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Chapterr  1 
Generall  Introduction 

1.11 Organometallic chemistry 
Organometallicc compounds consist of a metal center to which at least one hydrocarbon 
fragmentt is coordinated. The first prepared organometallic coordination compound is Zeise' s 
salt,, K[(CH2=CH2)PtCl3]H20, reported in 1830.1 The first a-bonded organometallic 
compoundss synthesized are ethylzinc iodide and diethylzinc, published by Frankland in 
1849,22 followed by the organomagnesium compounds prepared by Grignard in 190O3 and the 
firstt stable transition-metal alkyl derivative, trimethylplatinum iodide, by Pope and Peachey 
inn 1909.4 A boost in the research on organometallic compounds was generated in the 1950's 
byy the discovery of ferrocene5 and later of bis(benzene)chromium.6 Since that time a further 
growthh of interest and applications of organometallic chemistry has occurred, especially in 
thee last decades as a result of the discovery that coordination and organometallic compounds 
playy an important role in many chemical and biological processes. This was aided by the 
developmentt and improvement of analysis techniques, such as NMR spectroscopy and 
crystall  structure determination, and an improvement in the handling of these compounds. To 
gainn insight in the structure and reactivity of organometallic compounds, fundamental 
knowledgee is required of the basic molecular interactions and processes, which occur 
betweenn metal complexes and organic substrates. 

1.1.11 Diorganometallic compounds 
Manyy organometallic compounds of late transition metals are applied in catalytic processes. 
Ann area in homogeneous catalysis which gains much interest concerns the coupling of two 
organicc fragments under mild conditions and in a selective fashion.7 In these processes 
a-bondedd organometallic compounds and also diorganometallic compounds are often 
involved.. In these catalytic reactions, elementary reactions such as oxidative addition, ligand 
exchangee and reductive elimination reaction take place. Diorganometallic compounds of late 
transitionn metals are relevant to mechanistic considerations concerning C-C bond formation 
andd bond breaking reactions.8 To gain insight in the chemistry of diorganometallic 
compoundss of late transition metals, much research has been performed concerning catalytic 
andd stoichiometric reactions and often model compounds are applied in these studies. 
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ChapterChapter 1 

Forr the investigations concerning the C-C bond formation processes, both cis- and 

?rarcs-diorganometallicc compounds are of interest, since a reductive elimination process of a 

C-CC bond from a ïrarcs-diorganometallic compound requires an initial isomerization to a 

compoundd with cis configuration, which has been thoroughly studied of, for example, 

palladium.9111 Subsequently, reductive elimination takes place at a three coordinate 14 

electronn complex after ligand dissociation.1012 The diorganometallic (palladium) compound 

mayy be stabilized by preventing the trans to cis isomerization. This was applied by Stille et 

al.al. who showed that a ?ra«,s-dimethylpalladium compound containing the TRANSPHOS13 

ligandd is stabilized because of the strongly coordinating spectator ligands in the other two 

mutuall  trans positions.11 A strategy to stabilize cw-diorganopalladium compounds is 

preventionn of the ligand dissociation step required for the C-C reductive elimination, as was 

shownn by van Koten and coworkers for a phenyl-mefhyl-bipyridyl palladium compound.14 

1.1.22 Imine ligands 
Partt of the studies in our research group have been aimed at the organometallic chemistry of 

latee transition metals involving didentate nitrogen ligands. Apart from the coordination 

chemistryy of oc-diimine ligands (A, Figure 1-1) such as DAB and BIAN, the use of many 

R R 
Me /H^^NN ---r^N R 

II I %M' 
Me/H-"^NN - ' ^ N ' "R' 

II ' 
R R 

AA B 
Figuree 1-1. 

palladiumm and platinum complexes containing such ligands in C-C, C-H and C-N bond 

formingg reactions has been studied.15 

Employingg the N,N-didentate coordinating DAB and BIAN in the preparation of square 

planarr palladium(ll) and platinum(ll) diorganometallic derivatives limits the study of these 

compoundss to those with cis configuration, B, Figure 1-1. Also in five- or six-coordinated 

a-diiminee rhodium(lll) diorganometallic compounds the organic fragments are expected to 

bee in a cis configuration, due to the strong mutual trans influence of the carbon ligands. 

So,, whereas a-diimine ligands are not applicable for the investigation of diorganometallic 

derivativess with a trans configuration, square planar frans-diorganometallic compounds 

couldd be envisaged when the N-donor groups are positioned in a trans configuration. Next to 

thee use of a TRANSPHOS13 type ligand, this can be achieved by the use of a meridional 

coordinatingg ligand of type C (Figure 1-2). Employing the so-called isophthalaldimine 

ligand,, C, the aryl carbon can bind covalently to the metal center, forming an organometallic 

compound.. If in a square planar transition metal derivative D (Figure 1-2) R' is a carbon 
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fragment,, then both carbon fragments are in a trans configuration. For a five- (or 

' RR R ^ N ^ M - N ' R 

k ^^  E 
Figuree 1-2. 

six-)coordinatedd diorganometallic transition metal compound E (Figure 1-2), the organic 
fragmentss shall be in a cis configuration, due to the strong mutual trans influence of the 
carbonn ligands. 

However,, if only one of the imine moieties is coordinated the ligand can in principle also act 
ass a cw-coordinating C,N-didentate ligand, making m-diorganometallic compound available 
forr square planar metal centers. Since both cis and ?ran.s-diorganometallic compounds are in 
principlee accessible, the isophthalaldimine ligand is suitable for our research on its 
organometallicc derivatives. 

Inn addition, intramolecular coordination of the imines may increase the stability of the 
diorganometallicc compounds. The stabilizing effect of chelation on M-C bonds is seen in the 
workk of Newkome et al.; both cis- and frans-diorgano dinitrogen palladium and platinum 
compoundss of chelating ligands have been prepared. In most of these compounds, due to the 
ligand-dictatedd geometry around the metal, no reductive elimination can take place.16 

1.22 [D-C-D] ligands 
AA ligand of type C (Figure 1-2) can be seen as a meridional coordinating ligand of type 
[D-C-D],, in which an imine is used as donor group. Since the first publication by Moulton 
andd Shaw17 concerning a [P-C-P] ligand with phosphine ligands as coordinating groups (F, 
seee Figure 1-3), the organometallic chemistry of tridentate ligands of this type has rapidly 
expanded.. Next to phosphines (F),18-20 many other coordinating groups have been used in 
[D-C-D]]  ligands, see Figure 1-3. Ligands published are [P-C-P] ligands with phosphinidenes 
(G),211 [N-C-N] ligands with amines (H),22"24-25 oxazolines (I),26-27 quinolines,28 pyrazoles,29 

benzimidazoles300 and pyridines (J),31 [S-C-S] with sulphides (K)32 and [O-C-O] ligands with 
etherr (L)33 phosphonic ester34 and nitro groups35. 

Transitionn metal complexes of mixed [D-C-D] ligands (e.g. [N-C-P]36 and [O-C-P]37 

ligands),, aliphatic [D-C-D]38 (e.g. 1,5-diphosphinopentane, metallated at the 3-position39) 
andd aliphatic [N-C-N]40 ligands have also been prepared. 

Albrechtt and van Koten have recently published an excellent review concerning the 
preparationn and chemistry of (late) transition-metal [D-C-D] complexes.24 

N — M — N N 
ii  II 
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ChapterChapter 1 

Figuree 1-3. 

1.2.11 Diorganometallic compounds containing [D-C-D] ligands 
Thesee [D-C-D] ligands, due to their chelating effect, are suitable for the preparation of stable 
organometallicc derivatives, as was already shown in the first paper concerning [D-C-D] 
ligandss by Moulton and Shaw in 1976.17 Reactions of both the nickel and the palladium 
chloridee compounds containing the terf-butyl substituted [P-C-P] ligand (Figure 1-3, F, R = 
ferr-butyl,, R' = H, M = Pd, Ni, X = CI) were reacted with lithium phenylacetylide to yield the 
correspondingg phenylethynyl compounds (Figure 1-3, F, R = rer/-butyl, R' = H, M = Pd, Ni, 
XX = C=C-Ph). Alkynyl platinum derivatives of the bis(dimethylaminomethyl)phenyl 
[N-C-N]]  ligand have been prepared similarly (Figure 1-3, H, R = methyl, M = Pt, X = 
C=C-R').23-41 1 

Off  this [N-C-N] ligand (Figure 1-3, H) also platinum aryl derivatives have been prepared via 
transmetallation,23-422 an analogous palladium ortho-tolyl derivative has, hampered by its 
thermall  instability, only briefly been characterized.23 Of the stronger coordinating [P-C-P] 
ligandss stable arylmagnesium20, phenylpalladium43-44 and furylpalladium45 derivatives have 
beenn prepared via transmetallation. In other examples, the aryl group was introduced at the 
metall  by C-H bond activation; phenyliridium hydride46 and arylplatinum47 [P-C-P] 
derivativess have been isolated from aryl C-H bond activation reactions. 

Alsoo transition metal alkyl [D-C-D] compounds have been prepared via different routes. 
Venanzii  etal. prepared (oc-Me-[P-C-P])-Pt-CH3 (Figure 1-3, F, R = Ph R' = Me, M-X = 
Pt-CH3)) and [P-C-P]-Pt-CH3 (Figure 1-3, F, R = Ph R' = H, M-X = Pt-CH3), via 
transmetallationn of the platinum chloride compound with methyl lithium,19 the latter was 
welll  documented by the group of Hughes.48 An analogous reaction for palladium leads to a 
[P-C-P]-Pd-CH33 compound (Figure 1-3, F, R - i-Pr R' = H, M-X = Pd-CHj).44 

Transmetallationss of [N-C-N]-Rh(lil)(acac)Cl with AlMe3 or AlEt3 lead to the formation of 
thee [N-C-N]-Rh(m) methyl or ethyl compound, respectively.49 Oxidative addition of methyl 
iodidee or ethyl iodide to [P-C-P]-Rh(l) (Figure 1-3, F, R' = H, M-X - Rh),50-51 [P-C-P]-Ir(l) 

4 4 



GeneralGeneral Introduction 

(Figuree 1-3, F, R' = H, M-X = Ir-CO)52 and [N-C-N]-Rh(l) (Figure 1-3, H)49 compounds 
resultedd in the corresponding Rh(lll) and Ir(in) alkyl compounds. Hughes et al. prepared a 
[P-C-P]-Pt-(n-C3F7)) compound via the activation of the P(CAryl-H)P bond by a 
Pt(CH3)(«-C3F7)) compound under methane loss.48 A noteworthy strategy for the preparation 
off  [P-C-P]-metal-alkyl compounds was discovered by Milstein et al; activation of the 
P(CAryl-CAlkyl )PP bond by [ML2C1]2 leads to [P-C-P]-Rh-(Me)(Cl), [P-C-P]-Rh-(Et)(Cl) and 
[P-C-P]-Ir-(Me)(Cl)) compounds (see Scheme l-l).50-53 

R''  9' 
RPF?? R' PR2 R?P M PR? 

1/22 [ML 2CI]2 

R'' = Me, Et 
MM = Rh, Ir 
LL = Alkene 

Schemee 1-1. 

Alsoo the (unintended) intramolecular activation of the ?err-butyl phosphine substituent has 
leadd to diorganorhodium54 and diorganoiridium compounds.55 

Diorganometallicc [D-C-D] containing compounds are involved in research concerning 
methyl,, methylene and silyl arenium compounds of [P-C-P]56 and [N-C-N]8 ligands. 

Metall  carbene derivatives of [P-C-P] ligands have been prepared for osmium,57'58 and 
ruthenium.58,59 9 

1.33 The isophthalaldimine ligand 
Nomenclature Nomenclature 

Thee systematic name of the parent isophthalaldimine ligand (C-H, Figure 1-2) bearing 
isopropyll  groups on the imines is isopropyl-[3-(isopropylimino-methyl)-
benzylidene]-amine.. However, the systematic name of the analogous 2-bromo substituted 
U g a i l UU 13 L^-U'Iv^l lH^-^»-^l i3WpHjpj ' l l l l l l l lW-l l lWLll j ' iy-L'^l lZ. j f l lUV^l i^/J- löV7jJl^»p^l-ai l l l l lV^ . H l ÏH / W VJL 

thesee inconveniently long names, the term "isophthalaldimine" will be used, derived from the 
correspondingg dialdehyde which has the trivial name "isophthalaldehyde". 

ElectronicElectronic and steric properties of the isophthalaldimine ligand 

Althoughh the isophthalaldimine ligand as [D-C-D] is much related to the 
bis(aminomethyl)phenyll  and bis(oxazolinyl)phenyl [N-C-N] ligands, the electronic and 
stericc properties of these ligands differ much. In comparison to the bis(aminomethyl)phenyl 
ligand,, the imine group of the isophthalaldimine ligand is much more electron-accepting; the 
7t**  level of the C=N bond is accessible for 7t-back donation. Another important difference is 
foundd in the rigidity of the imine donor groups compared to the aminomethyl moieties. In 
comparisonn to bis(oxazolinyl)benzene, in the isophthalaldimine ligand the steric bulk around 
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thee metal can be much more influenced, since the substituents in the latter are positioned in 

closerr vicinity of the metal. 

OrganometallicOrganometallic compounds of the isophthalaldimine ligand 

Whereass the transition metal chemistry of the related bis(aminomethyl)phenyl22"24 and 

bis(oxazolinyl)phenyl266 [N-C-N] ligands has been investigated, only three publications 

concerningg the tridentate coordination chemistry of the isophthalaldimine ligand C 

(Figuree 1-2) have appeared.6062 Studies on the selective ortho,ortho-Yithiation of the 

isophthalaldiminee ligand by Burger were unfruitful.60 Very recently, apart from our studies,63 

aa paper by Richards and coworkers has appeared, in which the synthesis and characterization 

off  isophthalaldimine platinum(Il) compounds is described.61 In their study, platinum chloride 

compoundss (L) (R = f-Bu, Cy, Bu, Bn, Ph) have been prepared via a cycloplatination of the 

parentt isophthalaldimine ligand by K2PtCl4 in glacial acetic acid, see Scheme 1-2. Both the 

jV-f-Buu and the N-Ph substituted compounds have been characterized by means of an X-ray 

structuree analysis. Subsequently these compounds are converted to the cationic aqua 

AgX X 

Schemee 1-2. 

complexess (M) by halide subtraction with a silver salt (AgBF4 or AgOTf). The N-t-Bu 

substitutedd triflate compound has been characterized by means of an X-ray structure analysis. 

