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ABSTRACT.

This thesis describes the preparation and complexation of a range of

hemilable ligands.

2-Diphenyl(phosphinohydrazino)pyridine, (Ph2PNHNHpy), was prepared

and oxidised to form Ph2P(E)NHNHpy (E = O, S, Se) or reacted with appropriate

metal complexes such as [PtCl2(cod)], [PtMe2(cod)], [{Pd(w-Cl)(^3-C3H5)}2],

[{Rh(//-C1)(C8H12)}], [{RuC12(/73 : 773-C10H16)}2], [{RuC1(^-C1)(^V

MeC6H4iPr)2}], [{IrCl(/i-Cl)(75-C5Me5)}2] and [Cu(MeCN)4][PF6] to give a

range of new monodentate complexes.

/?-Ph2PNHCH2(C6H4)CH2NHPPh2, was oxidised to form (p-

Ph2P(E)NHCH2(C6H4)CH2NHP(E)Ph2) (E = O, S, Se) or reacted with

appropriate metal complexes such as [{PtCl(w-Cl)(PEt3)}2], [{PtCl(u-

Cl)(PPhMe2)}2], [{MClCu-Cl)(75-C5Me5)}2] (M = Rh, Ir), [{RuCl(^-Cl)(^-p-

MeC6H4'Pr)2}], [{Pdfa-Cl)073-C3H5)}2], [{Rh(//-C1)(C8H12)}] and [AuCl(tht)] to

give a range of new bidentate bridging complexes.

A-allylaminodiphenylphosphine, (Ph2PNH(C3H5), was used as a

precursor to form Ph2P(E)NH(C3Hs) (E = O, S, Se) or reacted with appropriate

metals such as [PtCl2(cod)], [PdCl2(cod)], [{MCl(//-Cl)(75-C5Me5)}2] (M = Rh,

Ir), [{RuCl(^-Cl)(7VMeC6H4iPr)2}], [AuCl(tht)], [{PtClCu-Cl)(PEt3)}2] and

[{PtCl(//-Cl)(PPhMe2)}2], to give a range of new monodentate complexes.

A-allylaminobisdiphenylphosphine, ((Ph2P)2N(C3H5), was oxidised to

form (Ph2P(E))2N(C3Hs) (E = O, S, Se) or reacted with appropriate metals such

as [PtCl2(cod)], [PdCl2(cod)], [{MCl(//-Cl)(75-C5Me5)}2] (M = Rh, Ir),

[{RuCl(//-Cl)(^6-p-MeC6H4'Pr)2}], [AuCl(tht)], [Mo(CO)4(nbd)], and

[Cu(MeCN)4][PF6] to give a range of new bidentate complexes.
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TV-allylaminodiphenylphosphine, (Ph2PNH(C3H5), was oxidised to form

Ph2P(E)NH(C3Hs) (E = O, S, Se) or reacted with appropriate metals such as

[PtCl2(C8H12)], [PdCl2(C8H12)], [PtMe2(C8Hi2)], [{RhCu-Cl)(C8H12)}], [{RuCl(//-

Cl)(^6-p-MeC6H4'Pr)2}], and [Mo(CO)4(nbd)] to give a range of new

monodentate and bidentate complexes.

Z-1 -diphenylphosphino-3,3-dimethyl-2-phenylthiobut-1 -ene and Z-1 -

diphenylphosphino-2-phenylthiopropene react with appropriate metal complexes

such as [PtCl2(C8H12)], [PdCl2(C8HI2)], [{RuC10-Cl)(7VMeC6H4iPr)2}],

[{IrCl(//-Cl)(775-C5Me5)}2], [{Pd(^-Cl)(//3-C3H5)}2], and [AuCl(tht)] to give a

range of new complexes that are either only phosphorus bound or phosphorus-

sulfur bound.

Molecular modelling of imidazolidine and benzimidazole derivatives

provides the opportunity to investigate the likelihood of reactions proceeding as

proposed. Suitable candidates are suggested for future work with the possibility

of developing new hemilabile ligands.
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GENERAL EXPERIMENTAL CONDITIONS
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distilled from sodium-benzophenone; dichloromethane from CaH2 under

nitrogen. Deuterated solvents were dried over molecular sieves and used as

supplied. Et3N was dried over CaH2 under nitrogen prior to distillation and

Ph2PCl was purified by distillation. Water was deionised and degassed prior to

use.

Infra-red spectra were recorded as KBr discs in the range 4000-200 cm"1

or thin films between KBr plates on a Perkin-Elmer 2000 FTIR/RAMAN

spectrometer. NMR spectra were recorded on a Gemini 2000 (operating at 121.4

MHz for 31P and 300 MHz for *H) or on a Jeol Delta FT (270 MHz)

spectrometers. *H NMR spectra were referenced internally to deuterated

solvents; CD2C12 5 5.35 ppm, CDCI3 8 7.27 ppm. 31P NMR were referenced

externally to 85 % H3PO4. Mass spectra were performed by the St. Andrews

University service and EPSRC mass spectrometry service centre (University of

Wales, Swansea). Microanalyses were carried out by the service at the

University of St. Andrews
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CHAPTER 1: INTRODUCTION

1.1 An introduction to hemilabile ligands.

The area of hemilabile chemistry has received a vast amount of interest in

recent years. This is the study of coordinated complexes containing mixed

functionality ligands that enables a variety of complexes to be formed and

investigated. The area that has received the most interest in recent years is when

the ligands formed contain one strongly bound atom such as phosphorus and one

weakly bound labile atom such as nitrogen, oxygen or sulfur. These hemilabile

ligands1 as they are most commonly known show distinctive characteristics by

allowing the relatively weakly bound atom the ability to fill a reaction site

temporarily until a more reactive species appears in the reaction. The labile

fragment of the ligand is reattached after the more reactive species has

undergone a transformation that makes it unattractive to the transition metal

centre and is hence removed. The use of these bifunctional hemilabile ligands

has been developed in homogeneous catalysis, chemical sensing, small molecule

metal complex activation and stabilisation of reactive, unsaturated transition

metal species.

The term hemilabile ligand was first introduced in 1979 by Jeffrey and

Rauchfuss2 and has since been used to describe a wide range of coordinated

groups with a variety of reactivity's on a variety of metal centres. The basic

characteristics of hemilabile ligands are shown in scheme 1.1.
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c
Y

X Y +Z

\/ X

MLn
MLn

-Z

X= substitutionally inert group
Y= substitutionally labile group
Z= ligand or solvent

Scheme 1.1. Basic characteristics of hemilabile ligands.

1.2 Phosphorus Based Hemilabile Ligands.

The best studied area of hemilabile chemistry involves phosphorus-based

ligands. In this instance the phosphorus atom is a substitutionally inert group

and the ligand can contain a variety of labile moieties including nitrogen, carbon

and sulfur, which will be discussed here. Phosphorus-nitrogen based ligands in

particular phosphine-amine ligands have been extensively studied in recent years

and were one of the first reported types of hemilabile ligand known containing

phosphorus coordinated to transition metal centres. This hemilability was

demonstrated by Mann and Watson who showed that they could displace the

amino group from o-dimethylaminophenyldiethylphosphine Pd(II) with SCN".

Since this work it has been shown that phosphorus- amino ligands can behave

both irreversibily and reversible depending on the coordinating moiety used for

the displacement.

1.3 Aminophosphine Ligands.

Werner et at studied a phosphine-amine ligand complexed to an iridium

centre and showed that the complex was inert in the presence of ethylene though

2



in the presence of CO the amine moiety dissociated from the metal centre

allowing the CO to coordinate to the iridium. This dissociation was

subsequently shown by Roundhill et al5 in another study, which showed the

displacement of the chelated amino group with acetonitrile and pyridine ligands,

thus illustrating that the amino group is susceptible to dissociation in the

presence of strong n-acceptor ligands such as CO and by o-donors including

acetonitrile. However, this is not always true as other factors may influence the

dissociation of the amino group including metal oxidation state, the substituents

present on both the phosphine and amino groups and what other ligands are

present with the metal complex.

1.4 Pyridylphosphine Ligands.

Phosphorus based hemilabile ligands containing pyridine have also been

described. This group of ligands has shown both substitutional^ inert and

6 7*hemilabile characteristics. Rigo and coworkers ' investigated the reactivity of

complexes containing pyridyl-phosphine ligands in a variety of coordinating

molecules. In the presence of small molecules like acetonitrile or pyridine it was

shown that reactions of osmium (II) complexes of 1 -(diphenylphosphino)-2-(2-

pyridyl)ethane did not proceed with the displacement of the chelated pyridyl

moiety but in the presence of CO it was shown that the pyridyl could be

displaced in a hemilabile fashion. In another example it was shown that the

analogous ruthenium (II) complex readily reacted with CO in CH2CI2 to
n

dissociate a bound pyridyl fragment unlike the related phosphine-amine ligands,
o

which did not react in the presence of CO . This finding shows the inherent

3



difference in the lability of the aliphatic and aromatic moieties involved on the

metal centre.

As described previously for phosphine-amine systems fluxional ligand

exchanges can also occur with pyridyl-phosphorus ligands9'10, n. The ligand 2-

(diphenylphosphino)pyridine was shown to participate in a chelate isomerisation

reaction9 by 'H NMR spectroscopy and the process occurs equally at ambient

temperatures. However, as the temperature at which the isomerisation was

observed increased the amount of the non-chelated complex present in the

reaction decreased. The utilisation of both 2-(diphenylphosphino)pyridine

(Ph2Ppy) and 2,6-bis(diphenylphosphino)pyridine [(Ph2P)2py] to prepare

bimetallic and polymetallic complexes12' 13' 14 has been achieved due to the

strained chelate that is formed in the ligands.

1.4.1 Synthesis ofpyridylphosphine ligands.

The first reported synthesis of pyridylphosphine15 ligands was by Mann

and Davies16 in 1944 when they studied the optical resolution of tertiary

phosphines. They studied the reaction of phenyl(4-

bromophenyl)chlorophosphine with 2-pyridylmagnesium bromide or 3-

pyridylmagnesium phosphine to afford the 2-{phenyl(4-

bromophenyl)phosphine} pyridine (5 %) A and 3-{phenyl(4-

bromophenyl)phosphine} pyridine (7 %) B respectively.
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A X = N, Y = CH
B X = CH, Y = N

Scheme 1.2. Reaction of phenyl-(4-bromophenyl)chlorophosphine.

Further pyridylphosphines were prepared using 2-pyridylmagnesium

bromide and PCI3 in particular tris-2-(diphenylphosphino)pyridine E (13 %) and
17. _

in 1948 the synthetic procedure was extended to prepare di-2-

(diphenylphosphino)pyridine D and 2-(diphenylphosphino)pyridine C.

_ N _

n 3 - n

C (n=l)
D (n=2)
E(n=3)

Figure 1.1. Mono-, di- and tris- (diphenylphosphino)pyridines.

Improvements were made to the preparation of pyridylphosphine ligands that

included the utilisation of 2-lithiopyridines at significantly lower temperatures (-

65 °C to - 100 °C), in place of the 2-pyridylmagnesium bromides. These

modifications were used in the resynthesis of tris-2-(diphenylphosphino)pyridine
10

which resulted in an increased yield of 66 % . Other phosphines were prepared
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in a similar way using the appropriate pyridyllithium species and PCI3 or

MePCl2.

Figure 1.2. Phosphines prepared by reaction of pyridyllithium species with PCI3

or MePCl2.

Direct nucleophilic substitution on halopyridines by metal phosphides
10

was reported in 1965 when 9-chloroacridine was treated with KP(C6H5)2 in

dioxane to yield 9-diphenylphosphinoacridine. However, unsubstituted acridine,

when treated with LiP(C6Hs)2 yielded the dihydro derivative. This procedure has

since been extended to prepare numerous phosphines substituted pyridines along

with their a-phosphinomethyl derivatives and this work has resulted in a wide

range of phosphorus nitrogen donor ligands that have the potential to be poly-

dentate.
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Scheme 1.3. Reactions of acridine.

1.5 Phosphinoalkene Ligands.

Another class of ligand that has been studied for use as a hemilabile

ligand is one that contains an olefinic moiety. Many researchers have

investigated this area of coordination chemistry in recent years and in early work

the olefinic fragment was used as a stabilising group with strongly bonding

phosphine ligands and this enabled the study of transition metal complexes

containing olefins19'20. More recently the study of phosphine-alkene ligands has

focused on the weakly ligating nature of the alkene. The hemilabile nature of

these ligands has been investigated in a similar way to the phosphine-amine and

pyridyl-phosphine ligands described previously by reaction of their complexes

with small molecules. One example of this was shown by Brookes21 who

displaced the olefinic groups of a rhodium complex with a tetraphenylborate

anion to yield a piano stool effect metal complex.
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NaBPh.

-NaCl

Scheme 1.4. Reaction showing the displacement of rj -alkenes.

A further example of phosphine-alkene ligand complexes was

22demonstrated by Lindner et al who studied phopshinoalkylfuran ligands. They

showed that the furan ring could ligate to metal centres in a r|1 - fashion through

the oxygen atom or by a r) -fashion through the C-C double bonds. The most

favoured coordination mode of these type of phosphine-alkene ligands was

shown to be the p -fashion as the partial donation of the lone pair from the

oxygen makes the p'-fashion coordination less favourable due to the oxygen

being a poorer a-donor than the olefinic groups. Diphenylvinylphosphine

(DPVP) was shown by the Barthel-Rosa research group to be a hemilabile ligand

when coordiniated to ruthenium (II) centres23' 24. They determined that the p3-

DPVP-ruthenium (II) complex could react both reversibly and irreversible

depending on the small molecule that was used in the reaction. A reversible

reaction was observed when acetonitrile was used however, in the presence of

CO the reaction was found to be irreversible but in both instances the DPVP

ligand underwent a p3- to p1- shift that opened up a coordination site on the

metal centre.
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Dynamic ligand exchange processes have also been studied due to the

labile nature of the alkene group in phosphorus-alkene complexes.

-crc^c.
C-1-C-
/ \

Rus.

_rv
-cr .C-

C-+C-

Ph2P' TPh.

NCMe

vacuum

MeCN

-crc^c.
C-^C-

CO / \

Ph2P
/R\~ PPh2

Ru

Ph2P'
\

PPh„

CO

Scheme 1.5. Reaction showing the labile properties of alkene groups.

25Garrou and Hartwell observed one example of this type of exchange

process that saw the rapid exchange of the olefinic groups of a platinum complex

by 3IP NMR spectroscopy.

Figure 1.3. Platinum complex used to observe rapid ligand exchange of alkenes.

Despite many phosphino-alkene ligands displaying hemilabile properties

there are also many phosphine-alkene ligands that have not shown any'
.26-45

7t-bonded and cr-bonded alkene groups in organometallic complexes have

been shown to react with small molecules such as phosphines46 and carbon

monoxide47' 48 to displace the hemilabile alkene moiety. Greco et al46 reacted



fluoro-alkenes with (7r-allyl)tricarbonyl cobalt complexes and isolated complexes

containing hemilabile carbon-alkene ligands. These complexes were then

reacted with PPI13 to show that the alkene moiety was in fact hemilabile and this

displacement was further confirmed by NMR and IR spectroscopy. Greco et al46

also showed that heating the unchelated complex vigorously in xylene causes

one of the carbon monoxide groups to dissociate and allow the alkene moiety to

associate again.

Scheme 1.6. Reaction showing hemilabile properties of alkenes.

The above examples provide a flavour of the opportunities and

complexity of hemilabile ligands. In this project we undertook to develop the

synthesis of a range of this class of ligands and conduct some preliminary studies

on their coordination chemistry.
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1.6 An Introduction into NMR.

Throughout this work the use of NMR proved very useful in the

determination of the structure and composition of the compounds made. The

main NMR handles used throughout this work were 31P and 'H NMR.

NMR nuclei occur in varying abundances naturally. 31P has a natural

abundance of 100 %, which gives a singlet on the NMR spectrum when no other

NMR active species are present (excepting hydrogen which can be decoupled).
T1

Due to the high abundance of P these spectra are quickly accumulated and can

therefore, give a quick spectrum to interpret. *H occurs in 99.99 % abundance

and is used to give the differing environments of the protons within the

compound. Other NMR active nuclei that have been observed within this work

are l95Pt, which has an abundance of 33.8 % and in the presence of other NMR

active nuclei satellites are observed with the pattern 1:4:1. Table 1.1 shows

some typical coupling constants for 195Pt-3lP reported by Pregosin et al49

Table 1.1. Typical 'j{195Pt-31P} couplings for simple platinum complexes are

shown below.

R X 7ra/MPtX2(PR3)2

Bu CI 2400

Bu Br 2327

Et CI 2400

O-o-tol CI 4405

Bu I 2265

Another nucleus used was l03Rh, which has a natural abundance of 100 %

with a spin of V2. When present in a compound containing other NMR active

11



nuclei the pattern observed is a doublet of equal heights. The final NMR active

77
nucleus studied in this work was Se and has a natural abundance of only 7.63

%.

1 31 •

Table 1.2. Typical J{X- P} couplings for simple complexes of rhodium and

selenium are shown below (X = Rh, Se).

Compound Coupling Magnitude/Hz

trara-RhCl(CO)(PBu3)2 'j{luJRh-J1P} 116

/ac-RhCl3(PEt3)3 'j{luJRh-JIP} 114

R3P=Se 1J{//Se-J1P} ca 750

1.7 An Introduction into IR.

Infrared (IR) is a technique that uses molecular vibrations. The usual

range used for IR spectra is between 4000cm"1 and 625 cm"1. There are two

types of vibration observed within IR and these are known as stretching and

bending vibrations. Stretching vibrations fall into two categories, symmetric and

asymmetric stretches whilst bending vibrations can be categorised as bending or

scissoring, rocking, twisting and wagging. Figure 1.4 shows how these

vibrations can be shown.
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/ /
Hv ,H
X

H. ,H

X
symmetric
stretching

asymmetric
stretching

+ + +

H. .H
X X

bending or rocking twisting wagginj
scissoring

Figure 1.4. Stretching and bending vibrations observed in IR.

Different functional groups vibrate in different regions of the IR

spectrum and these regions are used when new complexes are prepared as a basis

for determining the structure. This can be seen when assigning vcn, for example,

which moves when bound to a metal centre from its original position. However,

the use of IR as a tool for the assignation of structure should only be a guide as

in some regions, in particular the fingerprint region, a lot of vibrations occur and

interpretation can sometimes prove difficult. Tables of characteristic group

frequencies are available and Fleming and Williams50 show these characteristic

frequencies of functional groups typically observed in organic chemistry.

1.8 An Introduction into the metal complexes used.

The metal complexes used in this work were chosen because they are

easily prepared, from well-documented procedures, purified and characterised.

Their chemistry has been studied thoroughly and many useful comparisons can

be made in this work from these studies. Many of these characteristics have

been discussed previously in this chapter. They were also chosen for their

13



characteristic NMR profiles when complexes are prepared with phosphorus

containing ligands. The various Pt, Rh and P containing complexes all offer easy

NMR handles to observe any changes brought about by addition of ligands. As

an integral aspect of this is the values given by the various coupling constants

that can be elucidated from the NMR spectra. Important observations about the

geometry and coordination around the metals can be derived from these J values.

Of particular interest is the interaction of the various allyl protons found in this

work with these NMR active metal centres, the coupling shown in the 'H NMR

is perhaps the easiest way to definitively determine whether the ligand is

chelating via the allyl group.
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CHAPTER 2.1: PREPARATIONAND COORDINATION CHEMISTRY

OF 2-(DIPHENYLPHOSPHINOHYDRAZINO)PYRIDINE

(Ph2PNHNHpy).

2.1.1 Introduction.

Hemilabile phosphines are of interest in both homogenous catalysis and

coordination chemistry1. Phosphorus- nitrogen containing ligands have

particular use in catalysis where it is necessary for part of the ligand to dissociate

to allow an organic fragment to coordinate and undergo transformation. The

presence of P-N bidentate ligands enables many different and important catalytic

processes to occur including asymmetric hydroboration2, carbonylation of

alkynes3, Stille coupling4 and asymmetric hydrogenation of highly substituted

alkenes5 to name a few. Some of these processes have had pyridyl phosphines

such as 2-(diphenylphosphino)pyridine applied to them successfully6. The

properties of this ligand have been extensively studied ''6'7. Together with

related ligands containing organic spacer units which have been developed to

increase the distance between the phosphorus and pyridyl nitrogen donor sites

and these include Ph2PCH(R)py (where R=H8"10, CH2OEtU'12, or PPh213-17) and

Ph2PCH2CH2py18"26.

Relatively few examples of amino containing pyridylphosphine ligands

are known despite the relative ease of formation of phosphorus-nitrogen bonds

compared to phosphorus-carbon bonds. Examples include 2-

(diphenylphosphinoamino)pyridine27, 2-(phenylphosphino)bisaminopyridine27
97

and 2-(trisaminopyridyl)phosphine . Aucott et al have recently reported studies
• • 97

on 2-(diphenylphosphinoamino)pyridine and demonstrated that it displays
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three, possibly four different coordination modes. Katti et al28'29 reported the

inclusion of phosphorus donors within the hydrazine ligand to develop new

ligand systems. These ligands possess either N-N-P-N-N or P-N-N-P

backbones.

In this work we report the preparation of a new phosphine that has a

hydrazine backbone and the potential to act as a hemilable ligand. Illustrative

coordination complexes have been prepared.

Results and Discussion.

2.1.2 Synthesis and chalcogen derivatives ofPh2PNHNHpy

Reaction of 2-hydrazinopyridine with one equivalent of Ph2PCl in the

presence of NEt3, proceeds in thf to give 1 which was isolated (50 % yield) by

filtration from the Et3NH+Cf as a white crystalline solid upon recrystallisation

from chloroform (Scheme 2.1.1).

Scheme 2.1.1. Formation of Ph2NHNHpy and Ph2P(E)NHNHpy ligands {E-0

(2), S (3), Se (4)}.
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The 31P{'H} NMR spectrum of 1 consists of a singlet at 5P 49.6 ppm. In

the IR spectrum two bands are observed at 3313 and 3200 cm"1 which are

assigned to the two vnh vibrations whilst the vcN[Py] and vPN vibrations are

observed at 1602 and 989 cm"1 respectively. The FAB mass spectrum gave the

expected parent ion and fragmentation pattern and microanalysis gave

satisfactory results. In the solid state structure (Figure 2.1.1) The N(14)-C(13)-

N(2)-N(l) backbone of this ligand is almost planar, with the phosphorus being

above this plane by 1.65 A. 1 forms an infinite chain of hydrogen bonded dimer

pairs in the solid state, via the interaction of the hydrazine N-H groups with the

pyridyl N on adjacent molecules [N(14)—N(2A) separation 2.99 A, the N(14)—

H(2n) 1.89 A, N(2)-H(2n)—N(14) 159.5°]. A second weaker hydrogen bond

from the other N-H group links these dimers together to form infinite chains

[N(14B)—N(l) 3.33 A, N(14B)-~H(ln) distance of 2.29 A, N(l)-H(ln)—

N(14B) of 153°] .
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The oxide (2) Ph2P(0)NHNHpy was easily prepared by the addition of

excess aqueous hydrogen peroxide to 1 in thf whilst the sulfur (3) and seleno (4)

analogues were prepared by the addition of elemental S or Se to the ligand in

toluene. Satisfactory microanalyses were obtained for 3 and 4 though 2 proved

difficult to purify completely [this may be due to overoxidation] and the EI+

mass spectral data gave the expected parent ion and fragmentation patterns.

3IP{'H} NMR show single resonances (CDCI3) at 8p 26.9 and 63.8 ppm for the

oxide and the sulfide respectively. The selenide analogue exhibits a single

3IP{1H} NMR resonance (CDCI3) at 5p 61.0 ppm with selenium satellites 1l/(31P-

77Se) 768 Hz which is typical for a P=Se group. In the solid state the sulfur and

selenide analogues are isomorphous; the Se compound 4 is reported since this

behaved better crystallographically. The P-N bond in 4 is significantly shorter

than that in 1 The N(14)-C(13)-N(2)-N(l) backbone is planar, and the

phosphorus is not as far out of plane in 4 [1.18 A] as is the case in 1. The

hydrogen-bonding motif observed here is considerably different to that of 1.

There are two types of H bond N-N...N and N-H...Se to give an infinite chain.

[N(1)...N(14A) 2.94, H(ln)—N(14) 1.99 A , N(l)-H(ln)—N(14) 163 °;

N(2)...Se(lB) 3.75, H(2N)...Se(lB) 2.78 A N(2)-H(2N) ...Se(lB) 169 °],

(Figure 2.1.2).
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Figure. 2.1.2. The X-ray structure of Ph2P(Se)NHNHpy (4)
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Table 2.1.1. Selected bond lengths (A) and angles (°) for Ph2PNHNHpy and

Ph2P(Se)NHNHpy.

Selected bond lengths (A) and angles (°) (1) (4)

P(l)-N(l) 1.709(7) 1.656(5)

Se(l)-P(l) - 2.1145(15)

N(14)-C(13) 1.356(9) 1.332(7)

P(l)-C(7) 1.842(8) 1.797(5)

P(l)-C(l)

N(2)-C(13)
.

1.821(8)

1.346(9)

1.814(6)

1.390(7)

N(l)-N(2) 1.411(8) 1.410(6)

N(l)-P(l)-C(l) 98.5(4) 106.5(3)

C(l)-P(l)-C(7) 100.1(4) 105.4(3)

N(l)-N(2)-C(13) 118.9(7) 118.0(5)

N(2)-C(13)-C(18) 125.1(8) 122.7(5)

N(l)-P(l)-C(7) 104.5(4) 108.7(3)

P(l)-N(l)-N(2) 117.8(5) 120.7(4)

N(2)-C(13)-N(14) 113.7(7) 114.2(5)

N(14)-C(13)-C(18) 121.2(8) 123.2(6)

C(7)-P(l)-Se(l) - 112.45(18)
: ■ ■

.

.. ■ . ■
_ ipii |!|!i

N(l)-P(l)-Se(l) - 109.18(18)

C(l)-P(l)-Se(l) - 114.2(2)

2.1.3 Coordination chemistry ofPh2PNHNHpy.

Reaction of [PtCl2(cod)] with Ph2PNHNHpy gives [PtCl2(Ph2PNHNHpy)2-/>] 5

in good yield (72%), however, there was no evidence of P,N chelate formation..

23



The FAB mass spectrum of 5 contains the expected parent ion and fragmentation

pattern and the complex displays a single resonance with platinum satellites in

the 31P{'H} NMR spectrum (8P 44.0 ppm, 'j{31P-195Pt} 3855 Hz), which

indicates the presence of CP trans to P. The IR spectrum has vnh at 3143 cm"1,

vCN[Py] and vpN at 1600 and 997 cm"1 respectively and two vPtci bands at 307 and

288 cm which support the cis geometry.

Reaction of [PtMe2(cod)] with two equivalents of Ph2PNFINHpy gives

[PtMe2(Ph2PNHNHpy)2-P] 6 (8P 71 ppm , ]J{31P-195Pt} 1985 Hz). IR spectral

analysis showed that the pyridyl N is not bound in this complex as VcN[py] is

observed at 1598 cm"1. [PtMeCl(Ph2PNHNHpy)2-P] 7 was prepared in a similar

manner (eqn 1). The complex was isolated by filtration in a yield of 40 % and its

microanalyses gave satisfactory results for the bis(phosphine) species formed.

The FAB mass spectrum contains M-Cl" at 796 whilst 31P{'H} NMR

spectroscopy revealed a single sharp resonance with platinum satellites, (6P 60.4

ppm, 1Jr{3IP-195Pt} 3183 Hz), indicating the two phosphorus atoms are trans to

each other. The IR bands observed at 3251, 3224, 1600, 997 and 266 cm"1

represent vnh, vnh, vcn[py], vPN and vptci respectively.
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Scheme 2.1.2. Reaction of Ph^PNHNHpy with [PtClMe(cod)] (7).

The reaction of Ph^PNHNHpy with [Pd(//-Cl)(?73-C3H5)]2 gave the

expected product [PdCl(773-C3H5)(Ph2PNHNHpy)-.P] (8). The 31P NMR (CDC13)

showed a single broad peak at 66.4 ppm, indicating that the complex is fluxional.

The IR spectrum was again useful in determining the coordination of the ligand

around the Pd centre. The peak observed at 1601 cm"1 indicating the pyridyl N is

not bound to the metal centre and the Pd-Cl stretch is observed at 280 cm"1.

Upon slow addition of [RhCl(cod)]2 to Ph2PNHNHpy,

[Rh(cod)Cl(Ph2PNHNHpy-P)] 9 was obtained in a yield of 68 %. Microanalysis
31 1

gave only fairly satisfactory results though the P { H} NMR (CDC13) displayed
1 O 1 1 AO

the expected peak at 5P 71.0 ppm with a coupling constant of J{ P- Rh} of

156 Hz. FAB mass spectral analysis gave the expected parent ion and

fragmentation pattern and the IR spectrum showed bands at 3206, 996 and 250

cm _1 that are assigned as vNh, vpN and VRhci vibrations respectively. The

presence of the vcN[Py] at 1597 cm"1 is indicative of a non-chelated complex.

However, upon further analysis of the NMR and IR spectra we believe that the

complex formed was fluxionally chelated due to the existence of broad peaks in
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the 31P{1H} spectrum. Also in the IR spectrum there appeared to be a shoulder

at 1610 cm"1 that also indicated that this complex was fluxionally chelated.

Scheme 2.1.3. Reaction of Ph2PNHNHpy with [{Rh(cod)Cl}2].(9)

Reaction of [RuChC?/3:773-CioHi6)]2 with Ph^PNHNHpy gives

[RuCl2(?73:?73-CioHi6)(Ph2PNHNHpy-R)] 10 in 42% yield. The IR spectrum

showed characteristic bands of vNH, vcN[Py] and vPN at 3279, 1596 and 984 cm"1

respectively with bands at 305 and 245 cm"1 corresponding to the presence of
T1 1

vruci vibrations. A single resonance was observed in the P{ H} NMR

spectrum at 5P 69.5 ppm. Microanalysis and FAB mass spectral data gave

satisfactory results for the suggested structure. In the solid state the compound

exhibits monodentate coordination, there is an intramolecular N-H...C1 H-bond

[N(1)...C1(1) 3.75 , H(1N)...C1(1) 2.99 AN-H...C1 135°] (Figure 2.1.3).
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Figure. 2.1.3. The X-ray structure of [RuC^C^3:73-CioHi6)Ph2PNHNHpy-P]

(10).

We also prepared [IrCp*Cl2(Ph2PNHNHpy-/>] 12. In the solid state the

X-ray structure contains two independent molecules [ the second molecule is

numbered by addition of 30 to all atom labels]. The bond lengths and the

hydrogen bonding is the same for each independent molecule. Both display a

intramolecular H ..CI [N(1)...C1(1) 3.15 , H(1N)...C1(1) 2.64 A N-H.. .CI 112°]

and intermolecular NH..N to form dimer pairs [N(2)...N(14A) 3.09,

H(2N).. ,N(14A) 2.11 A N(2)-H(2N) ...N(14A) 179°] (Figure. 2.1.4).
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Figure. 2.1.4. The X-ray structure of [IrCp*Cl2(Ph2PNHNHpy P)] (12).

h jf) [MLC|A a h (J
N ^ 0 \ N.xt^N

i ^ /m_p b
n h x^j l c ph2 h

M = Ru (11), L = 73:t73-Ci0Hi6; Ir (12), L = ^5-C5Me5

Scheme 2.1.4. Reaction of Ph2PNHNHpy with [{MLC12}2].
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Table 2.1.2. Selected bond length (A) and angles (°) for [RuC12(?73: if-

C10H16)(Ph2PNHNHpy-P)] and [IrCp*Cl2(Ph2PNHNHpy-P)].

Selected bond lengths (A) and angles (°) (10) (12)

M(1)-C1(1) 2.458(3) 2.4009(15)

M(1)-C1(2) 2.422(3) 2.4284(14)

V W 2.432(3) 2.2928(13)

Average M(1)-C(L) 2.25 2.19

P(D-N(1) 1.698(8) 1.660(4)

N(14)-C(13) 1.352(13) 1.355(6)

N(2)-C(13) 1.379(14) 1.362(7)

N(l)-N(2) 1.406(11) 1.404(5)

P(1)-M(1)-C1(2) 80.71(10) 88.48(5)

C1(1)-M(1)-C1(2) 170.07(11) 88.43(5)

N(l)-P(l)-M(l) 108.3(4) 108.27(16)

N(2)-N(l)-P(l) 119.2(8) 122.4(3)

N(14)-C(13)-N(2) 113.3(11) 113.6(5)

C(13)-N(2)-N(l) 118.2(10) 118.9(5)

Cl(l)-M(l)-P(l) 82.40(8) 88.71(5)
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[Cu(MeCN)4][PF6] formed the bis-chelate complex

[Cu(Ph2PNHNHpy)2][PF6] 13 in good yield (71 %), isolated as a cream coloured

solid. No NMR data observed for this complex since it is diamagnetic.

Microanalysis and FAB mass spectral determination gave the expected results

for the presence of the bis-chelate complex and this was subsequently confirmed

by the existence of the vcN[py] vibration at 1614 cm _1 in the IR spectrum.

H

V
N H

[Cu(MeCN)4][PF6] G
H
N-

NH
I

•PPh,

/=NPU~PvPh2
€>n-nh

H

Scheme 2.1.5. Reaction of Pl^PNHNHpy with [Cu(MeCN)4][PF6] (13).

2.1.4 Crystallography

X-ray diffraction studies were performed at 293 K using a Rigaku

AFC7S with Cu-Ka radiation [compound 1] or a Bruker SMART diffractometer

with graphite-monochromated Mo-Ka radiation. The structures were solved by

direct methods, non-hydrogen atoms were refined with anisotropic displacement

parameters; hydrogen atoms bound to carbon were idealised, the NH protons

were located by a F map. Structural refinements were by the full-matrix least-

squares method on F [compound 1, TeXsan31] or F2 using SHELXTL.32 Details

of the data collections are summarised in Appendix 2.
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2.1.5 Coordination chemistry ofPh2P(S)NHNHpy (3).

Similar reactions to those described above can be performed using

Ph2P(S)NHNHpy. Reaction with [Rh(cod)Cl]2 in toluene formed

[Rh(cod)(Ph2P(S)NHNHpy-S',AO][Cl] 14 in good yield (79 %). Analysis by FAB

mass spectrometry gave the parent ion at M-Cf =536 and microanalysis gave

satisfactory results. The presence of unh, UcN[py], Upn and ups vibrations in the IR

spectrum were observed at 3163, 1611, 998 and 640 cm"1 respectively. A single

NMR resonance in CDCI3 was observed in the 3IP{'H} spectrum at 5P 64.3 ppm.

The existence of the u>cN[py] vibration at 1611 cm"1 indicated that the complex

formed is a chelate with the CI acting as a counter ion.

H Sx Gj) [RhCl(cod)]2
2 GVpO

Scheme 2.1.6. Reaction of Ph2P(S)NHNHpy with [{Rh(«-Cl)(cod)}2].(14)

The reaction of Ph2P(S)NHNHpy with [RuCl2(p-Cy)]2 [Cy = cymene]

proceeded in good yield (80 %) to give the chelate complex [Ru(p-

Cy)(Ph2P(S)NHNHpy-5,,A0][Cl2] 15. FAB mass spectral analysis gave the

expected fragmentation pattern and parent ion at M-C12 =559. Elemental
31 1

analysis of this complex gave satisfactory results and the P{ H} NMR

spectrum showed a single resonance at 5P 81.1 ppm. Analysis by IR indicated

the presence of vibrations at 3448, 3178, 1611, 995 and 635 cm"1 which

pG
* ^NH

/ HN
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correspond to Unh, v>nh, «CN[Py], Upn and oPS respectively. The absence of any

UruCI vibrations in the IR spectrum indicated that the complex formed was a

chelate and this was further confirmed by the presence of ucN[py] at 1611 cm"1.

