
Cal #d for Niz(CO)Clz(dppm)2
| C=62.16%  H=4.47%
FOUT 61.93 4.65
2.3.2.2. #Qnyl——chlaro -bla-p-[bls(diphenylphozsph-

ino)methanelcarbonylnickel(0)carbonylrhodium(I)

NiRh(u—CO)(CO)Z(p—CI)(dppm)2

) To a stirred ice cold toluene (15mL)

solution of Ni(éO)z(ni—dppm)2 (0.17g; 0.19mmol) under N,
gas was added qpickly, a dichloromethane (~7mL) sSolution

of ha((ﬂ)4gl?'(0,04q, 0.09mmel)  forming an orange  red
| 3

zolution. Carbo aszed through this

n monoxide gas was

e

I
solution for %2~3 minutes forming yellow mnicrocrystals.
These were fiﬁtexed off, washed with hexane (~15mL)} and
dried under re&-
Yield: 11% ’ M.P. 2209C
Analysis:

Cahcd. for NiRh(CO),Cl(dppm),.1.25CH,Cl,

; C=56.5% H=4.0%

FJund: 56.3 4.0
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f

|

.5, Biz—%—[biﬂ(dlphenylphosphinc)m&th:nei—bis{di—
carbonylnickel(07}

)

':3'.'.“

5
(2%

Niz(co)4(;—dppm)%.
|

|

complex describpd earlier, was also characterized in

This apparently different iszomer of the

solution by 31% n.m.xr. spectroscopy. The complex was
prepared when iNi(CO)4 is passed through an 1ice cold
toulene soluti#n (20mL:) containing Ni(CO)Z(:i—dppm)2
(0.289; O.SZm%ml) forming & light-yellow goalution.
Attempts to isoiate the complex by removing solvent under
reduced pressu%e resulted in the formation of Niz(y—
CO)(CO)Z(y-dppmp2.
I

2.3.2.3. UnidenLified Complex:
|
|
; NiCl,.6H,0 (0.55g; 2.3lmmol) in sthanol
(40mL) and dppm (2.04g; 5.31lmmol) in toluene (15nL) were

nixed and st%rred under N2 for about 10 minutes. An

ethanolic suspenszion (10nL) of NaBH, (0.21g; 5.53mmol)

was added quickly over a period ot 2-3 minutes to the

[
stirred mixtu#e, forming a deep green solutlion. This was
filtered offJand CO gas was passed through the filtrate

for about 10 minutes resulting in the formation of a

i

purple colouted solution which 31P n.m.z. shows to

contain a mixture of complexes with at least one =pecles

|

J

|
i
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containing a phoshido ligand as a major product (zes

discussion section). The so0lvent was rzremoved under
reduced pressure after two days and the residue

redissolved in !benzene (20mL) and hexane allowed to

diffuse 1in slowly. This did not result in the 1isolation

of this complex.

or NaBH,CN and CO:

2.3.3. Reactions| of Ni(II),dppe,NaBH4 3

l

1 1inte

i"[l
u"[l

+ I

AT'

e rezting products have been

produced wunder| a variety of reaction conditions from
this system. Detalls of these reactions are summarized

below.

e

2:313'1v {”-B

|

qz—{bis(diphenylphosphino)ethane}nickel(0)l.

lz(diphenylpheozaphine)ethanel-blzlcarbonyl-

Ni,(CO),(u-dppe) (n°-dppe),.
(a}). From NaBH4:

NicCl .6H20 (0.5g; 2.1lmmol) in ethanol

2
(2SmL) and dppe (1.67g; 4.2mmol) in toluene (30mL) were
mixed together and sirred under a slow stream of CC gas
for about 40 minutes. NaBH (0.16g; 4.2mmol) in ethanol

(15mL) was ad%ed dropwise over a period of 15 minutes to

this dark brown mixture. The resulting mixture was
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ztirred for a further 2 hours whlle CO gas was =till

T

passing at a slogw rate (~2-3 bubbles/sec.). The vyellow

suzpenslon 3o ormed was filtered off, and the =zo0lid

4
il
|
ré

i
ethanol (10mL) a@ded and this was kept-aside for a period

residue was dissolved 1in dichloromethane (20mL ),

of two days duiing which time yellow <crystals formed.

These were Eilt#red off, washed with hexane (10mL) and

|

dried under re dﬁced pressure.

Yield: 13%

(b). From NaBH3¢N:

|

J
[

I
|
(0.500g9; 2.I0mmol) in ethanol (35mL) and dppe (1.624g;

A stirred mixture of NiClZ.GHZO

I
4.06mmol) in benzene (35mL) was saturated with a slow
stream of CO g#s tor 1 hour. To this dark brown solution

was added drgpwise an ethanolic solution (15mL) of

The resulting two

1

NaBH5CN (0. 33%, 5.25mmol) over a period of 15 minutes.
f
f suspension was stirred for a further

hours while Co!qas was bubbled at a constant rate of ~2-3

luring which Lime it turned tfirst to red

then to orange

&
}and, finally, a bright yellow precipitate

tormed. This | wag filtered off, washed with ethanol

-

|
|
{(~10mL) dndl hexane (~15mL) then redissolved in
[

! P oA - e Y PR
dichleoromaethane (30mL) and allowed to stand for two days

|
f
|
!
|
f
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|
at room tﬁmpérat\Le. The bright yellow hexagonal crystals
which formed # filtered off, washed with hexane
(~10mL} and dried#under reduced pressure.
Yield: 15% j M.P.= 210°C (decomp.)
Analysis: f

Cal&d. for Ni,(CO),(dppe)q
%0.21% H= 5.26% Ni= 8.58% P= 13.59%

Found bO.lO 5.35 7.93 14.63

2.3.3.2._Carbonjl{qz—bis(diphenylphosphino)ethane}{n*—bis
(diphenylphosptho)ethane}nickel(0)

Ni(Co) (n*-dppe) (n*-dppe)

| NiCl,.6H,0 (0.50g; 2.10mmol) in

ethanol SmL) and dppe (2.%lg;  6.30mmel) In  be

(25mL)}) were mﬂxed and sirred under a slow stream of CO
gas, passing aﬂ a rate of ~2-3 bubbles/sec., for about an

hour. NaBHLCN (0.35g9; 5.48mmol) in ethancol (10mL) was

|
|

added dropwise1 over a period of 10 minutes to this dark

brown solution. The resulting vyellow precipitate was
|

|

evaporation tF ~5mL. The resulting orange coloured

filtered off | and the filtrate concentrated by vacuum

substance wau filtered off, washed with hexane (.5mL),

then with eth# (~5mL), and dried under reduced pressure
forming a Cake

!