Thee cationic complexes are applied in a catalytic acceleration of both a Michael type addition 

andd a Diels-Alder reaction. 

Palladium(ll)) derivatives of the isophthalaldimine ligand (N, Figure 1-4) were published in 

19966 by Vila,62 however the route to these compounds was accidentally found and these 

palladium(li)) compounds have not been investigated further.64 Other examples containing 

l,3-bis(imino)aryll  ligands are limited to compounds O (Figure 1-4) where the ligand bridges 

twoo metals after a double orfAo-metallation reaction.6566 The group of Steel has studied 

cyclopalladationn reactions of an isophthalaldoxime ligand.66 

XX = OAc, CI, Br, I 
Figuree 1-4. 
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1.44 Aim and outline of this thesis 
Thee aim of this work has been the synthesis of novel late transition metal compounds 
containingg the isophthalaldimine ligand in order to establish similarities and differences 
betweenn these and some of their organometallic derivatives at the one hand and analogues 
withh more flexible donor functions, like those in 2,6-bis(aminomethyl)phenyl, 
2,6-bis(oxazolinyl)phenyll  and 2,6-bis(phosphinomethyl)phenyl groups, on the other. 
Especially,, compounds containing an additional Csp3, Csp2 or Csp bonded carbon ligand, 
eitherr in cis- or trans-position relative to the metal-aryl bond, would be of considerable 
interest.. Such compounds may serve as models for compounds and intermediates involved in 
transitionn metal-mediated carbon-carbon bond formation and bond-breaking 
reactions.50'53-67*688 Eventually, the interaction of 2,6-bis(imino)toluene compounds with 
low-valentt late transition metal compounds could shed light on the propensity of these more 
rigidd NCN systems to undergo carbon-carbon bond breaking reactions. 

Thee investigations are also aimed at establishing whether or not the expected relative 
^rani-dispositionn of both imine moieties within a putative isophthalaldimine-metal 
compoundd will be obtained and whether it is retained upon further reactions (e.g. 
substitution)) at the metal center. Furthermore, the coordination strength of the imine moieties 
relativee to omer ligands (hydrocarbyl groups, but also neutral, common ligands) should be 
investigated. . 

Thee steric influence of the substituents on the imine functionalities in the new compounds 
wil ll  have an impact on the geometry of their halide, alkyl etc. derivatives. Severe steric 
interactionss may induce isomerization of intermediates and products of transmetallation and 
substitution.. Since nothing is currently known in this respect concerning the bis(imino)aryl 
ligandss involved, this aspect will also be an important part of the investigations. 

Chapterr  2: Isophthalaldimine palladium(ii ) compounds: In this chapter the synthesis of 
isophthalaldiminee ligands will be described and several unsuccessful and successful 
approachess to the synthesis of palladium(ll)halide derivatives of the ligand will be discussed. 
Afterr the synthesis and characterization of the isophthalaldimine palladium(ll) halide 
compounds,, attempts to synthesize diorganopalladium compounds will be described. 

Chapterr  3: Isophthalaldimine platinum! ii) methyl compounds: The synthesis of 
isophthalaldiminee platinum(II) bromide compounds will be described, followed by the 
synthesiss of two fraws-isophthalaldimine platinum(ll) methyl compounds via a 
transmetallation.. Of one of these compounds its structure has been determined, which 
resultedd in the first crystal structure of a frans-aryl-platinum-methyl compound. One 
frans-isophthalaldiminee platinum(n) methyl compound was subjected to reactions with 
additionall  ligands, followed by a (photochemical) isomerization. 

7 7 
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Chapterr  4: Isophthalaldimine platinum(n) acetylide compounds: The successful 

transmetallationn of the isophthalaldimine platinum(ll) bromide compounds with lithium 

acetylidess is described. This reaction results in the formation of rrans-diorganoplatinum 

compoundss and/or monomelic or dimeric ds-diorganoplatinum compounds, depending on 

thee imine substituents. Investigations of the mechanism by following the reaction progress of 

thee transmetallation reactions has given insight in the decisive role of the imine substituent 

onn the outcome of the reaction. Also the reactivity of the isophthalaldimine platinum 

acetylidee compounds towards additional ligands is described. 

Chapterr  5: Isophthalaldimine rhodium(m) compounds: In this chapter the synthesis of 

isophthalaldiminee rhodium(lll) dihalide (halide = CI, Br, I) compounds wil l be described. 

Thesee compounds, as well as pyridine and phosphine adducts are characterized, inter alia by 
103Rhh NMR spectroscopy. Transmetallation of the isophthalaldimine rhodium(m) dihalide 

compoundss and dimethylzinc can lead to the formation of isophthalaldimine rhodium(m) 

methyll  halide compounds. The structures of several compounds have been determined. 
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Chapterr  2 

Isophthalaldiminee palladium(ll) compounds 

2.11 Introduction 
Diorganopalladiumm compounds are interesting from a fundamental point of view. These 

compoundss are often intermediates in catalytic reactions (e.g. C-C bond forming reactions),1 

informationn about their structure and stability can increase the knowlegde of catalytic 

processes. . 

Inn our research group we have worked on the organometallic chemistry of late transition 

metalss involving didentate nitrogen ligands. Apart from the coordination chemistry of 

a-diiminee ligands (A, Figure 2-1) such as DAB and BIAN, the use of many palladium and 

R R 

Me/H""^NN ~~~~N R' 
ii  i 

R R 
AA B 

Figuree 2-1. 

platinumm complexes containing such ligands in C-C, C-H and C-N bond forming reactions 

hass been studied.2 For our investigations concerning the C-C bond formation processes, both 

cis-cis- and frans-diorganometallic compounds are of interest, since a reductive elimination 

processs of a C-C bond from a /rans-diorganornetallic compound requires an isomerization to 

aa compound with cis configuration.36 Configurationally stable frans-diorgano palladium(n) 

compoundss with strongly coordinating spectator ligands in the other two mutual trans 

positions,, can be stabilized as was shown by Stille et al. for the TRANSPHOS ligand.5 

Employingg the N,N-didentate coordinating DAB and BIAN in the preparation of square 

planarr palladium(n) diorganometallic derivatives, limits the study of these compounds to 

compoundss with cis configuration, B, Figure 2-1. So, a-diimine ligands are not applicable 

forr the synthesis of N,N-diorganometallic compounds with a trans configuration. Square 

planarr rrans-diorganometallic compounds may be in reach when the N-donor groups are 

positionedd in a trans configuration. This can be achieved by the use of a meridional 

coordinatingg ligand of type C (Figure 2-2). In the isophthalaldimine ligand C, the aryl carbon 
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cann bind covalently to the metal center, forming an organometallic compound. If a square 

planarr palladium compound D (Figure 2-2) in which R' is a carbon fragment can be formed, 

thiss would possibly be a stable frarcs-diorganopalladium compound. In addition, 

Tii  n^ ^ 

k ^^  C 
Figuree 2-2. 

intramolecularr coordination of the (rigid) imines may increase their stability. The stabilizing 

effectt of chelation on M-C bond is seen in the work of Newkome et al.; Both cis and trans 

diorganoo dinitrogen palladium and platinum compounds of chelating ligands have been 

prepared.. In most of these compounds, no reductive elimination can take place due to the 

ligand-dictatedd geometry around the metal.7 

2.1.11 Palladium [D-C-D] compounds 
AA ligand of type C (Figure 2-2) can be seen as a meridional coordinating ligand of type 

[D-C-D] -,, in which an imine is used as donor group. Such a ligand was first published by 

Moultonn and Shaw in 19768 who described coordination of a [P-C-P]" ligand with phosphine 

ligandss as coordinating groups to, amongst other metals, palladium. Since then, the 

palladiumm chemistry of tridentate ligands of this type has expanded. Next to palladium 

[P-C-P]]  compounds with phosphines9 or phosphinidenes10 as donor groups also other donor 

groupss were applied. Palladium [S-C-S] compounds with sulphides as donors,11,12 palladium 

[N-C-N]]  compounds with amines,1315 pyrazoles,16 pyridines,17 and oxazolines1820 as donor 

groupss and palladium [O-C-O] compounds with nitro groups as donor groups21 have been 

described. . 

Palladium(ll)) derivatives of the isophthalaldimine ligand (E, Figure 2-3) were published in 

19966 by Vila,22 however the route to these compounds was accidently found and these 

palladium(n)) compounds have not further been investigated.23 Other examples containing an 

isophthalaldiminee type ligand are limited to compounds F (Figure 2-3) where the ligand 

bridgess two metals after a double orf/zo-metallation reaction.2427 

XX = OAc, CI, Br, I 
Figuree 2-3. 

R' ' 
R ^ N - P d ^ N ' R R 

III II 
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2.1.22 Diorganopalladium compounds containing [D-C-D] ligands 
Duee to their chelating effect, [D-C-D] ligands are suitable for the preparation of stable 

organopalladiumm derivatives, as was already shown in the first paper concerning such 

ligands.. Reaction of the palladium chloride compounds containing the bis tert-buty\ 

phosphinee [P-C-P] ligand were reacted with lithium phenylacetylide to yield the 

correspondingg phenylethynyl palladium [P-C-P] compounds.8 Also phenylpalladium,28-29 

furylpalladium300 and methylpalladium29 derivatives of [P-C-P] ligands have been prepared 

viaa transmetallation. Of the bis(dimethylaminomethyl)phenyl [N-C-N]- ligand an ortho-to\y\ 

palladiumm derivative has only briefly been characterized, due to its instability.31 

Whetherr the /rans-diorganopalladium compounds of type D can be formed and how stable 

thesee are is a subject of this study, this may provide insight in the coordinating and stabilizing 

propertiess of the (imine moieties of the) isophthalaldimine ligand A, which may be 

influencedd by the imine substituent. 

2.1.33 The isophthalaldimine ligand 
Thee Pd(ll) halide derivatives of type E (Scheme 2-1, X = halogen) seem to be suitable 

precursorss for the synthesis of the frarcs-diorganopalladium compounds of type D, since they 

aree in principle accessible by substitution of the halide in E by hydrocarbyl groups. For 

examplee by a transmetallation with organometallic reagents, as was shown for the 

Schemee 2-1. 

preparationn of organopalladium derivatives of [P-C-P]8,2830 and [N-C-N]31 ligands. 

Duringg the studies of the isophthalaldimine palladium compounds described in this chapter, 

itt was found that the palladium(ll) halide compounds of type E can in principle be 

synthesizedd via different routes which start from the 2-Br-isophthalaldimine ligand, or from 

thee 2-H-isophthalaldimine ligand (Scheme 2-2). 

%% H/Br N'R 

HH II 

Schemee 2-2. 
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2.12.1 A Routes towards the isophthalaldimine palladium(ll) halide 
compounds s 

2.1.4.11 Transmetallation of a Pd(ll) salt with a metallated isophthalaldimine 

AA straightforward and widely applied route for the synthesis of organometallic compounds 

iss the transmetallation of an organolithium reagent or a Grignard reagent and a transition 

metall  salt. For the synthesis of late transition metal compounds with tridentate ligands, this 

routee has successfully been applied for compounds of the bis-(dimethylaminomethyl)phenyl 

ligand.144 For the synthesis of isophthalaldimine palladium(n) halide compounds (E, see 

Schemee 2-3), an isophthalaldimine compound, which is metallated at the 2-position where M 

== Li or MgBr (G, see Scheme 2-3), would be required. Such compound may then reacted 

withh a palladium(II) salt (e.g. Na2PdCl4) to furnish the desired isophthalaldimine 

palladium(II)) halide compound. 

II I 

Schemee 2-3. 

2.1.4.22 Cyclometallation 

Anotherr common approach for the synthesis of organometallic compounds is the 

cyclometallationn reaction, which formally concerns an electrophillic substition on an 

sp2-carbonn of a phenyl or vinyl group. Stabilization by an intramolecular coordinating 

heteroatomm to form a metallacycle is generally required.32 Also for imines, this strategy is 

applicable;; benzaldimines bearing various substituents on the phenyl ring have successfully 

beenn applied in orf/zo-palladations, giving dimeric species in most cases, see Scheme 2-4.33 

RR R 
ii  I 

Pdx22 f W>*8 

Schemee 2-4. Or/jo-palladation of a benzaldimine. 

Thee first tridentate [P-C-P] metal diphosphine compounds were prepared by Moulton and 

Shaww in 1976 via this route,8 and it is still applied for the synthesis of these types of [P-C-P]14 

andd [S-C-S]11'34 transition metal compounds.35 The cyclopalladation approach was also 

successfull  for the synthesis of a l,3-bis(oxazolinyl)phenyl palladium compound.18 However, 

neitherr for the l,3-bis-(dimethylaminomethyl)phenyl [N-C-N] ligand,1324-36 nor for the 

MM N' 
Na2PdCI4 4 

G G 

MM = Li, MgBr 
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l,3-bis-(2-pyridyl)-phenyll  ligand37 the cyclopalladation reaction proceeds (selectively) at the 

ortho,orthoortho,ortho position. 

Ass was found for the bis(aminomethyl) substituted aryl rings,36 an aryl group which bears 
moree than one imine group can be cyclopalladated with different regioselectivity.22-38 It has 
beenn shown that the regioselectivity of the cyclopalladation is influenced by the conditions 
att which the reaction is performed. Nag and coworkers, when using two equivalents of 
Li2[PdCl4]]  in methanol at room temperature25 or two equivalents of Pd(OAc)2 in chloroform 
att reflux temperature,26 observed regioselectivity for the cyclopalladation to form 
compoundss of type F, see Scheme 2-5. The same regioselectivity was observed in the 
cyclopalladationn of the l,3-bis-(2-pyridyl)-phenyl ligand.37 However, the cyclopalladation of 

Schemee 2-5. Cyclopalladation performed by Nag and coworkers. 

phenyll  rings with multiple imine moieties can occur at different positions in a single reaction, 
thiss poor regioselectivity can result in undefined and inseparable mixtures. This was the case 
inn the example presented by Vila (Scheme 2-6),22 where different isophthalaldimine 

65%%  <15% 

Schemee 2-6. Cyclopalladation of the isophthalaldimine ligand by Vila et al. 

palladium(ll)) halide compounds were formed via a cyclopalladation of the isophthalaldimine 
ligandd by Pd(OAc)2 in acetic acid. In this reaction (Scheme 2-6), the isophthalaldimine 
palladium(II)) halide compound (E) required for our research was formed only as a minor 
productt in an inseparable mixture of palladium compounds (yield <15%). 