[Cu(MeCN)4][PF6] reacts with Ph2P(S)NHNHpy similarly to

Ph2PNHNHpy to form the bis-chelate complex [Cu(Ph2P(S)NHNHpy-S',A0][PF6]

16, in good yield (77 %). Analysis by 31P{1H} NMR gave a single broad

resonance at §p 65.9 ppm. Elemental analysis confirmed the suggested bis-

chelate structure, as did FAB mass spectral analysis with the parent ion occurring

at M-PF6 -713. The IR spectrum also confirmed the presence of the bischelate

structure with existence of vcNfpy] vibrations at 1611 cm"1. Other vibrations

present in the IR spectrum include vNH, vPN and vPs at 3262, 997 and 622 cm"1

respectively.

2.1.6 Use of vcN[py] to determine binding mode.

This chapter used the VcN[py] as a tool to determine the binding of the

ligand to the metal centre. In the complexes where the pyridyl nitrogen has

chelated to the metal centre the value of vcN[py] has shifted to lower frequency

from 1602 cm"1 in free pyridine. Aucott et al27 and Clarke et a/30 gave examples

of this type of coordination.

32



Table2.1.3.CharacterisationdataforPh2PNHNHpyanditsderivatives.(a'j{31P-77Se}768Hz.).(b'j{31P-195Pt}3855Hz),(c >j{31P-195Pt}1984Hz),(dV{31P-I95Pt}3183Hz),(e'j{31P-103Rh}156Hz)
Compound

3IP-{1H}NMR

IR/cm1

Microanalysis/%Found (calc.)

5p/ppm

VPN

VnH

VNH

vCN[p;

VMCl

C

H

N

Ph2PNHNHpy(1)

49.6

989

3313

3200

1602

-

69.09

5.29

14.01

(69.60)

(5.50)

(14.33)

Ph2P(0)NHNHpy(2)

26.9

997

3344

3076

1595

1312

64.64

4.42

11.83

(66.01)

(5.21)

(13.59)

Ph2P(S)NHNHpy(3)

63.8

991

3276

3090

1602

648

62.91

4.67

13.12

(62.75)

(4.96)

(12.92)

Ph2P(Se)NHNHpy(4)a

61.0a

992

3255

3076

1601

587

55.16

4.18

10.98

(54.85)

(4.33)

(11.29)
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[PtCl2(Ph2PNHNHpy-P)2](5)~~ 44.0" [PtMe2(Ph2PNHNHpy-P)2](6)712C [PtClMe(Ph2PNHNHpy-P)2](7)60.4d [PdCI(^-(C3Hs)(Ph2PNHNHpy-P)](8)66.4 [Rh(C8H12)CI(Ph2PNHNHpy-P)](9)710e [RuC12(^3:773-C10H16)(Ph2PNHNHpy-P)]69.5 (10)

[RuC12(76-/7-MeC6H4iPr)(Ph2PNHNHpy-727 P)I(U)

997

-

3143

1600

307,

48.30

3.15

9.88

288

(47.90)

(3.78)

(9.86)

985

3341

3051

1598

-

53.66

5.29

9.90

(53.27)

(4.72)

(10.35)

997

3251

3224

1600

266

51.61

3.87

10.17

(50.52)

(4.24)

(10.10)

997

3202

3051

1601

285

50.28

4.37

8.28

(50.44)

(4.44)

(8.82)

996

3206

-

1597

250

52.51

4.57

7.90

(55.65)

(5.23)

(7.79)

984

3279

-

1596

305,

54.51

5.42

6.98

245

(53.90)

(5.37)

(6.99)

987

3332

3296

1597

294

54.17

4.21

6.96

(54.08)

(5.05)

(7.01)
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Tablecontinued

[Ir(775-C5Me5)Cl2(Ph2PNHNHpy-P)](12)
45.0

987

3318

3057

1598

285

46.60

4.45

5.74

(46.75)

(4.80)

(6.06)

[Cu(Ph2PNHNHpy-P,N)2][PF6](13)
-

999

3291

-

1614

-

51.04

4.05

10.86

(51.36)

(4.06)

(10.57)

[Rh(C8H12)(Ph2P(S)NHNHpy-S,N)][Cl](14)
64.3

998

-

3168

1611

640

53.08

4.73

7.28

(52.50)

(4.93)

(7.35)

[Ru(7V-MeC6H4iPr)(Ph2P(S)NHNHpy-
81.1

995

3448

3178

1611

635

50.88

4.41

6.46

S,N][C12)(15)

(51.34)

(4.79)

(6.66)

[Cu(Ph2P(S)NHNHpy-S,N][PF6](16)
65.9

997

-

3262

1611

622

47.30

3.66

9.70

(47.55)

(3.76)

(9.79)
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Experimental

General

General experimental conditions and instruments were as set out on page

xvii. Unless otherwise stated, all reactions were carried out under an oxygen-

free nitrogen atmosphere using standard Schlenk techniques. Diethyl ether and

thf were purified by reflux over sodium-benzophenone and distillation under

nitrogen. Dichloromethane was heated to reflux over calcium hydride and

distilled under nitrogen. Toluene and hexane were heated to reflux over sodium

and distilled under nitrogen. The complexes [MCl2(cod)J (M = Pt or Pd; cod =

cycloocta-1,5-diene)33' 34, [PtMeX(cod)] (X = CI or Me)35, [Pd(/r-Cl)(773-

C3H5)]236, [{Rh(//-Cl)(cod)}2]37, [{RuC12( 773 : 773-C10H16)}2]38, [{RuC1(//-C1)(7V

MeC6H4iPr)2}]39, [{IrCl(^-Cl)(^5-C5Me5)}2]40, [Cu(MeCN)4][PF6]41 and
TO

Ph2PNHNHpy 1 was prepared as described previously . Infra-red spectra were

recorded as KBr discs in the range 4000-200 cm"1 on a Perkin-Elmer 2000

FTIR/RAMAN spectrometer. NMR spectra were recorded on a Gemini 2000

spectrometer (operating at 121.4 MFIz for 31P and 300 MHz for 'H).

Microanalyses were performed by the St. Andrews University service and mass

spectra by the Swansea Mass Spectrometer Service.

Ph2P(0)NHNHpy (2): Ph2PNFlNHpy (300 mg, 1 mmol) was dissolved in THF

(20 cm3). H202 (35 mg, 1 mmol) was added dropwise over 5 minutes to give a

colourless solution. The reaction mixture was stirred at room temperature for

one hour before removing all the solvent on the vacuum line. The solid formed
"3

was dissolved in CH2C12 before reducing the volume to 0.5 cm on the vacuum

line. Diethyl ether (2 cm ) was added to precipitate the product, which was
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isolated by filtration. Yield 203 mg, 64 %. Microanalysis: Found (calculated for

Ci7H,6N3OP) C 64.64 (66.01), H 4.42 (5.21), N 11.83 (13.59). 5P (CDC13) 26.9

ppm. 5h (CDC13) 8.1 (m, 5 H, aromatic), 7.2-7.7 (m, 9 H, aromatic), 6.7 (m, 1 H,

NH), 6.1 (d, 1 H, 'Jl'H-'H} 21 Hz, NH). IR (KBr) cm"1 uNH 3344, uNH 3076,

ucN[py] 1595, upo 1312, opn 997. Mass spec (EI+): 309(M+).

Ph2P(S)NHNHpy (3): Elemental sulfur (219 mg, 0.7 mmol) and Ph2PNHNHpy

(2 g, 0.7 mmol) were dissolved together under nitrogen in dry toluene (18 cm3).

The reaction mixture was sonicated to ensure that the entire solid was dissolved

before heating with a heat gun. The reaction mixture was left to cool overnight

with stirring, which precipitated out a solid that was isolated by filtration. Yield

1.9 g, 85 %. Microanalysis: Found (calculated for Ci7Hi6N3PS) C 62.91 (62.75),

H 4.67 (4.96), N 13.12 (12.92). 5P (CDC13) 63.8 ppm. §H (CDC13) 7.9-8.1 (m, 4

H, aromatic), 7.4-7.55 (m, 8 H, aromatic), 6.8 (d, 1 H, aromatic), 6.65 (t, 1 H,

aromatic), 6.4 (br. s, 1 H, NH[py]), 5.0 (d, 1 H, ^'P-'H} 19 Hz, NH[P]). IR

(KBr) cm"1 onh 3276, unh 3090, ocN[Py] 1602, opn 991, ups 648. Mass spec

(NOBA Marix): 348(M+Na), 325(M+).

Ph2P(Se)NHNHpy (4): Elemental selenium (40 mg, 0.5 mmol) and

Ph2PNHNHpy (150 mg, 0.5 mmol) were dissolved together under nitrogen in dry

toluene (10 cm3). The reaction mixture was heated for four hours, and then most

of the solvent was removed under reduced pressure. The remaining mixture was

placed in the fridge overnight and a white powder precipitated from the solution,

which was isolated by filtration. Yield 119 mg, 63 %. Microanalysis: Found

(calculated for Ci7Hi6N3PSe) C 55.16 (54.85), H 4.18 (4.33), N 10.98 (11.29).

5P (CDC13) 61 ppm 'j{31P-77Se} 768 Hz. 8H 7.9-8.1 (m, 4 H, aromatic), 7.4-7.5
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(m, 8 H, aromatic), 6.8 (d, 1 H, aromatic), 6.65 (t, 1 H, aromatic), 6.5 (br. s, 1 H,

NH[py]), 5.0 (d, 1 H, l^'P-'H} 19 Hz, NH[P]). IR (KBr) cm"1 uNH 3255, oNH

3076, ocN[Py] 1601, upn 992, upse 587. Mass spec (EI+): 373(M+).

[PtCI2(Ph2PNHNHpy)2-P] (5): A CH2C12 (5 cm3) solution of [Pt(cod)Cl2] (64

mg, 0.1 mmol) was added dropwise to a CH2C12 (5 cm3) solution of

Ph2PNHNHpy (100 mg, 0.3 mmol). The resulting solution was stirred for a few

hours before, the white solid that formed on stirring, being isolated by filtration.

Yield 104 mg, 72 %. Microanalysis: Found (calculated for C34H32N6P2Cl2Pt) C

48.30 (47.90), H 3.15 (3.78), N 9.88 (9.86). 5P (CDC13) 44.0 ppm 'j{31P-195Pt}

3855Hz. 8h (CDCI3) 7.9-8.1 (m, 8 H, aromatic), 7.4-7.55 (m, 16 H, aromatic),

6.8 (d, 2 H, aromatic), 6.65 (t, 2 H, aromatic), 6.4 (br. s, 2 H, NH[py]), 5.0 (d, 2

H, 2J{31P-'H} 19 Hz, NH[P]). IR (KBr) cm"1 oNH 3143, oCN[py] 1600, oPN 997,

optci 307, uptci 288. Mass spec (NOBA Matrix): 817(M-C1"), 780(M-2C1").

[PtMe2(Ph2PNHNHpy-P)2-P] (6): Ph2PNHNHpy (150 mg, 0.5 mmol) and

[PtMe2(cod)] (85 mg, 0.5 mmol) were dissolved together in CH2C12 (7 cm3)

under nitrogen and stirred for 5 minutes. Excess hexane was added, then most of

the solvent removed under reduced pressure. The solid formed was subsequently

isolated by filtration. Yield 54 mg, 13 %. Microanalysis: Found (calculated for

C36H38N6P2Pt) C 53.66 (53.27), H 5.29 (4.72), N 9.90 (10.35). 5P (CDCI3) 71.2

ppm 'j{31P-195Pt} 1984 Hz. IR (KBr) cm"1 oNH 3341, oNH 3051, uCN[Py] 1598,

Upn 985.

[PtMeCl(Ph2PNHNHpy)2-P] (7): Ph2PNHNHpy (87 mg, 0.3 mmol) and

[PtMeCl(cod)] (50 mg, 0.1 mmol) were dissolved under nitrogen in dry toluene
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(10 cm3). The resulting solution was stirred vigorously for a few hours yielding

a white precipitate that was isolated by filtration. Yield 98 mg, 40 %.

Microanalysis: Found (calculated for C35H35N6P2ClPt) C 51.61 (50.52), H 3.87

(4.24), N 10.17 (10.10). 5P (CDC13) 60.4 ppm 'j{31P-195Pt} 3183 Hz. 8H

(CDCI3) 7.8-8.1 (m, 9 H, aromatic), 7.2-7.6 (m, 16 H, aromatic), 6.7 (m, 5 H,

NH and aromatic), 6.3 (s, 2 H, NH), 0.0 (s, 3 H, 2J{I95Pt-'H} 829 Hz, CH3). IR

(KBr) cm 1 Unh 3251, unh 3224, OcN[py] 1600, Opn 997, Optci 266. Mass spec

(NOBA Matrix): 796(M-Cf).

[PdCl(773-C3H5)(Ph2PNHNHpy-/>)] (8): A CH2C12 (10 cm3) solution of

Ph2PNHNHpy (113 mg, 0.39 mmol, 2 eq.) was added dropwise by use of a

syringe pump to a CH2C12 (3 cm3) solution of [Pd(//-Cl)(73-C3H5)]2 (71 mg,

0.195 mmol) under nitrogen over 2.5 hours with stirring. The solvent volume

was removed under pressure before excess hexane was added to precipitate a

beige solid after cooling overnight then isolated by filtration. Yield 92 mg, 50

%. Microanalysis: Found (calculated for C2iH2iClN3PPd) C 50.28 (50.44), H

4.37 (4.44), N 8.28 (8.82). 8P (CDC13) 66.4 ppm. 5H (CDCI3) 7.9 (m, 4 H,

aromatic), 7.7 (d, 1 H, aromatic), 7.4 (m, 6 H, aromatic), 7.1 (t, 1 H, aromatic),

6.7 (d, 1 H, aromatic), 6.5 (t, 1 H, aromatic), 6.1 (s, 1 H, NH[py]), 5.5 (d, 1 H,

2J{31P-'H} 8 Hz, NH[P]), 5.4 (t, 2 H, /{'H-'H} 22 Hz, CH2), 4.7 (t, 1 H, J{'H-

!H} 14 Hz, CH), 3.7 (t, 2 H, ./{'H-'H} 24 Hz, CH2). IR (KBr) cm-1 unh 3202,

Unh 3051, ocN[Py] 1601, Opn 997, Opdci 285. Mass spec (NOBA Matrix): 440(M-

CF).

[Rh(C8H,2)ClPh2PNHNHpy-JP] (9): A toluene (5 cm3) solution of [{Rh(//-

Cl)(cod)}2] (84 mg, 0.2 mmol) was added dropwise to a toluene solution of
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Ph^PNFINHpy (100 mg, 0.3 mmol) under nitrogen. The resulting solution was

stirred for 10 minutes before the solvent volume was reduced and hexane added

to precipitate a brown solid that was isolated by filtration. Yield 126 mg, 68 %.

Microanalysis: Found (calculated for C25H28PCIN3RJ1) C 52.51 (55.65), H 4.57

(5.23), N 7.90 (7.79). 6P (CDC13) 71.0 ppm, d, 'j{31P-103Rh} 156 Hz. 6H

(CDCI3) 7.9 (d, 1 H, pyC[6]H), 7.1-7.6 (m, 12 H, aromatic), 6.7 (d, 1 H,

aromatic), 6.5 (t, 1 H, aromatic), 6.1 (s, 1 H, NH[py]), 4.5 (d, 1 H, 12

Hz, NH[P]), 4.0 (br. s, 4 H, C8Hi2), 2.3 (m, 4 H, C8Hi2), 1.7 (m, 4 H, C8Hi2). IR

(KBr) cm"1 u>nh 3206, ocN[py] 1597, Opn 996, URhci 250. Mass spec (NOBA

Matrix): 540(M+H), 504 (M-Cl").

[RuCl2(^3:73-C10H16)Ph2PNHNHpy-P] (10): Ph2PNHNHpy (50 mg, 0.1

mmol) and [{RuCl2(773:773-CioHi6)}2] (52 mg, 0.08 mmol) were dissolved under

nitrogen in dry toluene (10 cm3). The resulting solution was stirred for an hour
•7

before reducing the solvent volume to 2 cm . Diethyl ether was added to form a

precipitate, which redissolved on the addition of excess ether. The solvent was

reduced before hexane was added drop wise to form an orange/yellow precipitate

that was then isolated by filtration. Yield 43 mg, 42 %. Microanalysis: Found

(calculated for C27H32N3PCI2RU) C 54.51 (53.90), H 5.42 (5.37), N 6.98 (6.99).

8P (CDCI3) 69.5 ppm. 5h (CDC13) 7.9-8.1 (m, 4 H, aromatic), 7.4-7.55 (m, 8 H,

aromatic), 6.8 (d, 1 H, aromatic), 6.65 (t, 1 H, aromatic), 6.4 (br. s, 1 H,

NH[py]), 5.0 (d, 1 H, V^'P-'H} 19 Hz, NH[P]), 5.2 (br m, 2 H, CHc), 4.3 (d, 2

H, ./{'H-31?} 8.8 Hz, CHa), 3.4 (m, 2 H, CHb), 3.2 (d, 2 H, ./{'H-^P} 3.3 Hz,

CH), 2.7 ( m, 2 H, CH2), 2.2 ( s, 6 H, CH3). IR (KBr) cm"1 oNH 3279, uCN[py]
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1596 , upn 984, uruci 305, Oruci 245. Mass spec (NOBA Matrix): 624(M+Na),

602(M+H).

[RuCl2(76-Jp-MeC6H4iPr)Ph2PNHNHpy-P] (11): Ph2PNHNHpy (200 mg, 0.7

mmol) and [{RuCl(/i-Cl)(?76-/?-MeC6H4'Pr)2}] were dissolved under nitrogen in

dry CH2C12 (10 cm3). The resulting red/orange solution was stirred for 15

minutes before the solvent was reduced to 2 cm . Hexane was added to

precipitate an orange solid that was isolated by filtration. Yield 330 mg, 81 %.

Microanalysis: Found (calculated for C27H30N3PC12Ru) C 54.17 (54.08), H 4.21

(5.05), N 6.96 (7.01). Sp (CDC13) 72.7 ppm. 5H (CDC13) 7.9 (m, 4 H, aromatic),

7.7 (d, 1 H, aromatic), 7.4 (m, 6 H, aromatic), 7.1 (t, 1 H, aromatic), 6.7 (d, 1 H,

aromatic), 6.5 (t, 1 H, aromatic), 6.1 (s, 1 H, NH[py]), 5.4 (d, 1 H, 2J{31P-'H} 12

Hz, NH[P]),5.3 (d, 2 H, './{'H-'H} 2 Hz, cymene), 5.2 (d, 2 H, './{'H-'H} 6 Hz,

cymene), 2.5 (m, 1 H, ArCH), 1.9 (s, 3 H, ArCH3), 0.9 (d, 6 H, ArCH3). IR

(KBr) cm"1 Onh 3332, unh 3296, OcN[Py] 1597, v>pn 987, uruci 294. Mass spec

(NOBA Matrix): 622(M+Na), 600(M+H), 564(M-C1"), 528(M-2C1").

[IrCl2(75-C5Me5)(Ph2PNHNHpy-P)] (12): A CH2C12 (10 cm3) solution of

Ph2PNHNHpy (78 mg, 0.26 mmol) was added dropwise by a syringe pump to a

CH2C12 (3 cm3) solution of [{IrCl(/r-Cl)(75-C5Me5)}2] (105 mg, 0.13 mmol)

under nitrogen over 2 hours with stirring. The solvent was reduced under

pressure before excess hexane was added to precipitate an orange solid after

cooling overnight that was isolated by filtration. Yield 157 mg, 86 %.

Microanalysis: Found (calculated for C27H33Cl2N3PIr) C 46.60 (46.75), H 4.45

(4.80), N 5.74 (6.06). 8P (CDC13) 45.0 ppm. 5H (CDC13) 7.9 (m, 4 H, aromatic),

7.8 (d, 1 H, aromatic), 7.4 (m, 6 H, aromatic), 7.15 (t, 1 H, aromatic), 6.6 (d, 1 H,
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aromatic), 6.4 (t, 1 H, aromatic), 6.05 (s, br, 1 H, NH), 5.8 (d, 1 H, J^'P-'H}

33.1 Hz, NH[P]), 1.4 (d, 15 H, Cp*). IR (KBr) cm'1 oNH 3318, oNH 3057, uCN[Py]

1598, opn 987, Oirci 285. Mass spec (NOBA Matrix): 692(M+), 656(M-C1"),

619(M-2C1").

[Cu(Ph2PNHNHpy-/yV)2][PF6] (13): Ph2PNHNHpy (200 mg, 0.6 mmol) and

[Cu(MeCN)4][PF6] (127 mg, 0.3 mmol) were dissolved under nitrogen in dry

CH2CI2 (5 cm3). The resulting solution was stirred for about 10 minutes before

the solvent volume was reduced on the vacuum line to 2 cm . Dry diethyl ether

(8 cm3) was added to yield a creamy white precipitate, which was isolated by

filtration and washed with excess ether then dried on the vacuum line. Yield 193

mg, 71 %. Microanalysis: Found (calculated for C34H32N6P3F6CU) C 51.04

(51.36), H 4.05 (4.06), N 10.86 (10.57). IR (KBr) cm'1 uNH 3291, uCN[Py] 1614,

Opn 999. Mass spec (NOBA Matrix): 649(M-PF6~).

[Rh(C8Hi2)Ph2P(S)NHNHpy-5,A][CI] (14): Ph2P(S)NHNHpy (200 mg, 0.6

mmol) was dissolved under nitrogen in dry toluene (8 cm ). [{Rh(//-Cl)(cod)}2]

(152 mg, 0.3 mmol) was dissolved in dry toluene (5 cm ) under nitrogen. The

rhodium complex solution was added dropwise over about 10 minutes with

stirring. The reaction mixture was then stirred for 20 minutes at room

temperature, to yield a yellow precipitate that was isolated by filtration, washed

with ether and dried on the vacuum line. Yield 274 mg, 79 %. Microanalysis:

Found (calculated for C25H3oN3PSRhCl) C 53.08 (52.50), H 4.73 (4.93), N 7.28

(7.35). 5P (CDCI3) 64.3 ppm. 5H (CDCI3) 7.9-8.1 (m, 4 H, aromatic), 7.4-7.55

(m, 8 H, aromatic), 6.8 (d, 1 H, aromatic), 6.65 (t, 1 H, aromatic), 6.4 (br. s, 1 H,

NH[py]), 5.0 (d, 1 H, V{31P-'H} 19 Hz, NH[P]), 4.0 (br. s, 4 H, C8H12), 2.3 (m,
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4 H, C8H]2), 1.7 (m, 4 H, C8Hi2). IR (KBr) cm"1 uNH 3163, ucN[Py] 1611, uPN

998, ups 640. Mass spec (NOBA Matrix): 536(M-C1").

[Ru(76-p-MeC6H4iPr)Ph2P(S)NHNHpy-5r/V][Cl2] (15): Ph2P(S)NHNHpy (200

mg, 0.6 mmol) and [{RuCl(//-Cl)(75-p-MeC6H4'Pr)2}] (188 mg, 0.3 mmol) were

dissolved together under nitrogen in dry CH2C12 (10 cm3). The resulting dark

orange solution was stirred for 20 minutes before removing the solvent on the

vacuum line. Dry hexane (2 cm ) was added to precipitate a dark brown solid,

which was isolated by filtration. Yield 310 mg, 80 %. Microanalysis: Found

(calculated for C27H3oN3PSC12Ru) C 50.88 (51.34), H 4.41 (4.79), N 6.46 (6.66).

5P (CDCI3) 81.1 ppm. IR (KBr) cm"1 oNh 3448, oNh 3178, ocN[Py] 1611, uPN 995,

oPs 635. Mass spec (NOBA Matrix): 559(M-C12).

[Cu(Ph2P(S)NHNHpy-5A)2]lPF6] (16): Ph2P(S)NHNHpy (200 mg, 0.6 mmol)

and [Cu(MeCN)4][PF6] (115 mg, 0.3 mmol) were dissolved together under

nitrogen in dry CH2C12 (20 cm3). The resulting dark green solution was stirred

for two hours before the volume of solvent present was reduced to about 2 cm3.

Dry diethyl ether (15 cm3) was added to yield a precipitate that was isolated by

filtration to yield a green/blue solid. Yield 204 mg, 77 %. Microanalysis: Found

(calculated for C34H32P3N6S2F6Cu) C 47.30 (47.55), H 3.66 (3.76), N 9.70

(9.79). 5P (CDCI3) 65.9 ppm. 5H (CD2C12) 7.9-8.1 (m, 8 H, aromatic), 7.4-7.55

(m, 16 H, aromatic), 6.8 (d, 2 H, aromatic), 6.65 (t, 2 H, aromatic), 5.0 (d, 2 H,

2J{31P-'H} 19 Hz, NH[Pj). IR (KBr) cm"1 oNH 3262, oCN[Py] 1611, oPN 997, oPS

622. Mass spec (NOBA Matrix): 713(M-PF6").
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CHAPTER 2.2: PREPARATIONAND COORDINATION CHEMISTRY OF

p- (XYL YLENEDIAMINODIPHENYL) PHOSPHINE

2.2.1 Introduction

Bridging ligands have received a lot of interest in recent years as they can

potentially form a number of bi-, tri- and tetranuclear species. There are a

variety of different ligands that can have bridging properties and these include

o-, m- and p- derivatives of benzene or pyridine.

An example of an o-phenyl ligand, Pf^PNHCeEUPPl^1, was prepared by

the treatment of 2-(diphenylphosphino)aniline2, (A), with "BuLi at -78 °C and

chlorodiphenylphosphine. Other examples include (Et2PN(Me)C6H4PEt2)3, (B),

and l-(diphenylphosphany)naphtha-2-oxydiphenylphosphane4, (C).

C

Figure 2.2.1. Examples of o-phenyl derivative ligands.

2,6-bis(diphenylphosphino)pyridine, ({Ph2P}2py), a m-bidentate pyridine,

has the potential to act as a tridentate ligand containing PNP. ' (Ph2P)2py was

shown to react with a variety of platinum and palladium starting materials to give

four different complexes (Scheme 2.2.1).
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Ph

X = CI, [PdCl2(cod)] or
[PdCl2(PhCN)2;

X = Br, [PdBr2(cod)]

Ph X Ph

Ph--F>—Pd-PC"Ph
I

X

X-Pd-P,
I Is

X Ph

Ph2P N PPh,

P—Pd-X

Ph X

Pd[(Ph2P)2py]Cl2

X

X

Scheme 2.2.1. Palladium and platinum complexes of (Ph2P)2py.

/^-phenyl ligands have been used in recent years to prepare bridging

complexes between two metal centres. Typically these ligands have the property

to coordinate different metal centres to form bimetallic species.

Gaw et al1 reported the preparation of the tetradentate (phosphine)amine

l,4-{(Ph2P)2NCH2}2C6H4 in 2002. They showed the formation of a binuclear P,

P'-ligated complex containing two cis [Mo(CO)4] metal fragments.

CO
CO^ I .CO

Ph ^Mo.

co
CO^ I .CO

/Mo Ph
CO \ I x\ ^p—Ph Ph—P\ / \

/P—N r. a N—P—Ph
Ph \ \ // \ / \

Ph N V 7 Ph

CO

Figure 2.2.2. Structure of 1,4-{(OC)4Mo(Ph2P)2NCH2}2C6H4.
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In this work we report the preparation of a new phosphine that has a rigid

backbone and has the potential to act as a bidentate bridging ligand. Illustrative

coordination complexes have been prepared.

Results and Discussion

2.2.2 Synthesis and chalcogen derivatives ofp-Ph2PNHCH2(C6H4)CH2NHPPh2

(17)

Reaction of p-xylene diamine with two equivalents of PI12PCI in the

presence of NEt3, proceeds in thf to give 17 which was isolated in very good

yield (89 %) after filtration from Et3NH+Cf as a colourless crystalline solid and
311

recrystallisation from dichloromethane and hexane. The P{ H} NMR spectrum

of 17 consists of a singlet at 8p 43.3 ppm. The IR spectrum has bands at 3303,

1432 and 997 cm"1 that are assigned to vnh, vpph and vpn respectively. The mass

spectrum gave the expected parent ion and fragmentation pattern and

microanalysis gave good results.
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Scheme 2.2.2. Formation ofp-Ph2PNHCH2(C6H4)CH2NHPPh2 and p-

Ph2P(E)NHCH2(C6H4)CH2NHP(E)Ph2 ligands (E = O (18), S (19), Se (20)).

The oxide (18) p-Ph2P(0)NHCH2(C6H4)CH2NHP(0)Ph2 was easily

prepared by addition of excess aqueous hydrogen peroxide to 17 in thf whilst the

sulfur (19) and selenide (20) analogues were prepared by the addition of

elemental S or Se to the ligand in toluene. Microanalysis for 19 and 20 were

satisfactory. The EI+ mass spectral data obtained for these chalcogens gave the
311

expected parent ions and fragmentation patterns. P{ H} NMR showed single

resonances (CDCI3) at 8p 24.5 and 60.5 ppm for the oxide and sulfide

respectively. The seleno analogue exhibited a single 31P{'H} NMR resonance

(CDCI3) at 8p 58.6 ppm with selenium satellites 'j(31P-77Se) 756 Hz which is
8 •

typical for a P=Se group .

Crystals of Ph2P(S)NHCH2(C6H4)CH2NHP(S)Ph2 suitable for X-ray

crystallography were obtained by slow diffusion of a CDCf/hexane solution

(Figure 2.2.3). Selected structural data are also given (Table 2.2.1). In the solid
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state the molecule exists as two half molecules with a P(l)-S(l) bond length of

1.9523(11) A and a P(l)-N(2) bond length of 1.654(3) A.

Figure 2.2.3. X-ray structure of/?-Ph2P(S)NHCH2(C6H4)CH2NHP(S)Ph2 (19)

Crystals of /?-Ph2P(Se)NHCH2(C6H4)CH2NHP(Se)Ph2 suitable for X-ray

crystallography were obtained by slow diffusion of a chloroform solution with

ether (Figure 2.2.4). Selected structural data are also given (Table 2.2.1). In the

solid state the sulfur and selenide analogues are isomorphorus, The P(l)-N(2)

bond length is shown to be 1.654(5) A and the P(l)-Se(l) bond length is

2.1198(10) A which is equivalent to previously reported bond lengths for P-N

and P-Se8.
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Figure 2.2.4. The X-ray structure of/?-Ph2P(Se)NHCH2(C6H4)CH2NHP(Se)Ph2

(20)
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Table 2.2.1. Selected bond length (A) and angles (°) for p-

Ph2P(S)NHCH2(C6H4)CH2NHP(S)Ph2 (19) and p-

Ph2P(Se)NHCH2(C5H4)CH2NHP(Se)Ph2 (20)

Selected bond lengths (A) and angles <°) (19) (20)

P(l)-N(2) 1.654(3) 1.654(5)

Se(l)-P(l) - 2.1198(10)

S(l)-P(l) 1.9523(11) -

N(2)-C(3) 1.471(4) 1.485(7)

P(l)-C(ll) 1.811(3) 1.797(6)

P(l)-C(17) 1.812(3) 1.817(6)

N(2)-H(2) 0.9798(11) 0.979(3)

N(2)-P(l)-C(ll) 103.43(13) 104.8(3)

N(2)-P(l)-C(17) 101.72(13) 104.0(3)

C(ll)-P(l)-C(17) 106.39(14) 104.5(3)

N(2)-P(l)-Se(l) - 116.79(19)

N(2)-P(l)-S(l) 117.60(10) -

C(ll)-P(l)-Se(l) - 113.7(2)

C(ll)-P(l)-S(l) 112.64(11) -

C(17)-P(l)-Se(l) - 111.8(2)

C(17)-P(l)-S(l) 113.74(10) -

P(l)-N(2)-H(2) 109.1(18) 110(3)

2.2.3 Coordination chemistry ofp-PhiPNPICHifCfJIfCIPNIIPPh2

Reaction of [{PtC10-Cl)(PEt3)}2] with/?-Ph2PNHCH2(C6H4)CH2NHPPh2

gives [((PEt3)PtCl2(Ph2PNHCH2))2C6H4] (21) in satisfactory yield (69 %). The
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EI+ mass spectrum of (21) contains the expected parent ion and fragmentation

pattern and the complex displays resonances with platinum satellites in the

31P{'H} NMR spectrum (8pA 34.0 ppm, IJ{31PA-I95Pt} 1984 Hz, 8px 7.5 ppm,

>j{31px-195Pt} 1715 Hz 2J{31Pa-31Px} 18 Hz). The IR spectrum has vNH at 3289

cm"1, vpph and vpn at 1435 and 997 cm"1 respectively and two vptci bands at 340,

310 cm"1. [((PPhMe2)PtCl2(Ph2PNHCH2))2C6H4] (22) was prepared in a similar

way to (21). The complex was isolated by suction filtration in a yield of 60 %

and its microanalysis gave satisfactory results. The expected fragmentation

pattern and parent ion was observed in the EI+ mass spectrum. The 31P{'H}

NMR spectrum revealed resonances with platinum satellites, (8pA 35.1 ppm,

V{31PA-I95Pt} 1956 Hz, SpX -14.2 ppm, 1J{31Px-195Pt} 1820 Hz 2J{31PA-31PX} 19

Hz). The IR bands observed at 3300, 1435, 998, and 311 cm"1 represent vnh,

vpph, vpn and two vptci respectively.

L = PEt3, PPhMe2
Scheme 2.2.3. Reaction of/?-Ph2PNHCH2(C6H4)CH2NHPPh2 with [{MLC12}2]

{L = PEt3 (21), PPhMe2 (22)}.

The reaction of /?-Ph2PNHCH2(C6H4)CH2NHPPh2 with [IrCl(//-Cl)(/7s-

C5Me5)]2 gave the expected product [{IrCl(/^-Cl)(?75-

CsMe5)(Ph2PNHCH2)}2C6H4] (23) in good yield (73 %). The microanalysis

found indicated that a 2:1 complex had been formed with the p-
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Ph2PNHCH2(C6H4)CH2NHPPh2 linking the two iridium atoms from the starting

material. The 31P NMR (CDCI3) is a single peak at 8p 34.4 ppm indicating that

the two phosphorus atoms have the same environment making the complex

symmetrical. The IR spectrum has the vnh, vPPh, vPn and two vMci bands at

3309, 1434, 997, 289 and 268 cm"1 respectively. EI+ mass spectral analysis gave

the expected parent ion and fragmentation pattern. Similarly the rhodium

analogue [{RhClGu-ClX^-CsMesXPhsPNHCHa^CeHU] (24) was prepared by

addition of [RhClC"-Cl)(75-C5Me5)]2 and ;>Ph2PNHCH2(C6H4)CH2NHPPh2 to

dichloromethane. The yield obtained from the reaction was again good (78 %)

and the micro analytical data obtained again showed the formation of a 2:1
T 1

complex. This was further supported by the P NMR (CDCI3), which

constituted of a single peak at 8P 66.4 ppm with a coupling constant of 'j(3lP-

103Rh) of 148 Hz. The EI+ mass spectrum shows the expected fragmentation

pattern and parent ion and the IR spectrum showed bands at 3300, 1434, , 282,

245 cm"1 which are assigned as vNH, vPPh, vPn and two vRhci vibrations

respectively.

Complex (25), [(RuCl(/r-Cl)(77VMeC6H4'Pr)(Ph2PNHCH2))2C6H4], was

prepared by dissolving molar equivalents of [RuCl(//-Cl)(76-/7-MeC6H4'Pr)]2 and

p-Ph2PNHCH2(C6H4)CH2NHPPh2 in dichloromethane and stirring at room

temperature for 1 hour. After precipitation with diethyl ether the orange

microcrystalline product (72 %) was found to contain a 2:1 complex as shown

previously with the iridium and rhodium complexes. A single peak was

observed in the 31P NMR (CDCI3) at 8P 61.1 ppm that again indicated that the

two phosphorus atoms were in the same environment. The IR spectrum showed
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characteristic bands of Vnh, vpPh and vpN at 3367, 1434 and cm"1 respectively

with bands at 281, 249 cm"1 corresponding to the presence of two vruci

vibrations. Microanalysis and EI+ mass spectral data gave satisfactory results for

the suggested structure. Scheme 2.2.4 illustrates the formation of these

complexes.