f

|

;



198

93-99%C

{
Yield: 89% ( M.P.
Analysis: ;

C#lcd. for Ni(CO)(dppe)2

w

) ' C= 72.05% H = 5.44%

n

'Found 72.09 .70

|
|
2.3.3.2.0. Readtﬁons of Ni(CO)ﬁnl—dppe)(ﬂz-dppe):

Several reactions of Ni(CO)(ﬁi*dPPE)(ﬂE-
dppe) were carxried out to make bimetallic systems.

|
Details of these reactions are summarized below:

2.3.3.2.1. Bls-u-[bis(diphenylphosphino)ethanel-bis{dl
carbonylnickel(0)}
|

NiZ(CO)4(u—dppd)2

This complex could not be isolated in a

pure form, and!'has been tentatively formulated largely on

|
the Dbasis of[3lP n.m.r. spectroscopy. The complex was

'

4]

obtained Erom; two ditferent reactions, as describ

below. f
!

{a) From Ni(C#)4,
f

To an stirred dichloromethane solution

|
o
(25mL) cont%ining Ni(CO)(n -dppe)(rn -dppe) (0.31q;
|
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!
|
0.35mmol), Ni(CO)h waz bubbled for a perled of 10 minutes
torming an orangk—yellow solution. Attempts to isoclate
|

this complex by adding ethanol or hexane were

|
unsuccessful. When the solvent was removed under

UJ
UA

reduced pre an orange solid was obtained which

T
decomposed on re¢rystallization.

!

|

|

(b) From Mo(CO)|

|

Mo(CO)6 (0.08g, 0.30mmol) in THF (40mL)

was stirred an# irradiated under a constant flow of N,

<

gas. To this |light yellow solution was added solid
Ni(CO)(n'-dppe) (7 ~dppe) (0.26g; 0.29mmol) and the

resulting soclution was stirred and irradiated by UV light

for a further & winutes formlng an orange solution. Again
all attempts tJ izolate this complex by adding ethanol or

hexane were unﬁuccessful.

|

|
J

2.3.3.2.2. Rea¢tions with Pt(COD)Cl,:

{
|

|

f Ni(CO)(rn'-dppe) (7°~dppe) (0.159;
0.17mmol) was}dissolved in CoHg (15mL) and stirred forx
about 10 miqutes. To this orange sclution was added
dropwise Pt(Cd'D)Cl2 (0.06g; O0.1l6mmol) in dichloromethane

(10mL) and the resulting orange-purple solution was
|
I
|
|

i
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]
}
|
stirred for a furkher 10 minutes., This was then E£llter

i
o
o
[ty

and hexane was slowly diffused to the filtrate over a

period of four ﬁays. The solvent was then removed under
reduced pressuﬂe and the resulting mixture was
redissolved in d#chloromethane and a layer of ethanol was
added. This was %hen left asilde for a period of one week.
No solid producticould be isolated.

|
r

2.3.3.2.3. React#ons with Fe(CO)S:

|

|

H To a stirred solution of Ni(CO}(ﬁl—
dppe)(ne—dppe) dO.ZZg; 0.25mmol) in CgHg {25mL) was added
Fe(CO)5 (8mL ) ?nd the resulting orange-red solution was
stirred for a f%rther 10 minutes. This was then refluxed
for 15 minutes ‘nd was filtered. All attempts to isolate
any solid proFuct from the reaction filtrate by sliow
diffusion of |ether over a period of one week were

unsuccessful. hen the solvent was removed under reduced

pressure, decomposition occurred.

2.3.3.3. Bis(cyano)—[nz—bis(diphenylphosphino)ethane]car-

bonylnickel(IIb.

N1(CO) (CN),(dppe)

NicCl.

5-6H,0  (0.5g, 2.lmmel) and dppe

|
\
{
|
|
|
|
|
!
|
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(1.67g, 4.21mmu1; were mized and stirred In  toluene/

ethanol (1:1, q)mL under a slow stream of CO gas for

about 40 minutes. An ethanolic soclution of NaBHBCN

(0.27g, 4.2mmolj in ethanol (15mL) was added dropwlise
[

over a period oé 15 minutes to the dark brown solution,
l

while CO gas @as still passing at a slow rate (2-3
l

bubbles/sec.) thkough the solution. CO gas was passed for

another hour. resulting yellow precipitate WAS

e
|

filtered off. After one week of room temperature standing

|
the tiltrate &g concentrated by passing a stream of

nitrogen gas, /forming a small amount of orange solid

which was alsoifiltered off. The remalining solution was
|

concentrated toia minimum volume by nitrogen gas, forming

red microcrystﬁls which were filtered off, washed with

| »
hexane and driep under reduced pressure.

~J
O\D

Yield:
Analysis:

Calcd. for Ni(CO)(CN),(dppe).0.25ELOH
J
| C=64.6% H=4.7% N=5.1%
Fouhd: 54.8 5.6 5.0
|
|
l

2.3.3.4. Bis(ﬂyano [nz—bis(diphenylphosphino)ethanelnick—

el(II)

f
{
Ni(CN)Z(dppe)f
|
!
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1
{ Ta an ethanolic zolution { 30mk Y

containing NiIC] bH 0O (0.5%g, Z2.lmmel) was added dppe

(2.51g; LSmmol) [in benzene (30nmL) and the resulting dark

b

utes. An ethanolic solution {20mL) of

B
brown mixture As stirred under a slow stream of CO gas
for about 40 %

NaBHLCN (0.66g;' 10.48mmol) in two equal portions was

> |
added dropwise to this mixture over a period of 20minutes

(10 minuteg each)) Immediately after the addition ot the

)
first portion, dhe reaction vessel was transferred to an

|

ice bath. C€CO gas was bubbled (at a rate of 2-3

bubbles/sec.) ﬁor a further 4.5 hours. The red-brown
|

ension so [ formed was filtered off, washed with

USSP

""‘:

rr,.

ethanol (~10mL)|and redissolved 1in CH2C12(~30mL). A layer
of ethanol (Nlme) was carefully added to this solution
which was then Ellowed to stand at room temperature over
a period of t#o days. Some more yellow crystals tformed
which were fiﬂterpd off and the filtrate was allowed to
stand three ee at room temperature during which time
well shaped rei crystals were formed. These were filtered
off and was % with ethanol (~10wmL) and hexane (~10ml)
and then dried/ under reduced pressure.
Yield: 9% M.P. 250°C (deconp.)
Analysia:

qucd. for N1(CN),(dppe).ELOH

C=64.90% H=5.41% N=5.05%
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~Found 64.72 3.51 4.54

|
|
|
|
.
|

|

2.3.3.5. Dicaernyl—nz—[bis(diphenylphosphino)ethane}ni—
ckel(0). |

Ni(CO)Z(nz—dppe)‘

|

' This complex has not been isolated, but
was characterized in solution by 31p n.m.r.spectroscopy.