Althoughh the isophthalaldimine palladium(ll) halide compound E was not formed 
selectively,, this route does lead to the desired product. Therefore, we decided to investigate 
aa similar approach towards compounds of type E. For cyclopalladation to be a successful way 
too synthesize the desired isophthalaldimine palladium(ll) halide compounds, yields and 
selectivityy have to be higher. 
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2.1.4.33 Oxidative addition 

Anotherr procedure for the synthesis of benzaldimine palladium(ll) bromide compounds 

whichh wil l be investigated is an oxidative addition reaction. Such a reaction is similar to the 

workk published by Clark and coworkers,39 who studied the oxidative addition of 

Schemee 2-7. 

2-bromo-benzaldiminess to a Pd(0) precursor to yield the dimeric palladium(n) bromide 

compoundss shown in Scheme 2-7. The oxidative addition proceeded smoothly and in high 

yieldss (up to 96%) and the authors mention littl e decomposition of the Pd(o) precursor. Also 

forr the preparation of bis(oxazolinyl)phenyl palladium halide compounds this route was 

used.200 Recently papers concerning the synthesis of bis(aminomethyl)phenyl palladium(ll) 

compoundss via the oxidative addition pathway have appeared.40 

Inn §2.3 these approaches for the synthesis of the Pd(n) halide derivatives of type C wil l be 

described.. Firstly, in §2.2, the synthesis of the required ligands wil l be described. 

2.22 Ligand synthesis 

2.2.11 Preparation of 2-bromo-isophthalaIdimines 
2-Bromo-isophthalaldehydee (1) was prepared from 2-bromo-m-xylene. Two different routes 

weree used, see Scheme 2-8. Although both routes lead to 1 in reasonable yields, the second 

routee is more convenient and reproducible than the first and results, after a shorter procedure, 

inn 1 of higher purity. Starting from 1, the bisimines 2 were synthesized in reasonable to good 

yieldss (31-95%) via a straightforward condensation with the corresponding primary 

amines,411 see Scheme 2-8. In most cases 2 was obtained pure with littl e or no purification 

required. . 

Forr the synthesis of the bisimines, several primary alkyl amines and anilines were used. The 

differentt imine substituents are identified with an alphabetical suffix, a numbering scheme 

forr the substituents and the yields of 2a,c-g are presented in Table 2-1. 
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AcOO Br OAc 

RNHo o 

3A A 
2a,c-g g 

Schemee 2-8. i) Cr03in H2S04/Ac20.ii) HC1, HzO, 1,4-dioxane. iii ) NBS in CC14 or CHC13. iv) Method 
A:: AgN03 in THF/H20 or method B: NaOAc in AcOH or method C: H2S04. 

2.2.22 Preparation of 2-H-isophthalaldimines 
Too investigate the orf/io-metallation strategies for the synthesis of the isophthalaldimine 
Pd(ll)) halide compounds, the parent isophthalaldimine ligands 3 were used. These bisimines 
33 were prepared from the commercially available isophthalaldehyde by a condensation 
reaction,, analogous to the synthesis of 2, see Scheme 2-9 and Table 2-1 

3a,b,f f 

Schemee 2-9. Synthesis of 3. 

Tablee 2-1. 

Suffix x 

a a 

b b 

c c 

d d 

e e 

f f 

g g 

Iminee substituent (R) 

isopropyl l 

fórf-butyl fórf-butyl 

4-methylphenyl l 

4-methoxyphenyl l 

2,4,6-trimethylphenyl l 

2,6-diisopropylphenyl l 

2,4,6-tri(ter/-butyl)phenyl l 

yieldd of 2 

95% % 

--

88% % 

94% % 

99% % 

76% % 

31% % 

yieldd of 3 

86% % 

92% % 

--

--

--

88% % 

--
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2.33 Synthesis of isophthalaldimine palladium(n) halide 
compounds s 

Inn this paragraph different approaches for the preparation of the isophthalaldimine 

palladium(ll)) halide precursors from the isophthalaldimine ligands 2 and 3 wil l be described. 

2.3.11 Transmetallation 
Ass described in the introduction, for the transmetallation approach to the isophthalaldimine 

palladium(ll)) halide compounds (E, see Scheme 2-3), an isophthalaldimine compound which 

iss metallated at the 2-position where M = Li or MgBr (G, see Scheme 2-3) was required, 

whichh would react with a palladium(ll) salt (e.g. Na2PdCl4) 

2.3.1.11 Attempted synthesis of 4 (M = Li ) 

Inn attempts to synthesize compound 4 (M = Li) , the isophthalaldimine ligand 3a (R = i'-Pr) 

wass reacted with several organolithium reagents (R'Li, R' = n-Bu, r-Bu an Me, see 

Schemee 2-10) in hexane. Hexane was used as the reaction medium, since it gives the desired 

ortho,orthoortho,ortho regioselectivity for the lithiation of the bis(dimethylaminomethyl)phenyl 

[N-C-N]]  ligand.42 When the reaction was performed by adding a solution of ra-butyllifhium 

too a solution of 3a in hexane at low temperature an immediate intense coloring of the reaction 

mixturee was observed. Analysis of the reaction mixture by GC-MS after quench did not point 

att the desired reaction. Instead, the obtained mass spectra indicated that nucleophilic attack 

off  the butyl-group of n-BuLi at an imine carbon had occurred. This was supported by the lH 

NMRR spectrum of the GC-MS sample. When f-butyllithium was used instead of 

rc-butyllithium,rc-butyllithium, no reaction occurred, neither at low temperature nor at room temperature. 

Whenn the reaction mixture was refluxed for 2 h, an addition reaction to the imine analogous 

too the reaction with «-butyllithium was observed. When methyllithium was used at low 

temperature,, no reaction was observed. For 3d (R = 4-methoxyphenyl) lithiation could not 

bee achieved either. 

a:: R = isopropyl 
d:: R = 4-methoxyphenyl 

Schemee 2-10. Attempted synthesis of 4a and 4d 

AA study investigating the routes to the lithiated isophthalaldimine was, after our first 

attempts,, published by Niickel and Burger in 2000.43 Importantly, in that study compounds 

off  type 4 (M = Li ) were not formed either. Alsoo these authors describe nucleophilic attack of 

alkyllithiumm reagents on the isophthalaldimine ligand. These authors have characterized 
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severall  organolithium compounds derived from the isophthalaldimine ligand by means of 
X-rayy crystal structure determinations. 

Thus,, compounds of type 4 seem to be inaccessible from 3 and alkyllithium reagents. 
Therefore,, instead of an alkyllithium reagent, lithiumdiisopropylamide (LDA, a strong, 
non-nucleophilicc base) was used, since it had been successfully applied in the lithiation of, 
forr instance, the bis(oxazolinyl)phenyl ligand.19 When the reaction between 3a and LDA was 
performedd in THF, it was found from GC-MS and lH NMR spectroscopic analysis (after 
quenchh with CH3OD) that the desired compound 4 was not obtained; from the broad peaks 
observedd in the 'H NMR spectrum it was concluded that polymeric materials were formed. 
Fromm an analogous reaction of LDA and 2-Br-isophthalaldimine (2a) in Et20, a similar result 
wass obtained, after a CH3OD quench no deuterium incorporation was found. 

Itt was concluded that, if an 2-Li-isophthalaldimine (4) was formed during these reactions 
withh LDA, it was not stable and probably degraded by intermolecular attack on the imine 
groups,, leading to polymeric materials. Based on these findings and the work of Niickel,43 it 
wass concluded that further attempts to synthesize the 2-Li-isophthalaldimine compound (4) 
wouldd probably remain unsuccessful and therefore the synthesis of 4 was not further pursued. 

2.3.1.22 Attempted synthesis of 4' (M = MgBr) 

Sincee Grignard reagents are, in general, less reactive and more stable than the corresponding 
organolithiumm reagents, 2-bromomagnesia-isophthalaldimine reagents (4a', M = MgBr, see 
Schemee 2-3) might be suitable precursors to isophthalaldimine palladium(ll) halide 
compounds. . 

Startingg from the 2-Br-isophthalaldimine ligand 2a (R = i-Pr) it was attempted to synthesize 
aa 2-bromomagnesia-isophthalaldimine reagent (4', R = z'-Pr) via a standard procedure 
(Schemee 2-11). The reaction mixture turned light orange and after 4h an aliquot was 

R^NN Br N ' R % MgBr N ' R 

III I I Mg 

a:: R = isopropyl 
d:: R = 4-methoxyphenyl 

Schemee 2-11. Attempted synthesis of 4a' and 4d' 

quenchedd with CH3OD and analyzed by GC-MS and 'H NMR spectroscopic analysis. At 
30%% conversion of 2a, the GC-MS analysis pointed at about 38% deuterium incorporation, 
butt also at about 62% hydrogen incorporation which implied the formation of 3a. This was 
supportedd by an 'H NMR spectrum of the sample, by comparison with an authentic sample 
off  3a. After stirring over night, there was an almost full conversion of 2a, however, after 

X X 
4a'.d' ' 
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quenchingg with CH3OD littl e deuterium incorporation was found (about 7%). The LH NMR 
spectrumm showed mainly broad signals, belonging to unidentified polymeric material. An 
analogouss result was obtained when the 4-methoxyphenyl substituted isophthalaldimine 2d 
wass used, instead of the isopropyl substituted 2a. In this case, the reaction mixture turned red 
andd consumption of 2d and hydrogen incorporation was found, to form 3d. 

Probablyy the desired Grignard reagent had been formed to some extent, since the 
consumptionn of Mg and 2a and 2d was observed. If the Grignard reagent had been formed, 
itt was not stable in time. Therefore, it was investigated whether in situ preparation of the 
Grignardd reagent 4a' in the presence of Pd(cod)Cl2

t could lead to the formation of the 
isophthalaldiminee palladium(ll) halide compounds. Unfortunately, in the reaction mixture no 
compoundd of type E could be identified. 

Itt was concluded that, neither 4 (M = Li) nor 4' (M = MgBr) could be obtained, and therefore 
thesee compounds could not be applied in the preparation of the isophthalaldimine 
palladium(ll)) halide compounds (E, Scheme 2-3). After the synthesis of the compounds E 
hadd been accomplished via another route, the lH NMR spectra of these compounds were 
comparedd with the spectra obtained in the unsuccessful strategies, which showed that indeed 
noo compounds of type E had been formed in these reactions (vide infra). 

2.3.22 Cyclopalladation 
Cyclopalladationn is an alternative route towards isophthalaldimine palladium(ll) halide 
compounds,, as has been shown by Vila and coworkers, see Scheme 2-6.22 However, if 
cyclopalladationss should be employed in this study for the synthesis of the desired 
isophthalaldiminee palladium(ll) halide compounds, yields and selectivity needed to be higher 
comparedd to the procedure used by Vila. Therefore several alternative reaction conditions 
weree investigated. 

First,, cyclopalladation of 3a was tried with several palladating reagents in various solvents: 
Pd(OAc)22 and NaOAc in CH2C12; Na2PdCl4 and Et3N or Na2C03 in MeOH; Na2PdCl4 and 
Et3NN in THF; PdCl2(PhCN)2 and Na2C03 in THF; Na2PdCl4 and Na2C03 in acetone; 
Na2PdCl44 and Na2C03 in CH3CN. In most cases full consumption of 3a and the palladium 
precursorr was observed, however, this did not always result in the desired regioselectivity. 
Onlyy the use of Na2PdCl4 and methanol resulted in the desired selectivity. In this case, the 
isophthalaldiminee palladium(ll) chloride compound 5 (Scheme 2-12) was the only isolated 
product.. Triethylamine and sodium carbonate were used as the base and both gave the same 
result,, however, when using sodium carbonate the removal of the excess base was easier. The 
cyclopalladationn was found to be successful for the isophthalaldimine ligands 3a (R = /-Pr) 
andd 3b (R = t-Bu) resulting in the formation of 5a and 5b. However, the yield of the 

f.. cod = 1,5-cyclooctadiene 
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isophthalaldiminee compounds was only 26% and 21%, respectively, the remainder of the 
palladiumm precipitated as Pd-black. 

CI I 

% — P d — N ' R R 

I II i II 
Na2C03 3 

3a,bb MeOH \ ^ 5a,b 

Schemee 2-12. Cyclopalladation of a compound of type 3 by Na2PdCl4 to form a compound of type 5. 

Fromm the 'H and 13C NMR spectra of compounds 5, it can be concluded that the imine groups 
aree equivalent and coordinating to the palladium atom. In the 'H NMR spectrum this is 
apparentt from the coordination induced shift from 8 = 8.3 ppm for 3a,b to 8 = 8.0 ppm for 
5a,b.. Furthermore, the absence of signals of the proton on the 2-position is indicative for the 
linkagee of the palladium to this position. In the 13C NMR spectrum of compounds 5, the ipso 
carbonn bound to the Pd is found at 182.9 ppm and 180.6 ppm, respectively for 5a and 5b and 
thee carbons of the imine moiety show a shift from 8 = 160 ppm for 3 to 8 = 170 ppm. 

Too investigate the scope of the cyclopalladation for the synthesis of compounds of type 5, it 
wass tried to perform an analogous cyclopalladation with 3f, which has the very bulky 
2,6-diisopropylphenyll  substituent. In the reaction of 3f with Na2PdCl4 and sodium carbonate 
inn methanol, only precipitation of Pd-black was observed and it was inferred from XH NMR 
spectroscopicc analysis that no isophthalaldimine palladium(n) chloride compound 5f was 
formedd at all, see Scheme 2-13. So, the cyclopalladation reaction results in the selective 

Na2PdCI4 4 

X X 
Na2C03 3 

MeOH H 

Schemee 2-13. Cyclopalladation of a compound of type 3 by Na2PdCl4 to form a compound of type 5. 

formationn of the isophthalaldimine palladium(ll) chloride compounds 5a and 5b, albeit in 
loww yield, but no similar compounds bearing bulky imine substituents could be obtained by 
thiss route. 

23 3 



ChapterChapter 2 

b) ) 

Figuree 2-4. a) Displacement ellipsoid plot of 5b (monoclinic) with ellipsoids drawn at the 50% 
probabilityy level, b) View onto the Pd - CI moiety of 5b (orthorhombic), along the 
Pdd - C(l) bond. Hydrogens are omitted for clarity 

X-rayX-ray crystal structure determination of 5b 

Thee composition of the compounds 5 is supported by an elemental analysis of 5a and by the 
molecularr structure of 5b, which was unambiguously proven by an X-ray structure analysis 
off  5b. Compound 5b appears to be polymorphic. There exists a monoclinic form with space 
groupp P2/C (its molecular structure is depicted in Figure 2-4a) and an orthorhombic form 
withh space group P212121. The molecular geometry is very similar in both forms (Table 2-3), 
butt the packing of the molecules is different, as can be seen in the intermolecular Pd—Pd 
distancess (Table 2-2) and the views of the packings depicted in (Figure 2-5). 

