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A angstrom

cod 1,5-cyclooctadiene
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cm’ reciprocal centimetre
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Ph phenyl
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PhP(py),
PhCN
THF
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2-(diphenylphosphino)pyridine
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ABSTRACT

The synthesis, characterisation and X-ray structure determinations of homonuclear
nickel, palladium and platinum complexes with bis(phosphino)amine ligands is
reviewed in Chapter 1. Particular attention is given to the mode of coordination
that these ligands may adopt when coordinating to a ftransition metali.e., as a
monodentate (n'-), chelating (n>-) or bridging (u-) ligand. The Chapter is concluded
with a brief summary of (i) The dependence of the *'P chemical shift for the
bonded phosphorus atom(s) on the mode of coordination and (ii) The dependence

of key, ligand-based, structural parameters on the mode of coordination.

The synthesis and characterisation of the bis(diphenylphosphino)-ethylamine,
Ph,PN(Et)PPh,, ligand and its subsequent reactions with various palladium
precursors is described in Chapter 2. Reaction with the Pd(II) precursor,
[PACL(PhCN),], afforded the mononuclear complex cis-[PdCl, {n*-Ph,PN(Et)PPh,} ]
1; when the same reaction was carried-out in the presence of the Pd(0) species
[Pd,(dba);] (dba = dibenzylideneacetone) the dinuclear ligand-bridged complex
[Pd,Cl, {pu-Ph,PN(Et)PPh,},] 2 was formed. Reaction of 2 with I, afforded 1, as
well as the mononuclear di-iodo species cis-[Pdl, {n*-Ph,PN(Et)PPh,}] 3, and the
mixed-halogeno complex [PdCII{n*-Ph,PN(Et)PPh,}]4. Direct reaction of the ligand
with [Pd,(dba),] afforded, in the first instance, [Pd,{p-Ph,PN(Et)PPh,},] 5, an
extremely air-sensitive red compound, that readily reacted with oxygen in the
solution to afford palladium metal and a yellow clathrate species that contained the
oxidised ligand i.e., Ph,P(O)N(Et)P(O)PPh,. dba. H,O. Apart from 4, all compounds
were characterised by means of elemental analysis, 'H and 3'P{'H} NMR
spectroscopy and, in the case of 1, 2, 3 and Ph,P(O)N(Et)P(O)PPh,. dba. H,0, by
means of single crystal X-ray structure determinations. The structures of the

palladium complexes are, as expected, dominated by the requirement that the
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coordination geometry at the Pd atom is square-planar. In the case of the dinuclear
ligand-bridged complex 2, this is achieved through formation of a Pd-Pd bond of
length 2.600(1)A. Of particular interest is the crystal structure of the clathrate,
which has the oxidised ligand and dba molecules stacked in alternating lines

approximately parallel to the [c]-axis of the unit cell.

The synthesis and characterisation of the bis(2-pyridyl)phenylphosphine, PhP(py),
ligand and its subsequent reaction with [PdC1,(PhCN),] to afford the mononuclear
complex cis-[PdCl,{n'-PhP(py),},] 6 is decribed in Chapter 3. The latter reacted
with [Pd,(dba),] to afford the dinuclear ligand-bridged species [Pd,Cl,{u-PhP(py),},]
7. The 'H and *'P{'H} NMR spectral data, as well the results of single crystal X-
ray structure determinations are reported for 6 and 7. The square-planar
coordination at each palladium atom in 7 is achieved through the formation of a

Pd-Pd bond of length 2.586(1)A.

The synthesis and characterisation of the 2,5-(diphenylphosphino)thiophene,
Ph,P(C,H,S)PPh, ligand is described in Chapter 4. Reaction of the ligand with
[PACL,(PhCN),] afforded the dinuclear ligand-bridged species [Pd,Cl,{u-
Ph,P(C,H,S)PPh,},] 8. Characterisation of 8 was by means of elemental analysis,
'H and *'P{'H} NMR spectroscopy. Reaction of 8 with Ag* in acetonitrile afforded
a compound isolated as a yellow solid and formulated as [Pd,Cl;(MeCN){u-
Ph,P(C,H,S)PPh,},] 9. Evidence for this formulation is based on the'P{'H} NMR
spectrum which shows two closely-spaced singlets, consistent with two sets of
phosphorus atoms in different chemical environments, and too far separated (by 4
bonds) for magnetic coupling. Unfortunately, single crystals of these
thienylphosphine ligand-bridged compounds could not be grown.