The complex canfbe prepared either from Ni(CD)z(PPh3)2 or

L
from Ni(CO)Z(rfjdppm)2 as described below.

|
|

(a) From Ni(CO),(PPhy),:
|

To a stirred solution of benzene (25mL)

contalning Ni(hD)Z(PPh3)2 (0.42g; 0.66mmol) was addec
J

dppe (0.26g; | 0.66ramol) in benzene (10mL) and the
resulting solution was stirred for about 10 minutes
forming a pal% vellow solution. All attempts to 1isolate
this complex b% adding a layer of ethanol or hexane were
unfortunately ffruitless and only very small amount of &

mixture was obtained which could not be further purified

even after repeated crystallization.

(b) From Ni(c0)2(n*—dppm)2:

f
;
| dppe (0.11lg; O0.26mmol} was dissolved
[
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completaly in

e
r1
o

e (1SmL) . Thl=z was  then adjzz to

4

solid Ni(CO)z(ﬂf~dppm)2 (0.23g; 0.26mmol) and the
resulting solutijon was shaken manually for about 10

minutes forming | pale vyellow solution. Again all

ﬂ te a pure complex by adding hexane or

Cl

attempts to

f
ethanol were unbu cessful.

|

2.3.4. Reactionslof N1(II),dppp,NaBH, or NaBH3CN and CO:
|
|

i Although thls system has not been ag

thoroughly invéstigated a3 the corresponding dppm and
|

dppe systems, geveral exploratory reactions were carrlied

out, and some| interesting Ni(0) complexes have bheen

e
obtained. tails of these reactions and the methods of
isolation of tthe complexes are described below.
|

2.3.4.1. up-{Bils3(1l,3-diphenylphosphino)propanel-bis{carb-

onyl—nz—{bis(l 3-diphenylphosphino)propaneinickel(0)]

'
N1i,(CO),(u-dppp) (7 -dppp),

|

l

A stirred mixture of NiCl,.6H50
(0.50g; 2.10mmp1) in ethanol (50nmL) and dppp (1.73g, 4.21

mmol) in toluene (10mL) was saturated with CO gas for 2

hours. Afteer minutes, the dark brown solution c¢hanged
f
to wine red aqd a s80lid started to forwm. A suspension of

f

|

\i
|
|

|
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|

L 2lmmol) in ethancl {(15mL) was added

1)

NaBH, (0.16g; 4

dropwise over a pfriod of 20 minutes while a slow stream

of CO gas was sthll passing through the suspension. The

colour of this sjuspension changed to lighter brown and
then yellowlish bJown. CO gas was passed for a further 15
minutes. The re#ulting vellow precipitate was flltered
off, washed wi&h ethanol (~10mL) and redissdlved in
benzene (~35mL). Ethanol (~35mL) was added and the
mixture was allkwed to stand at room temperature for 12
hours. The yellibw microcrystalline product was f£lltered
off, washed w#th ethanol (~10mL) and diethyl ether
(~15mL) and dri%d under reduced pressure.

Yield: 17% ( M.p.= 126°C
Analysis: J

x

fd. fFar N1,{(C0),(dppp) 3. ZELOH

; C= 69.623% H= 5.87%
J

C

el

FounF: 69.65 5.94
\
f
2.3.4.2. Dicar?onyl[bis(l,3—diphenylphosphino)propane]ni—

kel(0) |

Ni(CO)z(Bz*dpp%)

| A mixture of NiCl,.6H50 (0.50g;
2.10mmol) in e#hanol (25mL) and dppp (1.73g; 4.20mmol) in
|
benzene (35mL)| was saturated with a slow stream of CO gas

and stirred %or 1.5 hours. After five minutes the dark

I
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|
|
|

brown solution tu%ned to wine red and a =o0lid szftarted *ta

r

form. An ethanolic solution (15mL) of NaBH3CN (0.13g;

|

2. wmol )  was tW‘n added and the CO gas was allowed to

|
bubble at a rate [of ~2-3 bubbles/second for a further 1.5

hour while the %uspension was stirred. During this time

it turned into a‘wine red solution. This was left at room

temperature for| 10-days. It was then concentrated by

vacuum evaporati&n to ~10mL and allowed to stand at room

|
temperature ove 12 hour. The pink microcrystalline
product so formed was filtered off washed with ethanol
(~10mL) and dried under reduced pressure.

Yield: 18% M.P. 149°C

\
|
Analysis: j
Cal!d. for Ni(CO),(dppp)
| C = 66.1% H = 4.94%
Fgund 6£6.08 4.79

|

2.3.5. Reactioqs of Ni(II),dppb,NaBH, or NaBH3CN and CO:

j Thls system was brlefly explored, and

the interesting results obtained are summarized here.

2.3.5.1. Bis}nz—[bis(l,4—diphenylphosphino)butane]nick—
el(0). |

Ni(dppb)2
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T a stirred mixture of NiClQ.GHZO

o

|
(0.5g, 2.1lmmol) !and dppb (1.79g, 4.2mmol) in toluene/
I

ethanol (2:1, 60mL) under a slow stream of CO gas was

|

added dropwise #nd ethanolic (15mL) suspension of NaBH,

!
(1.12g, 29.5 mmol) over a period of 40 minutes. CO gas
|

was slowly passeﬁ through the resulting suspension for an

additional two /hours during which time several colour

l
changes took place until, finally, an orange-red

|

suspension was formed. This was filtered off and ethanol

{(~20mL) was addqd to the filtrate, which was then allowed

to stand at roodm temperature for a period of four days.
|

The Dbright red crystals so formed were flilltered off,

washed with ethanol (~5mL) and hexane (~10mL) and Adrieqd
]

Yield: 14% ; M.P. 175%C (decomp. )
|
I

alcd. for Ni(dppb),.0.5EtOH
C=73.29% H=6.32%

ound: 73.31 6.28

nickel(0)

|
|
|

Ni(CO)z(ﬂz—dpjb).
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|

|

|

}Nich,GHQD (0.5g; 2.1lmmel) and dppb
(1.79qg; 4.2mmol); were mixed together and stirred 1in
benzene/ethanol 1(2:1; 60mL) for about one hour under 3
slow stream of chbon monoxide gas. An ethanolic solution
(15nL) of NaBH3C& (0.26g9; 4.2 muaol) was added dropwise to

|

this mixture ov%r a period of 20 minutes, while CQ gas

was still passing at a rate 2-3 bubbles/sec. Carbon

monoxide gas waS passed for an additional two hours

|

during which tjme the colour of the suspension changed

from redlsh-brown to yellowish-~brown to darker brown and

tinally, a yelﬂowish—brown suspension was formed. This
was filtered #ff and ethanol (20mL) was added fto the

filtrate. This| was allowed to stand at room temperature

for four weeks. The pale yellow microcrystalline product

so formed was Eiltered off, washed with ethanol (~15mL)

and dried under(reduced pressure.
|

Yield: 17% M.P. 190°C.