Scheme 2.2.4. Reaction of/>Ph2PNHCH2(C6H4)CH2NHPPh2 with [{MLC12}2]

{M = Rh (24), Ir (23); L - 775-C5Me5, M - Ru; rf-p-MeCtftiFr (25)}.

[(Pd(773-C3H5)Cl(Ph2PNHCH2))2C6H4] (26) was prepared (68 %) by

dissolving [{Pd(//-Cl)(^3-C3H5)}2] and 17 in dichloromethane. The

microanalysis obtained was satisfactory for the suggested structure and EI+ mass

spectral data gave the expected parent ion and fragmentation pattern. The IR

spectrum has bands at 3246, 1433, 998, 276 cm"1 that correspond to the vNH,

vpph, vpn and vPdci vibrations. The 31P NMR (CDCI3) is a single peak at 8p 58.1

ppm. Similarly complex (27) was prepared by addition of [{Rh(//-Cl)(cod)}2]

and 17 to a toluene solution. The yield obtained was found to be acceptable (57

31
%) and a doublet was shown in the P NMR (CDCI3) spectrum at 8P 62.3 ppm

with a coupling constant of 1J(31P-103Rh) 157 Hz. The IR spectrum has bands at

3289, 1434, 995, 279 cm"1 that correspond to the vnh, vPPh, vPN and VRhci

vibrations and the EI+ mass spectrum contains the expected fragmentation

pattern and parent ion. Scheme 2.2.5 illustrates the formation of the expected
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products obtained by reaction of [{Pd(//-Cl)(773-C3H5)}2] and [{Rh(/*-

Cl)(cod)}2].

M = Pd, Rh

L = (allyl), (cod)
Scheme 2.2.5. Reaction of/?-Ph2PNHCH2(C6H4)CH2NHPPh2 with [{MLC1}2]

{M = Pd (26), Rh (27); L = rj3-C3U5, C8H,2}.

The final complex prepared for this ligand was the AuCl complex 28

isolated in 43 % yield. The 31P NMR (CDCfi) showed a single peak at 8P 61.1

ppm that indicated that a single phosphorus environment existed within the

complex. Microanalysis gave satisfactory results for the suggested structure and

the EI+ mass spectrum indicates the expected parent ion and fragmentation

pattern.
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Table2.2.2.CharacterisationdataforPh2PNHCH2C6H4CH2NHPPh2anditsderivatives.(a'j{31P-77Se}756Hz.).(b'./{31PA-195Pt} 1984Hz,1J{31Px-195Pt}1715Hz,2J{31PA-31PX}18Hz),(c1J{31PA-195Pt}1956Hz,'j{31Px-195Pt}1820Hz,2J{31PA-31PX}19Hz),(d V{31P-103Rh}148Hz),(e1^{31P-103Rh}157Hz)
Compound

37P-

IR/cm1

Microanalysis/%
Found

t'H}

(calc.)

NMR 6p/ppm

VPN

VnH

Vpph

Vp=E

VMCI

C

H

N

Ph2PNHCH2C6H4CH2NHPPh2(17)
43.3

997

3303

1432

-

-

73.43

6.39

5.64

(73.55)

(6.17)

(5.36)

Ph2P(0)NHCH2C6H4CH2NHP(0)Ph2(18)
24.5

998

3097

1437

1357

-

69.37

5.93

5.38

(69.31)

(5.82)

(5.05)

Ph2P(S)NHCH2C6H4CH2NHP(S)Ph2(19)
60.5

997

3180

1437

625

-

65.27

5.35

5.11

(67.59)

(5.32)

(4.93)

Ph2P(Se)NHCH2C6H4CH2NHP(Se)Ph2(20)a
58.6a

996

3177

1435

551

-

57.53

5.14

4.24

(58.02)

(4.56)

(4.23)
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Tablecontinued

[((PEt3)PtCl(Ph2PNHCH2))2C6H4](21)
34.0,

997

3289

1435

-

340,

41.36

5.12

2.36

7.5b

310

(41.52)

(4.75)

(2.20)

[((PPhMe2)PtCl(Ph2PNHCH2))2C6H4](22)
35.1,

998

3300

1435

-

334,

44.05

4.17

2.61

-14.2C

311

(43.92)

(3.99)

(2.13)

[{IrClC"-Cl)(75-CsMe5)(Ph2PNHCH2)}2C6H4](23)
34.4

997

3309

1434

-

289,

47.64

4.64

2.35

268

(48.00)

(4.65)

(2.15)

[{RhClCu-Cl)(75-C5Me5)(Ph2PNHCH2)}2C6H4](24)
66.4d

996

3300

1434

-

282,

54.76

5.31

2.41

267

(54.86)

(5.33)

(2.45)

[(RuC10"-Cl)(76-/7-MeC6H4iPr)(Ph2PNHCH2))2C6H4]
61.1

996

3367

1434

-

291,

55.53

4.73

2.46

(25)

281

(55.92)

(5.23)

(2.51)

[(Pd(73-C3H5)Cl(Ph2PNHCH2))2C6H4](26)
58.1

998

3246

1433

-

276

52.34

4.78

3.45

(52.44)

(4.63)

(3.22)
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Tablecontinued

[(RhCI(C8H12)(Ph2PNHCH2))2C6H4](27)
62.3e

995

3289

1434

-

279

54.66

5.32

2.89

(54.37)

(5.21)

(2.59)

[(AuCl(Ph2PNHCH2))2C4H6](28)
61.1

997

3279

1435

-

323

39.98

3.28

2.94

(39.65)

(3.12)

(2.89)
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Experimental

General experimental conditions and instruments were as set out on page xvii.

Unless otherwise stated, all reactions were carried out under an oxygen-free nitrogen

atmosphere using standard Schlenk techniques. Diethyl ether and thf were purified by

reflux over sodium-benzophenone and distillation under nitrogen. Dichloromethane

was heated to reflux over calcium hydride and distilled under nitrogen. Toluene and

hexane were heated to reflux over sodium and distilled under nitrogen. The

complexes [AuCl(tht)] (tht = tetrahydrothiophene)9, [MCl2(cod)] (M = Pt or Pd; cod =

cycloocta-1,5-diene)10' ", [{RuClGu-ClX^VMeCeHVPr)^]12, [{Rh(//-Cl)(cod)}2]13,

[{Pd(//-Cl)(773-C3H5)}2] [{MCl(//-Cl)(775-C5Me5)}2] (M = Rh or Ir)14 [{PtCl(ju-

Cl)(PMe2Ph)}2]15 and [{PtCl(yu-Cl)(PEt3)}2]16 were prepared using literature

procedures. Chlorodiphenylphopshine was distilled prior to use. NEt3 (99 % purity),

'BuOK (95 % purity), H202 (30 wt. % in H20), /?-xylylene diamine and reagent grade

KBr were used without further purification. Infra-red spectra were recorded as KBr

discs in the range 4000-200 cm"1 on a Perkin-Elmer 2000 FTIR/RAMAN

spectrometer. NMR spectra were recorded on a Gemini 2000 spectrometer (operating

at 121.4 MHz for 3IP and 300 MHz for ]H). Microanalyses were performed by the St.

Andrews University service and mass spectra by the Swansea Mass Spectrometer

Service.

Ph2PNHCH2C6H4CH2NHPPh2. (17): To a stirring solution of triethylamine (2.26 g,

"3 3

22.29 mmol) in thf (100 cm ) at room temperature was added a thf (50 cm ) solution

of chlorodiphenylphosphine (4.92 g, 22.29 mmol) over 2 hours and simultaneously a

thf solution of p-xylylene diamine (1.52 g, 11.14 mmol) over 2 hours. The stirring

was continued for a further hour before removing the colourless precipitate that had
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formed by filtration and the solvent removed to yield a colourless solid which was

recrystallised from dichloromethane and hexane to give the desired product as a fine

colourless solid that was collected by suction filtration and dried in vacuo. Yield 4.99

g, 89 %. Microanalysis: Found (calculated for C32H30P2N2.H2O) C 73.43 (73.55), H

6.39 (6.17), N 5.64 (5.36) %. 31P{1H}(CDC13) 43.3 ppm. 'H (CDC13) 5 1.4 (m, 4 H,

CH2), 4.1 (br s, 2 H, NH), 7.3-7.9 (m, 24 H, aromatics). IR (KBr disc): 3303, 1432,

997 cm"1. EI+ MS: m/z 504 [M]+.

Ph2P(0)NHCH2C6H4CH2NHP(0)Ph2. (18): Aqueous hydrogen peroxide (30 %
"3

w/w, 0.1 cm , 0.9 mmol) was added drop wise to a suspension of

Ph2PNHCH2C6H4CH2NHPPh2 (223 mg, 0.4 mmol) in thf (10 cm3) and the mixture

was stirred for 30 minutes. The solution was filtered through Celite to remove a small

amount of insoluble material and the solvent was removed in vacuo to give viscous
•3

oil, which was dissolved in dichloromethane (0.5 cm ) before precipitating a

•3

colourless solid upon addition of diethyl ether (6 cm ). The product was collected by

suction filtration and dried in vacuo. Yield 188 mg, 79 %. Microanalysis: Found

(calculated for C32H30P2N2O2.H2O) C 69.37 (69.31), H 5.93 (5.82), N 5.38 (5.05) %.

31P-{'H} NMR(CDC13) 24.5 ppm. 'H NMR (CDC13): 6 1.4 (m, 4 H, CH2), 4.1 (br s,

2 H, NH), 7.3-7.9 (m, 24 H, aromatics) ppm. IR (KBr): 3097, 1437, 1357, 998 cm"1.

ES+ MS: m/z 559 [M + Na]+.

Ph2P(S)NHCH2C6H4CH2NHP(S)Ph2. (19): Ph2PNHCH2C6H4CH2NHPPh2 (214 mg,

0.4 mmol) and grey selenium (27 mg, 0.8 mmol) were heated to reflux in toluene (15

cm3) for 4 hours. The reaction mixture was filtered through Celite to remove any

insoluble material remaining befpre reducing the solvent to yield an off-white solid

that was washed with CHCI3 (5 cm ) and dried in vacuo. Yield 106 mg, 44 %.
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Microanalysis: Found (calculated for C32H30P2N2S2) C 65.27 (67.59). H 5.35 (5.32),

N 5.11 (4.93) %. 31P-{'H} NMR(CDC13) 60.5 ppm. 'H NMR (CDC13): 5 1.4 (m, 4

H, CH2), 4.1 (d, 2 H, 2J(31P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H, aromatics) ppm. IR

(KBr): 3180, 1437, 997, 625 cm"1. ES+ MS: m/z 681 [M + Na]+.

Ph2P(Se)NHCH2C6H4CH2NHP(Se)Ph2. (20): Ph2PNHCH2C6H4CH2NHPPh2 (198

mg, 0.4 mmol) and grey selenium (62 mg, 0.8 mmol) were heated to reflux in toluene

(10 cm3) for 5 hours. The solvent was removed in vacuo and the crude product was

-I

taken up in dcm (5 cm ) and filtered through Celite to remove a trace of unreacted

selenium. The filtrate was evaporated to dryness to yield an off-white solid, which

was dried in vacuo overnight. Yield 189 mg, 73 %. Microanalysis: Found (calculated

for C32H3oP2N2Se2) C 57.53 (58.02). H 5.14 (4.56), N 4.24 (4.23) %. 31P-{'H} NMR

(CDCI3) 58.6 ppm, '/(31P-77Se) 756 Hz. 'H NMR (CDC13): 5 1.4 (m, 4 H, CH2), 4.1

(d, 2 H, V^'P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H, aromatics) ppm. IR (KBr): 3177,

1435,996,551 cm"1. ES+MS:m/z681 [M + Na]+.

[((PEt3)PtCl(Ph2PNHCH2))2C6H4]. (21): [{PtCl(//-Cl)(PEt3)}2] (39 mg, 0.05 mmol)

and ligand (26 mg, 0.05 mmol) were dissolved in dichloromethane (5 cm3) and stirred

overnight. The reaction mixture was filtered through Celite to remove any insoluble

3 3material and then reduced to 0.5 cm before addition of diethyl ether (10 cm ) to

precipitate a colourless solid that was isolated by filtration and dried in vacuo. Yield

45 mg, 69 %. Microanalysis: Found (calculated for C44H6oP4N2Pt2Cl4) C 41.36

(41.52), H 5.12 (4.75), N 2.36 (2.20) %. 31P{'H} NMR (CDC13) 6PA 34.0 ppm,

1J{31PA-'95Pt} 1984 Hz, 5PX 7.5 ppm, 'j{31Px-195Pt} 1715 Hz 2J{31PA-31PX} 18 Hz

ppm. 'H (CDCI3) 5 1.0 (m, 18 H, CH3), 1.2 (m, 12 H, CH2), 1.4 (m, 4 H, CH2N), 4.1

(d, 2 H, 2J(31P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H, aromatics) ppm. IR (KBr): 3289,
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1435, 997, 340, 310 cm"1. EI+ MS: m/z 1293 [M + Na]+, 1235 [M - Clf, 1200 [M -

2C1]+.

[((PPhMe2)PtCl(Ph2PNHCH2))2C6H4]. (22): [{PtCl(//-Cl)(PMe2Ph)}2] (41 mg, 0.05

mmol) and Ph2PNHCH2C6H4CH2NHPPh2 (26 mg, 0.05 mmol) were dissolved in dry

CH2C12 (5 cm ) and stirred overnight. The pale yellow solution formed was filtered

through Celite to remove any inorganic impurities before reducing the solvent volume
"7 "7

to 0.5 cm and addition of diethyl ether (10 cm ) to precipitate a colourless solid that

was isolated by suction filtration and dried in vacuo. Yield 40 mg, 60 %.

Microanalysis: Found (calculated for C48H52P4N2Pt2Cl4) C 44.05 (43.92), H 4.17

(3.99), N 2.61 (2.13) %. ^Pl'H} NMR (CDC13) 5pa 35.1 ppm, 'j{31PA-195Pt} 1956

Hz, 8px -14.2 ppm, 'j{31Px-195Pt} 1820 Hz 2J{31PA-31PX} 19 Hz ppm. 'H (CDC13) 5

1.2 (m, 12 H, CH2), 1.4 (m, 4 H, CH2N), 4.1 (d, 2 H, V^'P-'H) 8 Hz, NH), 7.2-8.0

(m, 34 H, aromatics) ppm. IR (KBr): 3300, 1435, 998, 334, 310 cm"1. EI+ MS: m/z

1333 [M + Na]+, 1275 [M - Cl]+, 1239 [M - 2C1]+.

[{IrCl(//-Cl)(^-C5Me5)(Ph2PNHCH2)}2C6H4] (23): [{IrCl(//-Cl)(775-C5Me5)}2] (50

mg, 0.06 mmol) and Ph2PNHCH2C6H4CH2NHPPh2 (32 mg, 0.06 mmol) were

-j
m

dissolved in dry CH2C12 (5 cm ) and stirred for 2 hours. The orange solution was

filtered through Celite to remove a small amount of insoluble material before reducing

the volume to 0.5 cm3 and addition of diethyl ether (20 cm3) to precipitate an orange

solid that was isolated by filtration and dried in vacuo. Yield 60 mg, 73 %.

Microanalysis: Found (calculated for C52H6oN2P2Ir2Cl4) C 47.64 (48.00), H 4.64

(4.65), N 2.35 (2.15) %. 31P{'H} NMR (CDC13) 34.4 ppm. 'H (CDC13) 5 1.3 (s, 30

H, CH3), 1.5 (m, 4 H, CH2N), 4.1 (d, 2 H, ^'P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H,
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aromatics) ppm. IR (KBr): 3309, 1434, 997, 289, 268 cm"1. EI+ MS: m/z 1323 [M +

Na]+, 1158 [M - 4C1]+.

[{RhCl(//-Cl)( 75-C5Me5)(Ph2PNHCH2)}2C6H4]. (24): [{RhCl(//-Cl)( 775-C5Me5)}2]

(48 mg, 0.08 mmol) and Ph2PNHCH2C6H4CH2NHPPh2 (39 mg, 0.08 mmol) were

dissolved in dry CH2C12 (5 cm ) and stirred for 2 hours. The orange solution was

filtered through Celite to remove a small amount of insoluble material before reducing
"5 t t T

the volume to 0.5 cm and addition of diethyl ether (10 cm ) to precipitate an orange

solid that was isolated by filtration and dried in vacuo. Yield 68 mg, 78 %.

Microanalysis: Found (calculated for C52H6oN2P2Rh2Cl4.0.25CH2Cl2) C 54.76

(54.86), H 5.31 (5.33), N 2.41 (2.45) %. ^Pl'H} NMR (CDC13) 66.4 ppm 'j(31P-

103Rh) 148 Hz. 'H (CDC13) 5 1.3 (s, 30 H, CH3), 1.5 (m, 4 H, CH2N), 4.1 (d, 2 H,

2J(31P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H, aromatics) ppm. IR (KBr): 3300, 1434, 996,

282,245 cm"1. EI+MS: m/z 1145 [M + Na]+, 1087 [M - Cl]+, 1049 [M - 2C1]+.

[(RuClCu-Cl)(76-jp-MeC6H4iPr)(Ph2PNHCH2))2C6H4]. (25): [{RuCl(//-Cl)(?7V

MeC6H4'Pr)}2] (47 mg, 0.08 mmol) and Ph2PNHCH2C6H4CH2NHPPh2 (39 mg, 0.08
"3

mmol) were dissolved in dry CH2C12 (5 cm ) and stirred for 1 hour. The orange

solution was filtered through Celite to remove a small amount of insoluble material

before reducing the volume to 0.5 cm and addition of diethyl ether (10 cm ) to

precipitate an orange solid that was isolated by filtration and dried in vacuo. Yield 62

mg, 72 %. Microanalysis: Found (calculated for C52Hs8N2P2Ru2Cl4) C 55.53 (55.92),

H 4.73 (5.23), N 2.46 (2.51) %. 31P{'H} NMR (CDC13) 61.1 ppm. 'H (CDC13) 6 0.8

(m, 12 H, CH3), 1.2 (m, 6 H, CH3), 1.9 (m, 4 H, CH2N), 2.5 (m, 2 H, CH), 4.1 (d, 2 H,

2J(31P-'H) 8 Hz, NH), 7.2-8.0 (m, 32 H, aromatics) ppm. IR (KBr): 3367, 1434, 996,

281, 249 cm"1. EI+ MS: m/z 1139 [M + Na]+.
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[(Pd(73-C3H5)Cl(Ph2PNHCH2))2C6H4]. (26): [{Pd(//-Cl)(773-C3H5)}2] (61 mg, 0.2

mmol) and Ph2PNHCH2C6H4CH2NHPPh2 (84 mg, 0.2 mmol) were dissolved in dry
"3

CH2C12 (5 cm ) and stirred overnight. The reaction mixture was filtered through

Celite to remove any insoluble inorganic material before reducing the solvent to 0.5

2 2
cm and addition of diethyl ether (10 cm ) to precipitate a yellow macrocrystalline

solid that was isolated by suction filtration. Yield 98 mg, 68 %. Microanalysis:

Found (calculated for C38H4oN2P2Pd2Cl2) C 52.34 (52.44), H 4.78 (4.63), N 3.45

(3.22) %. 31P{'H} NMR (CDC13) 58.1 ppm. *H (CDC13) 5 1.3 (m, 8 H, CH2), 1.9 (m,

4 H, CH2N), 2.5 (m, 2 H, CH), 4.1 (d, 2 H, l^'P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H,

aromatics) ppm. IR (KBr): 3246, 1433, 998, 276 cm"1. EI+ MS: m/z 835 [M - Clf.

[(RhCl(C8Hi2)(Ph2PNHCH2))2C6H4]. (27): [{Rh(cod)Cl}2] (49 mg, 0.1 mmol) and

Ph2PNHCH2C6H4CH2NHPPh2 (50 mg, 0.1 mmol) were dissolved in dry toluene (5

cm ) and stirred for 2 hour. The solution was filtered through Celite to remove a

small amount of insoluble material before reducing the volume to 0.5 cm3 and

addition of hexane (20 cm3) to precipitate a yellow solid that was isolated by filtration

and dried in vacuo. Yield 56 mg, 57 %. Microanalysis: Found (calculated for

C48H54N2P2Rh2Cl2.CH2Cl2.CH2Cl2) C 54.66 (54.37), H 5.32 (5.21), N 2.89 (2.59) %.

31P{'H} NMR (CDC13) 62.3 ppm, 'j(31P-103Rh) 157 Hz. ]H (CDC13) 6 1.8 (m, 24 H,

C8H12), 1.9 (m, 4 H, CH2N), 4.1 (d, 2 H, ^'P-'H) 8 Hz, NH), 7.2-8.0 (m, 24 H,

aromatics) ppm. IR (KBr): 3289, 1434, 995, 279 cm"1. Ef MS: m/z 961 [M - Cl]+.

[(AuCl(Ph2PNHCH2))2C4H6]. (28): [AuCl(tht)] (116 mg, 0.4 mmol) was dissolved

in dry CH2C12 (5 cm3) and Ph2PNHCH2C6H4CH2NHPPh2 (91 mg, 0.2 mmol) was

added in one portion before stirring for 30 minutes. The colourless solution was

filtered through Celite to remove a small amount of insoluble material before reducing
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the volume to 2 cm3 precipitate a colourless solid that was isolated by suction

filtration and dried in vacuo. Yield 88 mg, 43 %. Microanalysis: Found (calculated

for C32H30N2P2AU2CI2) C 39.98 (39.65), H 3.28 (3.12), N 2.94 (2.89) %. 31P{'H}

NMR (CDCI3) 61.1 ppm. 'H (CDCI3) § 1.6 (s, 4 H, CH2N), 4.2 (d, 2 H, V^'P-'H) 10

Hz, NH), 7.2-8.0 (m, 24 H, aromatics) ppm. IR (KBr): 3279, 1435, 997, 323 cm"1.

EI+ MS: m/z 991 [M + Na]+, 933 [M - Cl]+.

References.

1. S. M. Aucott, Coordination Chemistry of Aminophosphine Ligands, Ph. D.

Thesis, University ofLoughborough, 1999.

2. M. K. Copper; J. M. Downes; P. A. Duckworth; E. R. T. Tiekink, Aust. J.

Chem., 1992,45, 595.

3. J. Heinicke; A. Tzschach, J. Pract. Chem., 1983, 325, 232.

4. J. Heinicke; R. Kadryov; M. K. Kindermann; M. Kloss; A. Fischer; P. G.

Jones, Chem. Ber., 1996, 129, 1061.

5. F. E. Wood; M. M. Olmstead; A. L. Balch, J. Am. Chem. Soc., 1983, 105,

6332.

6. F. E. Wood; J. Hvoslef; H. Hope; A. L. Balch, Inorg. Chem., 1984, 23, 4309.

7. K. G. Gaw; M. B. Smith; J. W. Steed, J. Organomet. Chem., 2002, 664, 294.

8. A. M. Z. Slawin; J. Wheatley; M. V. Wheatley; J. D. Woollins, Polyhedron,

2003,22, 1397.

9. R. Uson; A. Laguna; M. Laguna, Inorg. Synth., 1991, 28, 346.

10. D. Drew; J. R. Doyle, Inorg. Synth., 1991, 28, 346.

11. J. X. McDermott; J. F. White; G. M. Whiteside, J. Am. Chem. Soc., 1976, 60,

6521.

67



12. M. A. Bennett; T. N. Huang; T. W. Matheson, Inorg. Synth., 1982, 21, 74.

13. G. Giordano; R. H. Crabtree, Inorg. Synth, 1979, 19, 218.

14. C. White; A. Yates; P. M. Maitlis, Inorg. Synth, 1992, 29, 228.

15. W. Baratta; P. S. Pregosin, Inorg. Chim. Acta., 1993, 209, 85.

16. J. Chatt; R. G. Wilkins, J. Chem. Soc., 1952, 273.

68



CHAPTER 3.1: PREPARATIONAND COORDINATION CHEMISTRY OF

N-ALL YLAMINOPHOSPHINE

3.1.1 Introduction

Phospho-alkenes have the potential to coordinate via the phosphorus

atom or the through the olefin. Coutinho et alx reacted a variety of phosphido-

bridged complexes, (OC)4M(u-PPh2)2RhH(CO)(PPh3), with the

phosphinoalkenes Ph2P(CH2)nCH=CH2 where M = Cr, Mo or W and n - 1-3. In

these reactions the olefin undergoes hydroformylation, which is of great interest

today in commercial processes including the Rhone-Poulenc/Ruhrchemie
■j

aqueous-based system . Furthermore as work continues to prepare ligands that

lead to greater regioselectivity3, ease of catalyst recovery4 and enantioselectivity5

it is necessary to investigate other potentially hemilabile ligands to increase the

success and efficiency of current processes.

In this work we report the preparation of a new phosphine that contains

an olefinic side chain and the potential to act as a hemilabile ligand. Illustrative

coordination complexes have been prepared.

Results and Discussion

3.1.2 Synthesis and chalcogen derivatives of (C^H5)NHPPh2 29

Reaction of allylamine with one equivalent of Ph2PCl in the presence of

NEt3, proceeds in thf to give 29 which was isolated (41 %) by filtration from

Et3NH+Cl" as a colourless oil that was purified by distillation (132 °C, 0.2

mmHg). After storing under nitrogen at -18 °C a colourless waxy solid formed
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(41 % yield). The 31P{'H} NMR spectrum of (29) consists of a singlet at 5p 42.5

ppm. The EI+ mass spectrum gave the expected fragmentation pattern and parent

ion observed at m/z 242. The microanalysis gave satisfactory results for the

suggested structure. The chalcogenides of Ph2PNH(C3H5) were prepared easily.

Scheme 3.1.1. Formation of Ph2PNH(C3H5) and Ph2P(E)NH(C3H5) {E = O (30),

The oxide Ph2P(0)NH(C3Hs) (30) was prepared by addition of urea

hydrogen peroxide to a dichloromethane solution of 29 whilst the sulfur (31) and

selenide (32) analogues were prepared by the addition of elemental S or Se to the

ligand in toluene. Microanalysis obtained for all the chalcogens prepared were

satisfactory for the composition suggested for each compound. The EI+ mass

spectral data obtained for each chalcogen gave the expected parent ion and

fragment pattern and the 31P{'H} NMR showed single resonances (CDC13) at 5p

24.4 and 60.5 ppm for the oxide and sulfide respectively. The seleno analogue

exhibited a single 31P{1H} NMR resonance (CDC13) at 8p 58.1 ppm with

selenium satellites 1J(31P-77Se) 756 Hz which is typical for a P=Se group6.

H
Pf^P—N 29

E

S (31), Se (32)}.
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Figure 3.1.1. The X-ray structure of Ph2P(Se)NH(C3H5) (32) showing

hydrogen-bonding.

Crystals of Ph2P(Se)NH(C3Hs) suitable for X-ray crystallography were

obtained by slow diffusion of a CDCI3 solution with ether (Figure 3.1.1).

Selected structural data are also given (Table 3.1.1). The crystal structure shows

that in the solid state the molecule occurs as hydrogen-bonded dimers. The NH

proton of one molecule is hydrogen-bonded to the selenium atom of a second

and the selenium of the second interacts with the NH proton of the first, leading

to a head to tail type arrangement of the molecules. The H(2)—Se(l A) distance

is 2.63 A with an intermolecular N(2)....Se(l A) separation of 3.61 A and an

N(2)-H(2)....Se( 1 A) angle of 174 °.
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Table.3.1.1 Selected bond lengths (A) and angles (°) for Ph2P(Se)NH(C3H5).

Selected bond lengths (A) and angles (°) (32)

P(l)-N(2) 1.657(4)

Se(l)-P(l) 2.1082(12)
■

P(l)-C(ll) 1.806(4)

P(l)-C(17) 1.814(4)

N(2)-H(2) 0.9799(11)

N(2)-P(l)-C(ll) 103.30(19)

N(2)-P(l)-C(17) 103.49(18)
.

C(ll)-P(l)-C(17) 105.86(18)

C(ll)-P(l)-Se(l) 113.32(13)

C(17)-P(l)-Se(l) 112.20(14)

N(2)-P(l)-Se(l) 117.48(15)

P(l)-N(2)-H(2) 116(3)

3.1.3 Coordination chemistry ofPh2PNH(CiH^)

Reaction of [PtCl2(cod)] with Ph2PNH(C3H5) gives

[PtCl2{Ph2PNH(C3H5)}2] (33) in very good yield (90 %). The FAB mass

spectrum showed the expected parent ion and fragmentation pattern and the

complex displays a single resonance with platinum satellites in the 31P{ 1H}

NMR spectrum (5P 34.8 ppm, 'j{3lP-195Pt} 3949 Hz) which indicates the

presence of CI" trans to P. The IR spectrum has vnh at 3054 cm"1, vc=c and vPN

at 1642 and 1000 cm"1 respectively and two vptci bands at 305 and 288 cm"1

which support the cis geometry.
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Crystals of [PtCl2{Ph2PNH(C3H5)}2] suitable for X-ray crystallography

were obtained by slow evaporation of a concentrated CDCI3 solution (Figure

3.1.2). Selected structural data are also given (Table 3.1.2). The crystal

structure of cw-[PtCl2{Ph2PNH(C3H5)}2] shows that the molecule is square

planar at platinum. The angles, cis P(21 )-Pt( 1 )-P( 1) [98.81(4)°] and cis Cl(l)-

Pt(l)-Cl(2) [84.53(4)°], are significantly larger and smaller respectively than the

ideal 90° due to the existence of bulky R groups on the phosphorus. The

platinum-phosphorus bond lengths are shown to be 2.263(10) A for Pt( 1 )-P( 1)

and 2.251(9) A for Pt(l)-P(2) which are consistent with other similar platinum

complexes containing two ligands . In the solid state the X-ray structure

displays two intramolecular N-H...C1 H-bonds that form two five-membered

rings. The N(13)-H(13)....C1(1) distance is 2.34(4) A with an N(13)-

H(13)....C1(1) angle of 127(4) °. The N(33)-H(33)....C1(2) distance is

equivalent at 2.34(4) A and an N(33)-H(33)..,.C1(2) angle of 128(4) 0

Figure 3.1.2. The X-ray structure of [PtCl2{Ph2PNH(C3H5)}2] (33).
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Table 3.1.2. Selected bond lengths (A) and angles (°) for

[PtCl2{Ph2PNH(C3H5)}2]

Selected bond lengths (A) and angles (°) (33)

M(1)-C1(1) 2.364(10)

M(1)-C1(2) 2.365(12)

M(l)-P(l) 2.263(10)

M(l)-P(21) 2.251(9)

P(l)-N(13) 1.663(3)

P(21)-N(33) 1.660(4)

N(13)-C(14) 1.457(5)

N(33)-C(34) 1.463(6)

N(13)-H(13)—Cl(l) 3.039(3)

N(33)-H(33)—Cl(2) 3.050(4)

P(1)-M(1)-C1(1) 88.22(4)

CI(1)-M(1)-C1(2) 84.53(4)

N(13)-P(l)-M(l) 108.03(12)

P(21)-M(l)-P(l) 98.81(4)

P(21)-M(1)-C1(1) 172.97(3)

P(21)-M(1)-C1(2) 88.45(4)

P(1)-M(1)-C1(2) 172.59(4)

C(14)-N(13)-P(l) 125.3(3)

N(33)-P(21)-M(l) 109.64(13)

C(34)-N(33)-P(21) 123.0(3)

74



[PdCl2{Ph2PNH(C3H5)}2] (34) is prepared in a similar way to (33). The

complex was isolated by suction fdtration in a yield of 91 % and microanalysis

gave satisfactory results. The expected fragmentation pattern and parent ion was

observed in the FAB mass spectrum and contains M - CP at 624 whilst the

31P{'H} NMR spectrum showed two peaks at 58.8 and 46.2 ppm which is

indicative of cis and trans isomers. The IR bands observed at 3054, 1643 and

997 cm"1 represent vnh, vc=c and vpn with two vPdci bands at 297 and 277 cm"1

respectively.

[MCL(cod)]

M = Pt (33), Pd (34)
cod = 1,5-cyclooctadiene

Scheme 3.1.2. Reaction of 2 Ph2PNH(C3H5) with [MC^cod)] (M = Pt, Pd; cod

= C8H12)).

The reaction of Ph^PNH^FIs) with one equivalent of [MC^cod)] gave

the expected chelated complexes 35 and 36 (where M = Pd and Pt respectively).

[PdCl2{Ph2PNH(C3H5)}] (35) is prepared in good yield and the 31P{'H} NMR

showed a single peak (CD2CI2) at 5p 93.6 ppm. The FAB mass spectrum shows

the expected parent ion and fragmentation pattern for the suggested structure and

in the IR spectrum vNH, vpn and two vpdci vibrations were observed at 3054, 996,
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318 and 281 cm"1 respectively which indicated that olefinic bond forms a chelate

311
on the metal centre. The P{ H} NMR (CD2CI2) showed a single resonance at

Sp 63.5 ppm with platinum satellites, 'j(31P-19:,Pt) 3481 Hz for 36. The IR

spectrum again shows that the olefinic bond is used in coordination on the Pt

centre. The vibrations for vNH, vPN and two vptci are observed at 3055, 998, 328

and 289 cm"1 respectively. The FAB mass spectrum shows the expected parent

ion and fragmentation pattern for the suggested structure.

[MCl2(cod)J CI
HN M

xci

M = Pt (36), Pd (35)
cod = 1,5-cyclooctadiene

Scheme 3,1.3. Reaction of Ph2PNH(C3H5) with [MCl2(cod)] (M = Pt, Pd; cod =

C8H12)).

The reaction of [AuCl(tht)] with Ph2PNH(C3Hs) gave the expected

product [AuCl{Ph2PNH(C3H5)}] (37) in poor yield (29 %). The 31P{'H} NMR

(CDC13) showed a single peak at 8p 64.9 ppm and the microanalysis gave good

results for the suggested structure. The IR spectrum showed the presence of

bands at 3069, 1643, 996 and 323 cm"1 which correspond to vnh, vc=c, vpn and

vauci respectively and the FAB mass spectrum gave the expected fragmentation

pattern and parent ion.

[RuClCw-Cl)(^6-p-MeC6H4,Pr){Ph2PNH(C3H5)}] (38) is prepared by

dissolving [{RuCl(/i-Cl)(//6-p-MeC6H4'Pr)}2] and Ph2PNH(C3H5) in

dichloromethane in good yield (85 %). The microanalysis gave satisfactory
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results for the suggested structure and the 31P{'H} NMR (CDCI3) showed a

single resonance at 8P 61.3 ppm. The FAB mass spectrum showed the expected

parent ion and fragmentation pattern with [M+] at 547/9. In the IR spectrum

vibrations at 3051, 1642, 996, 283 and 245 cm"1 correspond to vNH, vc=c, vpn and

two vruci respectively.