CHAPTER 1

BIS(PHOSPHINO)AMINE LIGAND DERIVATIVES OF THE
GROUP 10 METALS

The focus of the work presented in this thesis is the synthesis, characterisation and
where possible, the structure determination of palladium complexes of the bis-
(diphenylphosphino)ethylamine (dppea) ligand. Of particular interest is whether the
dppea ligand chelates at one palladium atom n a mononuclear complex or whether
it serves as abridge between two palladium atoms in a dinuclear species. In order
to provide background to this work, the literature on bis(phosphino)amine and
bis(phosphino)amido ligand complexes of the Group 10 metals nickel, palladium and
platinum is reviewed here that have been reported in the literature up to and
including 1999.

It 1s noted that only homonuclear complexes of these metals are considered.

Emphasis is placed on the coordination mode of the ligand i.e., whether it acts as
a monodentate ligand (Mode I), chelating ligand (Mode II) or bridging ligand
(Mode III).

R 1131 1131
N
R2P/ \PR?_ R2P< \PR?_ R2P/ \PR?_
M | |
M M M
(D (ID) (111

(monodentate) (chelating) (bridging)



1.1 Complexes Of Nickel
In this section bis(phosphino)amine ligand complexes of nickel are reviewed

according to the coordination mode of the ligand.

1.1.1 Monodentate Mode (I)

There is only one characterised complex that contains a bis(phosphino)amine ligand,
in particular the bis(diphenylphosphino)methylamine (dppma) ligand, with one of
the phosphorus atoms coordinated to a Ni atom in a monodentate fashion. This is
the neutral complex [Ni(CsHs)(m'-dppma)(CN)]" obtained through the following series

of reactions.

dppma NaCN
[N1(CsHs)(C;Hg)IBF, — [Ni(CsHs)(n*-dppma)]BF, — [Ni(CsH;5)(CN)(n'-dppma)]

The monodentate coordination mode of the ligand in the latter complex was
confirmed by means of *'P{'H} NMR spectroscopic analysis. The *'P{'H} NMR
spectrum shows two singlets at 6 69.0 and 6 82.7 corresponding to the coordinated
and uncoordinated phosphorus atoms repectively. The structure of the complex has

not been verified X-ray crystallographically.

1.1.2 Chelating Mode(II)

There are three nickel complexes containing a bis(phosphino)amine ligand bonded

in the chelating mode.

The [Ni(bipy){(R,N)PN(R)P(NR)(NR,)}|? (R=SiMe;, bipy=2,2'-bypyridine) complex

is the only structurally characterised example and is illustrated in Fig. 1.1. The



compound is obtained as a consequence of the coupling of two amino(imino)-

phosphanes bonded to nickel, as illustrated in the following reaction sequence.

. 3R,N-P=NR _ bipy ..
Ni(cod), — — [NI{(R;N)PN(R)}5] = [Ni(bipy){(R,N)PN(R)P(NR)(NR,)} ]

The P(1)-Ni(1)-P(2) and N(5)-Ni(1)-N(6) bond angles of 81.2(2) and 73.8(2)°
respectively, are considerably lower than the idealised value of 90° for a regular
square-planar geometry at the Ni atom. Interestingly, there is a barely significant
difference between the Ni-P(1) distance of 2.160(1)A and the Ni(1)-P(2) distance
of 2.201(1)A, despite the two phosphorus atoms being in two different formal

oxidation states of +5 and +3 respectively.

Fig. 1.1 : Structure of [Ni(bipy){(R,N)PN(R)P(NR)(NR,)}] (R=SiMe, (Redrawn
from ref. 2.)



Reaction of lithiated bis(diphenylphosphino)amine, [(C(H;),P],NLi* with
NiCl,/(CH;);P  afforded the chloro-bridged dinuclear complex bis[P,N,P-
bis(diphenylphosphino)amido]-u,u-dichloronickel(I1)®. This complex contains the
anionic bis(diphenylphosphino)amido (dppa) ligand bonded to the nickel atom in the
chelating mode, as confirmed by means of *'P{'H} NMR spectroscopy. No X-ray

crystal structure of the compound was reported.

The [NiBr(n?-dppa)(PEt;)] complex also contains the dppa ligand coordinated to
a nickel atom in a chelating fashion. This Ni(II) complex was obtained by reacting
[Ni(PEt;),Br,] with the lithium reagent [(GHs),P],N'Li* (prepared in situ by
reaction of the amine with LiBu" at low temperature), in the presence of free
phosphine PEt;, in order to prevent the formation of [{Ni(u-Cl)(Ph,PNPPh,),], the
dinuclear complex mentioned above. This complex also has been characterised by

IR, 'H and *'P NMR spectroscopy.

The cycloheptatriene ligand in the [Ni(CsHs)(C,Hg)]BF, complex is easily replaced
by the bis(diphenylphosphino)methylamine (dppma) ligand in the presence of
CH;CN to give [Ni(CsHs){n’>-Ph,PN(CH;)PPh,}][BF,]®. The 3'P NMR spectrum
shows a singlet at & 65.9. This complex was also characterised by IR, and 'H

NMR spectroscopy.