Analysis: J
C#lcd. for Ni(CO),(dppb).75CgHg
|
J C=69.09% H=5.42%

bund : 69.06 5.33

2.3.6. Reactionz of N1(II),dpppe,NaBH, and CO:

Only a few reactlons of an exploratory
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|
nature were cariiec out on thiz sysztewm, and only one
complex was 1isol

fted which is tentatively identified as
follows. (

2.3.6.1. Chloro-bis-n [bis(1l,5-diphenylphosphino)pentane]

|

|
NiCl(n2~dpppe)2 f

|

| Carbon monoxide gas was passed

nickel(I)

slowly

through a stirrfd mixture of NiCl,.6H,0 (0.5g9; 2.1lmmol)

4.3mmol) in toluene/ethanol (1:1; 50

and dpppe (1.91qg,

mL) for about 35 minutes. A suspension of NaBH,; (0.16y;

|

4.21mmol) in éthanol (15mL) was added dropwise over a

o

-t

|
period of 15 m#nutes to this mixture, while C0O gas wa

still passing %t a slow rate (~2-3 bubles/sec.). The CO

|
was passed for ? further 4 hours. The resulting greenish-

gray suspensio% was filtered off, washed with ethanol

issolved in DMF (25mL). Ether (100mL) was
of 4

1)
jo)
[¢7]

(~10mL) and r

added and pink microcrystals formed over a period

These were filtered off, washed with

{
=N
D

months in a fr r.

ether (~20mL) and dried under reduced presure.

Yield: 15% M.Pp. 144°C.

Analysis:
Cald. for NiCl(dpppe),.1.75DMF

C=65.9% H=6.27%

NNy, TR
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|

Fhund: 65,7 6,08
2.3.7. Reactions jof Ni(II),cis-dppe,NaBH3CN and CO:

|
|Agaln thls system has been explored only
very briefly ex?lored and only one comlex waszs 1solated.

The formulation éf this complex is tentative.

|

|

2.3.7.1. Bis—nchis—[bis(1,2—diphenylphosphino)ethylene]
J
nickel(0) {

|
Ni(na—cls—dppeedz.

|

' A mixture of NiCl,.6H5,0 (0.5g; 2.lmmol)
and ggg—dppee (1.66g; 4.19mmol) in benzene/ethanol (1:1;
60mL) was stifred and saturated with €O gas tor 40
minutes. To thhs was added an ethanclic solution (15mi)
containing NaB%3CN (0.4g9; 6.4mmol) over a period of 10
minutes. The rﬂsulting mixture was allowed to stirr for a
further 2 hou%s under a slow stream of carbon monoxide
gas (~2-3 bubﬁles/sec.). The red solution so formed was
filtered, hex?ne (15ml,) was added to the filtrate and a

|

red crystalline product formed over a period of 4 day

3]

This was filrered off, washed with ethanol (~5mL) and

hexane (~lOmL)fand dried under reduced pressure.

! M.P. 216°C.

o®

Yield: 12
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Analysis:
calcfl. for Ni(dppee)l;

c=73.17% H=5.39%

Found: 73.47 5.53
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|
f
|
f

Re=zult=2 and Di=scus=s=lon:

3
r
|
I
|
/ 3.1. Introduction:

f
’ From the introductory section it 1is
quite clear th%t phosphine substituted metal carbonyl
complexes presﬁnt a very interesting area of chemical
research. Thesa complexes possess unique structural and
|

chemical properties. It is also equally evident from the
previous sectio% that these complexes have been prepared

by several routés which may be summarized as follows.

|

(i). Direct substitution: Carbonyl groups in metal-

carbonyls can’be replaced by phosphines directly either

by heating the metal carbonyls with phosphine ligands, or

|
|
l
|

H

by refluxing /in a sultable s3so0lvent. The degree ¢

ot
[’

substitution may be controlled by adjusting the metal

ligand ratio. '
|
I

}
|

(ii). Photolyﬂic methods: U.V. radiatlion can also effect
the substituﬁion of metal carbonyls, usually in donor

solvents in tﬂe presence of phosphines.

|

(11i). Substituted metal carboyls: Substituted metal

carbonyl derﬁvatives containing weakly bonded 1ligands

1
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|

such as THF, ac7tonitrile, oletins, arenes etc. provide

one very conveniqnt route for the syntheses of phosphine

|

substituted metal carbonyl complexes.

(iv). Catalytic methods: 1In some cases, substitution of
|

CO group(s) witp tertiary phosphines have been achieved

rather conveniently under catalytic conditions, for

example by wusing NaBH,. This method also reduce the

!

voltalization oﬁ metal carbonyls.

(v). Electrochgmical methods: Electrochemical methods

have also been‘used Lo replace CO groups with phosphine

ligands. f
|
|
)

routinely and qxtensively to prepare these complexes and
|

in most cases‘the highly toxic binary carbonyls are the

Only first three routes have been used

\
main starting +aterials.

‘1

|

; Preliminaxry results in these
laboratories hﬁve shown that reactions between metal ions
and NaBH, in tke presence of CO lead to the production of
metal carbon%ls.szg Also, reactions between metal ions,
NaBH, and phoﬁphines lead to the production of low valent

metal phosphi%e complexes. 1t was therefore expected that

|
|
J
|
|
|
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[

reactlions between metal lons and NaBHy In the presenc

h
T

|

both CO and éhosphines would lead to phosphine-
|

substituted metal carbonyls. These would presumably form

in solutions iL which low valent metals are being

produced and for! which both CO and phosphine can compete

r
for coordination)sites.