Crystals of [RuClCw-Cl)(^6-^-MeC6H4'Pr){Ph2PNH(C3H5)}] suitable for

X-ray crystallography were obtained by slow diffusion of a CDCl3/ether solution

(Figure 3.1.3). Selected structural data are also given (Table 3.1.3). The

molecular structure of [RuCl(//-Cl)(?76-/?-MeC6H4'Pr){Ph2PNH(C3H5)}] contains

one ligand and is bound to the ruthenium metal via phosphorus with a P(l)-Ru(l)

bond length of 2.3404(11). The NH proton interacts with two chlorine atoms as

shown in Figure 3.1.3. The N(2)-H(2)....C1(2) distance is 2.74(4) A and an

N(2)-H(2)... ,C1(2) angle of 110(3) 0

Figure. 3.1.3. The X-ray structure of [RuCl(«-Cl)(^6-p-

MeC6H4'Pr){Ph2PNH(C3H5)}] (38) showing hydrogen-bonding.
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Table 3.1.3. Selected bond lengths (A) and angles (°) for [RuCl(u-Cl)(?/6-p-

MeC6H4'Pr) {Ph2PNH(C3H5)} ]

Selected bond lengths (A) and angles (°) (38)

M(1)-C1(1) 2.4314(11)

M(1)-C1(2) 2.4037(12)

M(l)-P(l) 2.3404(11)

P(l)-N(2) 1.657(3)

P(l)-C(ll) 1.823(4)

P(l)-C(17) 1.827(4)

N(2)-H(2) 0.9799(11)

N(2)-H(2)—Cl(2) 3.202(3)

P(1)-M(1)-C1(1) 88.54(4)

P(1)-M(1)-C1(2) 85.35(4)

C1(2)-M(1)-C1(1) 87.06(4)

N(2)-P(l)-C(ll) 105.94(18)

N(2)-P(l)-C(17) 106.69(17)

C(ll)-P(l)-C(17) 104.36(18)

N(2)-P(l)-M(l) 112.64(12)

C(ll)-P(l)-M(l) 111.88(12)
ft ■ ■ •' ■' .. . ! ■. . ■ ■ • ■ ■ ■ . .... • ■

C(17)-P(l)-M(l) 114.61(13)

P(l)-N(2)-H(2) 118(3)
,

N(2)-H(2)—Cl(2) 110(3)

The complex, [Pt{Ph2PNH(C3H80)}2] (39), was prepared by reaction of

K'BuO in methanol with complex 33 in good yield (51 %). The 31P{1H} NMR
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showed a single peak at 8p 91.4 ppm with platinum satellites at1J(31P-195Pt) 2294

Hz. The IR spectrum shows typical vibrations at 2873-2809 cm"1, which

correspond to voMe stretches along with vibrations at 3069 and 997, which are

assigned to vnh and Vpn respectively. The FAB mass spectral analysis gave the

expected parent ion and fragmentation pattern and the microanalysis shows good

results for the suggested structure. The absence of the vc=c vibration in the IR

spectrum suggests that the double bond is used in coordination to the metal

centre.

Crystals of [Pt{Ph2PNH(C3HgO)}2] (39) suitable for X-ray

crystallography were obtained by slow diffusion of a CDC^/ether solution

(Figure 3.1.4). Selected structural data are also given (Table 3.1.4). The crystal

structure shows that in the solid state the molecule occurs as hydrogen-bonded

dimers. The NH proton of one molecule is hydrogen-bonded to the oxygen atom

of a second and the oxygen of the second interacts with the NH proton of the

first, leading to a head to tail type arrangement of the molecules. The H(1N)—

0(5) distance is 2.241(19) A with an intermolecular N(l)....0(5) separation of

3.164(4) A and an N(1)-H(1N)....0(5) angle of 157(4) °.
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0(5 A A)

Figure. 3.1.4. The X-ray structure of [Pt{Ph2PNH(C3H5OMe)2}] (39) showing
hydrogen bonding.
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Table 3.1.4. Selected bond lengths (A) and angles (°) for

[Pt{Ph2PNH(C3H5OMe)2}]

Selected bond lengths (A) and angles (') (39)

M(l)-C(3) 2.113(4)

M(l)-P(l) 2.2743(9)

P(l)-N(l) 1.664(3)

P(l)-C(7) 1.832(4)

P(l)-C(13)
-

1.827(4)

N(l)-C(2) 1.451(5)

C(3)-M(l)-P(l) 81.56(11)

N(l)-P(l)-C(13) 105.68(18)

N(l)-P(l)-C(7) 106.47(18)

C(13)-P(l)-C(7) 102.15(17)

N(l)-P(l)-M(l) 104.19(12)

C(13)-P(l)-M(l) 119.72(11)

C(7)-P(l)-M(l) 117.51(12)

C(2)-N(l)-P(l) 117.6(3)

The reaction of Ph2PNH(C3H5) with [{RhCl(//-Cl)(75-C5Me5)}2] and

[{IrCl(//-Cl)(75-C5Me5)}2] proceeded in similar fashion to the reaction with

[{RuCl(«-Cl)(?76-/7-MeC6H4'Pr)}2] to prepare the complexes [RhCl(//-Cl)( 7s-

C5Me5){Ph2PNH(C3H5)}] (40) and [IrCl(//-Cl)(75-C5Me5){Ph2PNH(C3H5)}]

(41) in good yields (67 % and 65 % respectively). The microanalytical data

obtained for each complex was satisfactory for the suggested structure and the

FAB mass spectral data obtained showed the expected parent ions and
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fragmentation patterns for each complex. The ^Pl'H} NMR (CDCI3) for 40

shows a single resonance at Sp 66.4 ppm with rhodium satellites at './(31P-103Rh)

148 Hz. In 41 a single resonance in the 3iP{'H} NMR (CDCI3) is observed at 5p

34.5 ppm. The IR spectrum for both 40 and 41 show the expected identification

peaks for the vnh, Vc=c, vpn and two vMci vibrations.

[MLCL

M = Rh ( 40 ), Ir ( 41 )
L = Cp*

Scheme 3.1.4. Reaction of Ph2PNH(C3H5) with [{MLC12}2] (M = Rh, Ir; L

775-C5Me5).

Upon slow addition of [{Pt(PEt3)Cl2}2] to Ph2PNH(C3H5),

[Pt(PEt3)Cl2{Ph2PNH(C3H5)}] (42) was obtained in a yield of 59 %.

Microanalysis gave satisfactory results with the 31P{'H} NMR (CDCI3)

displaying two phosphorus environments at §PA 34.2 ppm and 8px 7.3 ppm with

platinum satellites at './(3lPA-195Pt) 3979 Hz and lJ(3]PxJ95?t) 3479 Hz. The
9 TI T1 •

phosphorus coupling in this complex was shown at J( PA- Px) 19 Hz, which is

typical for complexes of this type. The IR spectrum contains bands at 3072,

1641, 1002, 309 and 283 cm"1 which represent the vnh, vc=c, vpn and two vPtci

respectively. Crystals of [PtPEt3Cl2{Ph2PNH(C3H5)}] suitable for X-ray

crystallography were obtained by slow diffusion of a CDCl3/ether solution

(Figure 3.1.5). Selected structural data are also given (Table 3.1.5).
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C(4)
C(5)

Figure. 3.1.5. The X-ray structure of [Pt(PEt3)Cl2{Ph2PNH(C3H5)}] (42).

The crystal structure of [Pt(PEt3)Cl2{Ph2PNH(C3H5)}] (42) shows that

the molecule is square planar at platinum. The molecular structure contains one

ligand and is bound to the platinum metal via phosphorus with a P(l)-Pt(l) bond

length of 2.3404(11). The NH proton interacts with the chlorine atom as shown

in Figure 3.1.5. The N(2)-H(2)....C1(2) distance is 2.74(4) A and an N(2)-

H(2)....C1(2) angle of 110(3)°.
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Table 3.1.5. Selected bond lengths (A) and angles (°) for

[Pt(PEt3)Cl2{Ph2PNH(C3H5)}]

Selected bond lengths (A) and angles (') (42)

M(l)-Cl(l) 2.4314(11)

M(1)-CI(2) 2.4037(12)

M(l)-P(l) 2.3404(11)

P(l)-N(2) 1.657(3)

P(l)-C(ll) 1.823(4)

P(l)-C(17) 1.827(4)

N(2)-H(2) 0.9799(11)

N(2)-H(2)—Cl(2) 2.74(4)

P(1)-M(1)-C1(1) 88.54(4)

P(1)-M(1)-C1(2) 85.35(4)

C1(2)-M(1)-C1(1) 87.06(4)

N(2)-P(l)-C(ll) 105.94(18)

N(2)-P(l)-C(17) 106.69(17)

C(ll)-P(l)-C(17) 104.36(18)

N(2)-P(l)-M(l) 112.64(12)

C(ll)-P(l)-M(l) 111.88(12)

C(17)-P(l)-M(l) 114.61(13)

P(l)-N(2)-H(2) 118(3)

N(2)-H(2) CI(2) 110(3)

[Pt(PPhMe2)Cl2{Ph2PNH(C3H5)}] (43) is prepared in a similar way to 42

in good yield (62 %). The 3IP{'H} NMR (CDCI3) showed two phosphorus

84



signals at 5pa 35.3 ppm and 8px -14.2 ppm with platinum satellites at 'j(31PA-

195Pt) 3878 Hz and 'j(31Px-195Pt) 3625 Hz. There is again splitting of the signals

due to the presence of two phosphorus atoms and this is found at 2Jr(31PA-31Px) 19

Hz. This is similar to the splitting observed in complex 42. In the IR spectrum

bands are observed at 3053, 1642, 1000, 313 and 283 cm"1 which correspond to

vnh, vc=c, Vpn and two vptci vibrations.

Crystals of [Pt(PPhMe2)Cl2{Ph2PNH(C3Hs)}] suitable for X-ray

crystallography were obtained by slow diffusion of a CDC^/ether solution

(Figure 3.1.6). Selected structural data are also given (Table 3.1.6).

Figure. 3.1.6. The X-ray structure of [Pt(PPhMe2)Cl2{Ph2PNH(C3H5)}]

(43).
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The crystal structure of [Pt(PPhMe2)Cl2{Ph2PNH(C3H5)}] (43) shows

that the molecule is square planar at platinum. The molecular structure contains

one ligand and is bound to the platinum metal via phosphorus with a P(l)-Pt(l)

bond length of 2.3404(11). The NH proton interacts with the chlorine atom as

shown in Figure 3.1.6. The N(2)-H(2)....C1(2) distance is 2.74(4) A and an

N(2)-H(2)... ,C1(2) angle of 110(3) °.
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Table 3.1.6. Selected bond lengths (A) and angles (°) for

[Pt(PPhMe2)Cl2 {Ph2PNH(C3H5)} ]

Selected bond lengths (A) and angles (') (43)

M(1)-C1(1) 2.4314(11)

M(1)-C1(2) 2.4037(12)

M(l)-P(l) 2.3404(11)

P(l)-N(2) 1.657(3)

P(l)-C(ll) 1.823(4)

P(l)-C(17) 1.827(4)

N(2)-H(2) 0.9799(11)

N(2)-H(2)—Cl(2) 2.74(4)

P(1)-M(1)-C1(1) 88.54(4)

P(1)-M(1)-C1(2) 85.35(4)

C1(2)-M(1)-C1(1) 87.06(4)

N(2)-P(l)-C(ll) 105.94(18)

N(2)-P(l)-C(17) 106.69(17)

C(ll)-P(l)-C(17) 104.36(18)

N(2)-P(l)-M(l) 112.64(12)

C(ll)-P(l)-M(l) 111.88(12)

C(17)-P(l)-M(l) 114.61(13)

P(1)"N(2)-H(2) 118(3)

N(2)-H(2)—Cl(2) 110(3)

[PdCl(C loHgN) {Ph2PNH(C3H5)} ] (44) was prepared by dropwise

addition of Ph2PNH(C3H5) to a dichloromethane suspension of
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[{PdCl(CioHgN)}2]. The microanalysis obtained gave satisfactory results for the
til

structure suggested and the P{ H} NMR (CDCI3) showed a single resonance at

8p 65.0 ppm. The FAB mass spectrum gave the expected parent ion and

fragmentation pattern and the IR spectrum showed bands at 3049, 1639, 993 and

289 cm"1, which were assigned to vnh, vc=c, vpn and vpdci vibrations.
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Table3.1.7.CharacterisationdataforPh2PNH(C3H5)anditsderivatives.(a'j{31P-77Se}756Hz.).(b'j{31P-,95Pt}3949Hz),(c !J{31P-195Pt}3481Hz),(d'j{31P-195Pt}2294Hz),(e'j{31P-103Rh}148Hz),(f'j{31PA-195Pt}3979Hz,'j{31Px-195Pt}3479Hz, 2J(31Pa-31Px)19Hz,(gIJr{31PA-195Pt}3878Hz,\/{31Px-195Pt}3625Hz,2J(31PA-31PX)19Hz Compound

3iP-{'H} NMR

IR/cm1

Microanalysis/%Found (calc.)

8p/ppm

VPN

VnH

Vc=C

Vp=e

VMCl

C

H

N

Ph2PNH(C3H5)(29)

42.5

-

-

72.27

7.37

5.58

(74.67)

(6.68)

(5.81)

Ph2P(0)NH(C3Hs)(30)

24.4

993

3189

1641

1181

-

69.74

6.22

5.15

(70.03)

(6.27)

(5.44)

Ph2P(S)NH(C3H5)(31)

60.5

997

3170

1642

689

-

66.01

6.09

5.11

(65.91)

(5.90)

(5.12)
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Tablecontinue.CharacterisationdataforPh2PNH(CsHs)anditsderivatives.
Ph2P(Se)NH(C3H5)(32)

58.la

991

3177

1644

573

-

55.97

5.25

4.43

(56.07)

(5.02)

(4.36)

[PtCl2{Ph2PNH(C3H5)}2](33)
34.8b

1000

3054

1642

-

305,

48.23

4.10

3.65

288

(48.14)

(4.31)

(3.74)

[PdCl2{Ph2PNH(C3H5)}2](34)
58.8,46.2

997

3054

1643

-

297,

54.80

4.67

4.06

277

(54.61)

(4.89)

(4.25)

[PdCl2{Ph2PNH(C3Hs)}](35)
93.6

996

3054

-

-

318,

43.95

4.26

2.70

281

(43.04)

(3.85)

(3.35)

[PtCl2{Ph2PNH(C3H5)}](36)

63.5C

998

3055

3051

-

328,

36.53

2.99

2.60

289

(35.52)

(3.18)

(2.76)

[AuCl{Ph2PNH(C3H5)}](37)

64.9

996

3069

1643

-

323

37.98

2.76

3.07

(38.03)

(3.40)

(2.96)

[RuCl(//-Cl)(776-/7-MeC6H4iPr){(Ph2PNH(C3H5)}](38)
61.3

996

3051

1642

-

290,

55.71

5.62

2.71

283

(54.85)

(5.52)

(2.56)
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Tablecontinue.CharacterisationdataforPh2PNH(C3H5)anditsderivatives.
[Pt{Ph2PNH(C4H80)}2](39)

91.4d

997

3069

-

-

-

52.06

4.60

3.70

(51.96)

(5.18)

(3.79)

[RhClCa-Cl)(75-C5Me5){(Ph2PNH(C3H5)}](40)
66.4e

995

3063

1642

-

279,

54.32

5.78

2.44

267

(54.56)

(5.68)

(2.55)

[IrClCt/-Cl)(775-C5Me5){(Ph2PNH(C3H5)}](41)
34.5

994

3058

1640

-

291,

47.07

4.85

2.13

280

(46.95)

(4.89)

(2.19)

[Pt(PEt3Cl2{Ph2PNH(C3H5)}](42)
34.2,

1002

3072

1641

-

309,

40.61

4.38

2.49

7.3f

283

(40.38)

(5.01)

(2.24)

[Pt(PMe2Ph)Cl2{Ph2PNH(C3H5)}](43)
35.3,

1000

3053

1642

-

313,

42.99

2.26

2.08

-14.2g

283

(42.85)

(4.22)

(2.17)

[PdCl(CioH8N){Ph2PNH(C3Hs)}J(44)
65.0

993

3049

1639

-

289

56.93

3.93

5.24

(57.16)

(4.60)

(5.33)
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Experimental

General experimental conditions and instruments were as set out on page

xvii. Unless otherwise stated, all reactions were carried out under an oxygen-

free nitrogen atmosphere using standard Schlenk techniques. Diethyl ether and

thf were purified by reflux over sodium-benzophenone and distillation under

nitrogen. Dichloromethane was heated to reflux over calcium hydride and

distilled under nitrogen. Toluene and hexane were heated to reflux over sodium

and distilled under nitrogen. The complexes [PtMeX(cod)] (X = CI or Me)8,

[{Pd(/;-Cl)(773-C3H5)}2]9, [Cu(MeCN)4][PF6]10, [AuCl(tht)] (tht

tetrahydrothiophene)11, [MCl2(cod)] (M = Pt or Pd; cod = cycloocta-l,5-diene)12,

13, [{RuCl(^-Cl)(^VMeC6H4'Pr)2}]14, [{Rh(/r-Cl)(cod)}2]15, [{MC1(//-C1)(t75-

C5Me5)}2] (M = Rh or Ir)16, [{PtCl(//-Cl)(PMe2Ph)}2]17, [{PtCl(//-

Cl)(PMe2Ph)}2]18 and [{Pd(//-Cl)(CioH8N)}2]19 were prepared using literature

procedures. Chlorodiphenylphopshine and allylamine were distilled prior to use.

NEt3 (99 % purity), 'BuOK (95 % purity), H202 (30 wt. % in H20) and reagent

grade KBr were used without further purification. Infra-red spectra were

recorded as KBr discs in the range 4000-200 cm"1 on a Perkin-Elmer 2000

FTIR/RAMAN spectrometer. NMR spectra were recorded on a Gemini 2000

spectrometer (operating at 121.4 MHz for 31P and 300 MHz for 'H).

Microanalyses were performed by the St. Andrews University service and mass

spectra by the Swansea Mass Spectrometer Service.

Ph2PNH(C3H5). (29): Allylamine (3.671 g, 64.3 mmol) and triethylamine

(6.831 g, 67.5 mmol) were added together in dry thf (50 cm ).

Chlorodiphenylphosphine (14.894 g, 67.5 mmol) in dry thf (50 cm3) was added
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dropwise with stirring overnight. Triethylamine hydrochloride was removed by

filtration under nitrogen and the solvent removed in vacuo to yield a colourless

oil which was purified by distillation (132 °C, 0.2 mmHg) and storing under

nitrogen in the freezer which yielded a colourless waxy solid. Yield 6.283 g, 41

%. Microanalysis: Found (calculated for C15H16NP) C 72.27 (74.67), H 7.37

(6.68), N 5.58 (5.81)%. 31P{'H} NMR (CDCI3): 42.5 ppm. 'H NMR (CDCI3) 8

7.4-7.2 (m, 10 H, aromatic), 5.8 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H,

CH2), 3.5 (m, 2 H, NCH2) and 1.9 (s, 1 H, NH) ppm. EI+ MS: m/z 242 [M]+.

Ph2P(0)NH(C3H5). (30): Ph2PNH(C3Hs) (461 mg, 1.9 mmol) was dissolved in

dichloromethane (10 cm ). Urea hydrogen peroxide (180 mg, 1.9 mmol) was

added and the reaction mixture was stirred overnight. The product was extracted

from the CH2C12 by addition of distilled water, washed with CH2C12 (3x 5 cm3),

dried over magnesium sulfate and evaporated to dryness to yield a colourless

solid. Yield 338 mg, 67 %. Microanalysis: Found (calculated for C15FI16NOP) C

69. 74 (70.03), H 6.22 (6.27), N 5.15 (5.44) %. 31P{'H} NMR (CDC13): 24.4

ppm. 'H (CDC13) 5 7.4-7.2 (m, 10 H, aromatic), 5.9 (m, 1 H, CH), 5.3 (q, 1 H,

CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2 H, NCH2) and 2.9 (br s, 1 H, NH) ppm. EI+

MS: m/z 257 [M], IR(KBr disc): 3189, 1641, 1181, 993 cm"1.

Ph2P(S)NH(C3Hs). (31): Ph2PNH(C3H5) (420 mg, 1.7 mmol) and elemental

sulfur (56 mg, 1.7 mmol) were dissolved in dry toluene (10 cm ) to yield a

yellow solution which was stirred overnight. The solvent was reduced to 1 cm

before addition of hexane (10 cm ) to precipitate a colourless solid that was

isolated by filtration. Yield 246 mg, 52 %. Microanalysis: Found (calculated for

C,5H,6NPS) C 66.01 (65.91), H 6.09 (5. 90), N 5.11 (5.12) %. 31P{'H} NMR
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(CDC13): 60.5 ppm. *H NMR (CDC13) 5 7.4-7.2 (m, 10 H, aromatic), 5.9 (m, 1

H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2 H, NCH2) and 2.4 (br s, 1

H, NH) ppm. EI+ MS: m/z 273 [M], IR(KBr disc): 3170, 1642, 997, 689 cm"1.

Ph2P(Se)NH(C3H5). (32): Ph2PNH(C3H5) (235 mg, 1.0 mmol) and grey

selenium (77 mg, 1.0 mmol) were refluxed in dry toluene (10 cm3) for 1 hour

before cooling to room temperature and filtering through a Celite plug to remove

any insoluble material. The solvent was reduced to 1 cm to yield a colourless

solid that was isolated by suction filtration and dried in vacuo. Yield 269 mg, 86

%. Microanalysis: Found (calculated for CisHieNPSe) C 55.97 (56.07), H 5.25

(5.02), N 4.43 (4.36) %. 31P{'H} NMR (CDCI3): 58.1 ppm 'j(31P-77Se) 756 Hz.

'H NMR (CDCI3) 5 7.4-7.2 (m, 10 H, aromatic), 5.9 (m, 1 H, CH), 5.3 (q, 1 H,

CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2 H, NCH2) and 2.3 (br s, 1 H, NH) ppm. EI+

MS: m/z 322 [M + H], IR(KBr disc): 3177, 1644, 991, 573 cm"1.

[PtCl2{Ph2PNH(C3H5)}2]. (33): Ph2PNH(C3H5) (161 mg, 0.7 mmol) and

[PtCl2(cod)] (125 mg, 0.3 mmol) were dissolved in dry CH2C12 (10 cm3) to yield

a colourless solution which was stirred overnight before reducing the solvent

volume to 0.5 cm3 and addition of diethyl ether (20 cm3) to precipitate a

colourless solid which was isolated by suction filtration and dried in vacuo.

Yield 226 mg, 90 %. Microanalysis: Found (calculated for C3oH32P2N2PtCl2) C

48.23 (48.14), H 4.10 (4.31), N 3.65 (3.74) %. 31P{'H} NMR (CDCI3): 34.8

ppm 'j(31P-195Pt) 3949 Hz. !H NMR (CDCI3) 5 7.5-7.3 (m, 20 H, aromatic), 5.5

(m, 2 H, CH), 5.0 (q, 2 H, CH2), 4.9 (q, 2 H, CH2), 4.1 (br s, 2 H, NH) and 3.5

(m, 4 H, NCH2) ppm. FAB+ MS: m/z 713 [M - Cl]+, 677 [M - 2C1]2+. IR(KBr

disc): 3054, 1642, 1000, 305, 288 cm"1.
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[PdCl2{Ph2PNH(C3H5)}2]. (34): Ph2PNH(C3H5) (179 mg, 0.7 mmol) and

[PdCl2(cod)] (106 mg, 0.4 mmol) were dissolved in CH2C12 (10 cm3) and stirred

overnight. The solvent volume was reduced to 0.5 cm before addition of hexane

(20 cm3) to precipitate a yellow solid that was isolated by filtration and dried in

vacuo. Yield 224 mg, 91 %. Microanalysis: Found (calculated for

C3oH32P2N2PdCl2) C 54.80 (54.61), H 4.67 (4.89), N 4.06 (4.25) %. 31P{'H}

NMR (CDC13): 58.8 and 46.2 ppm. 'H NMR (CDC13) 5 7.5-7.2 (m, 20 H,

aromatic), 5.6 (m, 2 H, CH), 5.2 (q, 2 H, CH2), 5.1 (q, 2 H, CH2), 3.5 (m, 4 H,

NCH2) and 4.1 (br s, 2 H, NH) ppm. FAB+ MS: m/z 624 [M - Cl]+, 588 [M -

2C1]2+. IR (KBr disc): 3054, 1643, 997, 297, 277 cm"1.

[PdCl2{Ph2PNH(C3H5)}]. (35): Ph2PNH(C3H5) (52 mg, 0.2 mmol) in CH2C12 (5

cm3) was added dropwise to CH2C12 (5 cm3) solution of [PdCl2(cod)J (53 mg, 0.2

mmol). After stirring for 30 minutes the solvent was reduced in vacuo to 0.5 cm3

before precipitating a yellow microcrystalline solid upon addition of hexane (10

cm3) and isolation by suction filtration. Yield 65 mg, 83 %. Microanalysis:

Found (calculated for Ci5Hi6PNPdCl2) C 43.95 (43.04), H 4.26 (3.85), N 2.70

(3.35) %. 31P{'H} NMR (CD2C12): 93.6 ppm. 'H NMR (CD2C12) 5 7.5-7.2 (m,

10 H, aromatic), 5.6 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2

H, NCH2) and 4.1 (br s, 1 H, NH) ppm. FAB+ MS: m/z 382/4 [M - Cl]+, 347 [M

- 2C1]2+. IR (KBr disc): 3054, 996, 318,281 cm"1.

[PtCl2{Ph2PNH(C3Hs)}]. (36): Ph2PNH(C3H5) (43 mg, 0.2 mmol) in CH2C12 (5

cm3) was added dropwise to a CH2C12 (5 cm3) solution of [PtCl2(cod)] (58 mg,

0.2 mmol) over 2.5 hours. The solvent was reduced to 1 cm3 before addition of

hexane (10 cm3) to yield an off white sticky solid on reduction of solvent. The
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sticky solid was subsequently dissolved in CH2CI2 (0.5 cm3) before addition of

petroleum ether (40-60) (10 cm3) to yield a colourless solid that was isolated by

suction filtration. Yield 51 mg, 65 %. Microanalysis: Found (calculated for

Ci5Hi6NPPtCl2) C 36.53 (35.52), H 2.99 (3.18), N 2.60 (2.76) %. 31P{'H} NMR

(CD2C12): 63.5 ppm 'j(3lP-195Pt) 3481 Hz. 'H NMR (CD2C12) 5 7.5-7.2 (m, 10

H, aromatic), 5.6 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2 H,

NCH2) and 4.1 (br s, 1 H, NH) ppm. FAB+ MS: m/z 472 [M - Cl]+, 436 [M -

2C1]2+. IR (KBr disc): 3055, 998, 328, 289 cm"1.

[AuCl{Ph2PNH(C3H5)}]. (37): Ph2PNH(C3H5) (78 mg, 0.3 mmol) and

[AuCl(tht)] (103 mg, 0.3 mmol) were dissolved in CH2CI2 (5 cm3) and stirred

overnight in the dark. Hexane (20 cm3) was added to precipitate a colourless

solid that was isolated by suction filtration. Yield 44 mg, 29 %. Microanalysis:

Found (calculated for C15Hi6PNAuC1) C 37.98 (38.03), H 2.76 (3.40), N 3.07

(2.96) %. 31P{'H} NMR (CDCI3): 64.9 ppm. 'H NMR (CDC13) 5 7.6-7.2 (m, 10

H, aromatic), 5.9 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.6 (m, 2 H,

NCH2), 2.5 (br s, 1 H, NH) ppm. FAB+ MS: m/z 496 [M + Na]+, 473 [M]+, 438

[M - Cl]+. IR (KBr disc): 3069, 1643, 996, 323 cm"1.

[RuClCw-Cl)(776-p-MeC6H4'Pr){Ph2PNH(C3H5)}]. (38): Ph2PNH(C3H5) (170

mg, 0.7 mmol) and [{RuCl(//-Cl)(^6-p-MeC6H4'Pr)}2] (54 mg, 0.1 mmol) were

dissolved in CH2C12 (5 cm3) to yield a dark red solution that was stirred for 30

3 • • 3
minutes. The solvent was reduced to 0.5 cm before addition of hexane (10 cm

to precipitate an orange microcrystalline solid that was isolated by suction

filtration and dried in vacuo. Yield 82 mg, 85 %. Microanalysis: Found

(calculated for C25H30PNRUCI2) C 55.71 (54.85), H 5.62 (5.52), N 2.71 (2.56) %.
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31P{'H} NMR (CDCI3): 61.3 ppm. *H NMR 6 7.4-7.2 (m, 14 H, aromatic), 5.5

(m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.5 (m, 2 H, NCH2), 2.9 (br s,

1 H, NH), 2.6 (m, 1 H, CH), 1.2 (m, 3 H, CH3), 0.8 (m, 6 H, CH3). FAB+ MS:

m/z 570/2 [M + Na]+, 547/9 [M]+, 512 [M - Cl]+, 476 [M - 2C1]2+. IR (KBr

disc): 3051, 1642, 996, 290, 283 cm"1.

[Pt{Ph2PNH(C4H80)}2]. (39): To a CH3OH (10 cm3 suspension of

[PtCl2(Ph2PNH(C3H5))2] (100 mg, 0.1 mmol) was added potassium tert-butoxide

(30 mg, 0.2 mmol) with stirring to yield a colourless precipitate after 1 hour.

This microcrystalline solid was subsequently isolated by suction filtration and

dried in vacuo. Yield 46 mg, 51 %. Microanalysis: Found (calculated for

C32H38P2N2Opt) C 52.06 (51.96), H 4.60 (5.18), N 3.70 (3.79) %. 31P{'H} NMR

(CDC13): 91.4 ppm 'j(31P-195Pt) 2294 Hz. ]H NMR (CDC13) 5 7.6-7.2 (m, 20 H,

aromatic), 5.9 (m, 2 H, CH), 5.2 (q, 2 H, CH2), 5.1 (q, 2 H, CH2), 3.6 (m, 4 H,

NCH2), 2.5 (br s, 2 H, NH), 1.5 (s, 6 H, MeO) ppm. FAB+ MS: 678 [M + H]+.

IR (KBr disc): 3069, 3045, 2873-2809 (m), 997 cm"1.

[RhCl(/^Cl)(775-CsMe5){Ph2PNH(C3H5)}]. (40): Ph2PNH(C3H5) ( 45 mg, 0.2

mmol) and [{RhCl(//-Cl)(775-C5Me5)}2] (58 mg, 0.1 mmol) were dissolved in

CH2C12 (10 cm3) to yield a blood red solution that stirred for 30 minutes before

reducing the solvent to 1 cm3 and addition of diethyl ether (20 cm3) to precipitate

a red microcrystalline solid that was isolated by suction filtration and dried in

vacuo. Yield 69 mg, 67 %. Microanalysis: Found (calculated for

C25H31PNRhCl2) C 54.32 (54.56), H 5.78 (5.68), N 2.44 (2.55) %. 31P{'H}

NMR (CDC13): 66.4 ppm 'j(31P-103Rh) 148 Hz. 'H NMR (CDC13) 5 7.4-7.2 (m,

10 H, aromatic), 5.6 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H, CH2), 3.3 (m, 2
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H, NCH2), 3.2 (br s, 1 H, NH), 1.3 (s, 15 H, CH3) ppm. FAB+ MS: m/z 572/4 [M

+ Na]+, 514 [M - Cl]+, 474 [M - 2C1]2+. IR (KBr disc): 3063, 1642, 995, 279,

267 cm"1.

[IrClC"-Cl)(/75-C5Me5){Ph2PNH(C3H5)}]. (41): Ph2PNH(C3H5) (42 mg, 0.2

mmol) and [{IrCl(//-Cl)(?75-C5Me5)}2] (69 mg, 0.1 mmol) were dissolved in

CH2C12 (10 cm3) to yield an orange solution. The solvent was reduced to 1 cm3

before diethyl ether was added to precipitate a yellow microcrystalline solid that

was isolated by filtration and dried in vacuo. Yield 72 mg, 65 %.

Microanalysis: Found (calculated for C25H3iPNIrCl2) C 47.07 (46.95), H 4.85

(4.89), N 2.13 (2.19)%. 31P{'H} NMR (CDC13): 34.5 ppm. 'H NMR (CDC13) 5

7.4-7.2 (m, 10 H, aromatic), 5.6 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.1 (q, 1 H,

CH2), 3.5 (m, 2 H, NCH2), 3.2 (br s, 1 H, NH), 1.3 (s, 15 H, CH3) ppm. FAB+

MS: m/z 604 [M - Cl]+, 568 [M - 2C1]2+. IR (KBr disc): 3058, 1640, 994, 291,

280 cm"1.

[Pt(PEt3)Cl2{Ph2PNH(C3H5)}]. (42): To a CH2C12 (10 cm3) solution of

[{PtCl(/z-Cl)(PEt3)}2] (56 mg, 0.07 mmol) was added dropwise a CH2C12 (10

cm3) solution of Ph2PNH(C3H5) (35 mg, 0.1 mmol) with stirring to yield a pale

yellow solution. After 30 minutes the solvent was reduced to 1 cm before
"3

addition of diethyl ether (20 cm ) to precipitate a colourless solid that was

isolated by suction filtration. Yield 54 mg, 59 %. Microanalysis: Found

(calculated for C2iH3iP2NPtCl2) C 40.61 (40.38), H 4.38 (5.01), N 2.49 (2.24) %.

31P{'H} NMR (CDC13): 5(Pa) 34.2 (d) ppm, './(31PA-195Pt) 3979 Hz. 5(PX) 7.3

(d) ppm, 'j^'Px-'^Pt) 3479 Hz. 2J(31PA-31PX) 19 Hz. 'H NMR (CDC13) 5 7.4-

7.2 (m, 10 H, aromatic), 5.7 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.0 (q, 1 H, CH2),
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3.5 (m, 2 H, NCH2), 3.2 (br s, 1 H, NH), 1.5 (m, 6 H, PCH2) and 0.9 (m, 9 H,

Me) ppm. ES+ MS: m/z 590 [M - Cl]+. IR (KBr disc): 3072, 1641, 1002, 309,

283 cm"1.

[Pt(PMe2Ph)Cl2{Ph2PNH(C3H5)}]. (43): Ph2PNH(C3H5) (33 mg, 0.1 mmol) in

CH2C12 (10 cm3) was added dropwise to a CH2C12 (10 cm3) solution of [{PtCl(//-

Cl)(PMe2Ph)}2] 56 mg, 0.07 mmol) over 10 minutes with stirring. The solution

was stirred for a further 30 minutes before reduction of the solvent to 1 cm3 and

addition of diethyl ether (20 cm ) to precipitate a colourless solid that was

isolated by suction filtration and dried in vacuo. Yield 55 mg, 62 %.

Microanalysis: Found (calculated for C23H27P2NPtCl2) C 42.99 (42.85), H 2.26

(4.22), N 2.08 (2.17) %. 31P{'H} NMR (CDC13): 5(Pa) 35.3 (d) ppm, 'j(31PA-

I95Pt) 3878 Hz. 5(PX) -14.2 (d) ppm, './(31Px-l95Pt) 3625 Hz. 2J(31PA-31PX) 19

Hz. 'H NMR (CDC13) 5 7.6-7.2 (m, 15 H, aromatic), 5.6 (m, 1 H, CH), 5.1 (q, 1

H, CH2), 4.9 (q, 1 H, CH2), 4.5 (br s, 1 H, NH), 3.1 (m, 2 H, NCH2) and 1.7 (d,

6H, 3J(l95Pt-'H) 32 Hz, 2J(31P-'H) 11 Hz, PMe) ppm. ES+ MS: m/z 645 [M +

H]+, 610 [M - Cl]+, 575 [M - 2C1]2+. IR (KBr disc): 3053, 1642, 1000, 313, 283

cm"1.

[PdCI(CioH8N){Ph2PNH(C3H5)}]. (44): To a CH2CI2 (10 cm3) suspension of

[{PdCl(CioH8N)}2] (61 mg, 0.1 mmol) was added dropwise a CH2C12 solution of

Ph2PNH(C3H5) (52 mg, 0.2 mmol) over 10 minutes to yield a colourless solution.