1.1.3 Bridging Mode(III)

There is only one example of a nickel complex containing a bis(phosphino)amine
ligand coordinated in the bridging mode that has had its structure confirmed X- ray
crystallographically. This is the dinuclear Ni(0) complex [Ni,(u-SO,)(CO),(pu-
dppaH),*® depicted in Fig. 1.2. The complex was prepared by the reaction of



Ni(CO), with bis(diphenylphosphino)amine (dppaH) followed by addition of SO,.
This bimetallic Ni(0) complex has a terminal CO ligand on each Ni atom, a
bridging SO, ligand and two bridging dppaH ligands. The Ni-Ni' distance is
2.633(3)A. The bound SO, ligand in the Ni(0) complex shows an increase in the
S-O bond length and a decrease in the O-S-O angle compared to the free

molecule®,

Fig. 1.2 : Structure of [Niy(pn-SO,)(CO),{u-Ph,PN(H)PPh,},]

1.2 Complexes of Palladium

Bis(diphosphino)amine ligand complexes of palladium exhibit only two modes of
coordination for the ligand: chelating and bridging. It is worth noting that much
of the interest in the synthesis and structural characterisation of bis(diphosphino)-
amine complexes of palladium(Il), is their potential application as homogeneous

catalysts for the oligomerisation and polymerisation of olefins.



1.2.1 Chelating Mode(II)

An example of a structurally characterised complex containing the anionic
bis(diphenylphosphino)amido ligand [synthesised from Ph,PNHPPh, (dppaH)],
coordinating in the chelating mode is [Pd{n>-Ph,PNPPh,}(PEt),] Fig. 1.3. The
compound shows a distorted square-planar coordination at Pd: the angles CI-Pd-P(3)
and P(1)-Pd-P(2) are 90.8(1) and 65.2(1)° respectively. The Pd-P(1) [2.244(1)A]
bond is shorter than Pd-P(2) [2.284(1)A], consistent with the lower trans-influence
of the chloro ligand as compared to a phosphine ligand. The distances P(1)-N and
P(2)-N [1.653(4) and 1.644(4)A] are shorter than those found for complexes
containing the chelated neutral diphosphazane (Ph,P),NH typically ca. (1.74A)7.
This is in accord with delocalisation of the negative charge of the anionic
(Ph,P),N™ ligand. A decrease is also observed in the bond angle P(1)-N-P(2)
[95.5(2)°] relative to that for the free ligand (122.8°)%), indicative of considerable

strain in the four-membered metallocy}:le.

Fig. 1.3 : Structure of [Pd{n?*-Ph,PNPPh,}CI(PEL)]



The neutral bis(diphenylphosphino)methylamine (dppma) ligand also forms stable
chelate complexes with palladium, despite the strain caused by the formation of a
four-membered chelate ring. A structurally characterised example is [Pd{n?’*-
Ph,P(CH,)PPh,}CL]® Fig. 1.4. This complex has two chloride ligands trans to the
dppma ligand in a highly distorted, square-planar coordination geometry, as
evidenced by a P(1)-N-P(2) angle of 100.4(2)° which is significantly compressed
from the value of 118.9(2)° observed in the free dppma ligand®. The bond
distances of 2.222(1) and 2.217(1),3\ for Pd-P(1) and Pd-P(2) respectively are, as

expected, essentially the same.

Fig. 1.4 : Structure of [Pd{n*-Ph,PN(CH,)PPh,}Cl,] (Redrawn from ref. 8.)

The reaction of Pdy(dba),.CHCI; with the diphosphazane ligand Ph,PN(Pr')PPhY’
[Y=0OCH,Me-4] in the presence of Mel yielded cis-[PdI, {n*Ph,PN(Pr')PPhMe} ]
(Fig. 1.5), which contains the diphosphazane ligand coordinated in a chelating

7



fashion?. This palladium diiodo complex is structurally similar to that of other
palladium(IT) and platinum(I) diphosphazane complexes reported previously (see
Section 1.2.1 and 1.3.2). The P(1)-N(1)-P(2) bond angle [100.1(3)°] is considerably
less than the idealised tetrahedral or trigonal angle, and indicates considerable strain
in the four-membered PdP,N ring. The related bond angle at the metal centre P(1)-
Pd(1)-P(2), is 71.14(5)°, which represents a considerable distortion from the 90°
expected for a square-planar configuration. The presence of a methyl instead of a
phenyl group bonded to P(2) does not alter the adjacent P-N bond length, which
is almost the same as the P(1)-N(1) distance of 1.694(5)A.

C11 Cl6
C13
% Cl15 C17
C10

Fig. 1.5: Structure of [PdI,{n>-Ph,PN(Pr)PPhMe}] (Redrawn from ref. 10.)