The investigation to be described in the

tollowing pages is, therefore, a detailed study of the

behaviour of N
v

riety of phosphine 1ligands underx Co

|
f
|
J
J
3
J(II) towards NaBH, (and NaBH3CN) in the
presence of 2
I
|

atmospheres and/ under a variety of reaction conditions,

|

]
‘;l
initially ch057n tor the study are PPhy, dppm, dppe, cis-
f
dppee, dppp, d?pb and dpppe. Reactions involving dppm o

The seven phosphines which were

dppe with Nicl£.6H20 in the presence of NaBH, or NaBH

!

under CO atmogpheres were more thoroughly studied while

[mg}

the reactions!with the remaining phosphines were o an

]
e¥ploratory qature. The details of these reactions will
now be described.

]
3.2. Ni(II)/PPh3/NaBH, or NaBH3CN/CO:

:

|

|

The ligand PPhy i3 the only monophosphine
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used in this study, with most of the work involving the

C
less bulky isphosphine ligands. Usually apot

|
|
L;l
L’L
coordination, m?nophosphines tend to form wonomeric
complexes, whil# dimeric complexes are often  obtalned
from bisphosphi%e ligands. With monophosphines, The

|

>gree of substiitution largely depends upon the

It

d

IS 3
ceric

,,.
U

bulk ot the 1iand.

!

|

|

| This system, Ni(II) salt, NaBHy or
NaBH,CN, PPhy and CO, is the simplest one investigated in
this study. One complex has been isolated and fully
characterized a%d n.m.r evidence for the formation of at

leazt two moze(egmplexeﬁ has besn obtalned. Howevar, all
[

attempts to %solate these other Ltwo cowmplexes were

unsuccessful.‘/

x In a typical synthesis, NiCl,.6H,0 1is
|
reduced in—sit# with NaBH, in the presence of PPhy under
a slow streah of CO. The reaction goes smoothly to

completion within two hours of NaBH,; addition, and forms

a pale, cream coloured solid. This, on recrystallization
ftrom benzene and hexane, gives colourless or light cream
coloured crysgtals which chemical analyses have shown to
be NIi(CO),(PPh3),. The same complex is obtalned as the

major produc when NaBH;CN is used 1Instead oi NaBHy.
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|

Y md s ot £ e .
Furthermore varying the ratlo of metal to ligand oz

increasing the {quantity of NaBH, or NaBH3;CN does not

appear to affect|the reaction pathway.

This is a well known complex and has

£
|
|
|

been used as E catalyst since the 1940's. Rose and
!

Statham **° hav# synthesized it from the reaction of
Ni(CO), and PPhy in ether under refluxing conditions, but
were unable t recrystallize the product. The same

authors furthe reported that this complex catalyzes

s B S

violently the pFlymerization of phenyl acetylene, unless
the compound i% diluted with a large volume of alcochol.

Even Iin 10% falcoholic solutions, polymerization is

exothermic. Moreover this complex also

91

|
vigorous and |
catalyzes the %onversion of l1-phenyl propargyl alcohol to

l,3,5—tri(a—hy@roxybenzyl)benzene.
|

/ "This complex has also been prepared by
i
other routes, Fuch as treating Ni(PPhjy)y with CO gas in

benzene or dichloromethane ~ , or b treatin either
14

Ni(PPh3)2{SeCjO)NEt2}2 or NiCl,(PPh3}, with CO gas

|

The 1.r. spectrum is shown in Fig.11l0,
1ency values, together with the literature

and the freq¢

|
values, are r#corded in Table {101. The spectrum reported

J
|
|
|
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Table (10):
I.r. and n.m.r. data of ?i(CO)Z(PPhS)Z.
Complex vCO c.m.'” 3on.m.z. lyn.m.z. ref.
5 s (p.p-m.)
NL(CO),(PPhy),  2000(s), 1990(sh),
1942(s), 1815(m) 32.7(a} 7.17, 7.22 a
1998, [1936 439
1995, (1940 446
32.6 466

(a) Our work.
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/ U
. x
1 2000 1900
Seleited Features of the Infrared Spectra of
Nl(c@)z(PPhs)z.
l

Fig. 110.

o

i
!
|



( 219

r, this was recorded 1n the solid state

here contalns tTo additional weak +CO bands at 1920 and
1915 cm —. Howcv?
|

(Nujol) in which|distortions may lower the symmetry from
that found in }5olution. The analogous palladium zand

platinum JPVlbirlves, prepared frow M(PPh3), ({M=Pd,PL}

¢

and CO at high temperature and pressure, also exhlibit two

strong «CO banﬂ in their solution i.r. spectrad" (see

Table [101). !

|
|
|
|

The blP n.m.r. spectrum of Ni(C0),
(PPhy)y in benzene solution shows a singlet at ==32.7

ppm which 1is | consistent with the wvalue reported by

’ RS

Meriwether at 32.6 ppmi'”. Thus, the two cocrdinated PPhjy

groups are iw a magnetically eqguivalent environment.

1 |
The H n.m.r. spectrum shows resonances due to phenyl

protons at &=7.17 and 7.22 p.p.m. as broad signals.

|
|
|

In benzene solution, a molecular weight

N

|
determination #hows a value ot 558 which is close to the

]
value of 638.7‘Eor the monomeric conplex.

i All this evidence supports tThe
tormulation oq this complex as a tetrahedral structure as

| TE
proposed ear%ier by Cnatt and Hart , Aalthough some

distortion f% om the idealized tetrahedral geowsbtry may
f

|
|
f
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have occurrad dug to the bulky PPhy ligands.

n

0]

other two complexes which are formed

R

A
trom these reac?ions were identified only by le n.m.r.

spectroscopy. fhus, when the reaction tiltrate

(containing an excess of free phosphine) after

N1(CO),(PPh3),y hgs been filtered off, is allowed to
I -

at -15°C (in a fkeezer) over a period of two weeks, a new
|

tand

W

strong singleﬂ appears at 5=30.6 p-p.-m. Periodic
monitoring ot t7e 31? n.m.r. spectrum shows that this new
species appears at the expense of Ni(CO},(PPhy)y (2 32.7)
and of free pﬂd&phine (2=5.6) which suggests that the new
specles 1is mostllikely Lo be Ni(CO)(PPhjy)3.

i
Furthermore, when a benzene solution of

!
!
|
!