After stirring for a further 30 minutes the solution was filtered through a Celite

plug to remove any insoluble material remaining before reducing the solvent

volume to 1 cm and addition of diethyl ether (20 cm ) to precipitate a tan

coloured microcrystalline solid that was isolated by filtration. Yield 78 mg, 69
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%. Microanalysis: Found (calculated for C25H24PN2PdCl) C 56.93 (57.16), H

3.93 (4.60), N 5.24 (5.33) %. 31P{'H} NMR (CDC13): 65.0 ppm. 'H NMR

(CDCI3) 8 9.6-7.8 (m, 6 H, naphthalene aromatic), 7.4-7.2 (m, 10 H, aromatic),

5.7 (m, 1 H, CH), 5.2 (q, 1 H, CH2), 5.0 (q, 1 H, CH2), 4.5 (br s, 1 H, NH), 3.4

(m, 2 H, NCH2), 2.8 (d, 2 H, V^'P-'H) 5 Hz, CH2) ppm. ES+ MS: m/z 489 [M -

Cl]+. IR (KBr disc): 3049, 1639, 993, 289 cm"1.
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CHAPTER 3.2: PREPARATIONAND COORDINATION CHEMISTRY OF

N-ALL YLAMINOBISPHOSPHINE

3.2.1 Introduction

Bis(diphenylphosphino)amines' have received a vast amount of interest

in recent years, the most common of which is bis(diphenylphosphino)ethane,

Ph2PCH2CH2PPh2 (dppe). More recently bis(diphenylphosphino)methane,

Ph2PCH2PPh2 (dppm), has become a ligand that has seen its use increase2"4.

Coordination of dppm to metal centres can occur through the lone pair of

electrons at one or both of the phosphorus centres as well as deprotonation, by

strong bases, of the methylene group to form a tridentate ligand.

H H R

ph2p" >ph2 ph2p" >ph2 Ph2pCx>Ph2
M MM M

Figure 3.2.1. Coordination modes of dppm and its anion (X = CH or C).

However, diphosphinoamines have received significantly less coverage4'

Bis(diphenylphosphino)amine, Pli2PNHPPh2 (dppa) demonstrates similar

coordination to dppm in both its neutral and anionic forms. Participation in

cyclocondensations that lead to heterocycle formation and oxidation of the

phosphorus atoms to prepare new ligands are two ways in which dppa and dppm

are similar.

In this work a new disphosphine has been prepared containing an olefinic

side chain that has the potential to add a fourth coordination mode. Illustrative

coordination complexes have been prepared.

6

102



Results and Discussion

3.2.2 Synthesis of (Ph2P)2^(C3H5) 45

Reaction of allylamine with two equivalents of Ph2PCl in the presence of

NEt3 proceeds in thf to give 45, which was isolated in a good yield (78 %) by

filtration from Et3NH+Cl" as a colourless solid. The microanalysis gave fairly

311
satisfactory results and the P{ H} NMR spectrum consists of a singlet observed

at 5p 62.9 ppm. The IR spectrum has bands observed at 1635, 1434 and 993 cm"

, which are assigned to vc=c, vpph and vPn respectively. The mass spectrum gave

the expected parent ion, observed at m/z 424 corresponding to M+, and

fragmentation pattern.

Formation of the chalcogen derivatives of 45 proved difficult due to the

absence of any hydrogen bonding which had been shown for (C3H5)NHPPh2

(29). When prepared the chalcogens formed sticky oils which were difficult to

isolate and characterise though it was possible to show the formation of these

ligands by ^Pl'H} NMR. The dioxide, (C3H5)N(P(0)Ph2)2, showed a single

resonance at 8p 30.4 ppm, the disulfide, (C3Hs)N(P(S)Ph2)2, showed a single

peak observed at 5p 71.0 ppm and the diselenide, (C3H5)N(P(Se)Pli2)2, was

observed at 8p 70.3 ppm with selenium satellites './(3IP-77Se) 786 Hz.

PPh2

45

Scheme 3.2.1. Formation of (C3H5)N(Ph2P)2-
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3.2.3 Coordination chemistry of (CiHs)N(PPh2)2

Reaction of [PtC^Ccod)] with (C3H5)N(PPh2)2 gives

[PtCl2{(C3H5)N(PPh2)2}] (46) in good yield (71 %). The FAB+ mass spectrum

showed the expected parent ion and fragmentation pattern and the complex

displays a resonance with platinum satellites in the 31P{'H} NMR spectrum at 5p

19.1 ppm, 'j(31P-195Pt) 3296 Hz. The IR spectrum showed bands at 1635, 1435,

995, 291 and 245 cm"1, which are assigned to vc=c, Vpph, vpn and two Vptci

vibrations respectively.

Crystals of [PtCl2{(C3H5)N(PPh2)2}] (46) suitable for X-ray

crystallography were grown overnight by layering a chloroform solution with

diethyl ether. The crystal structure of the complex (Figure 3.2.2) and selected

bond lengths and angles (Table 3.2.1) are shown below and confirm the

proposed cis chelate geometry. The crystal structure shows that the

[PtCl2{(C3H5)N(PPh2)2}] (46) molecule is approximately square planar at

platinum. The bite angle of the chelating phosphine is significantly lower than

the ideal 90 0 {P(2)-Pt(l)-P(l) 72.03(8) °}.
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Figure. 3.2.2. The X-ray structure of [PtCl2{(C3H5)N(PPh2)2}] (46).
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Table 3.2.1. Selected bond lengths (A) and angles (°) for

[PtCl2{(C3H5)N(PPh2)2}]

Selected bond lengths (A) (46) Selected bond angles (°) (46)

M(1)-C1(1) 2.344(2) P(2)-M(l)-P(l) 72.03(8)

M(1)-CI(2) 2.355(2) P(2)-M(1)-C1(1) 170.10(9)

M(l)-P(l) 2.200(2) P(1)-M(1)-CI(1) 98.88(9)

M(l)-P(2) 2.198(2) P(2)-M(1)-CI(2) 97.45(9)

P(l)-N(l) 1.695(7) P(1)-M(1)-C1(2) 169.43(8)

P(2)-N(l) 1.696(7) C1(2)-M(1)-C1(1) 91.69(9)

P(l)-C(ll) 1.806(9) P(2)-N(l)-P(l) 99.4(4)

P(l)-C(17) 1.806(9) N(l)-P(l)-C(ll) 111.2(4)

P(2)-C(23) 1.793(8) N(l)-P(l)-C(17) 108.8(4)

P(2)-C(29) 1.796(8) C(ll)-P(l)-C(17) 105.2(4)

N(l)-P(l)-M(l) 94.0(3)

C(ll)-P(l)-M(l) 117.1(3)

C(17)-P(l)-M(l) 119.9(3)

N(l)-P(2)-C(23) 109.2(4)

N(l)-P(2)-C(29) 108.4(4)

C(23)-P(2)-C(29) 107.1(4)

N(l)-P(2)-M(l) 94.1(2)

C(23)-P(2)-M(l) 118.2(3)

C(29)-P(2)-M(l) 118.5(3)

[PdCl2{(C3H5)N(PPh2)2}] (47) is prepared in a similar way to 46 in good

yield (85 %). The 3iP{'H} NMR (CDC13) spectrum exhibited a single peak
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observed at dp 33.1 ppm and the FAB+ mass spectrum gave the expected parent

ion and fragmentation pattern for the suggested structure. The microanalysis

gave satisfactory results and the IR spectrum gave bands at 1638, 1435, 995, 286

and 245 cm"1 which are attributed to vc=c, vPPh, vPN and two vPdci respectively.

Upon slow addition of [Mo(CO)4(nbd)] to (C3H5)N(PPh2)2,

[Mo(CO)4{(Ph2P)2N(C3H5)} ] (48) is obtained in a yield of 60 %. Microanalysis

gave satisfactory results for the replacement of nbd with (Ph2P)2N(C3H5) to

retain the 6 coordinate Mo species. The 3iP{'H} NMR (CDCI3) displayed a

single peak as expected at 8P 92.1 ppm and the FAB+ mass spectral analysis gave

the expected parent ion and fragmentation pattern. The IR spectrum showed the

presence of t>co vibrations indicating the retention of the CO groups in the final

complex. Also present in the IR spectrum was the presence of vPPh and vPn

vibrations at 1434 and 999 cm"1 though the presence of the vc=c vibration is

masked by the Vco vibrations previously shown.

CO

48

Figure 3.2.3. Suggested structure for [Mo(CO)4{(Ph2P)2N(C3H5)}].

The formation of [Cu{(Ph2P)2N(C3H5)}2][PF6] (49) proceeds by dropwise

addition of a dichloromethane solution of (C3H5)N(Ph2P)2 to [Cu(MeCN)4][PF6]

and subsequent precipitation of a colourless solid upon addition of diethyl ether.
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[Cu{(Ph2P)2N(C3H5)}2][PF6] (49) is obtained in a yield of 63 % and

microanalysis gave satisfactory results for the replacement of the four MeCN

groups by the two ligands which act as a bidentate ligand. The FAB+ mass

spectrum gives the expected parent ion of [M - PF6] at 913 and the IR spectrum

Figure 3.2.4. Suggested structure of [Cu{(Ph2P)2N(C3H5)}2][PF6].

Reaction of [AuCl(tht)] with (C3H5)N(PPh2)2 proceeds to yield

[{(C3H5)N(PPh2)2}(AuCl)2] (50) in a yield of 45 %. The microanalysis obtained

gave good results for the coordination of two gold atoms onto the phosphorus

atoms. The structure obtained is linear as has been shown previously with other

Au(I) complexes and the FAB+ mass spectrum gave the expected fragmentation
-311

pattern and parent ion. The P{ H} NMR (CDCI3) spectrum gave a single peak

observed at dp 83.8 ppm and the IR spectrum gave the expected vibrations.

shows vibrations for vc=c, vPPh and vPn at 1635, 1437 and 996 cm"1 respectively.

PF

49

/
•N

50

Figure 3.2.5. Suggested structure of [{(C3Hs)N(PPh2)2}(AuCl)2]
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The reaction of [{RuCl(^Cl)(76-/?-MeC6H4'Pr)}2] with (C3H5)N(Ph2P)2

proceeds in a similar way to the reaction of [Cu(MeCN)4][PF6] to form

[RuCl2{(Ph2P)2N(C3H5)}2] (51) in a yield of 63 %. Again it was observed that

the (76-_p-MeC6H4'Pr) group of the starting complex was replaced with two

equivalents of the ligand to form a bidentate complex. The microanalysis

obtained for the suggested structure gave fairly satisfactory results and the FAB+

mass spectrum gave the expected parent ion and fragmentation pattern. The

3IP{'H} NMR (CDCI3) displayed a single peak observed at 5p 79.7 ppm and the

IR spectrum showed the expected vibrations for vc=c, vpph vpn and two vRuci at

1637, 1434, 998, 254 and 233 cm"1 respectively.

Crystals of [RuCl2{(Ph2P)2N(C3H5)}2] (51) suitable for X-ray

crystallography were grown overnight by layering a chloroform solution with

diethyl ether. The crystal structure of the complex (Figure 3.2.6) and selected

bond lengths and angles (Table 3.2.2) are shown below. As can be seen from the

X-ray structure the (77 -p-MeCeFU'Pr) ligand of the ruthenium complex is

displaced by the bidentate phosphine ligand and in the solid state forms a

symmetrical structure. The bite angle of the chelating phosphine is significantly

lower than the ideal 90 0 (P(2)-Pt(l)-P(l) 69.10(3) °}.
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Table 3.2.2. Selected bond lengths (A) and angles (°) for

[RuCl2{(Ph2P)2N(C3H5)}2]

Selected bond lengths (A) and angles (°) (51)

M(1)-C1(1) 2.4189(7)

M(l)-P(2) 2.3585(8)

M(l)-P(l) 2.3356(7)

P(2)-N(l) 1.721(2)

P(l)-N(l) 1.710(2)

N(l)-C(l) 1.474(3)

P(l)-C(ll) 1.831(3)

P(1)"C(17) 1.831(3)

P(2)-C(21) 1.833(3)

P(2)-C(27) 1.834(3)

P(2)-M(l)-P(l) 69.10(3)

P(2)-M(1)-C1(1) 85.65(2)

P(1)-M(1)-C1(1) 89.65(2)

P(2)-N(l)-P(l) 101.78(12)

N(1)-P(1)-C(11) 104.88(12)

N(l)-P(l)-C(17) 106.56(12)

C(ll)-P(l)-C(17) 103.34(12)

N(l)-P(l)-M(l) 95.12(8)

C(ll)-P(l)-M(l) 122.52(9)

C(17)-P(l)-M(l) 121.69(9)

N(l)-P(2)-C(21) 107.61(12)

N(l)-P(2)-C(27) 106.51(11)

C(21)-P(2)-C(27) 99.46(13)

N(l)-P(2)-M(l) 94.00(8)

C(21)-P(2)-M(l) 118.95(9)

C(27)-P(2)-M(l) 128.33(9)
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CI

PPh, [{RuCl2(p-Cy)}2] =v {*2 J*2
-N. :ru ^N-

PPh2 Ph2 Ph2
P

CI

51

Scheme 3.2.2. Reaction of (Ph2P)2N(C3H5) with [{RuCl(^-Cl)(^V

MeC6H4'Pr)}2].

The complexes [RhCl(//-Cl)(775-C5Me5){(Ph2P)2N(C3H5)}] (52) and

[IrCl(//-Cl)(^5-C5Me5){(Ph2P)2N(C3H5)}] (53) were both prepared similarly in

good yield (84 % and 72 % respectively). The FAB+ mass spectral analysis for

each complex gave the expected fragmentation pattern and parent ions and the IR

spectra gave the expected vibrations corresponding to uc=c, upph upn and two

dmci- In the 3IP{'H} NMR spectrum of 52 the expected peak was displayed at 8p

70.9 ppm with a coupling constant of 'j(31P-103Rh) of 120 Hz. For complex 53

the 31P{'H} NMR spectrum showed a single peak at 37.3 ppm. Microanalysis

for complexes 52 and 53 gave satisfactory results for the structures suggested.

[{MCl2(Cp*)}2] = Ph,
Nf ^M

CI

pph P Cpr °

Pl^

M = Rh (52), Ir (53)

Scheme 3.2.3. Reaction of (Ph2P)2N(C3H5) with [{MCl(//-Cl)(75-C5Me5)}2] {M

= Rh (52), Ir (53)}.
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Table3.2.3.Characterisationdatafor(Ph2P)2N(C3H5)anditsderivatives.(a'j{31P-l95Pt}3296Hz),(b'./{31P-103Rh}120Hz). Compound

31p_ (HI NMR

IR/cm1

Microanalysis/% (calc.)

Found

6p/ppm

VPN

Vpph

Vc=C

Vp=E

VMC1

C

H

N

(Ph2P)2N(C3H5)(45)

62.9

993

1434

1635

-

-

75.19 (76.22)

6.20 (5.92)

3.34 (3.29)

[PtCl2{(Ph2P)2N(C3H5)}](46)
19.la

995

1435

1635

-

302, 291

47.81 (46.90)

2.53 (3.64)

1.56 (2.03)

[PdCl2{(Ph2P)2N(C3H5)}](47)
33.1

995

1435

1638

-

329, 286

52.65 (53.80)

4.11 (4.18)

2.15 (2.32)

[Mo(CO)4{(Ph2P)2N(C3H5)}](48)
92.1

999

1434

-

-

-

58.44 (58.78)

3.83 (3.98)

2.18 (2.21)
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Tablecontinue.CharacterisationdataforPh2PNH(C3H5)anditsderivatives.
61.57

4.87

2.72

[Cu{(Ph2P)2N(C3H5)}2][PF6](49)
85.8

996

1437

1635

-

-

(61.22)

(4.76)

(2.64)

36.22

2.67

1.55

[(AuCl)2{(Ph2P)2N(C3H5)}](50)
83.8

997

1436

1655

-

282

(36.43)

(2.83)

(1.57)

289,

62.64

5.39

2.90

[RuCl2{(Ph2P)2N(C3H5)}2](51)
79.7

998

1434

1637

273

(63.41)

(4.93)

(2.74)

297,

58.71

5.36

1.90

[RhC10«-Cl)(75-C5Me5){(Ph2P)2N(C3Hs)}](52)
70.9b

997

1434

1629

-

273

(59.20)

(5.40)

(1.85)

310,

51.64

4.54

1.59

lIrClCU-Cl)(775-C5Me5){(Ph2P)2N(C3H5)}](53)
37.3

997

1434

1629

-

304

(51.99)

(4.77)

(1.62)
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Experimental

General experimental conditions and instruments were as set out on page

xvii. Unless otherwise stated, all reactions were carried out under an oxygen-

free nitrogen atmosphere using standard Schlenk techniques. Diethyl ether and

thf were purified by reflux over sodium-benzophenone and distillation under

nitrogen. Dichloromethane was heated to reflux over calcium hydride and

distilled under nitrogen. Toluene and hexane were heated to reflux over sodium

and distilled under nitrogen. The complexes [PtMeX(cod)] (X = CI or Me)6,

[Pd(//Cl)(773-C3H5)]27, [Cu(MeCN)4][PF6]8, [AuCl(tht)] (tht

tetrahydrothiophene)9, [MCl2(cod)] (M = Pt or Pd; cod = cycloocta-l,5-diene)10'

[{RuCl(^-Cl)(7VMeC6H4'Pr)2}]12, [{Rh(//-Cl)(cod)}2]13, [{MCK/z-Cl)^5-

C5Me5)}2] (M = Rh or Ir)14 were prepared using literature procedures.

Chlorodiphenylphopshine and allylamine were distilled prior to use. NEt3 (99 %

purity), lBuOK (95 % purity), H202 (30 wt. % in H20) and reagent grade KBr

were used without further purification. Infra-red spectra were recorded as KBr

discs in the range 4000-200 cm"1 on a Perkin-Elmer 2000 FTIR/RAMAN

spectrometer. NMR spectra were recorded on a Gemini 2000 spectrometer

(operating at 121.4 MFIz for 3IP and 300 MFIz for !H). Microanalyses were

performed by the St. Andrews University service and mass spectra by the

Swansea Mass Spectrometer Service.

(Ph2P)2N(C3Hs). (45): Allylamine (2.319 g, 40.6 mmol) and triethylamine

(8.219 g, 81.2 mmol) were dissolved in thf (50 cm3). Chlorodiphenylphosphine

(17.922 g, 81.2 mmol) in thf (50 cm ) was added dropwise with stirring

overnight to yield triethylamine hydrochloride that was isolated by filtration.
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The solvent was removed in vacuo to yield a colourless solid that was dried in

vacuo. Yield 13.434 g, 78 %. Microanalysis: Found (calculated for C27H25P2N)

C 75.19 (76.22), H 6.20 (5.92), N 3.34 (3.29) %. ^Pl'H} NMR (CDC13): 62.9

ppm. 'H NMR (CDCI3) 6 7.4-7.2 (m, 20 H, aromatic), 5.3 (m, 1 H, CH), 4.8 (m,

2 H, CH2), 3.9 (m, 2 H, NCH2) ppm. EI+ MS: m/z 424 [M]+. IR (KBr disc):

1635, 1434, 993 cm"1.

[PtCl2{(Ph2P)2N(C3H5)}]. (46): (Ph2P)2N(C3H5) (88 mg, 0.2 mmol) and

[PtCl2(cod)J (77 mg, 0.2 mmol) were dissolved in CH2C12 (10 cm3) to yield a

pale yellow solution that was stirred for 30 minutes. The solvent was reduced to

1 cm3 before precipitating a colourless solid upon addition of diethyl ether (20

cm3) that was isolated by suction filtration. Yield 101 mg, 71 %. Microanalysis:

Found (calculated for C27H25P2NPtCl2) C 47.81 (46.90), H 2.53 (3.64), N 1.56

(2.03) %. 31P{'H} NMR (CDCI3): 19.1 ppm, 'j(31P-195Pt) 3296 Hz. 'H NMR

(CDCI3) 6 7.4-7.2 (m, 20 H, aromatic), 5.3 (m, 1 H, CH), 4.9 (m, 2 H, CH2), 3.5

(m, 2 H, NCH2) ppm. FAB+ MS: m/z 713/4 [M + Na]+, 691 [M]+, 656 [M - Cl]+,

621 [M - 2C1]2+. IR(KBr disc): 1635, 1435, 995, 302, 291 cm"1.

[PdCl2{(Ph2P)2N(C3H5)}]. (47): (Ph2P)2N(C3H5) (104 mg, 0.2 mmol) and

[PdCl2(cod)j (70 mg, 0.2 mmol) were dissolved in CH2C12 (10 cm3) to yield an

orange solution that was stirred for 30 minutes. The solvent was reduced to 1

cm3 before precipitating a pale yellow solid upon addition of diethyl ether (20

cm3) that was isolated by suction filtration. Yield 125 mg, 85 %. Microanalysis:

Found (calculated for C27H25P2NPdCl2) C 52.65 (53.80), H 4.11 (4.18), N 2.15

(2.32)%. 31P{'H} NMR (CDCI3): 33.1 ppm. 'H NMR (CDCI3) 5 7.4-7.2 (m, 20

H, aromatic), 5.3 (m, 1 H, CH), 4.9 (m, 2 H, CH2), 3.6 (m, 2 H, NCH2) ppm.
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FAB+ MS: m/z 568 [M - Cl]+, 531 [M - 2C1]2+. IR(KBr disc): 1638, 1435, 995,

329, 286 cm"1.

[Mo(CO)4{(Ph2P)2N(C3H5)}]. (48): To a CH2C12 (10 cm3) solution of

[Mo(CO)4(nbd)j (100 mg, 0.3 mmol) was added dropwise a CH2C12 (10 cm3)

solution of (Ph2P)2N(C3Hs) (141 mg, 0.3 mmol). After stirring for 30 minutes

the solvent was reduced to 2 cm3 before addition of petroleum ether (bp 40-60)

(20 cm3) and storing overnight at -18 °C. The yellow solid precipitated was

isolated by filtration and dried in vacuo. Yield 127 mg, 60 %. Microanalysis:

Found (calculated for C3,H25P2N04Mo) C 58.44 (58.78), H 3.83 (3.98), N 2.18

(2.21)%. 31P{'H} NMR(CDC13): 92.1 ppm. 'H NMR (CDC13) 8 7.4-7.2 (m, 20

H, aromatic), 5.3 (m, 1 H, GH), 4.7 (m, 2 H, CH2), 3.5 (m, 2 H, NCH2) ppm.

FAB+ MS: m/z 635 [M]+, 579 [M - 2CO]+, 523 [M - 4CO]+. IR (KBr disc):

1887, 1434, 999 cm"1.

[Cu{(Ph2P)2N(C3H5)}2][PF6]. (49): To a CH2C12 (10 cm3) solution of

[Cu(MeCN)4] (71 mg, 0.2 mmol) was added dropwise a CH2C12 (10 cm3)

solution of (Ph2P)2N(C3H5) (162 mg, 0.4 mmol). After stirring for 30 minutes
T ... T

the solvent was reduced to 2 cm before addition of diethyl ether (15 cm ) to

precipitate a colourless solid that was isolated by filtration and dried in vacuo.

Yield 127 mg, 63 %. Microanalysis: Found (calculated for C54H5oPsN2CuF6) C

61.57 (61.22), H 4.87 (4.76), N 2.72 (2.64) %. 31P{'H} NMR (CDC13): 85.8

ppm. 'if NMR (CDC13) 5 7.4-7.2 (m, 40 H, aromatic), 5.1 (m, 2 FT, CH), 4.7 (m,

4 H, CH2), 3.5 (m, 4 H, NCH2) ppm. FAB+ MS: m/z 913 [M-PF6]+. IR (KBr

disc): 1635, 1437, 996 cm"1.
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[{(C3H5)N(PPh2)2}(AuCl)2]. (50): (Ph2P)2N(C3H5) (21 mg, 0.05 mmol) and

[AuCl(tht)] (32 mg, 0.1 mmol) were dissolved in CHCI3 (2 cm3) to yield a

colourless solution. Diethyl ether (15 cm ) was added to precipitate a colourless

solid that was isolated by suction filtration. Yield 20 mg, 45 %. Microanalysis:

Found (calculated for C27H25P2NAu2C12) C 36.22 (36.43), H 2.67 (2.83), N 1.55

(1.57)%. 31 P{'H} NMR (CDCI3): 83.8 ppm. 'H NMR (CDC13) 5 7.4-7.2 (m,

20 H, aromatic), 5.3 (m, 1 H, CH), 4.8 (m, 2 H, CH2), 3.9 (m, 2 H, NCH2), ppm.

FAB+ MS: m/z 853 [M - Cl]+, 819 [M - 2C1]2+. IR (KBr disc): 1655, 1436, 997,

282 cm"1.

[RuCl2{(Ph2P)2N(C3H5)}2]. (51): (Ph2P)2N(C3H5) (150 mg, 0.4 mmol) and

[RuCl(//-Cl)(76-p-MeC6H4'Pr)2] (54 mg, 0.1 mmol) were dissolved in CH2C12 (5

3 • 3
cm ) to yield a dark red solution. The solvent was reduced to 1 cm before

addition of diethyl ether (10 cm ) to precipitate a red solid that was isolated by

suction filtration. Yield 57 mg, 63 %. Microanalysis: Found (calculated for

C54H5oP4N2RuCl2) C 62.64 (63.41), H 5.39 (4.93), N 2.90 (2.74) %. 31 P{'H}

NMR (CDCI3): 79.7 ppm. *H NMR (CDC13) 6 7.4-7.2 (m, 40 H, aromatic), 5.9

(m, 2 H, CH), 4.8 (m, 4 H, CH2), 3.5 (m, 4 H, NCH2) ppm. FAB+ MS: m/z 1022

[M]+, 987 [M - Cl]+, 951 [M - 2C1]2+. IR (KBr disc): 1637, 1434, 998, 289, 273

cm"1.

[RhCp*Cl2{(Ph2P)2N(C3H5)}]. (52): (Ph2P)2N(C3H5) (67 mg, 0.2 mmol) and

[{RhCl(//-Cl)(75-C5Me5)}2] (49 mg, 0.1 mmol) were dissolved in CH2C12 (5
-1 T

cm ) to yield a blood red solution. The solvent was reduced to 0.5 cm before
"3

addition of diethyl ether (20 cm ) to precipitate an orange solid that was isolated

by suction filtration. Yield 97 mg, 84 %. Microanalysis: Found (calculated for
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C37H4oP2NRhCl2.0.25CH2Cl2) C 58.71 (59.20), H 5.36 (5.40), N 1.90 (1.85) %.

31 P{'H} NMR (CDC13): 70.9 ppm, 'j(31P-103Rh) 120 Hz. 'H NMR (CDC13) 5

7.4-7.2 (m, 20 H, aromatic), 5.5 (m, 1 H, CH), 4.9 (m, 2 H, CH2), 3.8 (m, 2 H,

NCH2), 1.6 (m, 15 H, Cp*) ppm. FAB+ MS: m/z 733 [M]+, 698 [M - Cl]+. IR

(KBr disc): 1629, 1434, 997, 297, 273 cm"1.

[IrCp*Cl2{(Ph2P)2N(C3H5)}]. (53): (Ph2P)2N(C3H5) (54 mg, 0.1 mmol) and

[{IrCl(/r-Cl)(75-C5Me5)}2] (51 mg, 0.05 mmol) were dissolved in CH2C12 (10

cm3) to yield a yellow solution. The solvent was reduced to 0.5 cm3 before

addition of diethyl ether (20 cm ) to precipitate a yellow solid that was isolated

by suction filtration and dried in vacuo. Yield 76 mg, 72 %. Microanalysis:

Found (calculated for C37H4oP2NIrCl2.0.5CH2Cl2) C 51.64 (51.99), H 4.54

(4.77), N 1.59 (1.62) %. 31 P{'H) NMR (CDC13): 37.3 ppm. 'H NMR (CDC13)

5 7.4-7.2 (m, 20 H, aromatic), 5.3 (m, 1 H, CH), 4.8 (m, 2 H, CH2), 3.9 (m, 2 H,

NCH2), 1.6 (m, 15 H, Cp*) ppm. FAB+ MS: m/z 823 [M]+, 788 [M - Cl]+. IR

(KBr disc): 1629, 1434, 997, 310, 304 cm"1.
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CHAPTER 3.3: PREPARA TIONAND COORDINA TION CHEMISTRY OF

N-DIALL YLAMINOPHOSPHINE

3.3.1 Introduction

Diallylamine has been used as a ligand in a variety of interesting

reactions. Due to the presence of the two-allyl arms it can bind through one or

both depending on the metal present in the co-ordination reaction. Andreu and

co-workers1 demonstrated this binding mode when they reacted

(tmeda)Pd(CH3)2 with diallylamine and PR3. They used the prepared palladium

(0) monophosphine complexes as catalysts in Suzuki coupling reactions and they

were shown to be efficient cross-coupling catalysts for aryl chlorides and

phenylboronic acid compared with the traditional palladium (II)-PR3 catalysts

previously used.

rcy3
/A .Pd
r [(tmeda)Pd(CH3)2] ./+ PCy, 14. ^

N
H Nr

H

Scheme 3.3.1. Reaction of (CsHs^NH with PR3.

Wu et al in 2001 prepared complexes that showed the nitrogen being

used in coordination. Wu reacted pentacarbonyl[3-(cyclopent-l-enyl)-l-ethoxy-

2-propyn-l-ylidene]tungsten with diallylamine. The product obtained showed

that the N atom had bound to the metal complex through the propyne moiety.

Figure 3.3.1 shows this coordination.
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(C0)5w \

Figure 3.3.1. Coordination of diallylamine to a (CO)5W complex.

A third binding motif occurs when diallylamine binds through one of the

allyl chains and through the N atom as shown by Hiraki et al in 19943. Hiraki

performed reactions of [RuClH(CO)(PPh3)] with both primary and secondary

allylamines to yield olefin-insertion products. Diallylamine has also recently

been used to investigate the reaction of different mono-, di-, and triamino

alkynyl metal carbene systems. The results obtained by Moreto and Ricart4

showed fairly good stability of the complexes formed by addition of secondary

amines compared with the corresponding primary amines. The work performed

by Moreto et al concentrated on the use of tungsten carbene complexes prepared

by Pares et al5 and Moreto et at. The results obtained showed that in all the

experiments performed the addition of the secondary amine was stereo- and

regioselective to give the E isomer, which was shown previously by Aumann7

for additions of similar amines and alkoxy systems.

Cyclopentadienyl complexes can undergo base-induced migration

reactions. Baya et al% reported the reaction of [OsH(r)5-C5H5)Cl(GePh3)(P'Pr3)]

A with LiN(C3H5)2 and showed that the cyclopentadienyl group contains a

nitrogen atom. The formation of this complex is rationalised by the initial

replacement of the chlorine ligand of A by the amide followed by exchange of

the N(C3H5)2(Os)/H(C5H5).
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Os

A

Diallylamine has been shown to react with Ni (II) complexes containing

furanyl rings. Eilmes el al9 prepared the di- and mono-substituted succinyl

dichloride products of 5,14-dihydro-6,8,15,17-tetramethyldibenzo

[b,I] [1,4,8,11 ]tetraazacyclotetradecine which were subsequently reacted with the

appropriate amine to yield the desired amino complex in good yields. The amino

complexes formed are explained in terms of nucleophilic attack of the amine on

the carbonyl carbon within the meso substituents of the macrocycle. Reactions

of diallylamine with [Cp*W(T40)(r|2-CPhCH2)Cl] yielded an unusual product

where the vinyl group coupled with the amine fragment in very good yield10. X-

ray analysis performed on this complex showed that a dative bond was formed

between the diallylamine and W and a single N-C bond through the vinyl

fragment.

In this work the preparation of a new phosphine that contains the diallyl

backbone with the potential to act as a hemilabile ligand. Coordination

complexes have also been prepared.

Results and Discussion

3.3.2 Synthesis and chalogen derivatives ofPh2PN(CiH$)2

Reaction of diallylamine with one equivalent of PI12PCI in the presence of

NEt3 proceeds in thf to give 54 that was isolated (83 % yield) by filtration from

Et3NH+Cl" as a colourless oil. The 31P{'H} NMR spectrum of 54 consists of a

singlet at 5p 64.3 ppm. In the IR spectrum bands are observed at 1638, 1433 and
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993 cm"1, which are assigned to vc=c, Vpph2 and vpn respectively. The

microanalysis gave satisfactory results.

Scheme 3.3.2, Formation of Ph2PN(C3H5)2 and Ph2P(E)N(C3H5)2 ligands {E =

The oxide (55) Ph2P(0)N(C3Hs)2 was easily prepared by addition of urea

hydrogen peroxide to a dichloromethane solution of 54, whilst the sulfur (56)

and seleno (57) analogues were prepared by the addition of elemental S or Se to

the ligand in toluene. Satisfactory microanalysis was obtained for the 57 though

only fairly satisfactory results were obtained for 55 and 56, possibly due to

difficulties in purifying the oily products formed, and the EI+ mass spectral data
311

gave the expected parent ion and fragmentation patterns. The P{ H} NMR

show single resonances (CDC13) at hp 31.3 and 69.8 ppm for the oxide and

311sulfide respectively. The seleno analogue exhibits a single P{ H} NMR

resonance (CDC13) at hp 58.1 ppm with selenium satellites 1Jr(3lP-77Se) 756 Hz

which is typical for a P=Se group.

54

E

0(55), S (56), Se (57)}.
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3.3.3 Coordination chemistry ofPh2PN(C3H5J2

Reaction of [PtCl2(cod)] with Ph2PN(C3Hs)2 gave interesting results.

Initially a 2:1 reaction was carried out as it was thought that two ligands would

replace the cod moiety of the starting metal complex. However, after running

the 3IP{1H} NMR two products were identified. From this initial finding a

further two experiments were performed to try to isolate each product and

determine the coordination chemistry around the platinum centre. Reaction of

[PtCl2(cod)] with three equivalents of Ph2PN(C3Hs)2 gives

[Pt{Ph2PN(C3H5)2}3][Cl2] (58) in good yield (64 %). The FAB mass spectrum

of 58 contains the expected parent ion and fragmentation pattern and the

complex exhibits three different resonances with platinum satellites in the

3,P{'H} NMR spectrum (S(PA) 83.7 (d) ppm, 'j(3lPA-195Pt) 4800 Hz; 5(PX) 74.5

(d of d) ppm, 'j(31Px-I95Pt) 2052 Hz, 2J(31PA-31PX) 9 Hz, 2J(31PX-31PY) 44 Hz;

8(Py) 47.9 (d) ppm, 2J(3lPY-195Pt) 281 Hz) which indicates the presence of three

phosphorus ligands around the platinum centre. Figure 3.3.2 shows three

discrete phosphorus environments each with its own platinum satellites. Scheme

3.3.3 gives a suggested structure that is consistent with these spectral

observations. The IR spectrum has bands at 1637, 1356 and 1436 cm"1

corresponding to two Oc=c and Opph2 respectively and a opn vibration at 997 cm"1.

Reaction of [PtCl2(cod)] with one equivalent of Ph2PN(C3H5)2 gives the second

product observed in the 2:1 reaction, [PtCftlPl^PN^Hs^}] (59), in good yield

(65 %). Microanalysis gave satisfactory results for the formation of the chelated

ligand complex and FAB mass spectral analysis gives the expected parent ion

and fragmentation pattern. The complex displays a single resonance with

platinum satellites in the 3iP{'H} NMR spectrum (Sp 70.1 ppm, 'j(31P-l95Pt)
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3491 Hz) and the IR spectrum has two Oc=c, Upph2 and upn vibrations at 1634,

1362, 1434 and 1010 cm"1 respectively and two uptci bands at 317 and 295 cm"1

which suggest a cis geometry.

CI
Ph, I
P—Pt-Cl

59

1:1

[PtCL(cod)] +

Ph9
P 2

I
2:1

58 + 59

N

ph2y /
Ph,P—Pt-N—PPh2
N !

58

2C1

Scheme 3.3.3. Reaction of Ph2PN(C3H5)2 with [PtChCcod)].
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Figure 3.3.2. 31P NMR of Ph2PN(C3H5)2 with [PtCl2(cod)].