Reaction of lithiated bis(diphenylphosphino)amine, [(C4Hs),P]N"Li*, with PdCl, in
the presence of trimethylphosphine affords the homoleptic bis(diphenylphosphino)-
amido complex [Pd(n’-dppa),]. Methylation of this species with CH,0SO,F led

8



to the formation of the ionic compound [Pd{n*-Ph,PN(CH;)PPh,},]J(OSO,F),?, the
cation of which containing neutral chelating dppma ligands. This complex (Fig.
1.6) contains a planar CNP,PdP,NC skeleton and is thus based on planar ligand

arrays both at the Pd and at the two N atoms.

Fig. 1.6 : Structure of [Pd{n?-Ph,PN(CH,)PPh,},]**

The reaction of [PdCL(PhCN),] with Ph,PN(S-"CHMePh)PPh, in dichloromethane
afforded [PdCl,{n?-(Ph,P),N(S-"CHMePh)}].CH,CL"". As illustrated in Fig. 1.7, the
diphosphazane ligand is coordinated in a chelating mode. The P(1)-N(1)-P(2) bond
angle (98.2°) is considerably less than the idealised tetrahedral or trigonal value.

The chelate bite angle [P(1)-Pd-P(2)=71.5°] shows much distortion from the value

9



expected (90°) for a square-planar configuration. Indeed, this bite angle is much
smaller than that observed in the case of [PdCl,{n*(R)-BINAP}]"? (92.7°) where

a seven membered chelate ring is present.

Fig. 1.7 : Structure of [PdCl,{n*(Ph,P),N(S-"CHMePh)}] (Redrawn from ref. 11.)

1.2.2 Bridging Mode(1II)

A structurally characterised neutral species containing the bis(diphenylphosphino)-
amine (dppaH) ligand in a bridging coordination mode is [Pd,Cl,{u-dppaH},]"?.
This compound was prepared by treating PACL,(NCPh), with a half molar amount
of Pd,(dba),.CHCI,; and a twice molar amount of dppaH in CH,Cl,. As can be seen

in Fig. 1.8, the structure contains two palladium centres with a Pd-Pd bond

10



distance of 2.637(6)A; two dppaH ligands bridge the metal-metal bond and there
is one Cl ligand per palladium atom. The geometry around each palladium is
almost square-planar with small tetrahedral distortions (e.g, the dihedral angles
between the planes CI(1)Pd(1)P(2), P(1)Pd(1)Pd(2) and CI(2)Pd(2)P(3),
P(4)Pd(2)Pd(1) are 4.93(4) and 3.03(4)° respectively. The P(1)-N(1)-P(4) and P(2)-
N(2)-P(3) angles of 112.7° and 116.1° are close to 120° consistent with

approximate sp’-hybridisation at the amine N-atom.

Fig. 1.8 : Structure of [Pd,Cl,{u-Ph,PN(H)PPh,},] (Redrawn from ref. 13.)

The dipalladium ligand-bridged speices [Pd,(u-dppaH),(THF)(PPh,)|[BF,],. 4THF!%
(Fig. 1.9) is a second example of a complex containing two bridging dppaH
ligands. Distorted square-planar coordination geometries are observed about the Pd
centres. The bridging dppaH ligands are clearly bent away from the terminal PPh,

ligand, however, the planarity at the Pd centres is maintained. The planarity at the

11



Pd centres is evident in the sum of the four cis-angles, which is 362°. The Pd-Pd
bond length is 2.6665(9)A. The Pd(1) atom sits furthest at 0.112(1)A, from the
least squares plane defined by Pd(1) and the three P atoms bonded to it. The
Pd(2) atom, which is bound to the THF O(l) atom shows much less distortion

from a square-planar coordination geometry.
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Fig. 1.9 : Structure of [Pd,{u-Ph,PN(H)PPh,},(THF)(PPh,)]*"

The structure of the cation in the complex [Pd,(n-dppaH),(PPh,),][BF,],.THF.H,0!*
(Fig. 1.10) is similar to that of [Pd,(u-dppaH),(THF)(PPh,)]** but there are
differences. The Pd-Pd bond length [2.812(2)A] is considerably longer than that
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of the THF derivative, and this lengthening may be another indication of the strain
caused by the large PPh; ligands. The Pd-P(dppaH) distances are less at 2.294(4)
and 2.309(4)A than those observed for the THF complex, which fall in the range
2.319(2) to 2.334(2)A. However, the geometry at each palladium atom remains

essentially square-planar.