Tablee 2-2. 6 shortest intermolecular Pd—Pd distances (A) 

monoclinicc form 

7.5482(2) ) 

7.7911(2) ) 

7.7911(2) ) 

7.8158(2) ) 

7.9717(2) ) 

7.9717(2) ) 

orthorhombicc form 

7.2312(12) ) 

7.3212(12) ) 

8.1012(13) ) 

8.1012(13) ) 

8.2278(13) ) 

8.2278(13) ) 

Inn the monoclinic and orthorhombic crystal structures of 5b the palladium has a distorted 
square-planarr environment with a sum of cis angles of 360.1° and 360.5°, respectively. The 
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N-Pd-CC angles of the five membered chelate rings amount to 78.65(6) and 78.49(6)° for the 
monoclinicc form and 78.9(2)° and 78.6(2)° for the orthorhombic form, these values are 
significantlyy smaller than the ideal values of 90° and this also leads to distorted trans N-Pd-N 
angless of 157.01(18)°; these deviations are caused by ring strain originating from the 
adjacentt five- and six-membered rings. The Pd-C, Pd-N(l) and Pd-N(2) bond lengths are 
1.9177(16)) A, 2.1370(14) A and 2.1374(14) A, respectively, for the monoclinic form and 
1.912(5)) A, 2.123(5) A and 2.143(5) A, respectively, for the orthorhombic crystal form. 

Tablee 2-3. Selected bond lengths (A) and angles (deg) for 5b. 

Pd(l)-N(l) ) 

Pd(l)-N(2) ) 

Pd(l)-Cl(l) ) 

Pdd)-C( l) ) 

N(l)-C(7) ) 

N(2)-C(8) ) 

N(l)-C(9) ) 

N(2)-C(13) ) 

N( l ) -Pd( l )--

Cl(l )) - Pd(l) 

N(l )) - Pd(l) -

N(2)) - Pd(l) -

Cl(l )) - Pd(l) 

Cl(l)-Pd(l) ) 

C(7)-N( l )--

C(8)-N(2)--

N(2) ) 

-C(l) ) 

C(l) ) 

C(l) ) 

-N(l ) ) 

-N(2) ) 

C(9) ) 

C(13) ) 

monoclinicc form 

2.1370(14) ) 

2.1374(14) ) 

2.4385(5) ) 

1.9177(16) ) 

1.291(2) ) 

1.295(2) ) 

1.502(2) ) 

1.498(2) ) 

157.01(6) ) 

174.92(5) ) 

78.65(6) ) 

78.49(6) ) 

101.59(4) ) 

101.40(4) ) 

119.87(15) ) 

120.21(14) ) 

orthorhombicc form 

2.143(5) ) 

2.123(5) ) 

2.4241(16) ) 

1.912(5) ) 

1.304(7) ) 

1.277(8) ) 

1.500(8) ) 

1.509(7) ) 

157.01(18) ) 

172.1(2) ) 

78.9(2) ) 

78.6(2) ) 

100.99(13) ) 

101.97(41) ) 

120.7(5) ) 

120.0(5) ) 

AA structure related to 5b is a 2,6-bis(oxazolinyl)phenyl palladium chloride compound (the 
ligandd used is also known as "phebox") published by Motoyama.44 Most of the bond 
distancess and angles in this structure are comparable with the values obtained for 5b. 
However,, the Pd-N bond lengths are much longer in 5b (2.123(5) A - 2.143(5) A) than those 
foundd in the structure published previously (2.053(9) A).44 If the structures of 5b is compared 
too related palladium-chloride compounds derived from the bis(dimethylaminomethyl)phenyl 
[N-C-N]]  ligand system45 it is found that the Pd-C and Pd-N bond distances are comparable. 
However,, the N-Pd-C angles of the five membered chelate rings (and as a result the N-Pd-N 
angle)) are slightly smaller in 5b (157.01(18)°) and the phebox-palladium chloride compound 
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Figuree 2-5. Views along the crystallographic c-axis of the monoclinic form (top) and the orthorhombic 
formm (bottom) of compound 5b. 
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(159.6(5)°)444 when compared to the bis(dimethylaminomethyl)phenyl [N-C-N] ligand 

systemm (e.g. 161.9(3)°, 162.6(1)°),45 which is probably due to the higher strain arising from 

thee shorter imine C=NR double bond as compared to the amine C-NR2 single bond. In the 

structuree of 5b the five- and six-membered rings in the plane of palladium are each almost 

planar.. In the monoclinic form, the largest deviations in the Pd(l), N(l) , C(l), C(6), C(7) 

plane,, the Pd(l), N(2), C(l), C(2), C(8) plane and the aryl ring are 0.023(2) A, 0.018(2) A 

andd 0.007(2) A, respectively. These three planes are almost coplanar in this crystal form, the 

angless between the first and the second is 1.13(8)°, between the first and the third 1.22(8)° 

andd between the second and the third 1.00(8)°. In the orthorhombic form, the largest 

deviationss in the Pd(l), N(l) , C(l), C(6), C(7) plane, the Pd(l), N(2), C(l), C(2), C(8) plane 

andd the aryl ring are 0.026(2) A, 0.036(2) A and 0.006(2) A, respectively. Again these three 

planess are almost coplanar in this crystal form, the angles between the first and the second is 

2.6(3)°,, between the first and the third 2.3(3)° and between the second and the third 2.6(3)°. 

Ass can be seen in Figure 2-4b, which is a view of the orthorhombic crystal form of 5b along 

thee Pd(l) - C(l) bond, in 5b both imine-(terf-butyl) moieties bend to one side of the Pd-plane 

(too the right in the figure), whereas the Pd atom and especially the CI atom bend to the other 

sidee (to the left). The Cl(l) - Pd(l) - C(l) angle in this crystal form is 172.1(2)°, in the 

monoclinicc form, this angle deviates less from 180° with a value 174.92(5)°. These 

deviationss from linearity are probably due to steric hindrance between the chloride atom and 

thee r-butyl groups. 

2.3.33 Oxidative addition 
Becausee of the low yield and the inaccessibility of isophthalaldimine palladium(n) halide 

compoundss bearing large substituents by cyclopalladation of the parent ligand, the oxidative 

additionn approach was employed as an alternative. Similarly to the reactions presented by 

Clarkk and coworkers (see Scheme 2-7 on page 18),39 2-bromo-isophthalaldimine 2a was 

reactedd with Pd(dba)2
f in benzene at 80°C, see Scheme 2-14. The reaction was complete 

Br r 

R~NN Br N ' R R * N — P . d — N ' R 

II I I Pd(dba)2 |i I JJ 
I l TT **  1 1 1 
[II J benzene [I J 
^ ^^ 2a,c-g \ ^  6a,c-g 

Schemee 2-14. Oxidative addition reaction of 2 to yield the palladium(n) bromide compounds 6. 

withinn 10 minutes, as was inferred from the color change from intense purple to brownish 

green.. The reaction mixture was then filtered and after crystallization and flash column 

t-- dba = dibenzylideneacetone. 
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chromatography,, the palladium(li) bromide compound 6a was isolated as a yellow solid in 

81%% yield. 

Fromm the !H and 13C NMR spectra of 6a, it can be concluded that the imine groups are 

equivalentt and coordinating to the palladium atom, as was found for the corresponding 

chloridee compounds 5a and 5b. In the 'H and the 13C NMR spectra chemical shifts of 6a are 

virtuallyy isochronous to 5a. 

Thee synthesis of the palladium(ll) bromide compounds (6) via the oxidative addition 

reactionss of the C-Br bond of compounds 2 to Pd(dba)2, shown in Scheme 2-14, turned out 

too be generally applicable; it was found that for compounds 2a,c-g the corresponding 

palladium(n)) bromide compounds 6a,c-g could be obtained. Even for 2g, which contains the 

veryy bulky supermesityl (2,4,6-tri(ferf-butyl)phenyl) substituent, the corresponding 

palladiumm compound (6g) was obtained. However, in some cases purification of the 

compoundd 6 was more difficult and yields were lower. Solvents other than benzene are 

applicable,, toluene and THF were also used. The palladium(II) bromide compounds 6a,c-g 
weree isolated as air stable yellow solids in 31 to 99% yield. The composition of these 

compoundss 6 was supported by an elemental analysis of 6a and 6d. 

X-rayX-ray crystal structure determination of6g 

Unambiguouss proof of the assigned structure of these compounds was obtained by an X-ray 

structuree analysis of 6g, the molecular structure of which is depicted in Figure 2-6, selected 

bondd lengths and angles are given in Table 2-4. 

Figuree 2-6. a) Displacement ellipsoid plot of 6g with ellipsoids drawn at the 50% probability level, 
hydrogenss are omitted for clarity, 
b)) View onto the Pd - Br moiety of 6g, along the Pd - C(l) bond. 

Inn the crystal structure of 6g the palladium has a distorted square-planar environment with a 

summ of cis angles of 360.2°. The N-Pd-C angles of the five membered chelate rings amount 

too 78.56(8) and 78.86(8)°, which is similar to the angles found for 5b. As for 5b, the ring 
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strainn caused by the adjacent 5- and 6-membered rings results in a distorted trans N-Pd-N 
anglee of 157.20(6)°, which is the same (within standard deviations) as found for the crystal 
structuree of compound 5b (157.01(18)°). The Pd-C bond length, 1.908(2) A, is comparable 
too 5b. The Pd-N bond lengths are inequivalent, 2.0970(16) and 2.1284(17) A, the Pd(l)-N(l) 
bondd length is slightly shorter compared to 5b. As in the structure of 5b, in 6g the five- and 
six-memberedd rings are each quite planar. For the Pd(l), N(l), C(l), C(6), C(7) plane, the 
largestt deviation is 0.023(2) A, for the Pd(l), N(2), C(l), C(2), C(8) plane this is 0.031(2) A, 
forr the aryl ring, the largest deviation is 0.011(3) A. These three planes are quite coplanar, 
thee angles between the first and the second is 2.02(9)°, between the first and the third 
3.41(11)°° and between the second and the third 3.53(11)°. 

Tablee 2-4. Selected bond lengths (A) and angles (deg) for 6g. 

Pd(l)) - N(l) 

Pd(l)) - N(2) 

N(l)-C(7) ) 

N(l)-C(9) ) 

2.0970(16) ) 

2.1284(17) ) 

1.293(3) ) 

1.438(3) ) 

Pd(l)-Br(l) ) 

Pd(l)-C(l) ) 

N(2)) - C(8) 

N(2)) - C(27) 

2.5211(3) ) 

1.908(2) ) 

1.290(3) ) 

1.451(2) ) 

N(l)-Pd(l)-N(2)) 157.20(6) 

N( l ) -Pd( l ) -C( l)) 78.86(8) 

Br( l ) -Pd( l )-N( l )) 98.93(5) 

C(7)-N(l)-C(9)) 119.17(17) 

Br( l ) -Pd( l ) -C( l)) 172.66(6) 

N(2)-Pd(l)-C(l)) 78.56(8) 

Br(l)-Pd(l)-N(2)) 103.87(5) 

C(8)) - N(2) - C(27) 118.47(18) 

Ass can be seen in Figure 2-6b, which is a view onto the Pd(l)-Br(l) moiety along the Pd-C(l) 
bond,, both imine moieties bend slightly to one side of the Pd-plane, defined by Pd(l), Br(l), 
N(l) ,, N(2) and C(l), (to the right in the figure), whereas the Pd atom and especially the Br 
atomm bend to the other side (to the left), as in the structure of 5b. Whereas in the structure of 
5bb the CI atom is only lifted straight out of the Pd-plane, in the structure of 6g the Br atom is 
alsoo pointing to one of the imine groups (to the top in Figure 2-6b). This results in an 
inequalityy of the N- Pd(l) - Br(l) angles which amount to 98.93(5)° and 103.87(5)°, the 
Br(l)) - Pd(l) - C(l) angle is 172.66(6)°. This is probably due to different positioning of the 
t-But-Bu groups on the aryl rings of the imine substituents. 

AA cationic palladium(ll) isophthalaldimine compound 

AA cationic palladium(H) solvento isophthalaldimine compound was prepared by the reaction 
off  6a and silver triflate in dichloromethane. After 30 minutes a precipitate, presumably of 
AgBr,, was formed. The reaction mixture was filtered, the volatiles were removed and the 
productt was purified by crystallization. The obtained yellow crystals were identified by lH 
andd 13C NMR spectroscopy as a pure compound. However, it was not clear whether the 
triflatee anion was coordinating to the Pd atom, or whether another ligand was completing the 
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expectedd square planar coordination sphere of the Pd atom. Neither in the 'H NMR spectrum, 
norr in the 13C NMR spectrum well defined signals pointing at an additional ligand were 
found.. An X-ray structure analysis of a crystal of 7a (see below) was required and this 
showedd that the triflate anion was not coordinating, but that the fourth position of the Pd is 
occupiedd by a water molecule, see Scheme 2-15. The water molecule probably originates 
fromm the silver triflate used. 

AgOTf f 

CH2CI2 2 
-AgBr r OTf f 

6aa "" ' \ ^ 7a 

Schemee 2-15. Synthesis of the cationic isophthalaldimine palladium aqua compound 7a. 

X-rayX-ray crystal structure determination of 7a 

Thee structure of the cationic palladium(ll) isophthalaldimine compound 7a is depicted in 
Figuree 2-7, selected bond lengths and angles are given in Table 2-5. 

Figuree 2-7. a) Displacement ellipsoid plot of 7a with ellipsoids drawn at the 50% probability level. 
b)) View of four complex molecules showing hydrogen bonds. Hydrogens except the water 
hydrogenn atoms are omitted for clarity. 