Ni(CO),(PPhy)o | with a small amount of free phosphine i3

allowed to stand at room temperature over a two week

period, a ney strong singlet occurs in the “YPoa.m.r.

spectrum at f=24.6 p.p.m. Again, evidence from the
i 2 l

periodic moniForing by P n.m.r. shows that this new

aspecies aa:ea&s as the signal due to NI(CO),{(PPh,),.
' ~4

L

decreases. Aq‘the same time the free phosphine content

increases. No Isollids were l1solated from these solutions,

|
but it iz p#ssible to speculate that the new species

o

could he N i

=

3
3

Ni(CO)z(PPh3) C6H6) which <ould have been formned

j
|
|
|
|
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|
according to fol%owing egquation.
|

PhiP, €O CO
| NN S
2N1(CO}4(PPhyl)p ~—=m—m———= Ni Ni +2PPhj
{ N\ / N
| CQ CQ PPh»;
, :
|
l or
|
TPPh3 2 weeks
Ni(CO)y(PPhy)y f-—-——==——=== 5 N1(CO)5(PPhy) (CgHp ) +2PPhy

%SHG room temp

3.3. Reactions of Ni(II),dppm,NaBH, or NaBH5;CN and CO.

|
!

/ The reader will recall from the objective

T

that reactions}of Ni(II) salts with NaBH, and NaBH,CN in
the presence fof dppm have been investigated in some

I
Sz

detail in these laboratories. . , ~ For example Khan has

|
studied the interactions of NiC12.6H20 and Ni(ClO4)2.6H20

Lt

i)

i
with NaBH;3CN ﬁn the presence of a varilety of Dbidentate

1]

phosphine liqa#ds. With dppm, it was repoxrted that at
J
|

least four major Ni(II) and Ni(I) products,

[NL(BH3CN)(dpﬁm)z]{ClO4}, N1, (BH3CN) (CN) (dppm)y, Niy (CN)5

(dppm) 4 and ‘Niz(CN)z(dppm)z can be obtained by the

| . . .
careful corntro2l of reaction conditions.

It will be clear trom the follewing

|
|
|

|

I
I
|
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discusaion that the addition of CO into these rections
results in the production of profoundly different

specles. Thus, ‘from the many reactions carried out 1in
|

this investigati?n between NiCl,.6H,0, dppm and NaBH, ox

NaBHL,CN under £ CO atmosphere, at least three major

products are known to be formed. At the present time,

only two of ‘these have been isolated and fully

characterized. [The syntheses of these Ni(0) systems are

J
very sensitive;to such factors as the ratio of metal ¢to
phosphine, theﬁtemperature and whethexr NaBH, or NaBH;CN
is used. Furthérmdré, not only are these complexes very
alr sensitive i? solution, but two of them are also very
unstable in Splution at room temperature. This made
charaterizationg work quite difficult and extensive work
with solutioﬂs kept at 1low temperatures in inert
atmospheres waJ required.

|
g Details of the syntheses and
characterizati%ns of the first two complexes, Niz(;—
CO)(CO)Z(p-dpp%)z and Ni(CO)z(ﬁi—dppm)z will now be

|
discussed. However the third complex, Ni,(CO),(z-dppm),,

|
will be discussed later with the reaction chemistry of
Ni,(2-CO)(CO) 45 (u-dppm), because it can be more

conveniently %ynthesized from the latter.

(3.3.1. Niy(p=-CO)(CO)5(u-dppm),

|
|
|
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This orange complex is produced under a
wide crange of |conditions. It is best made from the
reaction of Ni?12.6H20, dppm and NaBH, under a CO
atmosphere in aimixed {benzene or toluene and ethanol)

solvent system., Detalls are given in the experimental

|
|
|
i
section. The cpurse of the reaction is dependent upon

whether NaBH, or/ NaBH3CN is used, their amounts and also

!
on the Ni:dppm ﬂatio. Thus, a high yield is obtained when

. |
the Niclz.bHZO:qppm:NaBH4 ratio is 1:2:>5. It the amount
of dppm 1is iﬁcreased or if NaBH3CN is wused then the

product is Eor%ed along with varying amounts of a white

I

complex. This rsee latexr) is slowly converted into the

orange complex when the mixture |is dissolved in

dichloromethane

|

|

f The orange complex is stable
indefinitely in the solid state under an oxygen free

|
atmosphere, bu# decomposes within ~12 hours when exposed
to air. In solLtion it is even less stable 1f exposed to
air.

|
|

' Analytical data are in excell

rr

>

M

agreement w1#h the formulation Ni,(CO)3(dppm),. This
|
|

compound 1is |not new and was recently the subject of a

briet confeténce presentation by Stanley et.al. =~ who

!

l
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|
i

reported  its preparation by fragmentation of HC(EPh3)3
from the comple% Ni(CO),[HC{PPh3)3]. No further details
were however fqiven. In addition, its surprising
structure, established by X-ray crystallocgraphy, is a

"cradle" type WiTh both bridging dppm ligands on the same

i
side of the moleyule ag compared to the expected A-frame

l _
type of structur, shown by the closely related Nip(u-

CO)(CQ)Z(H—P~P)2(complexes [where P-P= RoPYPR,; R= CF,,F

and Y= NH,NMe,%] prepared from the reaction of Ni(CO)y,

Lo s
A . N

with the approériate phosphine ligands.A" In tfact,

the complex Nii(g—CO)(co)z [S{PCF3)2}2]2 has been shown

"

il

by X-ray crysta#lography to have an A-frame structure.

Also, while this thesis was being written, DeLaet

-

et.al.’’ " reported that when the cradle Nigy(u-

CNMe)(CNMe)Z(g—bppm)z complex 1s treated with carbon
dioxide at 150q—2200 psi over 48 hours it results in the
formation of Ni,(:-CO}(CO),(u~dppmu}sy. The same anthors
have also prep?red this complex by treating Ni(COD), with

dppm and carbo% monoxide gas.

|
|
!
|
[

The infrared spectrum 13 shown in
Fig.[1111 and the carbonyl frequencies are recocrded in
Table [117]. Hive carbonyl absorptions cccur in  ths CO

region and it is quite clear that the molecule contalns

both te:mina% and bridging carbonyl groups. The 1lowest
i

i
a‘
|
[

|
|
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Table [111]:

I.xr..and n.m.xr. data of‘Niz(p—CO)(CO)Z(u—P—P)Z, its derivatives and related

I
1

complexes.
. f

Complex
Niz(p—co)(CQ)z(p-dppm)ia

’
|

Nip(p=C0) (CO) g (u-LE) P

a

|
N1, (p=CO)(CO),(pu-Lim), {
|

Niz(u—CO)(CO)Z(u—Ls)za‘
|
le(u-CO)(CO)z(u—Ln)z "

N1(CO),(u~-504) (u-dppm},

|

Pdo(u=-805)Cly{p-dppm)

PtPd(pu-505)Cl, (u-dppm),

v(CO)i c.m.