Fig. 1.10 : Structure of [Pd,{p-Ph,PN(H)PPh,},(PPh,),]**

The reaction of [Pd,(u-dppaH),(CH,CN)CI] in 1:1 CH,CL/CH,CN with [NEt]CI
produced a ligand-bridged complex characterised as [Pd,(u-dppaH),Cl,].3CH,CN(4
(Fig. 1.11). The Pd(1)-Pd(2) bond distance is 2.635A which is slightly shorter than
that observed in [Pd,{p-Ph,PN(H)PPh,},(THF)(PPh,)][BF,].4THF. However, the

distance is comparable to values observed in other Pd(I) dinuclear complexes>!%!",

13



The Pd(1)-P distances differ by 7c¢ while the Pd(2)-P distances are statistically
equivalent. No chemical significance is attributed to this difference and the average
value for the Pd-P bond lengths is 2.287(4)A. The Pd-Cl distances are normal and
 their average is 2.398(3)A. There is a considerable twist about the Pd-Pd bond as
evidenced by a dihedral angle between the two distorted square-planar centres of

42.2(2)°.

Fig. 1.11: Structure of [Pd,{u-Ph,PN(H)PPh,},Cl,] (Redrawn from ref. 14.)
The reaction of [Pd,(dba);].CHCI; and [PdCI,(PhCN)] in the presence of two
equivalents of the ligand, (PhO),PN(Ph)P(OPh), gives the dinuclear palladium(I)

complex [Pd,Cl, {u-(PhO),PN(Ph)P(OPh),},]"®, Fig. 1.12. The geometry around each
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palladium atom is square-planar and the nitrogen atom is co-planar with the atoms
bonded to it. The Pd-Pd bond distance of 2.620(1)A is shorter than those observed
for analogous complexes with the metal in the same oxidation state (+1)"Y. There
is also a corresponding decrease in the Pd-P distances to an averaged value of
2.259A. The *'P chemical shift for this dipalladium(I) complex shows a singlet
centred at & 111.5, which is shifted upfield compared to its position in the
spectrum of the free ligand (8 127.7).

C1

Fig. 1.12: Structure of [Pd,Cl,{p-(PhO),PN(Ph)P(OPh),},] (Redrawn from ref. 18.)

In a related reaction, the Pd(0) derivative Pd,(dba),.CHCI,, reacts with an excess
of the diphosphazane ligand, (PhO),PN(Me)P(OPh), to give the dinuclear complex
[Pd, {n-(PhO),PN(Me)P(OPh),},]"®  (Fig. 1.13) containing three bridging
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diphosphazane ligands. The coordination around each palladium atom is trigonal
planar the displacement of the Pd atoms from their local P; planes being ca.
0.05A. The two P, planes are nearly parallel to one another (dihedral angle 2.09
and the two PdP; moieties adopt an eclipsed configuration. The most interesting
aspect of this structure is the short Pd-Pd separation of 2.855(2)A. This value is
significantly shorter than those observed for analogous complexes with the metal
in the zero oxidation state!'?. There is also a decrease in Pd-P distance to an

averaged value of 2.269A.
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Fig. 1.13 : Structure of [Pd,{u-(PhO),PN(Me)P(OPh),},] (Redrawn from ref. 18.)
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1.3 Complexes of Platinum
In practice itis found that bis(phosphino)amine ligands adopt all three different
coordination modes namely monodentate, chelating and bridging, in their complexes

of platinum.

1.3.1 Monodentate Mode(I)

The only example of a complex containing a bis(phosphino)amine ligand
coordinated to platinum in a monodentate fashion is the neutral species, frans-
[Pt{n'-Ph,PN(H)PPh,},(CN),]*”. The compound is obtained by the slow addition
of 2 equivalents of NaCN to [Pt(dppaH),](BF,),, the product being isolated as a
fine white solid. The *'P{'H} NMR spectrum exhibits two singlets at 6 43.6 and
8 27.3, the former resonance being assigned to the phosphorus bonded to the
platinum and the latter to the uncoordinated phosphorus atom. The structure of the
complex was confirmed X-ray crystallographically. As illustrated in Fig. 1.14, the
two phosphorus ligands adopt positions trans to each other and the molecule
possesses a crystallographically imposed centre of symmetry. The P(1)-Pt-C(1) bond
angle of 91.0(2)° is close to the idealised value of 90° and suggests that there is
little steric crowding about the metal centre. On the other hand the angles between
the substituents of the coordinated phosphorus atom are significantly greater than
the corresponding angles within the uncoordinated diphenylphosphino group. This
is expected given the greater steric crowding associated with the bonded phosphorus
atom. Interestingly, the P(1)-N bond of 1.663(5)A is 0.063A shorter than the P(2)-
N bond of 1.727(5)A. The P(1)-N-P(2) angle of 125.2° is consistent with sp-
hybridisation at the nitrogen atom. This complex forms the platinum(I) dimer

[Pt, {u-Ph,PN(H)PPh,},(CN),] on addition of 1 equivalent of [Pt(cod),] (see Section
1.3.3).
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Fig. 1.14 : Structure of trans-[Pt{n'-Ph,PN(H)PPh,},(CN),] (Redrawn from ref. 20.)