Inn the crystal structure of 7a, as can be seen in Figure 2-7b, the triflate anions link two 
complexx molecules by forming hydrogen bonds to the water molecules. The surrounding of 
thee Pd atom is distorted square planar, the sum of cis angles around Pd is 360.01°, the 
distortionn is originating from the N-Pd-N angle, which amounts to 158.34(14)°. The bond 
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lengthss and angles in the crystal structure of 7a are similar to those observed for 5b and 6g. 
Ass in the structures of 5b and 6g, in 7a the five- and six-membered rings are each almost 
planar.. For the Pd(l), N(l), C(l), C(6), C(7) plane, the largest deviation is 0.014(3) A, for the 
Pd(l),, N(2), C(l), C(2), C(8) plane this is 0.022(4) A, for the aryl ring, the largest deviation 
iss 0.011(4) A. These three planes are almost coplanar, the angles between the first and the 
secondd is 1.64(17)°, between the first and the third 2.06(18)° and between the second and the 
thirdd 1.93(18)°. 

Tablee 2-5. Selected bond lengths (A) and angles (deg) for 7a. 

Pd(l)-N(l) ) 

Pd(l)-N(2) ) 

N(l)-C(7) ) 

N(l )) - C(9) 

N(l)-Pd(l) ) 

N(l)-Pd(l) ) 

Od)-Pd( l) ) 

C(7)-N( l )--

-N(2) ) 

) ) 

-N(l ) ) 

C(9) ) 

2.087(3) ) 

2.098(3) ) 

1.275(3) ) 

1.478(5) ) 

158.34(14) ) 

79.37(16) ) 

100.30(13) ) 

122.4(3) ) 

Pd(l)) - 0(1) 

Pdd)-C( l) ) 

N(2)-C(8) ) 

N(2)) - C(12) 

0(1)-Pd(l) ) 

N(2)) - Pd(l) -

0(1)) - Pd(l) 

C(8)) - N(2) -

C(l) ) 

C(l) ) 

N(2) ) 

C(12) ) 

2.200(3) ) 

1.905(4) ) 

1.285(5) ) 

1.483(5) ) 

178.53(15) ) 

78.98(16) ) 

101.36(13) ) 

118.7(4) ) 

Whereass in the crystal structures of 5b and 6g the ligand opposite to the central aryl ring (CI 
andd Br, respectively) is lifted out of the coordination plane of the Pd atom, in the structure of 
7aa the geometry around Pd atom is nearly planar, the C(l) - Pd(l) - 0(1) angle is 178.53(15)° 
andd deviates only slightly from 180°. 

2.44 Attempted synthesis of organo palladium(ll) 
isophthalaldiminee compounds 

Transmetallationss of the isophthalaldimine palladium(n) halide compounds were undertaken 
inn order to attempt the synthesis of frans-diorganopalladium compounds of type D, 
analogouss to the synthesis of previously published organopalladium derivatives of [D-C-D] 
ligands8'28311 see Scheme 2-16. 

E E 

Schemee 2-16. Transmetallation of E. 
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Becausee of the availability of a variety of isophthalaldimine palladium(n) bromide 
compoundss (6), these compounds were applied in the transmetallations with several 
organometallicc reagents. As organometallic reagents R'M, organolithium and organotin and 
organozincc reagents were used, having either an sp3 or an sp hybridized reactive carbon atom. 

2.4.11 Transmetallation using organolithium, organozinc and organotin 
reagentss with an sp3-hybridized carbon atom 

2.4.1.11 Organolithium reagents 

Synthesiss of trans-methyl derivatives D was attempted by reaction of 6a (R = isopropyl) with 
methyll  lithium at -60°C in THF. After the addition, the yellow reaction mixture was slowly 
warmedd to room temperature. Between -20°C and -10°C the reaction mixture turned dark 
brownn and finally became black, probably due to the deposition of Pd-black. At room 
temperaturee the reaction mixture was analyzed by 'H NMR spectroscopy. In the 'H NMR 
spectrum,, next to the signals for the starting material, many additional signals were obtained. 
Itt was concluded, based on signals in the NMR spectrum of the product mixture, (see 
Schemee 2-17) that the desired transmetallation product D was not obtained, but instead 
compoundd 8a. Apparently, compound D is thermally not stable and a reductive elimination 
too give Pd(0) and 8a occurs easily. Several unidentified compounds were present in the 

THFF or 
toluene e 

Schemee 2-17. 

productt mixture, which were probably formed from side reactions. When the reaction was 
carriedd out in toluene, a comparable result was obtained, formation of Pd(0) was observed 
betweenn 0°C and 10°C, however, the reaction was less selective, more unidentified products 
weree formed. The formation of 8a was confirmed by the comparison of the 'H NMR 
spectrumm of the reaction mixture with the 'H NMR spectrum of an authentic sample of 8a, 
synthesizedd via a straightforward condensation of 2-methyl-isophthalaldehyde and 
isopropylamine.. 2-Methyl-isophthalaldehyde46 and 2,6-dicyanotoluene47 were synthesized 
accordingg to Scheme 2-18. 

Me e 
CI I CI I CuCN N 

NMP P 

42% % 

Me e 
NC C CN N 

DiBAL-H H 
tol/hex x 

»--
71% % 

Schemee 2-18. Synthesis of 2-methyl-isophthalaldehyde 
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Inn a reaction of 6d (R = 4-methoxyphenyl) with methyllithium again a reductive elimination, 
analogouss to Scheme 2-17, occurred and compound 8d was obtained (see Scheme 2-19). 
Heree too, the formation of 8d was confirmed by the comparison of NMR data with those of 
ann authentic sample of 8d, synthesized from 2-methyl-isophthalaldehyde and p-anisidine in 
65%% yield. 

MeLi i 

THF F 

R^NN Me N ' R 

-Pd(o)) I 

RR = 4-Methoxyphenyl 

Schemee 2-19. The transmetallation of 6d to form 8d. 

So,, for 6a and 6d most likely a transmetallation occurred to give an (intermediate) 
diorganometallicc compound, which was thermally not stable. In order to coroborate the 
proposedd reaction mechanism, it was decided to perform the reaction in THF-d8 at low 
temperaturess (-50°C to 0°C) while monitoring the progress by 'H NMR spectroscopy. 
Unfortunately,, the formation of a mixture of compounds and problems with the homogeneity 
off  the solution in the NMR tube, resulted in spectra from which no information could be 
derived. . 

Inn contrast to 6a and 6d, for isophthalaldimine palladium(n) bromide compounds which had 
stericallyy more demanding imine substituents (R = 2,6-diisopropylphenyl (6f) or 
2,4,6-tri(fert-butyl)phenyll  (6g)), no transmetallation was observed at all in an analogous 
reactionn with methyllithium. For 6f the reaction mixture turned intensely blue upon addition 
off  methyllithium. From the lH NMR spectrum of a sample of this mixture (measured at room 
temperature)) it was concluded that all four isopropyl groups on the two imine substituents 
weree inequivalent, pointing at a derailment of the reaction path, caused by attack of the 
organolithiumm reagent on the imine moiety and/or an electron transfer to the aryl-imine. A 
similarr result was obtained for 6g. 

Thesee results may be explained by the fact that in 6f and 6g the palladium-bromide moiety is 
shieldedd by the large substituents which point above and below the coordination plane of the 
Pd,, as can be seen in the crystal structure of 6g, see Figure 2-6. Therefore the methyllithium 
cann react less readily with the palladium-bromide moiety and the high nucleophilicity or 
reducingg properties of the organolithium reagent only lead to undesired reactions. 

2.4.1.22 Organozinc and organotin reagents 

Whenn the reaction between 6f and dimethylzinc was performed at -30°C in THF and the 
reactionn mixture was warmed up to room temperature, precipitation of palladium black was 
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observed.. When the reaction mixture was analyzed by means of 'H NMR spectroscopy, it 

wass found that the transmetallation had occurred to some extent (aprox. 10%) and compound 

8ff  was formed. Next to 8f also some of unidentified side products was formed, however, the 

majorr compound observed was the starting material, 2f. 

Organotinn reagents have been frequently employed as transmetallating agents for palladium 

halidee compounds, according to the Stille protocol.48,49 When the very mild methyl donor 

SnMe44 was applied in a transmetallation with 6a, no reaction was observed at room 

temperature.. When a solution of 6a and a large excess of SnMe4 in toluene was heated over 

nightt at 100°C and the reaction mixture was analyzed by 'H NMR spectroscopy, it was found 

thatt 14% of 6a was converted cleanly to 8a. The low reactivity of SnMe4 required a high 

reactionn temperature and therefore the use of SnMe4 did not lead to the characterization of a 

diorganopalladiumm species and no further information about the transmetallation nor the 

reductivee elimination was obtained. 

2.4.22 Transmetallations with lithium trimethylsilylacetylide 
Inn reaction of 6d and 6f and lithium trimethylsilylacetylide it was attempted to synthesize 

palladiumm acetylide isophthalaldimine compounds. It is expected that these 

diorganopalladiumm compounds are more accessible than the palladium methyl 

isophthalaldiminee compounds. Due to the stronger C(sp)-Pd bond,4 compared to the Csp3-Pd 

bond,, palladium acetylide isophthalaldimine compounds are expected to be more stable than 

correspondingg palladium methyl isophthalaldimine compounds. However, the lower energy 

barrierr for the reductive elimination of Csp-Csp2 compared to Csp3-Csp2 may result in a faster 

reductivee elimination.6 In comparison to methyl lithium (an sp3-organolithium reagent) a 

lithiumm acetylide is less reactive (nucleophilic), due to higher s-character of the carbanion 

andd therefore is expected to give less side reactions, like nucleophilic attack on the imine 

moiety. . 

Thee reaction between isophthalaldimine palladium(II) bromide compounds 6d and 6f and 

lithiumm trimethylsilylacetylide was performed at -60°C. When the light yellow reaction 

mixturee was slowly warmed up to room temperature, around -5°C the color slowly turned 

SiMe3 3 

d:: R = 4-methoxyphenyl 
f:: R = 2,6-diisopropylphenyl 

Schemee 2-20. 
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darkerr to orange and brown and finally turned black. For 6d, the reaction mixture was 
analyzedd by 'H NMR spectroscopy. The spectrum showed 74% conversion of 6d to a new 
compoundd with structural features analogous to the starting material and an additional 
resonancee originating from an SiMe3-moiety. From the chemical shift of the imine protons it 
wass concluded that the imine moieties were no longer coordinating to the palladium, and 
therefore,, that a reductive elimination had occurred to give compound 9d, see Scheme 2-20. 
AA similar reaction involving 6f lead to 40% conversion. Formation of 9f was confirmed by 
thee comparison of the NMR and IR (VQ  ̂= 2150 cm1) spectra of an authentic sample of 9f, 
synthesizedd by the straightforward condensation of 2-trimethylsilylacetyl-isophthalaldehyde 
withh 2,6-diisopropylaniline. This aldehyde in turn was synthesized via a Sonogashira 
reactionn of trimethylsilylacetylene and 2-Br-isophthalaldehyde (1), see Scheme 2-21. 

HH = SiMe3 S i M e S i M e 

Pd(OAc)2 2 

RR = 2,6-diisopropylphenyl 
Schemee 2-21. Synthesis of 9f 

2.55 Discussion 
Unfortunately,, it was not possible to synthesize stable (trans) diorganopalladium compounds 
whichh contain the isophthalaldimine [N-C-N] ligand. Such compounds will be difficult to 
obtainn and, indeed, not many studies concerning diorganopalladium compounds containing 
[D-C-D]]  ligands have appeared. As described in the introduction, in a related study 
concerningg diorganopalladium compounds containing the bis(dimefhylaminomethyl)phenyl 
[N-C-N]]  ligand, a palladium(ll)-o-tolyl derivative was characterized by means of 'H NMR 
spectroscopyy and identified in analogy to the corresponding platinum compound; in a 
reactionn between a palladium(ll) chloride and lithium p-tolylacetylide a reductive elimination 
too the acetylene compound, comparable to Scheme 2-20, was observed.31 In contrast, 
organopalladiumm derivatives of [P-C-P] ligands have been identified,82830 indicating the 
strongerr coordination of the phosphine groups, compared to the amine and imine groups. 

Itt is assumed that in the transmetallation reactions described above, compounds 8 and 9 are 
formedd by the proposed route via the unstable diorganopalladium species D. Since a 
reductivee elimination for palladium is known to proceed via a diorganopalladium compound 
withh a cis configuration,36 isomerization of D should occur. Hence, the organic fragments 
havee to rearrange from their expected initial trans disposition to a relative cis disposition. 
Subsequently,, the reductive elimination takes place from a three coordinate 14 electron 
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complexx after ligand dissociation.45,50,51 The diorganometallic (palladium) compound may 
bee stabilized by preventing the trans to cis isomerization. This was applied by Stille et al. 
whoo showed that a trans dimethylpalladium compound containing the TRANSPHOS52 

ligandd is stabilized because of the strongly coordinating P-donor moieties in the other two 
mutuall  trans positions.5 A strategy to stabilize ds-diorganopalladium compounds is 
preventionn of the ligand dissociation step which is required for the C-C reductive elimination, 
ass was shown by van Koten and coworkers for a phenyl-methyl-bipyridyl palladium 
compound.53 3 

So,, after introduction of the methyl or the acetylide group at the position trans to the aryl 
carbon,, resulting in the compound of type D, a trans to cis isomerization (and dissociation of 
ann imine moiety) occurs, to form compound D', which may involve a solvent molecule, 
followedd by a reductive elimination, see Scheme 2-22. Although littl e detailed information 
off  the transmetallation reactions has been obtained, several possible pathways for 
isomerizationn and reductive elimination will be addressed which may explain the processes 
leadingg from compounds 6a,d,f to 8a,d or 9d,f. 

Schemee 2-22. Proposed pathway for the observed reactions 

Manyy papers concerning trans to cis isomerizations (for palladium(ll) compounds) have 
appeared,, however, the fundamental studies described in these papers often involve 
monodentatee phosphine ligands.48,54,55 In the tridentate isophthalaldimine ligand, the 
chelatingg N,C,N groups are much more rigid and the geometry around palladium deviates 
severelyy from perfect square planar, therefore the conclusions from the published studies 
mayy not apply to the isophthalaldimine ligand. 