Reaction of [PdChCcod)] with Ph2PN(C3H5)2 behaved similarly in the
o 1 1

presence of two equivalents of ligand. The P{ H} NMR study of the 2:1

reaction revealed that two products were again observed and a similar approach
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as discussed previously was performed to isolate the two compounds. However,

in the presence of three equivalents of 54 and one equivalent of [PdCl2(cod)]

only the 2:1 complex, [PdCl2{Ph2PN(C3H5)2}2] (60) is obtained. The ^P^H}

NMR shows two signals at 8p 109.2 and 44.7 ppm (2J{3lPA-31Px} 18 Hz)

indicating two phosphorus environments within the complex. The FAB mass

spectrum gives the expected parent ion and fragmentation pattern and

microanalysis is found to be fairly satisfactory. The IR spectrum has bands at

1638, 1356, 1435 and 995 cm"1 that correspond to two vc=c, vPPh2 and vPN

respectively and two vpcjci bands at 292 and 277 cm"1. The reaction of one

equivalent of Ph2PN(C3H5)2 with [PdCl2(cod)] proceeds in a similar fashion to

the reaction of one equivalent of Ph2PN(C3H5)2 and [PtCl2(cod)J to prepare

[PdCl2{Ph2PN(C3H5)2}] (61) in good yield (91 %). The microanalytical data

obtained was satisfactory for the suggested structure and the FAB mass spectral
• 1 1

data showed the expected parent ion and fragmentation pattern. The P{ H}

NMR (CDCI3) shows a single resonance at 5P 101.3 ppm. The IR spectrum

shows vibrations at 1634, 1361 cm that correspond to two vc=c, and bands at

1435, 999, 317 and 290 cm"1 corresponding to vpph2, vPn and two vpcjci bands

respectively.

Crystals of [PdCl2{Ph2PN(C3H5)2}] (61) suitable for X-ray

crystallography were grown overnight by layering a chloroform solution with

diethyl ether. The crystal structure of the complex (Figure 3.3.2) and selected

bond lengths and angles (Table 3.3.1) are shown below. The crystal structure

shows that the molecule is square planar at palladium and forms cis geometry.

The molecular structure contains one ligand and is bound to the palladium metal
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via phosphorus with a P(l)-Pd(l) bond length of 2.2247(6) and one of the
olefinic arms of the ligand. The angle for P(l)-Pd(l)-C(16) is 90.68(8) 0 and for
P(l)-Pd(l)-C(15) is 83.25(7) °.

Figure 3.3.3. The X-ray structure of [PdCl2{Ph2PN(C3H5)2}] (61).
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Table 3.3.1. Selected bond lengths (A) and angles (°) for

[PdCl2{Ph2PN(C3H5)2}]

Selected bond lengths (A) and angles (°) (61)

M(1)-C1(1) 2.2983(7)

M(1)-C1(2) 2.3641(7)

M(l)-P(l) 2.2247(6)

M(l)-C(15) 2.192(2)

M(l)-C(16) 2.177(3)

P(1)"N(13) 1.6719(19)

N(13)-C(14) 1.465(3)

N(13)-C(17) 1.466(3)

P(1)-M(1)-C1(1) 88.07(2)

C(16)-M(l)-C(15) 36.30(10)

C(16)-M(l)-P(l) 90.68(8)

C(15)-M(l)-P(l) 83.25(7)

C(16)-M(1)-C1(1) 162.80(8)

C(15)-M(1)-C1(1) 159.63(8)

C(15)-M(1)-C1(2) 95.46(7)

C(16)-M(1)-C1(2) 88.46(8)

C1(1)-M(1)-C1(2) 93.05(3)

N(13)-P(l)-M(l) 103.54(7)

P(1)-M(1)-C1(2) 178.67(2)

C(14)-N(13)-P(l) 112.62(15)

C(17)-N(13)-P(l) 120.58(17)
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The reaction of [PtMe2(cod)] with one equivalent of Ph2PN(C3H5)2 gave

the expected chelate complex, [PtMe2{Ph2PN(C3H5)2} (62), in average yield (53

%). The FAB mass spectral data obtained gave the expected parent ion and

fragmentation pattern and in the IR spectrum vc=c, vPPh2 and vPn vibrations were

observed at 1636, 1432 and 992 cm"1 respectively. The 31P{'H} NMR (CD2CI2)

showed a single resonance with platinum satellites (8P 90.7 ppm, !J(31P-195Pt)

1937 Hz).

Reaction of Ph2PN(C3H5)2 with [Mo(CO)4(nbd)] gives

[Mo(CO)4{Ph2PN(C3H5)2}] (63) as a yellow solid in poor yield (32 %). The

31P{'H} NMR (CDCI3) displays a single resonance at 5P 116.2 ppm and the

microanalysis gave good results for the suggested structure. The FAB mass

spectrum shows the expected fragmentation pattern and parent ion and the IR

spectrum shows bands at 1893, 1434 and 987 cm"1 that correspond to vco vPPh2

and vPn vibrations respectively with two vc=c bands observed at 1637 and 1458

CO

63

Figure 3.3.4. Suggested structure of [Mo(CO)4{Ph2PN(C3H5)2}].
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[RuCl2{Ph2PN(C3H5)2}(?76-/'-MeC6H4lPr)] (64) is prepared easily in good

yield (92 %) by dissolving [{RuCl^ClX^VMeC^Prfch] and

Ph2PN(C3H5)2 in dichloromethane. The microanalysis gave satisfactory results

for the suggested structure and the 31P{'H} NMR (CDCI3) shows a single

resonance at 8p 74.1 ppm. The FAB mass spectrum shows the expected parent

ion and fragmentation pattern with [M-C1]+ at 552. In the IR spectrum bands are

observed at 1637, 1432, 994, 299 and 278 cm"1 corresponding to vc=c, Vpph2 and

vpn and two vruci vibrations respectively.

Figure 3.3.5. Suggested structure of [RuCl2{Ph2PN(C3H5)2}(?76-/?-MeC6H4'Pr)].

The complex [RhCl{Ph2PN(C3H5)2}] (65) is prepared by reaction of

[{Rh(//-Cl)(cod)}2] and Ph2PN(C3H5)2 in dichloromethane in good yield (96 %).

The 3IP{'H} NMR (CDCI3) shows a two resonances with rhodium satellites

(8(Pa) 115.5 (d) ppm, 'j(31PA-103Rh) 154 Hz. 5(PX) 84.7 (d) ppm, 'j(31Px-103Rh)

114 Hz. 2J(31Pa-31Px) 25 Hz). The IR spectrum shows bands at 1638, 1433, 990

and 251 cm"1 that correspond to Oc=c, Opph2 and uPn and urhci vibrations

respectively. The microanalysis shows fairly satisfactory results and the FAB

mass spectrum shows the expected fragmentation pattern and parent ion of [M-

Cl]+ at 665.

64
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Figure 3.3.6. Suggested structure of [RhCl{Ph2PN(C3H5)2}].

[PdCl(Ci4Hi2N){Ph2PN(C3H5)2}] (66) is prepared easily in good yield

(92 %) by adding a suspension of [{PdCl(Ci4Hi2N)}2] in dichloromethane to a

solution of Ph2PN(C3H5)2 in dichloromethane. The microanalysis gave fairly

satisfactory results for the suggested structure and the 31P{ 1H} NMR (CDCI3)

shows a single resonance at 5p 97.7 ppm. The FAB mass spectrum shows the

expected parent ion and fragmentation pattern with [M-C1]+ at 557. In the IR

spectrum bands are observed at 1638, 1435, 1003 and 282 cm"1 corresponding to

Vc=c, Vpph2 and vPN and vpdci vibrations respectively.

Figure 3.3.7. Suggested structure of [PdCl(Ci4Hi2N){Ph2PN(C3H5)2}].
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Table3.3.2.CharacterisationdataforPh2PN(C3H5)2anditsderivatives.(a'j{31P-77Se}756Hz.).(b\/{31PA-195Pt}4800Hz. 1j{31Px.195Pt}2052Hz.2J{31PA-195Pt}9Hz,2J{31PX-31PY}44Hz.2J{31PY-195Pt}281Hz.).(c2J{31PA-31PX}18Hz.).(d'jf'P- 195Pt}3491Hz),(e'j{31P-195Pt}1937Hz.).(flJ{31P-103Rh}Hz.).(glJ{31PA-103Rh}154Hz.'j{31Px-1()3Rh}114Hz,2J{31PA-31PX} 25Hz.).

Compound

'^TpT

IR/cm1

Microanalysis/%Found

{'H}

(calc.)

NMR Sp/ppm

VpN

Vc=C

Vpph2

Vp=E]

VMCI

C

H

N

Ph2PN(C3H5)2(54)

64.3

993

1638

1433

-

-

74.47

7.79

4.72

(76.85)

(7.17)

(4.98)

Ph2P(0)N(C3H5)2(55)

31.3

992

1635

1433

1181

-

68.61

6.58

4.46

(72.71)

(6.78)

(4.71)
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...•• Tablecontinue.CharacterisationdataforPh2PN(CsHs)2anditsderivatives.
Ph2P(S)N(C3H5)2(56)

■

69.8

997

1638

1434

689

-

66.03

7.48

4.80

(68.98)

(6.43)

(4.47)

Ph2P(Se)N(C3Hs)2(57)

58.la

995

1636

1435

573

-

59.93

6.80

4.28

(60.01)

(5.60)

(3.89)

'' ,■; [PtCl{(Ph2PN(C3H5)2}3][Cl](58)
83.7,

997

1637

1436

-

296

58.84

5.38

3.73

74.9,

1356

(58.43)

(5.45)

(3.79)

47.9b

[PtCl2{Ph2PN(C3H5)2}](59)
70.1d

1010

1634

1434

-

317,

40.02

3.50

3.41

1362

295

(39.50)

(3.68)

(2.56)

[PdCl2{Ph2PN(C3H5)2}2](60)
109.2,

995

1638

1435

-

292,

57.56

5.22

3.40

44.7C

1356

277

(58.43)

(5.45)

(3.79)

[PdCl2{Ph2PN(C3Hs)2}](61)
101.3

999

1634

1435

-

317,

46.76

4.18

2.70

1361

290

(47.14)

(4.40)

(3.05)
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Tablecontinue.CharacterisationdataforPh2PN(CsHs)2anditsderivatives. [PtMe2{Ph2PN(C3H5)2}](62)
90.7e

992

1636

1432

-

-

46.90

4.46

2.35

(47.42)

(5.18)

(2.77)

[Mo(CO)4{Ph2PN(C3H5)2}](63)
116.2

987

1637

1434

-

-

54.04

3.16

2.76

1458

(54.00)

(4.12)

(2.86)

[RuCl2{Ph2PN(C3H5)2}(^VMeC6H4iPr)](64)
74.1

994

1637

1432

-

299,

57.33

5.65

2.21

\\

278

(57.24)

(5.83)

(2.38)

[RhCl{Ph2PN(C3H5)2}2](65)
115.5,

990

1638

1433

-

251

61.00

6.12

3.83

84.7g

(61.70)

(5.75)

(4.00)

[PdCl(C14H12N){Ph2PN(C3H5)2}](66)
97.7

1003

1638

1435

-

282

59.65

5.52

4.42

(60.72)

■>:■.' ' (5.44)

(4.72)
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Experimental

General experimental conditions and instruments were as set out on page xvii.

Unless otherwise stated, all reactions were carried out under an oxygen-free nitrogen

atmosphere using standard Schlenk techniques. Diethyl ether and thf were purified by

reflux over sodium-benzophenone and distillation under nitrogen. Dichloromethane

was heated to reflux over calcium hydride and distilled under nitrogen. Toluene and

hexane were heated to reflux over sodium and distilled under nitrogen. The

complexes [PtMeX(cod)] (X = CI or Me)11, [Pd(yuCl)(73-C3H5)]212,

[Cu(MeCN)4][PF6]13, [AuCl(tht)] (tht = tetrahydrothiophene)14, [MCl2(cod)] (M = Pt

or Pd; cod = cycloocta-l,5-diene)15' 16, [{RuCl(/z-Cl)(776-/?-MeC6H4'Pr)2}]17, [{Rh(//-

Cl)(cod)}2]18, [Mo(CO)4(nbd)]19 and [{Pd(//-C1)(C,4H,2N)}2]2° were prepared using

literature procedures. Chlorodiphenylphopshine and diallylamine were distilled prior

to use. NEt3 (99 % purity), 'BuOK (95 % purity), H202 (30 wt. % in H20) and

reagent grade KBr were used without further purification. Infra-red spectra were

recorded as KBr discs in the range 4000-200 cm"1 on a Perkin-Elmer 2000

FTIR/RAMAN spectrometer. NMR spectra were recorded on a Gemini 2000

31 1
spectrometer (operating at 121.4 MHz for P and 300 MHz for H). Microanalyses

were performed by the St. Andrews University service and mass spectra by the

Swansea Mass Spectrometer Service.

[Ph2PN(C3H5)2]. (54): Diallylamine (2.841 g, 29.2 mmol) and triethylamine (3.107

g, 30.7 mmol) were added together in dry thf (50 cm ). Chlorodiphenylphosphine

(6.453 g, 29.2 mmol) in dry thf (50 cm ) was added dropwise with stirring overnight.

Triethylamine hydrochloride was removed by filtration under nitrogen and the solvent

removed in vacuo to yield a colourless oil. Yield 6.840 g, 83 %. Microanalysis:
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Found (calculated for C18H20NP) C 74.47 (76.85), H 7.79 (7.17), N 4.72 (4.98) %.

31P{'H} NMR (CDC13): 64.3 ppm. 'H NMR (CDC13) 5 7.3-7.8 (m, 10 H, Ph), 5.6-5.7

(m, 2 H, CH=CH2), 5.0-5.1 (t, 4 H, CH2), 3.4-3.5 (m, 4 H, CH2) ppm. IR (thin film):

1638, 1433,933 cm"1.

Ph2P(0)N(C3H5)2. (55): Ph2PN(C3H5)2 (256 mg, 0.9 mmol) was dissolved in CH2C12

(20 cm3) and cooled to 0 °C before addition of urea hydrogen peroxide (86 mg, 0.9

mmol) was added and the reaction mixture was stirred overnight. The product was

extracted from the CH2C12 by addition of distilled water, washed with CFI2C12 (3x 5

cm ), dried over magnesium sulfate and evaporated to dryness to yield a colourless

oil. Yield 254 mg, 94 %. Microanalysis: Found (calculated for Ci8H2oNOP) C 68.61

(72.71), H 6.58 (6.78), N 4.46 (4.71) %. 31P{'H> NMR (CDC13): 31.3 ppm. 'H

(CDC13) 6 7.3-7.8 (m, 10 H, Ph), 5.6-5.7 (m, 2 H, CH=CH2), 5.0-5.1 (t, 4 H, CH2),

3.4-3.5 (m, 4 H, CH2) ppm. EI+ MS: m/z 297 [M]+. IR (thin film): 1635, 1433, 1181,

992 cm"1.

Ph2P(S)N(C3H5)2. (56): Ph2PN(C3H5)2 (766 mg, 2.7 mmol) and elemental sulfur (87

mg, 2.7 mmol) were dissolved in dry toluene (10 cm ) to yield a yellow solution

which was stirred overnight. The reaction mixture was cooled to room temperature

and the solvent removed before addition of CH2C12 (2 cm3) and filtering through

Celite to remove any remaining inorganic solid. After removing the CH2C12

colourless oil was yielded. Yield 753 mg, 88 %. Microanalysis: Found (calculated

for C,8H20NPS) C 66.03 (68.98), H 7.48 (6. 43), N 4.80 (4.47) %. 31P{'H} NMR

(CDC13): 69.8 ppm. 'H NMR (CDC13) 5 7.3-7.8 (m, 10 H, Ph), 5.6-5.7 (m, 2 H,

CH=CH2), 5.0-5.1 (t, 4 H, CH2), 3.4-3.5 (m, 4 H, CH2) ppm. EI+: m/z 273 [M]+.

IR(thin film): 1638, 1434, 997, 689 cm"1.
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Ph2P(Se)N(C3H5)2- (57): Ph2PN(C3H5)2 (235 mg, 1.0 mmol) and grey selenium (77
"3

mg, 1.0 mmol) were refluxed in dry toluene (10 cm ) for 1 hour before cooling to

room temperature and fdtering through a Celite plug to remove any insoluble
*3

material. The solvent was reduced to 1 cm to yield a colourless solid that was

isolated by suction filtration and dried in vacuo. Yield 269 mg, 86 %. Microanalysis:

Found (calculated for Ci8H20NPSe) C 59.93 (60.01), H 6.80 (5.60), N 4.28 (3.89) %.

31P{'H} NMR (CDCI3): 58.1 ppm 'j(31P-77Se) 756 Hz. *H NMR (CDC13) 5 7.3-7.8

(m, 10 H, Ph), 5.6-5.7 (m, 2 H, CH=CH2), 5.0-5.1 (t, 4 H, CH2), 3.4-3.5 (m, 4 H, CH2)

ppm. EI+ MS: m/z 361 [M + H]+. IR (KBr disc): 1636, 1435, 995, 573 cm"1.

[Pt{Ph2PN(C3H5)2}3][Cl2"]. (58): Ph2PN(C3H5)2 (165 mg, 0.6 mmol) and

[PtCl2(cod)] (73 mg, 0.2 mmol) were dissolved in CH2CI2 (5 cm3) to yield a pale

yellow solution that was stirred for 30 minutes. The solvent was reduced to 1 cm3

before precipitating a colourless solid upon addition of diethyl ether (cm3) that was

isolated by suction filtration. Yield 140 mg, 64 %. Microanalysis: Found (calculated

for C54H6oP3N3PtCl2) C 58.84 (58.43), H 5.38 (5.45), N 3.73 (3.79) %. 31P{'H} NMR

(CDCI3): S(PA) 83.7 (d) ppm, V(31PA-I95Pt) 4800 Hz. 5(PX) 74.5 (d of d) ppm,

'j(31Px-195Pt) 2052 Hz. 2J(31Pa-3IPx)9Hz. 2J(31Py-31Px) 44 Hz. 8(Py) 47.9 (d) ppm,

2J(31PY-195Pt) 281 Hz. *H NMR (CDC13) 8 7.3-7.8 (m, 30 H, Ph), 5.6-5.7 (m, 4 H,

CH=CH2), 5.0-5.1 (m, 2 H, chelate CH=CH2), 4.8-4.9 (m, 8 H, CH2), 4.4-4.5 (m, 4 H,

chelate CH2), 3.4-3.5 (m, 12 H, CH2) ppm. FAB+ MS: m/z 1075 [M - Cl]+. IR(KBr

disc): 1637, 1436, 997, 296 cm"1.

[PtCl2{Ph2PN(C3H5)2}]. (59): Ph2PN(C3H5)2 (197 mg, 0.7 mmol) in CH2C12 (5 cm3)

was added dropwise to a CH2CI2 (5 cm ) solution of [PtCl2(cod)] (262 mg, 0.7 mmol)

over 2.5 hours. The solvent was reduced to 1 cm3 before addition of hexane (10 cm3)
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to yield an off white sticky solid on reduction of solvent. The sticky solid was

# T

subsequently dissolved in CH2CI2 (0.5 cm ) before addition of petroleum ether (40-

60) (10 cm ) to yield a colourless solid that was isolated by suction filtration. Yield

248 mg, 65 %. Microanalysis: Found (calculated for CigFhoNPPtCh) C 40.02

(39.50), H 3.50 (3.68), N 3.41 (2.56) %. ^Pl'H} NMR (CDC13): 70.1 ppm 'j(31P-

195Pt) 3491 Hz. 'H NMR (CDC13) 5 7.8-7.4 (m, 10 H, aromatic), 5.3 (m, 2 H, CH),

5.1 (m, 2 H, CH2), 4.7 (d, 1 H, 3J(195Pt-'H) 54 Hz, V^'P-'H) 8 Hz, CH2), 4.1 (d, 1 H,

3J(195Pt-'H) 59 Hz, 2J(31P-'H) 13 Hz, CH2) 3.5 (m, 4 H, NCH2) ppm. FAB+ MS: m/z

569 [M + Na]+, 547 [M + H]+, 511 [M - Cl]+, 474/6 [M - 2C1]2+. IR (KBr disc): 1634,

1434, 1010, 317, 295 cm"1.

[PdCl2{Ph2PN(C3H5)2}2]. (60): (Ph2P)2N(C3H5)2 (124 mg, 0.4 mmol) and

[PdCl2(cod)] (42 mg, 0.1 mmol) were dissolved in CH2C12 (5 cm3) to yield an orange

solution that was stirred for 30 minutes. The solvent was reduced to 1 cm3 before

precipitating a pale yellow solid upon addition of diethyl ether (20 cm ) that was

isolated by suction filtration. Yield 100 mg, 92 %. Microanalysis: Found (calculated

for C36H4oP2N2PdCl2) C 57.56 (58.43), H 5.22 (5.45), N 3.40 (3.79) %. ^{'H}

NMR (CDCI3): 8(Pa) 109.2 (d) ppm. 8(PX) 44.7 (d) ppm. 2J(31PA-31PX) 18 Hz. 'H

NMR (CDCI3) S 7.3-7.8 (m, 20 H, Ph), 5.6-5.7 (m, 3 H, CH=CH2), 5.0-5.1 (m, 1 H,

chelate CH=CH2), 4.8-4.9 (m, 6 H, CH2), 4.4-4.5 (m, 2 H, chelate CH2), 3.4-3.5 (m, 8

H, CH2) ppm. FAB+ MS: m/z 704 [M - Cl]+, 667/8 [M - 2C1]2+. IR(KBr disc): 1638,

1435,995,292, 277 cm"1.

[PdCl2{Ph2PN(C3H5)2}]. (61): Ph2PN(C3H5)2 (111 mg, 0.4 mmol) in CH2C12 (5 cm3)

was added dropwise to CH2CI2 (5 cm3) solution of [PdCl2(cod)] (112 mg, 0.4 mmol).

After stirring for 30 minutes the solvent was reduced in vacuo to 0.5 cm3 before
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precipitating a yellow microcrystalline solid upon addition of hexane (10 cm3) and

isolation by suction filtration. Yield 164 mg, 91 %. Microanalysis: Found (calculated

for C,8H2oPNPdCl2) C 46.76 (47.14), H 4.18 (4.40), N 2.70 (3.05) %. 31P{'H} NMR

(CDC13): 101.3 ppm. 'H NMR (CDCI3) 8 7.3-7.8 (m, 10 H, Ph), 5.6-5.7 (m, 1 H,

CH=CH2), 5.0-5.1 (m, 1 H, chelate CH=CH2), 4.8-4.9 (m, 2 H, CH2), 4.4-4.5 (m, 2 H,

chelate CH2), 3.4-3.5 (m, 4 H, CH2)ppm. FAB+ MS: m/z 422 [M - Cl]+, 386 [M -

2C1]2+. IR (KBr disc): 1634, 1435, 999, 317, 290 cm"1.

[PtMe2{Ph2PN(C3H5)2}]. (62): Ph2PNH(C3H5)2 (96 mg, 0.3 mmol) in CH2C12 (5

cm3) was added dropwise to a CF12C12 (5 cm3) solution of [PtMe2(cod)] (114 mg, 0.3

mmol) over 2.5 hours. The solvent was reduced to 1 cm before addition of hexane

(10 cm3) to yield an off white sticky solid on reduction of solvent. The sticky solid

was subsequently dissolved in CH2C12 (0.5 cm ) before addition of petroleum ether

(40-60) (10 cm3) to yield a colourless solid that was isolated by suction filtration.

Yield 92 mg, 53 %. Microanalysis: Found (calculated for C2oH26NPPt) C 46.90

(47.42), H 4.46 (5.18), N 2.35 (2.77) %. 31P{1H} NMR (CD2C12): 90.7 ppm 'j(31P-

195Pt) 1937 Hz. 'H NMR (CD2C12) 5 7.8-7.4 (m, 10 H, aromatic), 5.3 (m, 2 H, CH),

5.1 (m, 2 H, CH2), 4.7 (d, 1 H, 3J(195Pt-'H) 54 Hz, 2J(3iP-'H) 8 Hz, CH2), 4.1 (d, 1 H,

3J(195Pt-'H) 59 Hz, 2J(31P-'H) 13 Hz, CH2) 3.5 (m, 4 H, NCH2) ppm. FAB+ MS: m/z

490 [M - Me]+, 476 [M - 2Me]2+. IR (KBr disc): 1636, 1432, 992 cm"1.

[Mo(CO)4{Ph2PN(C3H5)2}]. (63): To a CH2C12 (10 cm3) solution of [Mo(CO)4(nbd)]

(184 mg, 0.6 mmol) was added dropwise a CH2C12 (10 cm3) solution of

(Ph2P)N(C3H5)2 (172 mg, 0.6 mmol). After stirring for 30 minutes the solvent was

"3 -3

reduced to 2 cm before addition of petroleum ether (bp 40-60) (20 cm ) and storing

overnight at -18 °C. The yellow solid precipitated was isolated by filtration and dried
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in vacuo. Yield 95 mg, 32 %. Microanalysis: Found (calculated for C22H20PNO4M0)

C 54.04 (54.00), H 3.16 (4.12), N 2.76 (2.86) %. ^Pl'H} NMR (CDC13): 116.2 ppm.

'H NMR (CDCI3) 5 7.4-7.2 (m, 10 H, aromatic), 5.3 (m, 1 H, CH), 5.0 (m, 2 H, CH2),

4.7 (m, 1 H, CH), 4.0 (m, 2 H, chelate CH2), 3.5 (m, 4 H, NCH2) ppm. FAB+ MS: m/z

[M]+, [M - CO]+, [M - 2CO]+, [M - 3CO]+ 523 [M - 4CO]+. IR (KBr disc): 1893,

1434,987 cm"1.

[RuCl2{Ph2PN(C3H5)2}(7VMeC6H4iPr)]. (64): (Ph2P)N(C3H5)2 (122 mg, 0.4

mmol) and [RuCl(//-Cl)(776-/?-MeC6H4'Pr)2] (133 mg, 0.2 mmol) were dissolved in

CH2C12 (5 cm3) to yield a dark red solution. The solvent was reduced to 1 cm3 before

addition of diethyl ether (10 cm3) to precipitate an orange solid that was isolated by

suction filtration. Yield 118 mg, 92 %. Microanalysis: Found (calculated for

C28H34PNRuC12) C 57.33 (57.24), H 5.65 (5.83), N 2.21 (2.38) %. 31 P{'H} NMR

(CDC13): 74.1 ppm. 'H NMR (CDC13) 5 7.4-7.2 (m, 14 H, aromatic), 5.9 (m, 2 H,

CH), 4.8 (m, 4 H, CH2), 3.5 (m, 4 H, NCH2), 2.7 (m, 1 H, CH), 1.9 (s, 3 H, ArCH3),

1.2 (m, 6 H, CH3) ppm. FAB+ MS: m/z 552 [M - Cl]+, 515/7 [M - 2C1]2+. IR (KBr

disc): 1637, 1432, 994, 299, 278 cm"1.

[RhCl{Ph2PN(C3H5)2}2]. (65): (Ph2P)N(C3H5)2 (148 mg, 0.5 mmol) and [{Rh(>

CI)(cod)}2] (65 mg, 0.1 mmol) were dissolved in CH2C12 (5 cm3) to yield a dark red

3 ... 3solution. The solvent was reduced to 1 cm before addition of diethyl ether (10 cm )

to precipitate an orange solid that was isolated by suction filtration. Yield 88 mg, 96

%. Microanalysis: Found (calculated for C36H4oP2N2RhCl) C 61.00 (61.70), H 6.12

(5.75), N 3.83 (4.00) %. 31 P{'H} NMR (CDC13): 5(PA) 115.5 (d) ppm, './(31PA-1()3Rh)

154 Hz. 5(PX) 84.7 (d) ppm,'j(31Px-103Rh) 114 Hz. 2J(31PA-31PX) 25 Hz. 'H NMR

(CDC13) 5 7.4-7.2 (m, 20 H, aromatic), 5.9 (m, 4 H, CH), 4.8 (m, 8 H, CH2), 3.5 (m, 8
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H, NCH2) ppm. FAB+ MS: m/z 665 [M - Cl]+. IR (KBr disc): 1638, 1433, 990, 251

[PdCl(C14H12N){Ph2PN(C3H5)2}]. (66): To a CH2C12 (10 cm3) suspension of

[{Pd(//-Cl)(Ci4H|2N)}2] (123 mg, 0.2 mmol) was added drop wise a CH2C12 solution

of Ph2PN(C3H5)2 (111 mg, 0.4 mmol) over 10 minutes to yield a colourless solution.

After stirring for a further 30 minutes the solution was filtered through a Celite plug

to remove any insoluble material remaining before reducing the solvent volume to 1

3 • • 3
cm and addition of diethyl ether (20 cm ) to precipitate a tan coloured

microcrystalline solid that was isolated by filtration. Yield 108 mg, 92 %.

Microanalysis: Found (calculated for C3oH32PN2PdCl) C 59.65 (60.72), H 5.52 (5.44),

N 4.42 (4.72) %. 31P{'H} NMR (CDC13): 97.7 ppm. 'H NMR (CDC13) 5 8.0-7.8 (m,

6 H, naphthalene aromatic), 7.4-7.2 (m, 10 H, aromatic), 5.8 (m, 2 H, CH), 5.2 (m, 4

H, CH2), 4.0 (m, 4 H, CH2), 3.4 (s, 6 H, N(CH3)2), ppm. FAB+ MS: m/z 557 [M -

Clf. IR (KBr disc): 1638, 1435, 1003,282 cm"1.
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CHAPTER 4: COORDINATION CHEMISTRY OFZ-l-

DIPHENYLPHOSPHINO-3,3-DIMETHYL-2-PHENYLTHIOBUT-l-ENE AND

Z-l-DIPHENYLPHOSPHINO-2-PHENYL THIOPROPENE

4.1 Introduction

The work in this chapter involved looking at potentially new hemilabile P-S

ligands. As with all hemilabile ligands it is necessary for the ligand to contain two

binding units of which one is stronger than the other. In the case of P-S ligands the

stronger binding unit is usually the phosphorus atom and the weaker more labile unit

is the sulfur atom. This then provides the ligand with two possible binding motifs,

one where both phosphorus and sulfur coordinate to the metal centre and the other

where only phosphorus coordinates.

There are a few examples of metal complexes containing phosphorus and

sulfur bonded atoms and most of these examples use iron as the coordinating metal.

Samb et at showed one example by using the readily available but unstable complex

(1). (1) is easily converted to the more stable trimethylphosphine derivatives by

treatment with a three-fold excess of PMe3. Scheme 4.1 shows this conversion.
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1 PMe3

heptane

Scheme 4.1. Reaction of a /?-phosphinothioketonate coordinated ligand with PMe3.

Another example of a metal complex containing Z-l-diphenylphosphino-3,3-

dimethyl-2-thiobut-l-ene was shown by Robert et al who isolated red crystals of 4.1

from the reaction of Fe(?/2-CS2)(CO)2(Ph2PC=C-'Bu)2 in methanol. From this work it

was noticed that S" was bound to iron. Figure 4.1 shows the structure of the complex

formed.

CO
H

Ph2Px
MeO v? ^PPh,

'Bu

'Bu

Figure 4.1. Product from the reaction of Fe(^2-CS2)(CO)2(Ph2PC=C-'Bu)2 in

methanol
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In this work the preparation of metal complexes that demonstrate both

coordination modes have been prepared.

Results and Discussion

4.2 Synthesis ofZ-l-Diphenylphosphino-3,3-dimethyl-2-phenylthiobut-l-ene and Z-l-

Diphenylphosphino-2-phenylthiopropene.

The ligands Z-l-Diphenylphosphino-3,3-dimethyl-2-phenylthiobut-l-ene (67)

and Z-l-Diphenylphosphino-2-phenylthiopropene (74) were prepared and donated

prior to this work3. Both ligands are prepared by flash vacuum pyrolysis at 650 °C

and 10"2 Torr and upon furnace exit the crystalline deposit is recrystallised from ethyl

acetate to give 67 as pale yellow plates in good yield and 74 as a colourless oil. The

31P{'H} NMR for 67 shows a single resonance at 8p -19.8 ppm and for 74 a single

resonance is observed at 5p -22.7 ppm.

Ph

Ph3P^H H
Ph

Ph3P+^/ H

S R S R R

R = /Bu, Me

PhS R

Scheme 4.2. Suggested formation of ligands 67 and 74.
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4.3 Coordination chemistry of Z-l -Diphenylphosphino-3,3-dimethyl-2-phenylthiohut-

1-ene, (dpptb), (67).

Several new complexes of 67 have been prepared and characterised in the

study of novel hemilabile ligands containing both phosphorus and sulfur binding

units.

Reaction of [PtCbCcod)] with one equivalent of 67 gives [PtCl2{dpptb}] (68)

in good yield (79 %). The 31P{'H} NMR (CD2CI2) exhibits a single resonance with

platinum satellites (8p 29.4 ppm, 'j(31P-195Pt) 3524 Hz and the ES" mass spectrum

shows the expected parent ion at [M-H]" 641 and fragmentation pattern. The

microanalysis shows satisfactory results for the suggested structure and the IR

spectrum shows bands at 1665, 1437 and 295 cm"1 that correspond to vc=c Vpph2 vptci

vibrations respectively.

Crystals of [PtCb]dpptb}] (68) suitable for X-ray crystallography were grown

overnight by layering a dichloromethane solution with diethyl ether. The crystal

structure of the complex (Figure 4.2) and selected bond lengths and angles (Table 4.1)

are shown below. The crystal structure shows that the molecule is square planar at

platinum and forms cis geometry. The ligand {dpptb} is bound to the platinum centre

through both the phosphorus and sulfur atoms and has a P( 1 )-Pt( 1 )-S( 1) angle of

88.22(5) 0 with a P(l)-Pt(l) bond length of 2.2256(18) A and a S(l)-Pt(l) bond length

of 2.2617(14) A.
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Figure 4.2. The X-ray structure of [PtChJdpptb}] 68.
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Table 4.1. Selected bond lengths (A) and angles (°) for [PtC^ldpptb}].

Selected bond lengths (A) and angles (°)
'

(68)

M(1)-C1(1) 2.3655(18)

M(1)-C1(2) 2.3090(16)

M(l)-P(l) 2.2256(18)

M(l)-S(l) 2.2617(14)

P(l)-C(7) 1.835(6)

P(l)-C(13) 1.814(5)

S(l)-C(19) 1.792(6)

P(l)-C(l) 1.743(6)

S(l)-C(2) 1.846(7)

P(l)-M(l)-S(l) 88.22(5)

P(1)-M(1)-C1(2) 91.67(6)

S(1)-M(1)-C1(2) 178.50(7)

P(1)-M(1)-C1(1) 174.08(5)

S(1)-M(1)-C1(1) 87.11(5)

C1(2)-M(1)-C1(1) 93.09(6)

C(13)-P(l)-C(7) 106.2(2)

C(7)-P(l)-M(l) 112.8(2)

C(13)-P(l)-M(l) 119.0(2)

C(19)-S(l)-M(l) 102.74(17)

[PdCl2 {dpptb} ] (69) is prepared similarly to the platinum analogue by

dropwise addition of [PdCl2(cod)] to 67 in dichloromethane in good yield (73 %).

The microanalysis shows satisfactory results for the suggested structure and is
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311isolated as a yellow solid. The P{ H} NMR (CD2CI2) shows a single resonance at

5p 50.4 ppm and ES+ mass spectral analysis shows the expected fragmentation pattern

and parent ion at [M]+ 553. In the IR spectrum vc=c, Vpph2 and vPdci vibrations are

observed at 1575, 1436 and 289 cm"1 respectively.

[MCL(cod)] +
Ph2P^.H

PhS R

Ph,
Cl\ /P.
Cl/M\

,H

S R
Ph

M = Pt, Pd
R = /Bu, Me

Scheme 4.3. Formation of RS-chelated complexes.