1.3.2 Chelating Mode(II)

Complexes of platinum containing a bis(phosphino)amine ligand bonded in the

chelating mode are well characterised.

A well-documented example that contains only the dppaH ligand is [Pt{n?’-
Ph,PN(H)PPh,},][BF,],*?. The *’P{'H} NMR spectrum of this compound shows that
the phosphorus nuclei are equivalent in solution. The structure of the cation,
determined X-ray crystallographically, and which possesses a crystallographically
imposed centre of symmetry is shown in Fig. 1.15. The square-planar geometry
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expected at Pt(Il) is significantly distorted because of the formation of the four-
membered chelate rings, with a P(1)-Pt-P(2) bond angle of 69.90(7)° However, in

all other respects, the interatomic distances and angles are normal.

Fig. 1.15: Structure of [Pt{n>-Ph,PN(H)PPh,},]** (Redrawn from ref. 20.)

Another closely-related and homoleptic complex is [Pt§>-Ph,PN(CH,)PPh,},|[BF,],%?,
the structure of the cation being illustrated in Fig. 1.16. The only difference with
the former complex is the replacement of -NH group with a -NCH; group in the
chelating bis(phosphino)amine ligand. This does not lead to any significant changes
in the geometrical parameters for the complex, the same distortion from ideal
square-planar geometry being seen e.g., P(1)-Pt-P(2) =69.76(7)°. As expected the
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3Ip{'H} NMR spectrum shows a singlet in this case at & 39.6.
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Fig. 1.16 : Structure of [Pt{n>-Ph,PN(CH;)PPh,},]*" (Redrawn from ref. 20.)

Reaction of the bis(diphenylphosphino)amine (dppaH) Iligand with cis-
[PtCl,(PMe,Ph),] produces the complex [PtCl(PMe,Ph){n*-Ph,PN(H)PPh,}]C1®".
The structure of the cation, determined X-ray crystallographically, is shown in Fig.
1.17. The central platinum atom adopts a distorted square-planar geometry defined
by the bidentate dppaH ligand, the phosphine ligand and a chloro-group. The five
atoms Pt, P(1), P(2), P(3) and Cl are essentially coplanar, with the maximum
deviation of the position any one of these atoms from the plane being 0.065A (for

Pt). The nitrogen atom lies 0.13A from this plane, the deviation being due to

20



folding along the P(1)...P(2) axis; the fold angle is 5% The SIP{'H} NMR
spectrum shows a first-order pattern consisting of three doublets of doublets, with

satellites from coupling to '*°Pt.

Fig. 1.17: Structure of [PtCl{n?-Ph,PN(H)PPh,}(PMe,Ph)]" (Redrawn from ref. 21.)

Reaction of dppaH with [PtCl,(PBu";),] results in the displacement of a chloro-
group and one monodentate phosphine ligand to give the ionic compound, [PtCl{n*
Ph,PN(H)PPh,} (PBu",)]CI®). The crystal structure of this complex has been
determined, a perspective view of the cation being illustrated in Fig. 1.18. As
expected, the coordination geometry at the platinum atom is very similar to that
observed for [PtCl{n’>-Ph,PN(H)PPh,}(PMe,Ph)]Cl. The deviations of the positions

platinum and nitrogen atoms from the mean plane through Pt, P(1), P(2), P(3) and
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Cl are now 0.04 and 0.23A respectively.
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Fig. 1.18 : Structure of [PtCl{n*-Ph,PN(H)PPh,}(PBu";)] (Redrawn from ref. 21.)

The reaction of [PtCl,(dppe)] with the bis(diphenylphosphino)amine (dppaH) ligand
proceeds to gave [Pt{n’-Ph,PN(H)PPh,}(dppe)]CL?" (Fig. 1.19), an interesting
complex that contains both a chelating bis(diphenylphosphino)amine and
bis(diphenylphosphino)ethane (dppe) ligand. In view of the presence of the two
different ligands the *'P{'H} NMR spectrum is of the AA'XX' type, where A,A’
represent the dppaH phosphorus nuclei and X,X' the dppe phosphorus nuclei. The
coordination plane of this compound is noticebly distorted with P(3) lying 0.46A
from the Pt-P(1)-P(2)-P(4) plane. (These atoms are coplanar to within 0.03A.) The
angles subtended at the platinum atom by the dppaH and dppe ligands are 69.5(1)
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and 81.2(1)° respectively, a further indication of the deviation from ideal square-
planar geometry at the platinum atom. A comparison of these two angles shows

that the angle strain associated with chelating dppaH 1s more severe than for
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Fig. 1.19: Structure of [PtCl,{n*-Ph,PN(H)PPh,}(dppe)] (Redrawn from ref. 21.)

chelating dppe.