Forr palladium(ll) compounds, several mechanisms for isomerization are known. Firstly, a 
transtrans to cis isomerization can proceed via an associative mechanism. Coordinating of an 
additionall  phosphine ligand56,57 can induce an isomerization, but also THF (which is the 
reactionn medium in the transmetallation reaction of the isophthalaldimine palladium 
compounds)) can induce a trans to cis isomerization.5 It has been postulated that such an 
isomerizationn takes places via a five-coordinate intermediate that undergoes pseudorotation 
followedd by dissociation of a ligand.56 Such a mechanism will probably not be possible for 
palladiumm compounds containing the isophthalaldimine ligand, since the tridentate 
isophthalaldiminee ligand, has a certain rigidity. Next, the fact that the reductive elimination 
takess place at only slightly higher temperatures in toluene compared to THF does not point 
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att the involvement of THF. Moreover, in the isophthalaldimine ligand, bulky imine 

substituentss (such as f, R = 2,6-diisopropylphenyl) can shield the palladium from THF, which 

shouldd increase the thermal stability of the diorganopalladium compounds compared to 

compoundss having less bulky imine substituents (such as d, R = 4-methoxyphenyl), but this 

wass not observed. A fast reductive elimination was found in the reactions of lithium 

trimethylsilylacetylidee with both compounds 6f (R = 2,6-diisopropylphenyl) and 6d (R = 

4-methoxyphenyl)) {vide supra). Therefore such a mechanism is rejected. 

Anotherr mechanism for trans to cis isomerization for a diorganopalladium(n) compound was 

describedd by Yamamoto and coworkers in 1981.51 They found that methyl lithium can induce 

thee trans to cis isomerization in dimethyl palladium diphosphine complexes according to 

Schemee 2-23. They propose a intermediate trimethylpalladium(ll) anion (J). Strong support 

11 I 2 

Me1—Pd-Me2 2 

\-\- trans, H 

I I 
Me—Pd—LJ J 

I I 
MeJJ cis, K 

Li+ + 

; ; 
++ LiMe 3 3 

'' Li+ 

L1 1 

Me1—P P 

Me3 3 

d-Me 2 2 

\ 2 2 

--

LL = 

Me1—Pd-Me2 2 

MeJ J 

H ^^  Li+ 

LL = P(Et2Ph)3,PEt3 

LiMe^ ^ 

,, I „Me' 
Me1—Pd^ ^ 

Me33 L 

Schemee 2-23. Mechanism for trans to cis isomerization proposed by Yamamoto. 

forr such a mechanism was obtained when deuterium labeled methyllithium was added to the 

nonn labeled frans-dimethyl complex H. The ethane formed in the thermal decomposition of 

thee cis dimethyl complex K showed complete scrambling of the label; CD3CD3, CD3CH3 and 

CH3CH33 were formed in the expected ratio. This mechanism for the trans to cis isomerization 

cann also operate in the reactions described for the isophthalaldimine ligand. If one envisages 

Me11 (see Scheme 2-23) as the isophthalaldimine aryl ring, L1 and L2 as the imine moieties, 

L11 as the imine which remains coordinated, L3 as a solvent molecule and LiMe3 as methyl 

lithiumm or lithium acetylide, this would be a likely mechanism for the trans (D) to cis (D') 

isomerizationn for the isophthalaldimine palladium-methyl and -acetylide compounds in 

Schemee 2-22. 

Inn another mechanism described by Yamamoto, the trans to cis isomerization in the dimethyl 

palladiumm diphosphine complexes proceeds intermolecularly.51 This may not be applicable 

too the trans to cis isomerization (D to D', see Scheme 2-22) in our case due to the steric bulk 

off  the dissociated imine moieties, which are covalently bound to the ligand system and wil l 

remainn in close proximity of the palladium. If this mechanism did operate, an influence of the 
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iminee substituents should be found in the reactions of 6d (R = 4-methoxyphenyl) and 6f (R 

== 2,6-diisopropylphenyl) with lithium trimethylsilylacetylide. However, this was not 

observedd and this proposed mechanism is therefore rejected. 

Anotherr mechanism which may explain the formation of a cis diorganopalladium compound 

fromm a trans organopalladium halide was proposed by Stille and coworkers in 1981.56 The 

authorss postulate that in the metathesis of rra«s-styrylbromobis(diphenylmethylphosphine)-

palladiumm and methyl lithium a five coordinated anion as intermediate is involved from 

whichh both the trans- and cis- diorganopalladium-bis(phosphine) complexes can be formed. 

However,, such a mechanism seems not to be applicable for the transmetallation reactions 

describedd for compounds of type 6, since the formation of a cis organopalladium 

isophthalaldiminee compound (D\ Scheme 2-22) during the metathesis step would require a 

simultaneouss dissociation of an imine moiety which seems unfavorable. 

2.66 Conclusions 
Inn this chapter different routes for the synthesis of the isophthalaldimine palladium(n) halide 

compoundss have been described. It was found that the most versatile route is the oxidative 

addition,, which leads to isophthalaldimine palladium(n) bromide compounds. 

Sincee C-C coupled products (8 and 9) have been obtained in the reactions of these 

isophthalaldiminee palladium(n) bromide precursors (6) and transmetallating reagents, it 

seemss very plausible that diorganopalladium intermediates are involved. These are thermally 

unstablee and readily undergo reductive elimination of both carbon fragments, hence they 

heavee not been observed. Apparently the isophthalaldimine ligand system is nott rigid enough 

andd the imine moieties are not coordinated strongly enough to prevent isomerization and 

subsequentt elimination; the trans disposition of the carbon fragments is not maintained. 

2.77 Experimental section 
Generall  comments. All reactions involving air-sensitive compounds were carried out under a 
dinitrogenn atmosphere using standard Schlenk techniques. Solvents were dried and distilled prior to 
use,, according to standard methods.58 NMR spectra were measured on a Bruker AMX300/Varian 
Mercury3000 spectrometer (lR: 300.13 MHz, ,3C: 75.47 MHz), a Bruker DRX300 ('H: 300.11 MHz, 
13C:: 75.46 MHz, 19F: 282.39 MHz) and a Varian Inova500 spectrometer (!H: 499.88 MHz, 13C: 
125.700 MHz). Positive chemical shifts (8) are denoted for high-frequency shifts relative to a TMS 
referencee (]H, 13C) and a CFC13 reference (l9F). 13C NMR spectra were measured with 'H 
decoupling.. NMR chemical shift assignments are based on APT, 1H-COSY and ('H,13C) HMQC 
correlationn NMR spectroscopy. GC-MS measurements were performed on a Hewlett Packard 5890 
GC/59711 MS combination (ZB-5 column). High resolution MS measurements were performed on a 
JEOLL JMS SX/SX102A four sector mass spectrometer, coupled to a JEOL MS-MP9021D/UPD 
systemm program. For Fast Atom Bombardment (FAB) mass spectrometry, the samples were loaded 
inn a matrix solution (3-nitrobenzyl alcohol) onto a stainless steel probe and bombarded with xenon 
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atomss with an energy of 3 KeV. For Electron Impact (EI) mass spectrometry, the samples were 
introducedd via a direct insertion probe into the ion source. During the high resolution FAB-MS and 
EI-MSS measurements a resolving power of 10,000 (10% valley definition) was used. IR spectra were 
measuredd on a Biorad FTS-7 and a Biorad FTS-60A spectrophotometer. Elemental analyses were 
carriedd out at H. Kolbe Mikroanalytisches Laboratorium, Mülheim an der Ruhr or at the University 
off  Amsterdam on an Elementar Vario EL apparatus. Melting points are uncorrected. 

Materials.. Pd(dba)2,
59 dba,60 Pd(cod)Cl2

61 and 2-methyl-isophthalaldehyde46'47 were synthesized 
accordingg to literature procedures. Lithiumdiisopropylamide (LDA) and lithium trimethyl-
silylacetylidee were prepared by reacting n-BuLi with diisopropylamine or trimethylsilylacetylene, 
respectivelyy in THF at -60°C. 3A molecular sieves were activated by heating at 150°C in vacuo over 
night.. All other starting materials were obtained from commercial sources and were used as received. 

2-Bromo-isophthalaldehydee (1) 

Routee l62: A solution of 16.5 g (160 mmol) of Cr03 was dissolved in 50 mL of acetic anhydride by 
slowlyy adding in small portions under cooling in an ice bath. This orange brown solution was added, 
withh stirring and cooling in an ice bath, to a cold mixture of 5 g (3.6 mL, 27 mmol) of 
2-bromo-m-xylene,, 50 mL of acetic anhydride and 15 mL of concentrated H2S04 over a period of 
2.55 h, in which the reaction mixture turned deep green, and was then stirred over night at room 
temperature.. The viscous green mixture was then poured onto 500 g of ice and was left standing for 
1.55 h. The crude yellow crystalline material obtained on filtration was subjected to acid hydrolysis 
byy boiling it in a mixture of 40 mL of 1,4-dioxane and 10 mL of concentrated aqueous HC1 for 3 h. 
Mostt of the solvent was evaporated under educed pressure and the mixture was extracted with diethyl 
ether.. The combined organic layers were dried on MgS04, filtered and concentrated under educed 
pressure.. The brownish residue was taken up in dichloromethane and was passed twice through a 
columnn packed with alumina. The solvent was evaporated under reduced pressure and the residue 
wass dried in vacuo to yield 1.41 g (6.6 mmol, 24%) of the pale yellow product which was identified 
byy lH and 13C NMR spectroscopy as 1. 

Routee 2: Bromination: To a solution of 2-bromo-m-xylene (3.6 mL, 5 g, 27 mmol) in CC14 

(2000 mL), W-bromo-succinimide (5 eq., 24 g, 135 mmol) and dibenzoylperoxide (0.5 g, 2.1 mmol) 
weree added. After refluxing the suspension over night, the resulting brown mixture was filtered. 
Evaporationn of the solvent in vacuo furnished 12.53 g (25 mmol, 93%) of an off-white solid, which 
wass identified by *H and 13C NMR spectroscopy as l,3-bis-(dibromomethyl)-2-bromobenzene, 
whichh was used without further purification. lU NMR (300 MHz, CDC13): 5 = 8.03 (d, VHH = 7.9 
Hz,, 2H), 7.55 (t, VHH = 7.9 Hz, 1H), 7.12 (s, 2H; C#Br2).

 13C NMR (126 MHz, CDC13): 8 = 141.1 
(C),, 132.7 (CH), 129.3 (CH), 117.3 (C-Br), 39.5 CHBr2). GC-MS m/z (relative intensity): 501 (M+, 
C8H5Br5,, <1), 421 ([M-Br] +, 100), 340/342 ([M-2Br]+, 45), 261 ([M-3Br]+, 15), 180/182 ([M-4Br]+, 
43),, 101 ([M-5Br]+, 55). 

Hydrolysis::  Method A: To a solution of l,3-bis-(dibromomethyl)-2-bromobenzene (12.53 g, 
255 mmol) in THF (100 mL) a solution of AgN03 (17.85 g, 105 mmol) in H20 (100 mL) was added 
andd the mixture was refluxed for 1.5 h to give a yellowish suspension. After filtration and extraction 
off  the residue with two 50 mL portions of THF, the THF was evaporated under reduced pressure 
yieldingg an aqueous layer containing a white solid, which was isolated by filtration. Drying in a 
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desiccatorr on CaCl2 in vacuo yielded 4.58 g (21.5 mmol, 86%) of a white solid which was identified 
byy 'H and 13C NMR spectroscopy as pure 1. Method B: (analogous to a previously published 
procedure63)) 25.2 g (50.2 mmol) of l,3-bis-(dibromomethyl)-2-bromobenzene and 40 g (0.49 mol) 
off  NaOAc were suspended in a mixture of 200 mL of acetic acid and 10 mL water and refluxed for 
33 days until the reaction was complete (GC-MS). Most of the solvents were evaporated under 
reducedd pressure and 200 mL of an aqueous 2M NaOH solution was added and the resulting mixture 
wass extracted with 100 mL of dichloromethane. The organic layer was dried on 50 mL of brine and 
subsequentlyy MgS04, filtered and evaporated to dryness to yield 5.6 g (26.2 mmol, 52%) of a white 
solidd which was identified by 'H and 13C NMR spectroscopy as pure 1. Method C: (analogous to a 
previouslyy published procedure64) 11.1 g (22.2 mmol) of l,3-bis-(dibromomethyl)-2-bromobenzene 
wass suspended 50 mL of H2S04 and the mixture was stirred overnight at 100 °C until the reaction 
wass complete (GC-MS). After cooling 150 mL of ice and a small amount of sodium bisulphite were 
added.. A yellow/brown solid was collected by filtration, washed with water and dried in a vacuum 
desiccatorr on CaCl2. The solid was then extracted with boiling petroleum ether (boiling range 
100-1400 °C) and upon cooling of the solution white crystals formed. The crystals were collected by 
filtration,filtration, air dried and were identified by 'H and 13C NMR spectroscopy as pure 1, yield 2.3 g (10.7 
mmol,, 48%).M.p. 134-135°C. 'HNMR (300 MHz, CDC13): 5= 10.49 (s, 2H; HC=0), 8.11 (d, -VHH 

== 7.6 Hz, 2H), 7.55 (t, 37HH = 7.6 Hz, 1H). 13C NMR (75 MHz, CDC13): 8 = 190.3 (C=0), 135.0 (CH), 
134.22 (C), 130.5 (C-Br), 128.0 (CH). GC-MS m/z (relative intensity): 214 (M+, C8H5

81Br02, 100), 
2122 (M+, C8H5

79Br02, 98), 184/186 ([M-CO]+, 19), 155/157 (20), 132 ([M-HBr]+, 12), 104 (41), 76 
(86).. Anal. Calcd for C8H5Br02: C, 45.10; H, 2.37. Found: C, 45.12; H, 2.31. 
AA procedure for the hydrolysis of the tetra brominated 2-bromo-m-xylene published by Mataka and 
coworkers655 which consists of a alkaline hydrolysis with NaOAc, CaC03 and a phase-transfer agent 
(Bu4NBr)) in water was not successful, only the starting material was observed. 
Thee preferred way of synthesizing 1, in view of the overall yield, cost and ease of workup, consist of 
thee bromination of 2-Br-m-xylene by NBS in CC14, followed by the reaction with H2S04 (method C). 

Bis-(/V-isopropyl)-2-bromo-isophthalaldimine(2a) ) 

Too a solution of 1 (1.0 g, 4.7 mmol) and isopropylamine (2.4 ml, 1.66 g, 28 mmol, 3 eq.) in THF 
(500 mL) activated 3A molecular sieves were added and the mixture was refluxed for 3h. GC-MS 
analysiss showed complete conversion of 1. After filtration and extraction of the residue with THF 
thee solvent was evaporated in vacuo to furnish 1.32 g (4.47 mmol, 95%) of a yellow solid which was 
identifiedd by 'H and 13C NMR spectroscopy as pure 2a. 'H NMR (300 MHz, CDC13): 5 = 8.74 (s, 
2H;; //C=N), 8.02 (d, VHH = 7.6 Hz, 2H), 7.34 (t, 37HH = 7.6 Hz, 1H), 3.65 (septet, VHH = 6.3 Hz, 2H; 
CH3C//CH3),, 1.28 (d, 3/HH = 6.3 Hz, 12H; CH3CHCH3).