Reaction of [{Pd(//-Cl)(^3-C3H5)}2] with 67 proceeds to form [PdCl(A73-C3H5){

dpptb}] (70) in a yield of 55 %. The 31P{'H} NMR (CD2CI2) exhibits a single

resonance at 8p 40.9 ppm and microanalysis gave satisfactory results for the suggested

structure. The ES+ mass spectrum gave the expected parent ion and fragmentation

pattern and the IR spectrum shows bands at 1599, 1435 and 296 cm"1 that correspond

to vc=c, vPph2 and vPdci vibrations.

CI—Pd
I

Ph2P. .H

PhS tBu

Figure 4.3. Suggested structure of [PdCl(^ -C3H5){dpptb}] 70
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[AuCl{dpptb}] (71) is easily prepared by the addition of [AuCl(tht)] to 67 in

one portion in dichloromethane in good yield (62 %). Microanalysis gives

satisfactory results and ES+ mass spectral analysis shows the expected parent ion and

fragmentation pattern. The IR spectrum shows bands at 1577, 1436 and 253 cm"1 that

correspond to Vc=c, vPPh2 and vAuci vibrations respectively and the 3iP{'H} NMR

(CDCI3) shows a single peak at 8P 18.2 ppm.

Crystals of [AuCl{dpptb}] (71) suitable for X-ray crystallography were grown

overnight by layering a chloroform solution with diethyl ether. The crystal structure

of the complex (Figure 4.4) and selected bond lengths and angles (Table 4.2) are

shown below. The crystal structure shows that the molecule is linear at the gold

centre and the ligand {dpptb} is bound to the gold centre through phosphorus and has

a P(l)-Au(l)-Cl(l) angle of 175.08(12) °, which is just smaller than the ideal angle of

180 °. The P(l)-Au(l) bond length is 2.229(3) A and a Au(l)-Cl(l) bond length is

2.284 (3) A.
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Figure 4.4. The X-ray structure of [AuCl{dpptb}] 71.

Table 4.2. Selected bond lengths (A) and angles (°) for [AuCl{dpptb}]

Selected bond lengths (A) and angles (°) (71)

M(1)-C1(1) 2.284(3)

M(l)-P(l) 2.229(3)

P(l)-C(l)
■

1.790(12)

P(l)-C(7) 1.812(11)

P(l)-C(13) 1.836(11)

S(l)-C(19) 1.765(12)

C(2)-S(l) 1.780(12)

P(1)-M(1)-C1(1) 175.08(12)

C(l)-P(l)-C(7) 106.6(5)

C(l)-P(l)-C(13) 98.9(5)

C(7)-P(l)-C(13) 106.4(5)

C(l)-P(l)-M(l) 121.6(4)

C(7)-P(l)-M(l) 109.4(4)

C(13)-P(l)-M(l) 112.6(3)

[IrCl(p-Cl)(r|5-C5Me5){dpptb}] (72) was also prepared by slow addition of

[{IrCl(p-Cl)(r|5-C5Me5)}2] to a dichloromethane solution of 67 in a yield of 57 %.

The 31P{'H} NMR (CD2CI2) shows a single resonance at 5p -8.7 ppm. The ES+ mass

spectrum shows the expected fragmentation pattern and parent ion of [M]+ at 739 and

the microanalysis gave fairly satisfactory results. In the IR spectrum vibrations for

vc=c, Vpph2 and virci are observed at 1648, 1437 and 290 cm"1.
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Crystals of [IrCl(|i-Cl)(r|5-C5Me5){dpptb}] (72) suitable for X-ray

crystallography were grown overnight by layering a dichlormethane solution with

diethyl ether. The crystal structure of the complex (Figure 4.5) and selected bond

lengths and angles (Table 4.3) are shown below. The crystal structure shows that the

molecule is bound to the iridium centre through phosphorus and has a P(l)-Ir(l) bond

length of 2.3080(10) A with two Ir(l)-Cl bond lengths(Ir(l)-Cl(l) is 2.4097 (10) A,

and Ir(l)-Cl(2) is 2.4007(10) A).

Figure 4.5. The X-ray structure of [IrCl(p-Cl)(r|5-C5Me5){dpptb}] 72.
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Table 4.3. Selected bond lengths (A) and angles (°) for [IrCl(p-Cl)(r|5-

C5Me5){dpptb}]

Selected bond lengths (A) and angles (°) (72)

M(1)-C1(1)
...

2.4097(10)

M(1)-C1(2) 2.4007(10)

M(l)-P(l)

P(l)-C(l)

2.3080(10)

1.823(4)

P(l)-C(7)
- •-

. y'
1.823(4)

P(1)"C(13) 1.823(4)

S(l)-C(19) 1.780(4)

C(2)-S(l) 1.785(4)

P(1)-M(1)-C1(2) 98.94(11)

P(1)-M(1)-C1(1) 83.23(4)

CI(2)-M(1)-C1(1) 89.19(4)

C(l)-P(l)-C(7) 105.97(18)

C(l)-P(l)-C(13) 106.16(19)

C(7)-P(l)-C(13) 107.85(19)

C(l)-P(l)-M(l)
y

109.31(14)

C(7)-P(l)-M(l) 114.83(14)

C(13)-P(l)-M(l) 112.20(13)

Reaction of [{RuCl(/r-Cl)(76-/?-MeC6H4'Pr)}2] and 67 proceeds easily to

prepare [RuCl(//-Cl)(76-/7-MeC6H4'Pr){dpptb}] (73) in good yield (67 %) as an

orange solid. Microanalysis shows fairly satisfactory results and the 31P{'H} NMR

(CDCI3) shows a single peak at 8p 14.6 ppm. The IR spectrum shows bands at 1637,
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1436 and 291 cm"1 that correspond to Vc=c vPPh2 Vruci vibrations and the ES+ mass

spectrum shows the expected parent ion and fragmentation pattern for the suggested

structure at m/z 647.

Figure 4.6. Suggested structure of [RuCl(/i-Cl)(/76-/?-MeC6H4'Pr){dpptb}] 73.

4.4 Coordination chemistry ofZ-l-Diphenylphosphino-2-phenylthiopropene, (dpptp),

Due to purification problems with this ligand there has only been one

successfully prepared and characterised metal complex of {dpptp}, (74).

[PdCl2 {dpptp} ] (75) has been prepared by slow addition of [PdCl2(cod)j to a solution

of 74 in dichloromethane in good yield (73 %). The 31P{'H} NMR (CD2CI2) exhibits

a single resonance at §P 52.4 ppm and the IR spectrum shows bands at 1576, 1435 and

296 cm"1 that correspond to vc=c vPPh2 vfmci vibrations respectively. Microanalysis

gives satisfactory results for the suggested structure and ES+ mass spectral analysis

shows the expected parent ion, [M + Na]+ at 532, and fragmentation pattern.

Crystals of [PdCh{dpptp}] (75) suitable for X-ray crystallography were grown

overnight by layering a dichloromethane solution with diethyl ether. The crystal

structure of the complex (Figure 4.7) and selected bond lengths and angles (Table 4.4)

CI

(74).
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are shown below. The crystal structure shows that the molecule is square planar at

palladium and forms cis geometry. The ligand {dpptp} is bound to the platinum

centre through both the phosphorus and sulfur atoms and has a P( 1 )-Pt( 1 )-S(l) angle

of 87.07(7) 0 with a P(l)-Pt(l) bond length of 2.229(2) A and a S(l)-Pt(l) bond length

of 2.2522(19) A.

Figure 4.7. The X-ray structure of [PdCb)dpptp}] 75.
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4.4. Selected bond lengths (A) and angles (°) for [PdCbfdpptp}]

Selected bond lengths (A) and angles (°) (75)

M(1)-CI(1) 2.3608(19)

M(l)-Cl(2)
A;A.: : " • ?S'A

2.3221(18)

M(l)-P(l) 2.229(2)

M(l)-S(l) 2.2522(19)

P(1)"C(2) 1.799(7)

P(l)-C(27) 1.802(7)

P(1)"C(21) 1.825(7)

S(l)-C(5) 1.785(7)

C(3)-S(l) 1.796(7)

P(l)-M(l)-S(l) 87.07(7)

P(1)-M(1)-CI(1) 174.30(7)

P(1)-M(1)-C1(2) 94.63(7)

S(1)-M(1)-C1(1) 87.67(7)

S(1)-M(1)-C1(2) 174.72(6)

C1(2)-M(1)-C1(1) 90.80(7)

C(2)-P(l)-M(l) 107.1(2)

C(21)-P(l)-M(l) 114.5(2)

C(27)-P(l)-M(l) 117.5(2)

C(5)-S(l)-C(3) 101.2(3)

C(5)-S(l)-M(l) 110.6(2)

C(3)-S(l)-M(l) 106.9(2)
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Table4.5.Characterisationdataforcomplexesof(dpptb)(67)and{dpptp}(74).(a1J{31P-19:>Pt}3524Hz. Compound

31p_

IR/cm1

Microanalysis/%Found(calc.)
(H)

NMR Sp/ppm

Vc=c

Vpph2

VmCI

C

H

[PtCl2{dpptb}](68)

29.4a

1637

1437

295

44.84(44.87)
3.60(3.92)

[PdCl2{dpptb}](69)

50.4

1575

1436

289

49.69(49.37)
4.44(4.37)

lPdCl(73-C3H5){dpptb}](70)
40.9

1599

1435

296

56.66(56.36)
4.60(5.29)

[AuCl{dpptb}](71)

18.2

1577

1436

253

47.24(47.34)
4.11(4.14)

[IrCI(p-Cl)(Ti5-C5Me5){dpptb}](72)
-8.7

1643

1437

290

48.07(48.06)
4.65(4.86)

[RuClCa-Cl)(7VMeC6H4iPr){dpptb}](73)
14.6

1637

1436

291

56.86(57.14)
4.04(5.56)

[PdCl2{dpptp}](75)

52.4

1576

1435

296

49.50(49.29)
3.21(3.74)
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Experimental

General experimental conditions and instruments were as set out on page xvii.

The complexes [AuCl(tht)] (tht = tetrahydrothiophene)4, [MC^cod)] (M = Pt or Pd;

cod = cycloocta-l,5-diene)5' 6, [{RuClCw-Cl)(77VMeC6H4iPr)2}]7, [{MC1(//-C1)(t75-

CsMe5)}2] (M = Rh or Ir)8 and [{Pd(u-Cl)( a/3-C3H5)}2]9 were prepared using literature

procedures. Reagent grade KBr was used without further purification. Infra-red

spectra were recorded as KBr discs in the range 4000-200 cm"1 on a Perkin-Elmer

2000 FTIR/RAMAN spectrometer. NMR spectra were recorded on a Gemini 2000

spectrometer (operating at 121.4 MHz for 31P and 300 MHz for 'H). Microanalyses

were performed by the St. Andrews University service and mass spectra by the

Swansea Mass Spectrometer Service.

Z-l-Diphenylphosphino-3,3-dimethyl-2-phenylthiobut-l-ene3. (dpptb). (67)

[PtCI2{dpptb}]. (68): To a dichloromethane (5 cm3) solution of [PtCl2(cod)] (66 mg,

0.2 mmol) was added a dichloromethane (5 cm ) solution of 67 (66 mg, 0.2 mmol)

dropwise over 30 minutes. The resultant reaction mixture was stirred for a further 1
"3

hour before the solvent was reduced to 1 cm and addition of diethyl ether (15 cm ) to

precipitate an off- white solid that was isolated by suction filtration. Yield 89 mg, 79

%. Microanalysis: Found (calculated for C24H25PSPtCl2) C 44.84 (44.87), H 3.60

(3.92), S 4.81 (4.99) %. 31P{'H} NMR (CD2C12): 29.4 ppm 'j(31P-195Pt) 3524 Hz. 'H

NMR (CD2C12) 5 8.0-7.5 (m, 15 H, aromatic), 6.7 (d, 1 H, 3J(195Pt-'H) 67 Hz, 2J(31P-

*H) 10 Hz, CH) and 1.2 (s, 9 H, lBu). ES" MS: m/z 641 [M - H]\ IR (KBr disc):

1665, 1437, 295 cm"1.
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[PdCl2{dpptb}]. (69): To a dichloromethane (5 cm3) solution of [PdCl2(cod)] (38 mg,

0.1 mmol) was added a dichloromethane (5 cm3) solution of 67 (50 mg, 0.1 mmol)

dropwise over 30 minutes. The resultant reaction mixture was stirred for a further 2
*3 t -1

hours before the solvent was reduced to 1 cm and addition of diethyl ether (15 cm )

to precipitate a yellow solid that was isolated by suction filtration and dried in vacuo.

Yield 63 mg, 73 %. Microanalysis: Found (calculated for C24H25PSPdCl2.0.5CH2Cl2)

C 49.69 (49.37), H 4.44 (4.37) %. 31P{1H} NMR (CD2C12): 50.4 ppm. 'H NMR

(CD2C12) S 8.0-7.5 (m, 15 H, aromatic), 6.7 (d, 1 H, 2J(31P-!H) 8 Hz, CH) and 1.2 (s, 9

H,'Bu). ES+ MS: m/z 553 [M]+. IR (KBr disc): 1575, 1436,289 cm"1.

[PdCl(//3-C3H5){dpptb}]. (70): To a dichloromethane (5 cm3) solution of [PdCl(//3-

C3H5)] (32 mg, 0.1 mmol) was added a dichloromethane (5 cm3) solution of 67 (66

mg, 0.2 mmol) dropwise over 30 minutes. The resultant reaction mixture was stirred

for a further 2 hours before the solvent was reduced to 0.5 cm3 and addition of diethyl

ether (10 cm3) to precipitate a yellow solid that was isolated by suction filtration and

dried in vacuo. Yield 54 mg, 55 %. Microanalysis: Found (calculated for

C27H3oPSPdC1.0.25CH2Cl2) C 56.66 (56.36), H 4.60 (5.29) %. 31P{'H} NMR

(CD2C12): 40.9 ppm. 'H NMR (CD2CI2) 5 8.0-7.5 (m, 15 H, aromatic), 6.7 (d, 1 H,

2J(31P-'H) 8 Hz, CH) and 1.2 (s, 9 H, lBu). ES+ MS: m/z 523 [M - Clf. IR (KBr

disc): 1599, 1435, 296 cm"1.

[AuCl{dpptb}]. (71): [AuCl(tht)] (18 mg, 0.06 mmol) and 67 (21 mg, 0.06 mmol)

was added to dichloromethane (2 cm3) in one portion before stirring overnight. The

3 • 3
solvent was reduced to 0.5 cm and addition of diethyl ether (10 cm ) to precipitate a

white solid that was isolated by suction filtration and dried in vacuo. Yield 21 mg, 62

%. Microanalysis: Found (calculated for C24H25PSAUCI) C 47.24 (47.34), H 4.11

161



(4.14) %. 31P{'H} NMR (CDCI3): 18.2 ppm. 'H NMR (CD2C12) 5 7.5-7.0 (m, 15 H,

aromatic), 6.7 (d, 1 H, l^'P-'H) 12 Hz, CH) and 1.2 (s, 9 H, lBu). ES+ MS: m/z 523

[M + Naf. IR (KBr disc): 1577, 1436, 253 cm"1.

[IrCl(/i-Cl)(775-C5Me5){dpptb}]. (72): To a dichloromethane (5 cm3) solution of

[{IrCl(/A-Cl)(?75-C5Me5)}2] (75 mg, 0.1 mmol) was added a dichloromethane (5 cm3)

solution of 67 (71 mg, 0.2 mmol) dropwise over 30 minutes. The resultant reaction

mixture was stirred for a further 2 hours before the solvent was reduced to 0.5 cm3
•3

and addition of diethyl ether (20 cm ) to precipitate a yellow solid that was isolated by

suction filtration and dried in vacuo. Yield 84 mg, 57 %. Microanalysis: Found

(calculated for C34H4oPSIrCl2.1.25CH2Cl2) C 48.07 (48.06), H 4.65 (4.86) %.

31P{'H} NMR (CD2C12): -8.7 ppm. 'H NMR (CD2C12) 8 8.0-7.5 (m, 15 H, aromatic),

6.7 (d, 1 H, 2J(31P-'H) 8 Hz, CH), 1.2 (s, 9 H, 'Bu), 1.0 (s, 15 H, Cp*). ES+ MS: m/z

739 [M]+. IR (KBr disc): 1648, 1437, 290 cm"1.

[RuClCt/-Cl)(^6-p-MeC6H4iPr){dpptb}]. (73): To a dichloromethane (5 cm3)

solution of [{RuCl(//-Cl)(76-p-MeC6H4'Pr)}2] (26 mg, 0.04 mmol) was added a

dichloromethane (5 cm3) solution of 67 (32 mg, 0.08 mmol) dropwise over 30

minutes. The red solution was stirred for overnight before the solvent was reduced to

-3 "3

0.5 cm and addition of diethyl ether (10 cm ) to precipitate an orange solid that was

isolated by suction filtration and dried in vacuo. Yield 39 mg, 67 %. Microanalysis:

Found (calculated for C34H39PSRuC12.0. 5CH2C12) C 56.86 (57.14), H 4.04 (5.56) %.

31P{'H} NMR (CDC13): 14.6 ppm. *H NMR (CDC13) 5 8.0-7.5 (m, 19 H, aromatic),

6.7 (d, 1 H, 2J(31P-'H) 8 Hz, CH), 2.5 (m, 1 H, CH), 1.8 (s, 3 H, CH3) 1.2 (s, 9 H,

'Bu), 0.7 (m, 6 H, 'Pr). ES+ MS: m/z 647 [M - Cl]+. IR (KBr disc): 1637, 1436, 291

cm"1.
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Z-l-Diphenylphosphino-2-phenyIthiopropene3. (dpptp) (74)

[PdChJdpptp}]. (75): To a dichloromethane (5 cm3) solution of [PdCl2(cod)] (33

mg, 0.1 mmol) was added a dichloromethane (5 cm ) solution of 74 (64 mg, 0.2

mmol) dropwise over 30 minutes. The resultant reaction mixture was stirred for a

further 2 hours before the solvent was reduced to 0.5 cm3 and addition of diethyl ether

(10 cm3) to precipitate a yellow solid that was isolated by suction filtration and dried

in vacuo. Yield 43 mg, 73 %. Microanalysis: Found (calculated for C2iHi9PSPdCl)

C 49.50 (49.29), H 3.21 (3.74) %. 31P{'H} NMR (CD2C12): 52.4 ppm. 'H NMR

(CD2CI2) 5 8.0-7.5 (m, 15 H, aromatic), 6.7 (d, 1 H, V^'P-'H) 8 Hz, CH) and 1.2 (s, 9

H, 'Bu). ES+ MS: m/z 532 [M + Na]+. IR (KBr disc): 1576, 1435, 296 cm"1.
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CHAPTER 5: MOLECULAR MODELLING OF IMIDAZOLIDINETHIONE

AND BENZIMIDAZOLETHIOL LIGANDS.

5.1 Introduction

Molecular modelling has in recent years been used in many applications

such as in pharmaceutical drug design and ligand design for catalysts. By

performing these calculations it can be determined whether the ligand of choice

has the potential to firstly be prepared and secondly the likelihood that the ligand

will behave in a hemilable manner.

For details on molecular calculation theory see references 1-6.

5.2 Results and Discussion

The phosphorus-nitrogen bond lengths calculated for this work are longer

than those obtained by crystallographic means and suggest that the calculations

are not perfect. However, this does not make the calculations invalid as the data

obtained can still be used to look for trends within ligand types and the bond

lengths and angles should only be used as a guide to the quality of the

calculations performed.

We carried out similar calculations for series of target ligands to

investigate the ideal ligand for synthesis. During the calculations monodentate,

bidentate and chelated complexes were modelled to compare the ligands under

investigation.

The first ligand to consider is W-diphenylphosphino-2-thioimidazolidine

(76). Considering the platinum complexes of 76 the data shows the trans 2:1
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chelate complex forms the most stable complex with a heat of formation of-3 81

kcal/mol. The trans 2:1 complex is also formed favourably with a heat of

formation of -368 kcal/mol. The 2:1 cis analogues show that chelation of one

ligand is comparable to the monodentate chelated complex. However, when

palladium is considered, the formation of the cis 2:1 complex is less favourable

due to a more endothermic reaction being required and chelation of this complex

is not favoured. The trans 2:1 unchelated complex forms a more favourable

conformation but the most stable palladium complex formed by these

calculations is the chelated monodentate complex with a heat of formation of -

39 kcal/mol. This complex is possibly the most stable conformation for

palladium due to little steric hindrance occurring within the molecule. The

[Pd(allyl)Cl] and [RhCp*Cl2] complexes of 76 appear to form the most stable

complexes when there is no chelation involved with the ligand.

PPh,
I 2

T
-N

PPh,

Vs"
-N

76 77

78

Figure 5.1. Derivatives of Af-diphenylphosphino-2-thioimidazolidine.

A similar study for the complexes of /V-diphenylphosphino-2-

(methylthio)imidazolidine (77) was performed using the same calculations.
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Again it was observed that the phosphorus-nitrogen bond lengths measured were

longer than expected which showed some consistency with the previous ligand

data. As the results for the bond lengths are similar, the data obtained can be

used to compare this ligand with 76. The most stable complexes formed with

this ligand were with platinum. The palladium complexes of 77 again showed

that these were the least stable and the complexes of [RhCp*Cl2] and

[Pd(allyl)Cl] were the most stable when there was no chelation. N-

diphenylphosphino-2-(benzylthio)imidazolidine (78) was the next ligand studied

in our design process. Again the phosphorus-nitrogen bond lengths are longer

than the crystallographic bond lengths observed for phosphorus-nitrogen bonds.

The platinum complexes of 78 proved to form the most stable complexes and the

palladium formed the least stable complexes including the complexes of

[Pd(allyl)Cl] which do not seem to form stable complexes unlike when prepared

with ligands 76 and 77. When comparing the three ligands mentioned above the

first ligand to be prepared should be A-diphenylphosphino-2-

(methylthio)imidazolidine (77) though some heat is required to force the reaction

to proceed. Table 5.1 shows the heats of formation for ligands 76, 77 and 78.
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Table 5.1. Heats of formation for derivatives of A-diphenylphosphino^-

thioimidazolidine.

Heat offormation Heat offormation Heat offormation

(kcal/mol) (kcal/mol) (kcal/mol)

Compound 76 77 78

Ligand 77.040 70.636 102.914

cis PtCl2L2 -351.243 -367.904 -294.698

trans PtChLa -368.389 -375.978
.

-333.526

cis PtClL2 chelate -333.483 -356.061 -357.06

trans PtClL^ chelate -381.239 -394.093 -329.632

PtChL chelate -331.010 -347.746 -363.599

cis PdCl2L2 1.346 1.031 50.486

trans PdChL2 -18.292 -11.026 39.746

cis PdCIL2 chelate 31.881 7.468 52.858

trans PdClL,2 chelate 8.165 13.417 52.801

PdCl2L chelate -39.694 -50.247 -21.383

Pd(allyl)ClL -13.354 -28.001 5.794

Pd(allyl)L chelate 1.907 -3.625 10.034

trans RhCp*Cl2L -344.025 -348.39 -318.606

trans RhCp*ClL chelate -324.198 -328.635 -304.493

The next ligands considered in these calculations were the

benzimidazolethiol ligands. The first of these ligands is ./V-diphenylphosphino-2-

thiobenzimidazole (79). The most stable complex predicted by the calculations

is the trans 2:1 chelate platinum complex closely followed by the trans RhCp*Cl

chelate complex. The palladium complexes of 79 again prove to be difficult to

prepare. The second ligand from this ligand set is A-diphenylphosphino-2-

(methylthio)benzimidazole (80). Again the most stable complexes predicted by

the calculations were the platinum complexes but unlike shown with the 79 the

chelated RhCp*is slightly more difficult to prepare than the non-chelated
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complex. Again the palladium complexes appear to be difficult to prepare, as the

heats of formation are slightly endothermic.

PPh PPh„

81

Figure 5.2. Derivatives of jV-diphenylphosphino-2-thiobenzimidazole.

7V-diphenylphosphino-2-(benzylthio)benzimidazole 81 was then used in

the ligand design study. The most stable complex formed by the calculation was

the 1:1 monodentate PtCh complex with a heat of formation of -330 kcal/mol.

The RhCp*Cl complexes of 81 were shown to form stable complexes in this

calculation and the palladium complexes again seemed to form the least stable

complexes. When comparing the three ligands mentioned above the most likely

ligand to be prepared is A-diphenylphosphino-2-(methylthio)benzimidazole (80)

though some heat is required to force the reaction to proceed which is consistent

with the imidazolidinethione ligands. The heats of formation for several metal

complexes of 79, 80 and 81 are shown below (Table 5.2).
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Table 5.2. Heats of formation for derivatives of iV-diphenylphosphino-2-

thiobenzimidazole.

'

Heat offormation Heat offormation Heat offormation

(kcal/mol) (kcal/mol) (kcal/mol)

Compound 79 80 81

Ligand 110.567 102.999 132.71

cis PtChLz -282.262 -293.866 -245.63

trans PtCFI^ -305.449 -313.89 -269.993

cis PtClL2 chelate -273.249 -307.464 -267.446

trans PtClL2 chelate -333.626 -315.878 -272.457

PtCl2L chelate -307.082 -323.747 -330.59

cis PdCI2L2 67.864 56.101 111.989

trans PdCl2L2 51.515 43.497 104.828

cis PdClL.2 chelate 94.754 82.865 127.644

trans PdClL2 chelate 46.304 56.981 129.66

PdC^L chelate -7.774 -18.027 0.132

Pd(allyl)ClL 12.122 7.975 39.593

Pd(aIIyl)L chelate 46.565 24.788 40.697

trans RhCp*Cl2L -313.713 -312.693 -281.358

trans RhCp*ClL chelate -331.491 -303.737 -280.608

The next four ligands considered for these calculations were the non-

thiolated imidazolidine and benzimidazole analogues containing allyl and

pyridyl R groups shown below (Figure 5.3). Considering the allyl analogues

first the easiest ligand to prepare is shown to be 2-allylimidazolidine 82 that has

a heat of formation of 85 kcal/mol. The most stable metal complex formed was

shown to be the trans 2:1 platinum chelate complex. It was observed that the

palladium complexes again proved to be the least stable with heat being required

to make the reaction proceed apart from the monodentate PdC^ chelate complex

and Pd(allyl)Cl complex that were exothermic. The trans RhCp*Cl2 complex
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and the chelate analogue were also observed to form fairly easily to give stable

complexes from the calculations. For 2-allylbenzimidazole 83 the most stable

complex formed is the 1:1 PtCh chelate complex. The other platinum complexes

are formed easily according to the calculations thought he palladium complexes

appear to form in more difficulty. Again the rhodium complexes studied for

these calculations are stable.

Considering the pyridyl analogues the easiest ligand to prepare appears to

be 2-pyridylimidazolidine 84 with a heat of formation of 105 kcal/mol. The

most stable complexes that seem to be prepared by the calculations are the

chelates of the monodentate 1:1 platinum complex and the trans 2:1 platinum

complex. The rhodium complexes also appear to be prepared fairly easily

though most of the palladium analogues appear to require heat to force the

reaction to proceed. The most stable complex calculated for 2-

pyridylbenzimidazole 85 is the 1:1 platinum monodentate chelate. For this

ligand all the palladium complexes appear to form via an endothermic reaction

making them less stable. The heat of formation for complexes of 82, 83, 84 and

85 are shown below (Table 5.3).

PPh2 PPh,
I 2 I 2

Figure 5.3. Derivatives of A-diphenylphosphino-2-imidazolidine and

Derivatives of A-diphenylphosphino-2-benzimidazole.
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Table 5.3. Heats of formation for derivatives of jV-diphenylphosphino-2-

imidazolidine and Derivatives of A-diphenylphosphino-2-benzimidazole.

Heat of Heat of Heat of Heat of

formation formation formation formation

(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)

Compound 82 83 84 85

Ligand 85.063 115.538 105.996 141.071

cis PtCl2L2 -359.771 -277.974 -305.775 -234.644

trans PtCl2L2 -376.415 -312.533 -323.973 -251.949

cis PtCILz chelate
■ - •. ■

-385.263 -332.281 -296.286 -248.559

trans PtClL2 chelate -410.921 -385.032 -326.030 -261.889

PtCl2L chelate -378.508 -410.412 -328.973 -294.369

cis PdCl2L2 13.330 76.867 111.007 120.120

trans PdCl2L2 8.955 58.657 42.530 102.000

cis PdClL2 chelate 36.735 86.579 85.044 130.462

trans PdClL2 chelate 31.100 74.519 59.516 164.257

PdCl2L chelate -68.417 -35.897 -23.652 9.655

Pd(allyl)ClL -16.262 16.176 -1.846 42.911

Pd(aIlyl)L chelate 1.454 14.929 32.324 47.295

trans RhCp*Cl2L -335.921 -306.540 -316.689 -279.486

trans RhCp*ClL chelate -288.802 -298.486 -301.086 -270.773

The final ligand set considered for the calculations contained three

possible binding sites within the molecule. This was split into two sections: one

containing an allyl group and the second containing a picolyl group shown below

(Figure 5.4). Considering the complexes of A-diphenylphosphino-2-

(allylthio)imidazolidine 86 first the calculations show that the most stable

complex to form is the 1:1 monodentate platinum complex that is chelated

through the allyl R group with the trans 2:1 allyl platinum chelate also forming a

fairly stable complex. Again it is observed that the palladium complexes form
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less stable complexes as has been shown previously and the rhodium complexes

of 86 are also formed fairly easily. For JV-diphenylphosphino-2-

(allylthio)benzimidazole 87 the most stable complexes prepared are the platinum

complexes when chelated through the allyl group and the least stable complexes

are the palladium complexes possibly due to steric hindrance of the bulky

benzimidazole group of the ligand.

The most stable complex of /V-diphenylphosphino-2-

(picolylthio)imidazolidine 88 is the 1:1 monodentate palladium VV-chelated

complex with a heat of formation of -349 kcal/mol. This is the first instance that

the palladium complex has formed a very stable complex using these

calculations. However, the palladium complexes of iV-diphenylphosphino-2-

(picolylthio)benzimidazole 89 do not appear to be very stable as they form

endothermic reactions from the calculations. The most stable complexes formed

for ligand 89 is the monodentate 1:1 platinum vV-chelated complex with a heat of

formation of-363 kcal/mol. For both ligands 88 and 89 the rhodium complexes

are formed in exothermic reactions making them fairly stable. The heats of

formation for complexes of 86, 87, 88 and 89 are shown below (Tables 5.4, 5.5).

88

Figure 5.4. Derivatives of Af-diphenylphosphino-2-thioimidazolidine and

Derivatives of /V-diphenylphosphino-2-thiobenzimidazole.
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Table 5.4. Heats of formation for derivatives of iV-diphenylphosphino-2-

thioimidazolidine.

Heat ofFormation

(kcal/mol)

Heat ofFormation

(kcal/mol)

Compound 86 87

Ligand 92.316 124.02

cis PtCl2L2 -293.264 -276.227

trans PtCI2L2 -343.904 -263.785

cis PtClL2 chelate (S) -330.391 -309.463

trans PtCIL2 chelate (S) -352.714 -330.294

cis PtCIL2 chelate (allyl) -334.943 -249.276

trans PtClL2 chelate (allyl) -422.945 -283.514

PtCI2L chelate (S) -341.89 -409.897

PtCl2L chelate (allyl) -446.233 -329.878

cis PdCl2L2 44.258 102.202

trans PdCl2L2 21.371 85.986

cis PdClL2 chelate (S) 61.879 107.453

trans PdClL2 chelate (S) 55.701 93.017

cis PdClL2 chelate (allyl) 34.104 134.175

trans PdClL2 chelate (allyl) 12.477 108.628

PdCI2L chelate (S) -28.786 -23.898

PdCl2L chelate (allyl) -57.08 -5.631

Pd(allyl)ClL -3.818 28.999

Pd(allyl)L chelate (S) 26.954 30.602

Pd(allyl)L chelate (allyl) -56.086 39.442

trans RhCp*CI2JL -327.286 -298.064

trans RhCp*ClL chelate (S) -309.389 -288.209

trans RhCp*ClL chelate (allyl) -277.793 -252.436
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Table 5.5. Heats of formation for derivatives of jV-diphenylphosphino-2-

thiobenzimidazole.

: v : - : "■ 1 ■
Heat ofFormation (kcal/mol) Heat ofFormation (kcal/mol)

Compound 88 89

Ligand 110.217 139.7

cis PtCl2L2 -307.918 -215.322

trans PtCl2L2 -311.847 -262.418

cis PtClL2 chelate (N) -340.2187
... . ■ VV: —y"

-249.475

trans PtClL2 chelate (N) -345.605 -253.467

cis PtClL2 chelate (S) -296.122 -235.351

trans PtClL2 chelate (S) -296.854 -261.501

PtCI2L chelate (N) -343.869 -363.132

PtCl2L chelate (S) -25.873 -317.38

cis PdCl2L2 73.24 123.842

trans PdCl2L2 54.071 116.315

cis PdClL2 chelate (N) 56.519 130.518

trans PdClL2 chelate (N) 61.016 117.92

cis PdClL2 chelate (S) 84.04 150.305

trans PdClL2 chelate (S) 82.611 164.827

PdCl2L chelate (N) -349.116 6.018

PdCl2L chelate (S) -22.518 5.612

Pd(allyl)ClL 20.579 46.18

Pd(allyl)L chelate (N) 20.133 54.255

Pd(allyl)L chelate (S) 31.493 45.589

trans RhCp*Cl2L -308.69 -279.296

trans RhCp*CIL chelate (N) -285.766 -247.693

! trans RhCp*ClL chelate (S) -298.22 -272.078

From the calculations performed for this work the ligands that should be

investigated further by practical preparation appear to be jV-diphenylphosphino-

2-(methylthio)imidazolidine (77), 7V-diphenylphosphino-2-

(methylthio)benzimidazole (80), 2-allylimidazolidine (82), 2-
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pyridylimidazolidine (84), iV-diphenylphosphino-2-(allylthio)imidazolidine (86)

and 7V-diphenylphosphino-2-(picolylthio)imidazolidine (88).
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CHAPTER 6: CONCLUSIONS

This work has investigated a variety of ligands with varying backbones to

develop our understanding of the criteria for hemilability.

The initial work focused on the preparation of 2-

(diphenylphosphinohydrazino)pyridine and its potential to act as a hemilable

ligand. Within the investigation illustrative examples of coordination complexes

were prepared which demonstrated the ability to form chelated complexes.

Specific examples included the preparation of [Cu(Ph2PNHNHpy)2][PF6] in

which the pyridyl nitrogen coordinates to the copper centre to form a six-

member ring. Clarke et alx also reported chelation of 2-

(diphenylphosphinohydrazino)pyridine in [RhCp*] complexes and this work

showed the ability of the ligand to act as a hemilable ligand. However, further

more detailed work would have to be carried out to prove that 2-

(diphenylphosphinohydrazino)pyridine can behave as a hemilable ligand though

the work performed suggests that this ligand has some hemilabile properties2.

The next ligand investigated in this work was p-

(xylylenediaminodiphenyl)phosphine which behaved as a bridging ligand.

Bimetallic metal complexes such as [RhCl(//-Cl)(7-C5Me5)]2, were used as the

precursors to the bridged complexes. Figure 6.1 gives a schematic representation

of how the bridging ligand coordinated to the metal centres.

176



M

P_N r,—^

*
\=/ n—P

Ph2

Figure 6.1. Schematic representation of a bridging ligand.

The work performed in this investigation only used metal complexes

containing two identical metal centres. Further work that could be carried out on

this ligand includes the use of mixed bimetallic to provide a new type of bridging

complex. Figure 6.2 illustrates the potential mixed metallic bridging ligand that

could be investigated.

M

p—N r.—a

Ph2
/m'

x=/ N—P
Pl^

Figure 6.2. Schematic representation of a mixed bimetallic bridging

ligand.