1

2000(wW),1972(s), 1955,
1915(wW),1790(s)

1967(sh),1947(s),1784(m)
2070(s},2055(s),1891(s)
2074.5(vs),2052(vs),

1912.5(s)
2019%,2018%,1868"

2088(vs),2075(vs),2033",

1894(vs),1854
2085(vs),2080(vs),
2065(vs),
2033%,2025",1870(sh),
1865,1825"
1995(m),1982(s),1038(m),
1045(m),1173(w),1195(w)
1028,1041,1157,1165

1031,1157

PtPA(p-50,) (CgFs5) (p-dppm), 1145(s),1025(s)

Pty (p-50)(CZCPh) 5 (p-2ppm) 4

N1,(CO) 4(p-dppm),

Ni,(u4-CO})Bry(p-dppm)

Nig{(pCO)I,(p-dppm)og

lelz(u-dppm)z
|

a= Nujol, b= HexaneJ
S= strong, W= Weak;

m= multiplet

h= Medlum,

1160,1030
2080(m), 2018(sh),
2004(vs), 1955(s)
177%

1775

1985(vs), 1965(sh)

1775(w,br),1558¢(=)

sh= shoulder,

X= our work,

31?n.m.z. lHn.m.r. ref.
8 8(p.p.m.)
.7 2.58,3.40 x
{(m)
476
469
468
468
467
17 2.6,4.15, x
7.0,7.5
514
27.2,23.8 4.15,2.6 496
{c.m)
515
515
17.9
23.5 1.2% 3.7(cm)
25 1.25,3.0
7.4(bx)
25
21.0
24(w)

* Sharp spikes on the edges of the strong bands.v= Very,

c=complex
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! i

12000 1900 1800
~ted Features of the Infrared Spectra of

Fig. 111. Sele
Ni, (g-C0) (CO) 5.(K-dppm] ;-

1700
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|

|
frequecy absorpﬂion.at 1790 cm =~ can be assigned to the

— 3

bridging carbon%l group. This is 101 cm™ " and 104 cm

|
lower than thel trequencies assigned to the bridging

carbonyl group$ in the related complexes Nigp(i-

CO)(CO,2[ NMer o and Niz(;—CO)(CO)Q[;—

w

i

{(CF3>29}217“” respectively.

ot

—

( As mentioned above, the presence of
!

bridging carbjnyl group in the latter has been

established by X-ray crystallography. The higher

|

bridging and terminal carbonyl freguencies in the i.r.
|

spectra ot theLe complexes may be attributed to better
7- acceptor pererties of these bisphosphine ligands as
compared to dppw, resulting in less w- electron donation

from the metal |'d' orbitals to the ?* orbitals of CO.

The two strong higher freguency

|
|
|

i“

absorptions atJl972 cm”© and 1955 cm ' in Nip(2-CO)(CO),
(p-dppm), are; assigned to carbonyl groups coordinated
terminally to fach metal atom, while the remaining bands
in the termi%al carbonyl region at 2000 em " and 1915
cm” probably result from distortions in the solid state
structure whilch may cause a lowering of the symnmetry.
There are dif%e:ences between this i.r. spectrum and that

I i i 4
EL

reported by |[Delaet et.al., as can be seen in  Table
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[111, 1in that f@nly one strong band in  the

carbonyl region ﬁao been reported by these authors, while
J

this study shows at least two strong band occurs in this

terminal

m

region, as shoWn in FPig.111. However, this ditftterence
may Dbe attribut$d to the NaCl cells used in this study
while KBr cells #ere used by Delaet and coworkers, which

possibly resulteﬁ in pooerer resolution.

|

|
f The  31p nim.x. spectrum in dichloro-
f

methane bOlUth? at room temperature shows a single sharp

s

resonance at =22.7. All phosphorus nucleli are,

}
|
|

therefore, in magnetically equivalent environments and

the position of the signal is consistent with the 4

|

ligands bridging the two metal centers. Similar

m

o]
e}

n.m.x. Chemicﬂl shifts, have been reported for closzely

related comJlexes such as RhZ(CO)Z(;—dppm)z,f

H

1z

and [Pt,(p-MeCZC) (1

>3
m

|

|
|

COz(CO)4( dppT)z 2
dppm)} 5 1 [BF 4] all of which 1involve bridging dppm
ligands.

The lH n.m.r. spectrum of this complex

at room temerature is guite complicated and shows Etwo
multiplets, S%Own in Fig.112, due to methylene protons of
the dppm 11§ands, centered on ==2.58 and 3.40 p.p.m.
respectively !with J(H-H)=12.5 Hz. The signal at &=2.58

|
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p.p.w. Aappears as two well defined overlapping gquintets
with a line separation [the apparent J(P-H), the average
of “J(P-H) and‘ "J(P-H)1 of 4.32 Hz, while 1in the

resonance at =3.40 p.p.m. the two overlapping dquintets

I

55 well defined and the line separation 1is 7S5SHz.

|

This 1is probaqu due to the non eqguvalent methylene

are le

protons ot thefcoordinated dppm virtually coupled with
the four magnetﬁcally equivalent phosphorus atoms in this
complex to givg a doublet of guintets in an ABXX'X"X"'
spin system. I% addition, signals due to protons on the

phenyl rings a?pear as two broad, unresolved multiplets

centered at S=6L95 and 7.31 p.p.m.

A

|

} Attempts to measure the molecular weight
of the complex!by osmometric methods were unsucesstul due
to limited s$1ubility in the solvents used for this
purpose (ben%ene and chloroform). In addition, no

molecular ion %as detected by mass spectrometry.

I
f
|
i There seems to be no doubt, therefore,

that this comp%und is the same molecule tor which Stanley

et.al.

In

determined the structure, although our method

- s ! k3 *
of preparatlﬁn iz wvery much simpler. It should be
|

emphasised that reaction of Ni(CO)y with swmall-bite

l

bisphosphine 'ligands such as dppm or dmpm glve only
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dizubstituted eiﬁher monomeric or dimerlc complexes of

the type NH(CO)Z(iE“dppm)EiE and Niz(CO)4(;—

dmpm)z.iih’H No other substituted nickel carbonyl

B T |
|

complexes have been reported from the direct reaction of
J
Ni(CO)4 with dpp$. The Ni-Ni bond is shown in Fig.113(a)

to =zatlisty the’lS electron regquirements of the nickel

|

atoms.