Another structurally characterised complex [Pt{n’-Ph,PNPPh,} {(Ph,PN),PPh,}]®
contains the anionic bis(diphenylphosphino)amido (dppa) ligand bonded to a
platinum atom illustrated in Fig. 1.20. The compound was obtained by treatment

of anhydrous "PtCl," with four equivalents of LiN(PPh,),, and refluxed in toluene
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for 6 hours. The X-ray crystal structure reveals that the phosphorus and platinum
atoms are coplanar, but that the small P(1)-Pt-P(2) angle of 64.7(1)° shows a

marked deviation from the ideal value of 90° for a square-planar geometry.
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Fig. 1.20 : Structure of [Pt{n’>-Ph,PNPPh,} {(Ph,PN),PPh,}] (Redrawn from ref. 22.)

Addition of trace quantities of water to a solution of the iodide salt of [Pt{n?-
Ph,PN(CH;)PPh,},]** effected cleavage of both P-N bonds of one of its dppma
ligands giving the complex [Pt{n*-Ph,PN(CH,)PPh,}(Ph,PO),H]"® as illustrated in
Fig. 1.21. This complex contains two ligands: dppma and Ph,POHOPPh,. The
average of the Pt-P-N bond angles of 91.8(5)° [P(1)] and 90.8(5)° [P(2)] is
identical to that measured for the homoleptic species [Pt{n?>-dppma},]**. Ring strain
in the four-membered PtP(1)NP(2) ring is evident in the 0.37(2)A displacement of
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the methyl carbon atom from the NP, plane®®. An asymmetry in the lengths of
the Pt-P bonds is observed with both ligands, the longer Pt-P bond of each ligand
being situated trans to the shorter Pt-P bond of the other ligand.

Fig. 1.21 : Structure of [Pt{n*Ph,PN(CH;)PPh,}(Ph,PO),H]" (Redrawn from ref. 23.)

Two additional crystal structures of complexes containing the dppma ligand bonded
to platinum have been reported. The complexes are [Pt{n>-Ph,PN(CH,)PPh,}C1,]®
(Fig. 1.22) and [Pt{n?-Ph,PN(CH;)PPh,}(CN),]® (Fig.1.23). One of the complexes
has two chloride ligands trans to the dppma ligand and the second complex has
two cyanide groups trans to the dppma ligand. Both complexes have highly
distorted, square-planar coordination geometries. The ring strain associated with the
four-membered chelate rings is evident in the distorted tetrahedral angles at
phosphorus, which range from 93.3(2) to 122.2(5)° and the trigonal-planar angles
at N which are in the range 100.0(6) to 128.7(3)° The Pt-P bond lengths in each
of these two complexes are almost identical, the averages being 2.206(4) and

2.268(2)A for the chloro and cyano derivatives respectively. The longer Pt-P bond
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lengths observed in the [Pt{n>-Ph,PN(CH,)PPh,}(CN),] complex are consistent with

the higher trans-influence of the cyanide group.

Fig. 1.23 : Structure of [Pt{n’>-Ph,PN(CH;)PPh,}(CN),] (Redrawn from ref. 8.)
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When hexafluorobut-2-yne, F,CC=CCF; was bubbled slowly into a mixture of
Pt(CgHy), and  (-)-(MePhHC)N(PPh,), in toluene the complex [Pt{(-)-
Ph,PN(MePhHC)PPh,} (F;CC=CCF;)]*¥ was obtained. As illustrated in Fig. 1.24,
the complex contains the enantiomeric Ph,PN(MePhHC)PPh ligand bonded to
platinum in the chelating mode. The angle subtended at the platinum atom by the
two phosphorus atoms is 71.0(1)° while that subtended by the two carbon atoms
of the hexafluorobut-2-yne ligand is 36.3(6)% average values are given since there
are two molecules per asymmetric unit. Thus, although the atoms in the inner
coordination sphere are essentially coplanar, the geometry is very different from
square-planar. As noted by the authors, the bond angles around the P atoms

indicate that they adopt a greatly distorted tetrahedral geometry

Fig. 1.24 : Structure of [Pt{(-)-(MePhHC)N(PPh,),}(F,CC=CCF;,)] (Redrawn from
ref. 24.)
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1.3.3 Bridging Mode(I1I)

There is only one example of a diplatinum complex, in which the two platinum
atoms are bridged by a bis(phosphino)amine ligand, and for which a crystal
structure has been reported. This is the Pt(0) species [Pt,{u-F,PN(Me)PF,};(PPh;)]®.
As shown in Fig. 1.25, the platinum atoms are bridged by three F,PN(Me)PE
ligands. The geometry at the Pt(1) 1s trigonal planar while that at the four-
coordinate platinum atom, Pt(2), is essentially tetrahedral. The *'P {'H} NMR
spectrum consists of two broad, overlapping triplet patterns for the diphosphazane

ligands and a narrower multiplet for PPh, having '*°Pt satellites.