 13C NMR (75 MHz, CDC13): 5 = 157.1 
(C=N),, 135.4 (C), 130.5 (CH), 127.3 (CH), 126.5 (C-Br), 61.4 (CH3CHCH3), 23.9 (CH3CHCH3). 
HRMS(EI):: m/z calcd ([M] + C14H19

79BrN2) 294.0732. Found 294.0734. 

Bis-(A^-4-methylphenyl)-2-bromo-isophthalaldiminee (2c) 

Compoundd 2c was prepared analogous to 2a, from 1 (1.0 g, 4.7 mmol) and toluidine (1.0 g, 
9.55 mmol) in toluene (40 mL) by refluxing over night. After filtration and evaporation of the 
volatiles,, the reside was washed with ether (20 ml) and dried in vacuo to yield 1.6 g (4.1 mmol, 88%) 
off  a yellow solid which was identified by 'H and 13C NMR spectroscopy as pure 2c. 'H NMR (500 
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MHz,, CDCI3) 8 = 9.03 (s, 2H; HC=N) 8.36 (d, 3i H H = 7.7 Hz, 2H) 7.53 (t, 37HH = 7.7 Hz, 1H) 7.27 
(m,, 8H). 13C NMR (126 MHz, CDC13) 5 = 158.4 (C=N-C) 149.2 (C=N-Q, 136.9 (C), 135.9 (C) 
131.88 (CH), 130.2 (CH), 129.2 (C-Br) 128.0 (CH) 121.4 (CH) 21.4 (CH3). HRMS(EI): m/z calcd for 
([M+]]  C22H19

79BrN2) 390.0732. Found 390.0737. 

Bis-(AT-4-methoxyphenyl)-2-bromo-isophthalaldiminee (2d) 

Compoundd 2d was prepared analogous to 2a, from 1 (2.30 g, 10.79 mmol) and p-anisidine (2.70 g, 
21.955 mmol) in THF (100 mL) by refluxing for 2.5 h. After filtration the solvent was evaporated 
underr reduced pressure and the residue was washed with ether (3x5 mL). Drying in vacuo yielded 
4.266 g (10.07 mmol, 94%) of a yellow solid which was identified by lH and 13C NMR spectroscopy 
ass pure 2d. M.p. 171°C. lH NMR (300 MHz, CDC13) 8 = 9.00 (s, 2H; HC=N) 8.30 (d, VHH = 7-7 Hz> 
2H)) 7.47 (t, 37HH = 7.7 Hz, 1H) 7.31 (d, VHH = 8.7 Hz, 4H) 6.96 (d, ^J  ̂ = 8.7 Hz, 4H) 3.85 (s, 6H; 

OCHOCH33).).
 13C NMR (75 MHz, CDC13) 8 = 159.1 (COCH3) 157.0 (C=N-C) 144.6 (C=N-Q 135.9 (C) 

131.55 (CH) 128.9 (C-Br) 127.9 (CH) 122.9 (CH) 114.7 (CH) 55.8 (OCH3). HRMS(EI): m/z calcd for 
([M+]]  C22H19

81BrN202) 424.0612. Found 424.0625. Anal. Calcd for C22H19BrN202: C, 62.42; H, 
4.52;; N, 6.62. Found: C, 62.29; H, 4.58; N, 6.70. 

Bis-(A^-2,4,6-trimethylphenyl)-2-bromo-isophthalaldimine(2e) ) 

Compoundd 2e was prepared analogous to 2a, from 1 (0.5 g, 2.35 mmol) and mesitylamine (0.75 ml, 
0.722 g, 5.33 mmol) in toluene (50 mL) by refluxing over night. The excess aniline was removed by 
heatingg (T ~ 120 °C) the residue in vacuo in the presence of a cold finger to yield 1.04 g (2.33 mmol, 
99%)) of a yellow solid which was identified by 'H and 13C NMR spectroscopy as pure 2f. 'H NMR 
(5000 MHz, CDC13) 8 = 8.77 (s, 2H; f/C=N) 8.41 (d, VHH = 7.5 Hz, 2H) 7.59 (t, 3Jm = 7.5 Hz, 1H) 
6.966 (s, 4H), 2.34 (s, 6H), 2.20 (s, 12H). 13C NMR (126 MHz, CDC13) 8 = 162.2 (C=N-C) 148.6 
(C=N-C),, 135.9 (C), 133.8 (C) 131.6 (CH), 129.1 (CH), 128.6 (C-Br) 128.1 (CH) 127.3 (C) 21.0 
(CH3),, 18.6 (CH3). HRMS(EI): m/z calcd for ([M+] C26H27

81BrN2) 448.1346. Found 448.1341. 

Bis-(iV-2,6-diisopropylphenyl)-2-bromo-isophthalaldiminee (2f) 

Compoundd 2f was prepared analogous to 2a, from 1 (0.5 g, 2.35 mmol) and 2,6-diisopropyl-aniline 
(1.333 ml, 1.25 g, 7.06 mmol, 3 eq.) in toluene (50 mL) by refluxing over night. The excess aniline 
wass removed by heating (T = 120 °C) the residue in vacuo in the presence of a cold finger to yield 
0.966 g (1.8 mmol, 76%) of a yellow/green solid which was identified by *H and 13C NMR 
spectroscopyy as pure 2f. M.p. 218-220°C. LH NMR (300 MHz, CDC13) 8 = 8.72 (s, 2H; HC=N) 8.42 
(d,, VHH = 7.7 Hz, 2H) 7.61 (t, 3/HH = 7.7 Hz, 1H) 7.10-7.23 (m, 6H) 3.00 (septet, VHH = 6.8 Hz, 4H; 
CH3CtfCH3)) 1.22 (d, 3JHH = 6.8 Hz, 24H; C#3CHC#3).

 13C NMR (126 MHz, CDC13) 8 = 161.5 
(C=N-C)) 149.1 (C=N-Q 137.8 (C) 135.9 (C) 131.9 (CH) 128.7 (C-Br) 128.3 (CH) 124.9 (CH) 123.4 
(CH)) 28.3 (CH3CHCH3) 23.9 (CH3CHCH3). HRMS(EI): m/z calcd ([M] + C32H39

81BrN2) 532.2282. 
Foundd 532.2299. Anal. Calcd for C32H39BrN2: C, 72.30; H, 7.40; N, 5.27. Found: C, 72.44; H, 7.44; 
N,, 5.32. 

Bis-(Ar-2,4,6-tri(^er/-butyl)phenyl)-2-bromo-isophthalaldiminee (2g) 

Compoundd 2g was prepared from 1 (0.5 g, 2.35 mmol) and 2,4,6-(f-Bu)3-aniline (1.23 g, 4.7 mmol) 
inn toluene (50 mL) by refluxing in the presence of /?-toluenesulphonic acid and activated 3A 
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molecularr sieves. After 10 days GC-MS analysis showed completion of the reaction. After filtration 
andd extraction of the residue with THF the solvent was evaporated in vacuo. The residue was 
dissolvedd in 100 mL of Et20 and washed 3 times with 50 mL of a 0.1 M KHC03 solution and 
subsequentlyy with 50 mL of brine. The organic layer was then dried on MgS04, filtered and the 
solventt was evaporated under reduced pressure. The small excess of aniline was removed by heating 
thee residue by heating (T ~ 140 °C) the residue in vacuo in the presence of a cold finger. The residue 
wass 0.51 g (7.3 mmol, 31%) of a yellow solid which was identified by *H and 13C NMR spectroscopy 
ass pure 2g. lH NMR (300 MHz, CDC13) 8 = 8.68 (s, 2H; HC=N) 8.49 (d, 3/HH = 7.7 Hz, 2H) 7.66 (t, 
3JHHH = 7.7 Hz, 1H) 1.38 (s, 18H) 1.35 (s, 36H); 13C NMR (75 MHz, CDC13) 5 = 160.2 (C=N-C) 149.6 
(C=N-00 144.3 (C) 138.0 (C) 134.6 (C) 131.8 (CH) 129.0 (C-Br) 127.6 (CH) 121.6 (CH), 35.7 
(C(CH3)3),, 34.5 (C(CH3)3), 31.5 (C(CH3)3) 31.4 (C(CH3)3). HRMS(EI): m/z calcd ([M] + 

C44H63
81BrN2)) 700.4164. Found 700.4150. 

Bis-(Ar -isopropyl)-isophthalaldiminel3a) ) 

Too a solution of isophthalaldehyde (5.0 g, 37.3 mmol) and isopropylamine (20 ml, 13.7 g, 233 mmol, 
33 eq.) in THF (1000 mL) activated 3 A molecular sieves were added and the mixture was re fluxed for 
1.55 h. GC-MS analysis showed completion of the reaction. After filtration and extraction of the 
residuee with THF the solvent was evaporated in vacuo to furnish 6.9 g (32 mmol, 86%) of a white 
solidd which was identified by !H and 13C NMR spectroscopy as pure 3a. LH NMR (300 MHz, 
CDC13):: 8 = 8.35 (s, 2H; #C=N), 8.04 (t, VHH = 1.6 Hz, 1H) 7.79 (dd, 37HH = 7.6 Hz, VHH = 1.6 Hz, 
2H),, 7.44 (t, 3/HH = 7.6 Hz, 1H), 3.56 (septet, 3/HH = 6.3 Hz, 2H; CH3C//CH3), 1.27 (d, -VHH = 6.3 
Hz,, 12H; C//3CHC#3).

 13C NMR (75 MHz, CDC13): 8 = 157.6 (C=N), 136.7 (C), 129.5 (CH), 128.6 
(CH),, 127.7 (CH), 61.5 (CH3CHCH3), 23.9 (CH3CHCH3). HRMS(EI): m/z calcd ([M] + C]4H20N2) 
216.1626.. Found 216.1621. Anal. Calcd for C,4H20N2: C, 77.73; H, 9.32; N, 12.95. Found: C, 77.40; 
H,9.31;NN 12.91. 

Bis-(N-terf-butyl)-isophthalaldimine(3b) ) 

Compoundd 3b was prepared analogous to 3a, from isophthalaldehyde (2.5 g, 18.7 mmol) and 
terf-butylamineterf-butylamine (15 ml, 10.39 g, 142 mmol, 3.8 eq.) in THF (50 mL) by refluxing over night. After 
filtrationn the volatiles were evaporated in vacuo to furnish 4.21 g (17.3 mmol, 92%) of a white solid 
whichh was identified by *H and 13C NMR spectroscopy as pure 3b. 'H NMR (300 MHz, CDC13): 
88 = 8.34 (s, 2H; //C=N), 8.08 (t, VHH = 1.6 Hz, 1H) 7.81 (dd, 3/HH = 7.6 Hz, 5JHH = 1.6 Hz, 2H), 7.44 
(t,, 37HH = 7.6 Hz, 1H), 1.31 (s, 18H). 13C NMR (75 MHz, CDC13): 8 = 156.4 (C=N), 138.9 (C), 130.8 
(CH),, 130.1 (CH), 129.1 (CH), 58.8 (C(CH3)3), 31.1 (C(CH3)3). HRMS(EI): m/z calcd ([M] + 

C16H24N2)) 244.1939. Found 244.1942. 

<A-4-methoxyphenvl)-isophthalal(liminee (3d) 

Compoundd 3d was prepared, analogous to 3a, from isophthalaldehyde (3 g, 22.3 mmol) and 
/?-anisidinee (5.5 g, 44.7 mmol, 2 eq.) in THF (100 mL) by refluxing over night. After filtration the 
volatiless were evaporated under reduced pressure and the residue was washed with a small amount 
off  diethyl ether and dried in vacuo to furnish 7.1 g (20.6 mmol, 93%) of a yellow solid which was 
identifiedd by *H NMR spectroscopy as pure 3d. *H NMR (300 MHz, CDC13): 8 = 8.57 (s, 2H; 
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#C=N),, 8.38 (s, 1H) 8.02 (d, VHH = 7.7 Hz, 2H), 7.57 (t, 3/HH = 7.7 Hz, 1H), 7.28 (d, 3/HH = 8.8 Hz, 
4H),, 6.96 (d, 3/HH = 7.7 Hz, 4H), 3.85 (s, 6H). 

(>\-2,6-diisopropylphenyl)-isophthalaldiminee (3f) 

Too a solution of isophthalaldehyde (3.0 g, 22.4 mmol) in 100 mL of toluene were added 
2,6-diisopropylanilinee (8.44 mL, 7.93 g, 44.7 mmol, 2 eq.), activated 3A molecular sieves and a 
catalyticc amount of p-toluenesulphonic acid and the reaction mixture was refluxed for 1 day after 
whichh the reaction was complete (GC-MS). The reaction mixture was filtered and the solvent was 
evaporated.. The residue was dissolved in ether, washed 3 times with a 0.1 M KHC03 solution and 
subsequentlyy with 50 mL of brine. The organic layer was further dried on MgS04, filtered and the 
solventt evaporated under reduced pressure and the residue was dried in vacuo to yield 8.93 g 
(19.88 mmol, 88%) of a yellow solid which was identified by JH and 13C NMR spectroscopy as pure 
3f.. lH NMR (500 MHz, CDC13): 8 = 8.43 (t, VHH = 1.5 Hz, 1H), 8.38 (s, 2H; HC=N), 8.20 (dd, VHH 

== 7.5 Hz, 57HH = 1.5 Hz, 2H), 7.44 (t, 3/HH = 7.5 Hz, 1H), 7.25 (m, 4H), 7.20 (m, 2H), 3.08 (septet, 
37HHH = 7.0 Hz, 4H), 1.27 (d, 37HH = 7-0 Hz, 24H). 13C NMR (126 MHz, CDC13): 8 = 161.6 (C=N), 
149.22 (C=N-C), 137.8(C), 137.0(C), 131.3 (CH), 129.7 (CH), 129.3 (CH), 124.6 (CH), 123.4 (CH), 
28.33 (CH3CHCH3) 23.8 (CH3CHCH3). 

Attemptedd synthesis of 4 (M  = Li ) 

Generall  procedure followed for n-BuLi, /-BuLi and MeLi. To a solution of 3a (0.21 g, 1 mmol) in 
hexanee at -100°C or -65°C was added dropwise 1 mmol of the organolithium reagent. The reaction 
mixturee was analyzed by quenching of sample with MeOH-dl or D20. Water and Et20 were added 
too the sample, the organic layer was separated, dried on MgS04 and analyzed by GC-MS. The 
GC-MSS analysis showed that reaction at all had occurred or that an addition of the organic group 
originatingg from the organolithium reagent and protonation had occurred. 