'
|

3.3.1.0. Reactions of Niz(p—CO)(CO)z(p—dppm)z.

|

f Complexes containing metal-metal bonds

/ 2L Sos Ses
&5, ZTELE ZEE

are well known for their reactivities. ’ ’ For

example, in reaftions with SOZ,CO,NO,CI',BK_ and I~ etc.,
the metal—metah bond may be cleaved, or small molecules
may Dbe insertgd across the metal-metal bond. Moreover,
the oxidation]states of the metals may alsoe be changed
f
|

via oxidative| addition reactions. Examples of some

|
P ! . .
typical metaleetal bonded complexes and thelr reaction

. |
chemistrxy which have been ¢

eported in the last decads
are Rh2v‘(CO)2(;_!—dppm)zz:‘?,I;‘:Z(CO)Q(;—dppm)Z;::' ::I':-Ell

Pd2C12(u—dPPm)b‘ and PtClz(;—dppm)z.i;'

' saeme of the reactions described in
|

|

this section

|

much more work is needed to identify positively all the
|

I

are preliminary studies and in some cases
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products.

Thus, 1t was expected that Niz(;—CO)
(CO)Z(;~dppm)2, ’diSCHSSEd above, would 3show similar
behaviour and, indeed, it reacts with a wvariety of
molecules, such as SOz,NO,HCl,HBr,I2 and Sg etc. These
reactlons are {summarized in scheme [III@ and will be
discussed in th% following pages.

]
|
!
|
|
!

3.3.1.1. N1,(CO),(u-50,) (u-dppm),.

f
i

| This complex is prepared trom

reactions betwekn dichloromethane solutions of Ni,(:-CO)
|

T

(CO)2(g—dppm)2; and 50,, which form dark brown solution
(for details sﬂe experimental). The reaction is rapid and
appears to bé complete within 10 seconds. On adding a
layer of ethanol to the reaction filtrate, dark Dbrown

I
crystals formed over a period of five days.

l

|
E
|

: i

alir stable butp in solution, decomposition occurs wikhin
|

The diamagnetic dark brown crystals are

a few hours on exposure to atmospheric oxygen.

! Chemical analyses are consistent with
the empirica% formula Niz(CO)Q(SOZ)(dppm)2.0.33CH2C12.
.
!
l
|

i




Reaction chemistry

Niz(CO)Z(NO)Q(p—dppm)

NO

[Niz(CO)vz(i.‘t—H)(;_i-'dpg

e

,-"/‘

/'»/"d

Niz(p—CO)Brz(;—dpp@)Z
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ot Ni(g-CO)(CO)z(;—dppm)z

210C11,
Niz(co)q(p—dppm)z

\
\\\‘ Niz(CO)z(H“SOz)(}Jﬁ—dppm)z
VY

~CO ACO

LA 30 2

HC1 A Sg

pm)Z][Cllé—-——Niz(u~CO)(CO)Z(g-dpp@h——~~+un—
\ characterized

B/r// // \

\
s 12 ‘\\: IZ

<4
Niziz(p—dppm)z

/

v
Ni 2 ( .U—CO ) I 2( '}_‘-,'—(ﬂppl‘ﬂ) 2

scheme [IIID.
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[ 1

|
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|

Fig. 114. Selected Features of the Infrared Spectra of

Niz(Cf)Z(#—SOZ)(#—dppm)z-
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i
The presence fodichloramethane waz confirmed by the H

n.m.r. spectrum Qsee below}.

i
I

I

The 1.r. spectrum in dichloromethane
|

solution shows a'strong band at 1990 cm™' consistent with
terminal carbon?l groups, There iz no longer absorption
due to w-CO. In!the solid state (Nujol), the 1990 peak
Appears as a douplet at 1995(m) and 1982(s) cm”~ as shown

in Fig.114. This’may be attributed to the distoxrtions 1in

the solid staée. In addition, the i.r. spectrum shows
absorptions at #038(m), 1045(m),1173(w) and 1195(w) cm- "

|
which may be assigned to the +(5-0) frequencies. Similar

values for the $ridging 50, group have been reported for

4 E

pdz(g~soz)c12(;;—dppm)25i , PtPd(p-50,)Cl, (p-dppm),,

PEPA(1:=50,) (CFi) , (w-dppm),

==

°* and Pt,(+=80,) (CECPh) 5 (-

S
-

which!are recorded in Table [11].

dppm),*
|
|
{ The 3P n.m.r. spectrum 1in dichloro-
methane soluti&n shows a single resonance at =17.0 p.p.
|
., consistent with bridging dppm ligands and

]
magnetically eguivalent phosphorus atoms in solution.

|
! The <H n.m.r. spectrum shows two
f

unresolved mulﬁiplets centered at £=1.87 and 3.75 p.p.m.,

I

which are atkributed to +the nonequivalent methylene

protons ot !the dppm ligands. The related PtPd (=
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Soﬁ)clq(p—dppm)j{showsg' resonances due to the methylene

Slwllar values were observed for Ni,(u-CO)(CO},(u-dppm),
o
W

A

protons of the /dppm ligands at £=2.6 and 4.15 p.p.m.

discussed earlilr. In addition, it shows L

o broad,

¢

unrezolved reso#ances due to the phenyl protons of the

dppm ligands at}%z?.o and 7.5 p.p.m. and a resonance at

|
£=5.3 p.p.m., atrributed to the protons of CH2C12 present
in the lattice.{
The existence of sulfur (from 302) was

turther confirm#d by X-ray fluorescence spectrometry. All

the evidence,] therefore, is consistent with the

T

displacement of the bridging CO group by 505, to give th
new speciles, hown in Fig.113(b). A Ni-Ni bond is
reguired to Sakisfy an 18 electron count on each nickel

atom.

3-3.1-2. Niz(CO)4(p—dppm)2.

|
|
|
|

As mentioned earlier, some the
complexes formed in this investigation are extrems=ly
unstable. Thi? is example of such a molecule. Evidence

|
for the formation of this complex was seen on several
|

! »
occasions (31P3n.m.r.), for example, in the filtrates of

i

reactions to generate Ni(;~CO)(CO)7(:—dppm)2 and

i
i
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!
|
Ni{CD)Z(Q;~dppm)£. It is=

[xij
[
]

o prepared when C0 13 passed
through dichioromethane solutions of Niz(;—
vCO)(CO)z(dppm)Z, forming a pale yellow soclution (details

in experimental #ection). This rapidly turns back to the

-

original darker
!

stopped. HoweveF, at low temperature, the colour of the

yvellow colour when pas<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>