Fig. 1.25 : Structure of [Pt,{u-PF,PN(Me)PF,},(PPh,)] (Redrawn from ref. 25.)
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An example of a complex containing the dppaH ligand coordinating in a bridging
fashion is the Pt(I) dimer [Pt,{u-Ph,PN(H)Ph,P},(CN),]??, obtained by addition of
one equivalent of [Pt(cod),] to a solution of [Pt{n'-Ph,PN(H)PPh,}(CN),]. The
identity of the product was established by IR spectroscopy [v(C=N) 2110 cm™ in
CH,CL,], mass spectroscopy, elemental analysis and by *'P{'H} NMR spectroscopy.
The *'P{'H} NMR spectrum shows a singlet in this case at § 53.9.

1.4 Conclusion

The aim of this section is to summarise some useful trends which can be distilled
from the above survey of the spectroscopic and structural properties of homonuclear
bis(phosphino)amine complexes of Ni, Pd and Pt. These trends will be described
in relation to the coordination mode of the ligand i.e., monodentate (n'-), bidentate

chelating (n?-), or bridging (u-).

1.4.1 *'P NMR chemical shifts

The 3'P NMR chemical shifts for selected bis(phosphino)amine ligand complexes
of Ni, Pd and Pt are listed in Table 1.1. Examination of the data in Table 1.1
shows that there is an upfield shift of these values for the coordinated ligand
rélative to that of the free ligand for n*-bonded bis(phosphino)amine ligands. This
trend is independent of ligand, metal and metal oxidation state. A similar trend is
not observed for the n'-and p-coordinated ligands. A general observation is that for
the latter two modes of coordination, the 3'P chemical shifts are close to the free
ligand value, or slightly downfield of the free ligand chemical shift value. On the
basis of these trends it should be simple to establish from the 3'P chemical shift

values whether the ligand is n*-bonded, as opposed to m'- or p-coordinated.
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Table. 1.1 3P NMR chemical shifts (ppm relative to 85% H,PO,) for selected

bis(phosphino)amine ligand complexes of Ni, Pd and Pt.
Note : Only the chemical shifts for the P-atoms of the bis(phosphino)amine

ligand are given.

Table 1.1.1 Complexes of the Ph,PN(H)PPh, ligand. (Free ligand value: 41.6 ppm).

Metal Complex n' n? u | Ref.

Pt(IT) | trans-[Pt{n'- 43.6(Pt-P); 20
Ph,PN(H)PPh,},(CN),] 27.3(P/term.)

Ni(Il) | [NiBr{n* -34.2(P1); 11.6(P2, 4
Ph,PN(H)PPh,} (PEt;)]" trans to Br)

PA(I1) | [Pd{n?*- -42.8(P1); -18.9 4
Ph,PNPPh,} CI(PEL,)] (P2, trans to Cl)

P(IT) | [PtCI{n>- 9.45(P1, trans to 21
Ph,PN(H)PPh, } (PBu",)]* Cl); 2.50 (P2)

Pt(II) | [PtCl{n?*- 7.8(P1, trans to 21
Ph,PN(H)PPh,} (PMe,Ph)]* Cl); 1.7 (P2)
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Cont. Table 1.1.1

Metal Complex n' M2 m Ref.

Pt(II) | [Pt{n?-Ph,PN(H)PPh,},]** 22.0 20

Ni(0) | [Ni,(1-SO,)(CO), {p- 68.3 5
Ph,PN(H)PPh,},]

Pd(0) | [Pd,{p- 54.8 14
Ph,PN(H)PPh,},(PPh,),]

PA(I) | [Pd,Cl,{p- 58.9 14
Ph,PN(H)PPh, },]

PHI) | [Pt {p- 53.9 20
Ph,PN(H)PPh,},(CN),]

Table 1.1.2 Complexes of the Ph,PN(CH;)PPh, ligand. (Free ligand value: 71.4

ppm).
Metal Complex uk n? 1L | Ref.
Ni(l) | [Ni(CsHy){n'-Ph,P(CH,)PPh,}(CN)] | 69.0 (Pt-P); 1
82.7(P/term.)
Ni(II) | [Ni{n?-Ph,PN(CH,)PPh,}CL,] 57.0 3
Ni(Il) | [Ni(CsHs) {n?-Ph,PN(CH;)PPh,} T 65.9 1
PA(IT) | [Pd{n>Ph,PN(CH,)PPh,},]*" 445 3
Pt(IT) | [Pt{n%-Ph,PN(CH,)PPh,},*