Chapter 3 describes the main focus of this work; centred on the ligands

./V-allylaminophosphine, iV-allylaminobisphosphine and N-

diallylaminophosphine. Considering 7V-allylaminophosphine first a variety of

metal complexes were prepared using standard techniques in good yield and

purity. The chelated complex [Pt{Ph2PNH(C3H80)}2] was prepared by reaction

of K'BuO in methanol with [PtjPlyjPNF^CsFIs)}]. Plowever, the reverse reaction

was not attempted to prove whether or not the Af-allylaminophosphine ligand

behaves as a hemilabile ligand. Further work on this ligand would be to
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investigate the possibility of hemilabilty. jV-allylaminobisphosphine was easily

prepared and behaved as a pincer ligand. In square planar platinum complexes

this ligand coordinated with cis geometry. A novel complex was formed during

the reaction of [{RuCl(//-Cl)(776-p-MeC6H4'Pr)}2] with N-

allylaminobisphosphine where (?76-/?-MeC6H4'Pr) was replaced by the ligand.

The final allyl ligand prepared for this work was A'-diallylaminophosphine.

There were unusual results observed with [PtChfcod)]. When three equivalents

of [PtCl2(cod)] were reacted with jV-diallylaminophosphine a complex

containing three different phosphorus groups was produced and the structure was

31
assigned by P NMR. However, crystallographic evidence was not available to

prove the suggested structure of this novel complex.

Work carried out on Z-l-diphenylphosphino-3,3-dimethyl-2-

phenylthiobut-l-ene and Z-l-diphenylphosphino-2-phenylthiopropene showed a

potentially new hemilabile ligand containing both phosphorus and sulfur.

The final chapter investigates some potential hemilabile ligands using a

computational approach. This work gives suggestions as to where to begin the

synthetic work on the basis of the molecular modelling calculations. The ligands

that would seem to be the best starting place for any future work would be N-

dimethylphosphino-2-(methylthio)imidazolidine, A-diphenylphosphino-2-

(methylthio)benzimidazole, 2-allylimidaoline, 2-pyridylimidazolidine, N-

diphenylphosphino-2-(allylthio)imdazolidine and A-diphenylphosphino-2-

(picolylthio)imidazolidine.
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Appendix1. TableAl.l:SelectedmodellingdataforN-diphenylphosphino-2-imidazolidinethiolcomplexes. Compound

Heatofformation (kcal/mol)

Pi-N,(A)

Pn-Nn(A)
P)-M(A)

Pn-M(A)

ClrM(A)

CI2-M(A)

S-M(A)

PPh,
JNL.SH
ry

"KT

77.040

1.806

-

-

-

-

-

IN

76

cisPtCl2L2

-351.243

1.834

1.832

2.292

2.294

2.399

2.396

-

transPtCI2L2

-368.389

1.807

1.828

2.287

2.294

2.390

2.389

-

cisPtClL2chelate

-333.483

1.825

1.804

2.308

2.267

2.410

-

2.405

transPtCIL2chelate
-381.239

1.810

1.830

2.259

2.284

2.390

-

2.422

PtCl2Lchelate

-331.010

1.844

-

2.240

-

2.360

2.375

2.368

cisPdCl2L2

1.346

1.835

1.841

2.299

2.279

2.322

2.315

-

transPdCl2L2

-18.292

1.837

1.838

2.264

2.263

2.337

2.338

-

cisPdClL2chelate

31.881

1.871

1.821

2.290

2.297

2.323

-

2.421

transPdClL2chelate
8.165

1.855

1.829

2.283

2.302

2.324

-

2.432

PdCl2Lchelate

-39.694

1.872

-

2.258

-

2.310

2.304

2.393

Pd(allyl)ClL

-13.354

1.828

-

2.269

-

2.334

-

-

Pd(allyl)Lchelate

1.907

1.866

-

2.279

-

-

-

2.419

transRhCp*Cl2L

-344.025

1.841

-

2.319

-

2.303

2.302

-

transRhCp*CILchelate
-324.198

1.843

-

2.342

-

2.302

-

2.387
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TableAl.2:SelectedmodellingdataforN-diphenylphosphino-2-methylthioimidazolidinecomplexes. Compound

Heatofformation (kcal/mol)

P,-Nj(A)

Pn-Nu(A)
prM(A)

Pn-M(A)

Ch-M(A)

Ch-M(A)

S-M(A)

pph, fYSx

70.636

1.802

II
>T
JN 77

cisPtCl2L2

-367.904

1.822

1.821

2.293

2.285

2.394

2.397

transPtCfcL^

-375.978

1.826

1.823

2.326

2.305

2.391

2.387

cisPtClL,2chelate

-356.061

1.823

1.803

2.304

2.296

2.414

2.404

transPtClL2chelate
-394.093

1.822

1.821

2.291

2.323

2.379

2.417

PtC^Lchelate

-347.746

1.842

2.239

2.359

2.376

2.368

cisPdCl2L2

1.031

1.839

1.847

2.293

2.275

2.323

2.32

transPdCI2L2

-11.026

1.833

1.833

2.276

2.276

2.335

2.336

cisPdClL2chelate

7.468

1.856

1.847

2.303

2.304

2.33

2.408

transPdCIL,2chelate
13.417

1.842

1.852

2.349

2.308

2.326

2.42

PdCl2Lchelate

-50.247

1.869

2.256

2.31

2.306

2.387

Pd(allyI)ClL

-28.001

1.836

2.262

2.339

Pd(aIlyI)Lchelate

-3.625

1.884

2.287

2.401

transRhCp*Cl2L

-348.39

1.84

2.319

2.304

2.303

transRhCp*CILchelate
-328.635

1.812

2.355

2.296

2.399
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TableA1.3:SelectedmodellingdataforN-diphenylphosphino-2-benzylthioimidazolidinecomplexes. Compound

HeatofFormation (kcal/mol)

P,-N,(A)

Pn-Nu(A)

prM(A)

Pn-M(A)

Clj-M(A)

Ch-M(A)

SrM(A)

!phi
n

1N
'■v.-■■!1'' .

\ -A'AAy
:

102.914

1.802

-

—

-

:

-

■

78

cisPtCI2L2

-294.698

1.832

1.837

2.284

2.301

2.396

2.402

transPtCl2L2

-333.526

1.821

1.823

2.302

2.279

2.387

2.386

transPtClL2chelate(S)
-357.06

1.809

1.827

2.297

2.332

2.382

2.422

cisPtClL2chelate(S)
-329.632

1.835

1.821

2.28

2.304

2.385

2.415

PtCl2Lchelate(S)

-363.599

1.839

2.276

2.371

2.391

2.408

cisPdCl2L2

50.486

1.833

1.855

2.273

2.279

2.33

2.321

transPdCl2L2

39.746

1.836

1.837

2.297

2.263

2.338

2.333

transPdClL2chelate(S)
52.858

1.841

1.829

2.29

2.294

2.325

2.438

cisPdClL2chelate(S)
52.801

1.862

1.835

2.283

2.289

2.321

2.417

PdCl2Lchelate(S)

-21.383

1.864

2.256

2.306

2.308

2.39

Pd(allyl)CIL

5.794

1.852

2.258

2.336

Pd(aUyl)Lchelate(S)

10.034

1.871

2.263

transRhCp*Cl2L

-318.606

1.84

2.32

2.303

2.302

transRhCp*ClLchelate(S)
-304.493

1.855

2.34

2.301

2.393
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TableAl.4:SelectedmodellingdataforN-diphenylphosphino-2-benzimidazolethiolcomplexes. Compound

HeatofFormation (kcal/mol)

Pj-N,(A)

Pii-NU(A)

PrM(A)

P„-M(A)

Ch-M(A)

Cl2-M(A)

SrM(A)

PPh,
.N..SĤ
|

rt

110.567

1.814

N

> ..

79

Ill

cisPtCl2L2

-282.262

1.85

1.836

2.275

2.269

2.395

2.391

transPtCfeLa

-305.449

1.824

1.823

2.302

2.282

2.403

2.389

cisPtCIL2chelate

-273.249

1.862

1.818

2.315

2.289

2.42

2.41

transPtCILachelate

-333.626

1.829

1.832

2.305

2.288

2.39

2.43

PtC^Lchelate

-307.082

1.866

2.255

2.36

2.373

2.365

cisPdCl2L2

67.864

1.872

1.871

2.291

2.284

2.319

2.326

transPdCUI^

51.515

1.861

1.861

2.266

2.276

2.337

2.336

cisPdClL2chelate

94.754

1.876

1.856

2.358

2.292

2.326

2.413

transPdClL2chelate

46.304

1.848

1.864

2.294

2.287

2332

2.436

PdCl2Lchelate

-7.774

1.891

2.255

2.307

2.303

2.399

Pd(alIyl)ClL

12.122

1.885

2.26

2.338

Pd(allyl)Lchelate

46.565

1.878

2.344

2.397

transRhCp^ChL

-313.713

1.843

2.312

2.297

2.298

transRhCp*ClLchelate
-331.491

1.832

2.324

2.299

2.389
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TableA1.5:SelectedmodellingdataforN-diphenylphosphino-2-methylthiobenzimidazolecomplexes. Compound

HeatofFormation (kcal/mol)

Pi-Nj(A)

Pi,-Nn(A)

Pj-M(A)

Pu-M(A)

Ch-M(A)

Cl2-M(A)

SrM(A)

PPh, ^nYs\ II

'' ■||

N

102.999

1.815

-

-

-

-

-

-

80

cisPtCl2L2

-293.866

1.838

1.838

2.281

221%

2.385

2.398

transPtCl2L2

-313.89

1.834

1.822

2.283

2.309

2.395

2.395

cisPtClL2chelate

-307.464

1.851

1.81

2.306

2.273

2.44

2.432

transPtClL2chelate

-315.878

2.012

1.828

2.318

2.287

2.381

2.402

PtCl2Lchelate

-323.747

1.865

2.254

2.375

2.36

2.369

cisPdCl2L2

56.101

1.869

1.87

2.288

2.288

2.315

2.315

—

transPdCl2L2

43.497

1.863

1.859

2.277

2.266

2.337

2.336

cisPdClL2chelate

82.865

1.889

1.836

2.305

2.285

2.325

2.426

transPdClL2chelate

56.981

1.862

1.85

2.294

2.276

2.331

2.433

PdCl2Lchelate

-18.027

1.89

2.255

2.306

2.304

2.391

Pd(allyl)CIL

7.975

1.865

2.257

2.334

Pd(allyl)Lchelate

24.788

1.888

2.282

2.409

transRhCp*Cl2L

-312.693

1.866

2.326

2.348

2.314

transRhCp*CLLchelate
-303.737

1.876

2.333

2.303

2.392

184



TableA1.6:SelectedmodellingdataforN-diphenylphosphino-2-benzylthiobenzimidaolecomplexes. Compound

HeatofFormation (kcal/mol)

Pj-N,(A)

Pn-Nu(A)

Pj-M(A)

Pn-M(A)

Ch-M(A)

Cl2-M(A)

S2-M(A)

fh2f^jj
1H

132.71

1.817

N

81

cisPtCl2L2

-245.63

1.846

1.844

2.286

2.28„

2.38

2.399

transPtCI2L2

-269.993

1.832

1.84

2.305

2.294

2.383

2.407

transPtClL2chelate(S)
-267.446

1.849

1.827

2.323

2.303

2.376

2.45

cisPtClL2chelate(S)
-272.457

1.85

1.826

2.346

2.307

2.418

2.417

PtCl2Lchelate(S)

-330.59

1.871

2.278

2.37

2.388

2.402

cisPdCl2L2

111.989

1.861

1.854

2.272

2.273

2.325

2.327

transPdCl2L2

104.828

1.86

1.86

2.279

2.279

2.336

2.336

transPdClL2chelate(S)
127.644

1.857

1.959

2.296

2.25

2.388

2.417

cisPdClL2chelate(S)
129.66

1.888

1.845

2.292

2.28

2.321

2.425

PdCl2L2chelate(S)

0.132

1.89

2.254

2.309

2.308

2.416

Pd(allyI)ClL

39.593

1.881

2.247

2.345

Pd(allyl)Lchelate(S)

40.697

1.899

2.264

2.423-

transRhCp*Cl2L

-281.358

1.848

2.324

2.293

2.299

transRhCp*ClLchelate(S)
-280.608

1.846

2.32

2.287

2.4
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TableA1.8:SelectedmodellingdataforN-diphenylphosphino-2-allylbenzimidaolecomplexes. Compound

Heatofformation (kcal/mol)

Pi-Nj(A)

Pii-Nn(A)
P,-M(A)

P,rM(A)

ClrM(A)

Cl2-M(A)
allyl-M(A)

PPh,

'' :>'' -

/N.̂

■

|if

115.538

1.812

-

-

-

-

-

IN

83

cisPtCI2L2

-277.974

1.832

1.832

2.252

2.277

2.391

2.395

-

transPtCl2L2

-312.533

1.820

1.820

2.269

2.270

2.391

2.390

' ■

cisPtCLL2chelate

-332.281

1.830

1.817

2.300

2.406

2.434

-

2.102

transPtClL2chelate
-385.032

1.850

1.801

2.336

2.343

2.501

-

2.127

PtCl2Lchelate

-410.412

1.831

-

2.255

-

2.448

2.398

2.090

cisPdCl2L2

76.867

1.856

1.859

2.282

2.283

2.315

2.315

-

transPdCl2L2

58.657

1.850

1.850

2.278

2.279

2.335

2.337

-

cisPdClL2chelate

86.579

1.861

1.841

2.331

2.328

2.328

-

2.079

transPdClL2chelate
74.519

1.825

1.858

2.290

2.304

2.319

-

2.079

PdCl2Lchelate

-35.897

1.858

-

2.265

-

2.297

2.307

2.025

Pd(alIyl)CIL

16.176

1.874

-

2.265

-

2.346

-

-

Pd(allyI)Lchelate

14.929

1.832

-

2.282

-

-

-

2.038

transRhCp*Cl2L

-306.540

1.826

-

2.323

-

2.294

2.302

-

transRhCp*ClLchelate
-298.486

1.826

-

2.330

-

2.310

-

2.068
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TableA1.9:SelectedmodellingdataforN-diphenylphosphino-2-picolylimidazolidinecomplexes. Compound

Heatofformation (kcal/mol)

P,-N,(A)

Pii-Nn(A)
P,-M(A)

Pu-M(A)

Cl]-M(A)

Cl2-M(A)

pyridyl-M(A)

PPl^ rV^
»>T

105.996

1.801

-

-

-

-

-

-

JN

84

cisPtCl2L2

-305.775

1.841

1.824

2.275

2.269

2.405

2.390

-

transPtCl2L2

-323.973

1.827

1.827

2.294

2.294

2.389

2.387

-

cisPtCIL2chelate
-296.286

1.805

1.816

2.290

2.298

2.430

-

2.038

transPtCILachelate
-326.030

1.824

1.795

2.315

2.322

2.365

-

2.030

PtCfeLchelate

-328.973

1.830

-

2.243

-

2.362

2.417

2.016

cisPdCI2L2

111.007

1.836

1.842

2.298

2.280

2.317

2.315

-

transPdCl2L2

42.530

1.827

1.836

2.291

2.295

2.328

2.344

-

cisPdClL2chelate

85.044

1.838

1.820

2.320

2.298

2.350

-

2.024

transPdClL2chelate
59.516

1.850

1.815

2.286

2.286

2.317

-

2.030

PdChLchelate

-23.652

1.854

-

2.242

-

2.311

2.344

2.010

Pd(allyl)ClL

-1.846

1.829

-

2.265

-

2.339

-

-

Pd(allyl)Lchelate

32.324

1.841

-

2.322

-

-

-

2.026

transRhCp*Cl2L

-316.689

1.829

-

2.321

-

2.302

2.294

-

transRhCp*ClL

-301.086

1.821

2.318

2.308

2.007

chelate
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TableALIO:SelectedmodellingdataforN-diphenylphosphino-2-picolylbenzimidaolecomplexes. '

Compound

Heatofformation (kcal/mol)

Pi-Ni(A)

Pn-Nn(A)
Pj-M(A)

Pn-M(A)

Cli-M(A)

C/2-M(A)

pyridyl-M(A)

PPl^
II

141.071

1.829

-

-

-

-

-

I

XT

IN

•V:-■'

■_-Ex.:>"v-" 85

cisPtCl2L2

-234.644

1.849

1.843

2.254

2.259

2.382

2.399

-

transPtChLa

-251.949

1.839

1.825

2.260

2.271

2.384

2.387

cisPtCIL2chelate

-248.559

1.945

1.848

2.304

2.278

2.450

-

2.045

transPtClL,2chelate
-261.889

2.067

1.831

2.288

2.315

2.374

—

2.014

PtCl2Lchelate

-294.369

1.865

-

2.245

-

2.361

2.391

2.011

cisPdCI2L2

120.120

1.860

1.857

2.291

2.283

2.318

2.319

-

transPdCkLa

102.000

1.855

1.852

2.286

2.285

2.332

2.337

cisPdCLL2chelate

130.462

1.899

1.856

2.270

2.279

2.337

-

2.021

transPdClL2chelate
164.257

1.866

1.834

2.289

2.330

2.316

-

2.045

PdChLchelate

9.655

1.885

-

2.240

-

2.305

2.324

2.008

Pd(allyl)ClL

42.911

1.858

-

2.257

-

2.334

-

-

Pd(allyl)Lchelate

47.295

1.885

-

2.257

-

-

-

2.033

transRhCp*Cl2L

-279.486

1.839

-

2.313

-

2.302

2.296

-

transRhCp*ClLchelate
-270.773

2.009

-

2.356

-

2.309

-

2.004
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TableAl.ll:SelectedmodellingdataforN-diphenylphosphino-2-allyIthioimidazolidinecomplexes. Compound

HeatofFormation (kcal/mol)

PrNfA)

Pn-Nu(A)

PrM(A)

P„-M(A)

ClrM(A)

ClrM(A)

allyl- M(A)

St~ m(A)

fh2 fY^
1N

92.316

1.802

86

cisPtCl2L2

-293.264

1.816

1.827

2.276

2.298

2.396

2.382

transPtCl2L2

-343.904

1.822

1.827

2.306

2.32

2.394

2.385

cisPtCIL2chelate(S)

-330.391

1.821

1.802

2.313

2.28

2.41

transPtClL2chelate(S)
-352.714

1.823

1.84

2.322

2.325

2.381

cisPtClL2chelate(allyl)
-334.943

1.811

1.801

2.335

2.301

2.429

2.093

transPtClL2chelate(allyl)
-422.945

1.814

1.967

2.307

2.33

2.504

2.474

2.415

PtCl2Lchelate(S)

-341.89

1.836

2.259

2.36

2.379

PtCl2Lchelate(allyl)

-446.233

1.825

2.289

2.491

2.397

2.08

2.426

cisPdCl2L2

44.258

1.838

1.832

2.291

2.294

2.321

2.315

transPdCl2L2

21.371

1.834

1.835

2.268

2.295

2.34

2.34

2.427

cisPdClL2chelate(S)

61.879

1.833

1.825

2.347

2.29

2.33

transPdClL2chelate(S)
55.701

1.832

1.818

2.344

2.311

2.324

2.41

cisPdClL2chelate(allyl)
34.104

3.846

1.836

2.301

2.349

2.332

2.075

2.392

transPdClL2chelate(allyl)
12.477

1.836

1.842

2.301

2.3

2.344

2.088

PdCl2Lchelate(S)

-28.786

1.866

2.254

2.306

2.307

2.378

PdCl2Lchelate(allyl)

-57.08

1.836

2.27

2.3

2.311

2.026

Pd(allyl)ClL

-3.818

1.859

2.262

2.337

Pd(allyl)Lchelate(S)

26.954

1.859

2.314

2.399

Pd(aIlyl)Lchelate(allyl)
-56.086

1.852

2.249

2.031

transRhCp*CI2L

-327.286

1.841

2.32

2.302

2.304

transRhCp*ClLchelate(S)
-309.389

1.815

2.355

2.299

2.387

transRhCp*ClLchelate(allyl)
-277.793

1.802

2.331

2.32

2.627
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TableA1.12:SelectedmodellingdataforN-diphenylphosphino-2-allylthiobenzimidaolecomplexes. Compound

HeatofFormation (kcal/mol)

PrNfA)

Pn-NnfA)

Prm(A)

Pn-M(A)

Clj-M(A)

ClrM(A)

allyl- m(A)

m(A)

PPhj

124.02

1.816

87

cisPtCl2L2

-276.227

1.833

1.849

2.297

2.279

2.389

2.398

transPtCl2L2

-263.785

1.825

1.832

2.267

2.266

2.383

2.392

cisPtClL2chelate(allyl)
-309.463

1.818

1.828

2.348

2.396

2.438

2.098

transPtClL2chelate(allyl)
-330.294

1.831

1.837

2.329

2.311

2.429

2.559

mPtClLjchelate(S)

-249.276

1.865

1.849

2.262

2.279

2.398

2.419

transPtClL2chelate(S)
-283.514

1.846

1.821

2.308

2.284

2.383

2.411

PtCl2Lchelate(allyl)

-409.897

1.836

2.269

2.448

2.403

2.092

PtCl2Lchelate(S)

-329.878

1.865

2.267

2.364

2.383

2.381

cisPdCl2L2

102.202

1.865

1.861

2.284

2.278

2.323

2.315

transPdC^L^

85.986

1.862

1.858

2.279

2.282

2.333

2.334

cisPdClL2chelate(allyl)
107.453

1.828

1.878

2.318

2.321

2.318

2.071

transPdClL2chelate(allyl)
93.017

1.883

1.882

2.299

2.313

2.318

2.062

cisPdClL2chelate(S)

134.175

1.889

1.848

2.299

2.317

2.319

2.423

transPdClL^chelate(S)
108.628

2.087

1.847

2.317

2.287

2.319

2.423

PdCl2Lchelate(allyl)

-23.898

1.858

2.271

2.3

2.31

2.03

PdCl2Lchelate(S)

-5.631

1.899

2.254

2.307

2.311

2386

Pd(allyl)ClL

28.999

1.866

2.275

2.334

Pd(allyl)Lchelate(allyl)
30.602

1.846

2.282

2.089

Pd(allyl)Lchelate(S)

39.442

2.092

2.318

2.399

transRhCp*Cl2L

-298.064

1.84

2.312

2.297

2.301

transRhCp*ClLchelate(allyl)
-288.209

1.837

2.336

2.322

2.058

transRhCp*ClLchelate(S)
-252.436

1.816

2.341

2.293

2.404

191



TableAl.13:SelectedmodellingdataforN-diphenylphosphino-2-picolylthioimidazolidinecomplexes. Compound

HeatofFormation (kcal/mol)

pi-Ntla)

PirNn(A)

Prm(A)

Pu-m(A)

ClrM(A)

Clr-m(A)

Nltr m(A)

sr- m(A)

PPk,
1N

88

110.217

1.805

-

-

-

-

-

-

-

cisPtCl2L2

-307.918

1.836

1.819

2.292

2.283

2.389

2.401

transPtCl2L2

-311.847

1.818

1.822

2.327

2.317

2.389

2.387

cisPtClL2chelate(N)
-340.2187

1.805

1.799

2.291

2.308

2.402

2.034

transPtClL^chelate(N)
-345.605

1.8

1.8

2.296

2.318

2.409

2.022

cisPtClL2chelate(S)

-296.122

1.839

1.824

2.26

2.32

2.405

2.415

transPtClL2chelate(S)
-296.854

1.829

1.833

2.335

2.332

2.378

2.4

PtCl2Lchelate(N)

-343.869

1.83

2.259

2.361

2.375

3.763

PtCl2Lchelate(S)

-25.873

1.832

2.257

2.362

2.384

2.386

cisPdCl2L2

73.24

1.847

1.839

2.277

2.295

2.32

2.32

transPdCl2L2

54.071

1.839

1.835

2.297

2.263

2.335

2.336

cisPdClL2chelate(N)

56.519

1.852

1.835

2.29

2.308

2.329

2.031

transPdClL2chelate(N)
61.016

1.833

1.828

2.3

2.288

2.327

2.065

c«PdClL2chelate(S)

84.04

1.835

1.82

2.35

2.31

2.333

2.416

transPdClL2chelate(S)
82.611

1.845

1.823

2.346

2.284

2.327

2.427

PdCl2Lchelate(N)

-349.116

1.858

2.26

2.313

2.314

2.019

PdCl2Lchelate(S)

-22.518

1.866

2.255

2.306

2.312

2.414

Pd(aIlyl)ClL

20.579

1.839

2.255

2.34

Pd(alIyI)Lchelate(N)

20.133

1.841

2.292

2.05

Pd(allyl)Lchelate(S)

31.493

1.833

2.333

transRhCp*Cl2L

-308.69

1.806

2.324

2.293

2.298

transRhCp*ClLchelate(N)
-285.766

1.832

2.345

2.325

2.034

transRhCp*ClLchelate(S)
-298.22

1.849

2.334

2.304

2.398
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TableA1.14:SelectedmodellingdataforN-diphenylphosphino-2-picolylthiobenzimidaolecomplexes. Compound

HeatofFormation (kcal/mol)

PrNfA)

P,rNu(A)

P,-M(A)

PirM(A)

Clj-M(A)

ClrM(A)

Njcr M(A)

^2" M(A)

139.7

1.831

89

cisPtCl2L2

-215.322

1.844

1.842

2.281

2.26

2.391

2.392

transPtCl2L2

-262.418

1.832

1.827

2.287

2.299

2.393

2.404

cisVtdUchelate(N)
-249.475

1.838

1.824

2.299

2.311

2.385

2.034

transPtClL2chelate(N)
-253.467

1.829

1.831

2.338

2.31

2.394

2.038

cisPtClLachelate(S)

-235.351

1.863

1.839

2.308

2.269

2.412

2.409

transPtClL2chelate(S)
-261.501

1.859

1.815

2.344

2.323

2.403

4

PtCI2Lchelate(N)

-363.132

1.814

2.263

2.434

2A

2.781

PtCl2Lchelate(S)

-317.38

1.863

2.258

2.381

2.362

2.383

cisPdCl2L2

123.842

1.853

1.878

2.279

2.284

2.318

2.328

transPdCl2L2

116.315

1.863

1.859

2.276

2.265

2.338

2.34

cisPdClL2chelate(N)
130.518

1.871

1.856

2.279

2.288

2.324

2.037

transPdClL2chelate(N)
117.92

1.872

1.857

2.293

2.288

2.331

2.032

cisPdClL2chelate(S)

150.305

1.885

1.862

2.292

2.279

2.318

2.414

transPdClL2chelate(S)
164.827

1.879

1.834

2.304

2.289

2.319

2.429

PdCI2Lchelate(N)

6.018

1.882

2.273

2.312

2.314

2.02

PdCl2Lchelate(S)

5.612

1.888

2.274

2.308

2.311

2.41

Pd(allyl)ClL

46.18

1.866

2.24

2.335

Pd(allyl)Lchelate(N)

54.255

1.905

2.263

3.617

Pd(allyI)Lchelate(S)

45.589

1.882

2.279

2.436

transRhCp*CI2L

-279.296

1.844

2.325

2.294

2.303

transRhCp*ClLchelate(N)
-247.693

1.827

2.337

2.307

2.015

transRhCp*CILchelate(S)
-272.078

1.877

2.332

2.303

2.39
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APPENDIX2:CRYSTALSTRUCTUREDATA
Detailsofcollectionandrefinementsfor
Compound(LocalIDNumber)

■■' :

Ph2PNHNHpy

1(mwasl)

Ph2P(Se)NHNHpy

4(mwas2)

[RuCl2(r|3:Ti3-CioHi6){Ph2PNHNHpy-P}]
10(j°l)

[IrCl(^-Cl)(ri5-C5Me5)P,h2PNHNHpy-P}]
12(wheat3)

p-Ph2P(S)NHCH2(C6H4)CH2NHP(S)Ph2
19(HMASJ24)

p-Ph2P(Se)NHCH2(C6H4)CH2NHP(Se)Ph2
20(HMASJ34)

Ph2P(Se)NH(C3H5)

32(HMASJ15)

[PtCl2{Ph2PNH(C3H5)}2]

33(jo6)

[RuCl(p-Cl)(ii6-p-MeC6H4iPr){Ph2PNH(C3H5)}]
38(HMASJ17)

[Pt{Ph2PNH(C3H80)}2]

39(alex5)

[Pt(PEt)3Cl2{Ph2PNH(C3H5)}]

42(HMASJ13)

[Pt(PPhMe2)Cl2{Ph2PNH(C3H5)}]
43(HMASJ14)

[PtCl2{(Ph2P)2N(C3H5)}]

46(HMASJ2)

[RuCl2{(Ph2P)2N(C3H5)}2]

51(HMASJ8)

[PdCI2{Ph2PN(C3Hs)2}]

61(jo3)

[PtCI2{X}]

68(jo7)

[AuCI{X}]

71(jo8)

[IrCl(p-Cl)(ri5-C5Me5){X}

72(HMASJ25)

[PdCl2{Y}l

75(HMASJ23)
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TableA2.1SelectedCrystalDataforPlt2PNHNHpyandDerivatives.
Compound(LocalIDnumber)
1(mwasl)

4(mwas2)

lOQol)

12(wheat3)

EmpiricalFormula
c17h16n3p

C17H16N3PSe
C2gH33Cl5N3PRu
C27H3iCl2IrN3P

M

293.31

372.26

720.86

691.62

Crystalsystem

Monoclinic

Monoclinic

Triclinic

Triclinic

Spacegroup

p2i/c

P2|/c

P-l

P-l

a(A)

5.592(4)

15.7931(19)

8.9712(2)

13.2992(3)

b(A)

17.947(6)

11.8898(14)

13.5564(7)

14.4656(3)

c(A)

15.139(3)

9.3268(11)

13.6359(7)

16.7774(4)

«(°)

90

90

106.947(2)

71.7020(10)

PC)

97.81(3)

98.024(3)

103.608(2)

83.7060(10)

TO

90

90

93.094(3)

64.4440(10)

u(A3)

1505.3(9)

1734.2(4)

1528.36(12)

2763.38(11)

z

4

4

2

4

p(mm1)

1.579

2.257

1.026

5.103

Reflectionsmeasured
2605

7237

7628

13884

Independentreflections
2339

2439

4303

7819

FinalRj,coR2[I>2o(I)]
0.070,0.057
0.0553,0.1283
0.0676,0.1129
0.0269,0.0460
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TableA2.2SelectedCrystalDataforp-Ph2PNHCH2(C6H4)CH2NHPPh2chalcogens. Compound(LocalIDnumber)
19(HMASJ24)
20(HMASJ34)

EmpiricalFormula
C32H30N2P2S2
C32H32N2P2Se2

M

568.64

664.46

Crystalsystem

Triclinic

Monoclinic

Spacegroup

P-l

P2j/n

a(A)

9.2393(15)

10.950(5)

b(A)

10.6234(17)

10.964(5)

c(A)

16.444(3)

12.459(6)

«o

92.828(3)

90

P(°)

100.309(3)

96.528(10)

yQ

112.799(3)

90

U(A3)

1451.3(4)

1486.1(12)

z

2

2

p(mm*1)

0.318

2.620

•■■■■■;'■:v.■'" ■■■ .■ ■: .■■ Reflectionsmeasured

7413

6267

Independentreflections
4150

2100

FinalRj,coR2[I>2o(I)]
0.0402,0.1035
0.0401,0.0651
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TableA2.3SelectedCrystalDataforPhiPNHfC3IJ5)andDerivatives.
Compound(LocalID number)

32(HMASJ15)
33(jo6)

38(HMASJl7)39(alexS)42(HMASJ13)43(HMASJ14)
EmpiricalFormula M

Crystalsystem Spacegroup a(A) b(A) c(A) «(°) P(°) T(°) U(A3) z

p(mm1)
Reflectionsmeasured Independentreflections FinalRj,g>R2[I>2o(I)]

C17H16N3PSe 320.22 Monoclinic P2i/n 12.246(3) 9.317(2) 12.711(3) 90 92.261(5) 90 1449.1(6) 4 2.684 5982 2066 0.0381,0.0917
C3oH32Cl2N2P2P t 748.51 Monoclinic P2i/n 10.012(3) 15.065(4) 19.717(6) 90 91.56(10) 90 2972.9(15) 4 5.029 12495 4181

0.0214,0.0515
C25H30CI2NPR u 547.44 Monoclinic P2i/C 9.918(3) 13.782(4) 17.566(5) 90 94.880(5) 90 2392.5(11) 4 0.958 10269 3421

0.0343,0.0783
C32H3gN2P202P t 739.67 Monoclinic C2/c 20229(3) 10.8193(17) 16.926(3) 90 123.002(2) 90 3106.8(8) 4 4.650 8848 2765

0.0229,0.0473
C21H31NP2CI2P t 625.40 Triclinic P-l 8.835(2) 9.741(2) 14.634(3) 87.302(4) 87.343(4) 71.362(3) 1191.4(5) 2 6.254 5879 3327 0.0361,0.0967

C28H33CI5N3PR u 720.86 Triclinic P-l 8.9712(2) 13.5564(7) 13.6359(7) 106.947(2) 103.608(2) 93.094(3) 1528.36(12) 2 1.026 7628 4303

0.0676,0.1129
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TableA2.4SelectedCrystalDatafor(Ph2)2PN(C3H5)andDerivatives. Compound(LocalIDnumber)
46(HMASJ2)
51(HMASJ8)

EmpiricalFormula
C27H25NP2Cl2Pt
c54h50n2p4ci2ru

M

691.41

1022.81

Crystalsystem

Monoclinic

Triclinic

Spacegroup

P2l/n

P-l

a(A)

10.8188(16)

10.1826(17)

b(A)

14.661(2)

11.1207(19)

c(A)

16.563(2)

12.597(2)

aO

90

111.490(3)

P(°)

85.488(3)

95.557(3)

Y(°)

90

113.376(3)

U(A3)

2618.9(7)

1168.3(3)

z

4

1

p(mm1)

5.700

0.627

Reflectionsmeasured
12793

5901

Independentreflections
3741

:

3306

■.....-■ . .

FinalR,,g>R2[I>2o(I)]
0.0419,0.0965
0.0288,0.0701
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TableA2.5SelectedCrystalDataforPli2PNH(C3Hs)2andDerivatives. Compound(LocalIDnumber)
61(jo3)

EmpiricalFormula
Ci8H2oCl2NPPd

M

458.62

Crystalsystem

Monoclinic

Spacegroup

P2,/c

a(A)

8.514(2)

b(A)

10.628(2)

C(A)

20.307(10)

«(°)

90

P(°)

90.21(10)

TO

90

U(A3)

1837.4(6)

z

4

p(mm1)

1.386

Reflectionsmeasured

7708

Independentreflections
2624

FinalRi,g>R2[I>2o(I)]
0.019,0.046
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TableA2.6SelectedCrystalDataforMetalComplexesofdpptbanddpptp..
Compound(LocalIDnumber)
68(jo7)

72Qo8)

71(HMASJ25)
75(HMASJ23)

EmpiricalFormula
C24H25Cl2SPPt
C24H25PAUC1S
C34H4oCl2IrSP
C2iH,9Cl2PdSP

M

642.46

608.89

774.79

511.69

Crystalsystem

Triclinic

Monoclinic

Triclinic

Triclinic

Spacegroup

PI

P2i/C

P-l

P-l

a(A)

8.371(3)

18.290(6)

10.2041(15)

8.677(3)

b(A)

9.178(3)

7.007(2)

10.2862(15)

11.063(4)

c(A)

9.282(3)

17.660(6)

16.724(3)

11.665(4)

a(°)

103.72(5)

90

80.903(2)

76.460(6)

PO

116.14(4)

96.966(6)

82.655(2)

87.468(6)

T(°)

103.02(4)

90

65.666(2)

71.174(5)

U(A3)

575.8(3)

2246.7(13)

1575.5(4)

1029.8(6)

z

1

4

2

2

p(mm"1)

6.494

6.839

4.546

1.342

Reflectionsmeasured

2742

11570

7887

5164

Independentreflections
2212

4032

4491

2910

FinalR,,a>R2[I>2o(I)]
0.0400,0.1003
0.0571,0.1252
0.0245,0.0655
0.0483,0.1280
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