Attemptedd synthesis of 4' (M = MgBr ) 

Too magnesium turnings (0.1 g, 4.2 mmol) in 30 mL of THF were added two drops of 
1,2-dibromoethanee to activate the Mg, and subsequently 2a (0.6 g, 2.0 mmol). The reaction mixture 
wass heated to reflux for 1 min and then stirred at room temperature for 4h in which the color changed 
fromm pale yellow to orange/brown. A sample of 1 mL was taken and was quenched with 0.2 mL of 
CH3OD.. Water and Et20 were added to the sample, the organic layer was separated, dried on MgS04 

andd analyzed by GC-MS. The chromatograph showed two peaks in a 1 (m/z = 216, 3a) to 2.5 (m/z 
295,2a)) ratio. For the peak with m/z = 216, the deuterium incorporation, determined by comparison 
off  the isotope distribution to the distribution in a authentic sample of 3a, was about 38%. After 
stirringg over night a sample was prepared analogously and GC-MS pointed at about 7% deuterium 
incorporation.. The *H NMR spectra of both samples showed additional broad signals, which were 
assignedd to polymeric materials which were formed and which were not visible with the GC-MS 
analysis. . 

Attemptedd in situ preparation synthesis of 4 (M = MgBr ) 

Thee reaction was performed analogous to the above described reaction. Magnesium turnings (0.09 g, 
3.88 mmol) in 30 mL of THF were activated by addition of a small amount of 1,2-dibromoethane and 
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subsequentlyy 2a (0.09 g, 0.3 mmol) and Pd(cod)Cl2 (85.7 mg, 0.3 mmol, partly dissolves) were 
added.. The reaction mixture was heated to reflux for 1 min and then stirred at room temperature for 
4hh in which the yellow color intensified, after which a sample was taken and analyzed by JH NMR 
spectroscopy.. The spectrum showed mainly signals of 2a, Pd(cod)Cl2 and various unassigned 
additionall  signals. After stirring over night the reaction mixture had become black due to the 
precipitationn of Pd-black. Again a sample was analyzed by [H NMR spectroscopy, at this time the 
spectrumm showed complete consumption of 2a and Pd(cod)Cl2 and the appearance of many very 
broadd signals which were assigned to undefined polymeric materials. No signals of 5a were present. 

KCjKNjKN'-Bis-fA^-isopropyO-isophthalaldimine-l-yl-palladiumCll )) chloride (5a) 

Too a suspension of Na2C03 (0.5 g,4.7 mmol) in methanol (30 mL) were added 3a (0.2 g, 0.93 mmol) 
andd Na2PdCl4 (0.25 g, 0.85 mmol) and the resulting brown suspension was stirred over night. The 
methanoll  was evaporated under reduced pressure and the black residue was extracted with 
dichloromethane.. Hexane was added to the extracts and the solution was concentrated under reduced 
pressuree until all of the product had precipitated. The mother liquor was decanted and the yellow 
crystalss were washed with pentane and dried in vacuo to yield 80 mg (0.22 mmol, 26%) of a yellow 
solidd which was identified by *H and 13C NMR spectroscopy as pure 5a. lH NMR (300 MHz, 
CDC13):: 8 = 8.05 (s, 2H; HC=N), 7.23 (2nd order multiplet, 2H), 7.08 (2nd order multiplet, 1H), 4.28 
(septet,, 3JHH = 6.3 Hz, 2H; CH3C#CH3), 1.46 (d, 3JHH = 6.3 Hz, 12H; C//3CHC//3).

 13C NMR (75 
MHz,, CDCI3): 8 = 182.9 (C-Pd) 169.27 (C=N), 143.6 (C), 126.2 (CH), 123.7 (CH), 59.8 
(CH3CHCH3),, 22.3 (CH3CHCH3). Anal. Calcd for C14H19ClN2Pd: C, 47.08; H, 5.36; N, 7.84. 
Found:: C, 47.14; H, 5.33; N, 7.76. 

KC,KN,KN'-Bis-(A^-terf-butyl)-isophthalaldimine-2-yl-paIladium(ll )) chloride (5b) 

5bb was prepared analogous to 5a with the same stoichiometry from 3b (0.23 g 0.93 mmol). After 
stirringg over night, the reaction mixture was filtered over Celite and the volatiles removed under 
reducedd pressure from the filtrate. The residue was crystallized by slow diffusion of hexane into a 
dichloromethanee solution, the mother liquor was decanted and the yellow crystals were washed three 
timess with hexane and vacuum dried. This yielded 70 mg (0.18 mmol, 21 %) of a yellow solid which 
wass identified by LH and 13C NMR spectroscopy as pure 5b. 'H NMR (300 MHz, CDC13): 8 = 7.98 
(s,, 2H; HC=N), 7.21 (2nd order multiplet, 2H), 7.10 (2nd order multiplet, 1H), 1.64 (s, C(C#3)3).

 13C 
NMRR (75 MHz, CDC13): 8 = 180.6 (C-Pd) 168.0 (C=N), 143.9 (C), 126.8 (CH), 123.9 (CH), 63.5 
(C(CH3)3),, 29.3 (C(CH3)3). HRMS(FAB): m/z calcd ([M-C1]+ C16H23N2Pd) 349.0903. Found 
349.0901.. Single crystals suitable for X-ray structure analysis were obtained by slow diffusion of 
hexanee in a toluene solution of 5b at room temperature. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldiinine-2-yl-palladium(il )) bromide (6a) 

Too a solution of 2a (0.5 g, 1.7 mmol) in 25 mL of benzene was added Pd(dba)2 (0.91 g, 1.6 mmol) 
andd the deep purple solution was heated to reflux for 10 minutes in which the color changed to 
brownishh green. The reaction mixture was filtered over Celite after which the solvent was 
evaporated.. The brown residue was crystallized by slow diffusion of a pentane into a 
dichloromethanee solution. Finally the product was purified by flash chromatography over basic 
aluminaa to yield 0.52 g (1.3 mmol, 81%) of a yellow solid which was identifiedd by !H and 13C NMR 
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spectroscopyy as pure 6a. lH NMR (300 MHz, CDC13): 5 = 8.05 (s, 2H; HC=N), 7.21 (d, VHH = 7.6 
Hz,, 2H), 7.02 (t, 3JHH = 7.6 Hz, 1H), 4.34 (septet, VHH = 6.3 Hz, 2H; CH3CtfCH3), 1.37 (d, VHH = 
6.33 Hz, 12H; C//3CHC//3).

 13C NMR (75 MHz, CDC13): 8 = 182.6 (C-Pd) 169.6 (C=N), 143.5 (C), 
126.55 (CH), 123.9 (CH), 59.7 (CH3CHCH3), 22.5 (CH3CHCH3). HRMS(FAB): m/z calcd ([M+H] + 

C14H20N2Brt08Pd)) 402.9839. Found 402.9842. Anal. Calcd for C14H19BrN2Pd: C, 41.87; H, 4.77; N, 
6.97.. Found: C, 41.69; H, 4.82; N, 6.94. 

KCKNjKN'-Bis-CA^-^methylphenyO-isophthalaldimine-l-yl-palladiumCli )) bromide (6c) 

Compoundd 6c was prepared analogous to 6a from 2c (0.25 g, 0.64 mmol, 1.05 eq.) and Pd(dba)2 

(0.355 g, 0.61 mmol) in 30 mL of benzene. After the crystallization from dichloromethane/pentane 
thee product was obtained as 0.17 g (0.34 mmol, 56%) of a pale yellow solid which was identified by 
'HH and 13C NMR spectroscopy as pure 6c. 'H NMR (300 MHz, CDCI3): 8 = 8.13 (s, 2H; tfC=N), 
7.42-7.366 (m, 6H), 7.15-7.10 (m, 5H), 2.30 (s, 6H). 13C NMR (75 MHz, CDC13): 8 = 184.5 (C-Pd) 
173.55 (C=N), 146.9(C), 143.9(C), 138.3(C), 129.1 (CH), 128.4 (CH), 124.6 (CH), 123.9 (CH), 21.3 
(CH3).. HRMS(FAB): m/z calcd ([M-Br] + C22H19N2Pd) 417.0592. Found 417.0605. 

KC,KN,KN ,-Bis-(A^-4-methoxy)-isophthalaldimine-2-yl-palladium(ll)) bromide (6d) 

Compoundd 6d was prepared analogous to 6a from 2d (0.5 g, 1.18 mmol) and Pd(dba)2 (0.94 g, 1.6 
mmol)) in 40 mL of refluxing THF. After filtration over Celite and evaporation of the solvent, the 
productt was purified by crystallization from toluene and washed with pentane to yield 0.51 g (0.96 
mmol,, 81%) of yellow crystals which were identified by 'H and 13C NMR spectroscopy as pure 6d. 
*HH NMR (300 MHz, CDC13): 8 = 8.14 (s, 2H; #C=N), 7.50 (apparent br d, 4H), 7.40 (d, VHH = 7.6 
Hz,, 2H), 7.19 (t, 3/HH = 7.6 Hz, 1H), 6.89 (d, 3JHH = 9 Hz, 4H), 3.82 (s, 6H). 13C NMR (75 MHz, 
CDC13):: 8 = 183.5 (C-Pd) 172.3 (ON), 159.3 (C), 143.6 (C), 142.3 (C), 127.6 (CH), 125.0 (CH), 
124.33 (CH), 113.3 (CH), 55.2 (CH3). HRMS(FAB): m/z calcd ([M-Br] + C22H1902N2Pd) 449.0490. 
Foundd 449.0483. Anal. Calcd for C22H]9BrN202Pd: C, 49.88; H, 3.62; N, 5.29. Found: C, 49.75; H, 
3.68;; N, 5.33. 

KC,KN,KN'-Bis-(A^-2,4,6-trimethylphenyl)-isophthalaldimine-2-yl-palladium(il ) ) 

bromidee (6e) 

Too a solution of 2e (0.13 g, 0.28 mmol) in 15 mL of toluene was added Pd(dba)2 (0.15 g, 0.26 mmol) 
andd the deep purple reaction mixture was refluxed in air for 30 seconds until the color changed to 
yellow.. The reaction mixture was filtered over Celite and the residue was extracted with 
dichloromethanee and the product was precipitated from the combined filtrates by the addition of 
hexane.. The product was collected on a P3 glass filter and washed with a dichloromethane/hexane 
mixture,, followed by hexane. The residue was dissolved in dichloromethane, the solvent was 
evaporatedd under reduced pressure and the residue was dried in vacuo to yield 0.12 g (0.22 mmol, 
83%)) of a yellow solid which was identified by LH and 13C NMR spectroscopy as pure 6e. 'H NMR 
(3000 MHz, CDC13): 8 = 7.94 (s, 2H; HC=N), 7.45 (d, 37HH = 7.5 Hz, 2H), 7.22 (t, VHH = 7.5 Hz, 1H), 
6.822 (s, 4H), 2.27 (s, 12H), 2.23 (s, 6H). 13C NMR (75 MHz, CDC13): 8 = 187.4 (C-Pd) 177.2 (ON), 
146.22 (C), 143.9 (C), 136.8 (C), 130.2 (C), 129.1 (CH), 128.7 (CH), 124.8 (CH), 21.5 (CH3), 19.4 
(CH3). . 
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KCjKNjKN'-Bis-CiV-ljó-düsopropylphenyO-isophthalaldimine-l-yl-palladiuinCn ) ) 

bromid ee (6f) 

Compoundd 6f was prepared from 2f (0.25 g, 0.47 mmol) and Pd(dba)2 (0.24 g, 0.42 mmol) in 20 mL 
off  benzene at 60°C analogous to 6a. After a crystallization by diffusion of hexane into a 
dichloromethanee solution the product was washed with diethyl ether and crystallized from 
dichloromethane/hexanee by evaporating the volatiles under reduced pressure. The residue was dried 
inin vacuo to yield 0.22 g (0.35 mmol, 73%) of a yellow solid which was identified by 'Hand 13CNMR 
spectroscopyy as pure 6f. 'H NMR (300 MHz, CDC13): 5 = 8.02 (s, 2H; HC=N), 7.55 (d, 3JHH = 7.7 
Hz,, 2H), 7.31 (t, 3/HH = 7.7 Hz, 1H), 7.25-7.21 (m, 2H), 7.16-7.13 (m, 4H) 3.29 (septet, 3JHH = 6.8 
Hz,, 4H), 1.38 (d, 3JHH = 6.8 Hz, 12H), 1.19 (d, 3/HH = 6.8 Hz, 12H). 13C NMR (75 MHz, CDC13): 5 
== 187.6 (C-Pd) 176.1 (C=N), 145.9 (C), 144.0 (C), 140.9 (C), 128.7 (CH), 128.1 (CH), 124.8 (CH), 
123.55 (CH), 28.9 (CH3CHCH3), 24.6 (CH3CHCH3), 23.1 (CH3CHCH3). HRMS(FAB): m/z calcd 
([M-Br] ++ C32H39N2Pd) 557.2161. Found 557.2157. 

KC,KN,KN'-Bis-(A^-2,4,6-tri(/err-butyl)phenyl)-isophthalaldimine-2-yl-palladium(n ) ) 

bromid ee (6g) 

Too a solution of 2g (0.10 g, 0.14 mmol) in 20 mL of toluene was added Pd(dba)2 (115 mg, 0.20 
mmol)) and the deep purple reaction mixture was refluxed for 30 minutes until the color changed to 
yellow.. From 'H NMR spectroscopic analysis of the reaction mixture followed that the conversion 
off  2g was 78%. Two subsequent portions of Pd(dba)2 (50 mg and 25 mg, 0.13 mmol) were needed 
too maximize the conversion of 2f. The mixture was filtered over Celite and the residue was extracted 
withh dichloromethane, the filtrates were combined and the solvents were evaporated under reduced 
pressure.. The dba was removed by sublimation in vacuo in an oil bath of 120-140°C. The residue 
wass washed with a small amount of pentane and subsequently dissolved in dichloromethane and 
filteredd over Celite. After evaporation of the solvent, finally the residue was recrystallized from 
hexanee by cooling to yield 50 mg (0.062 mmol, 44%) of yellow crystals which were identified by 'H 
andd 13C NMR spectroscopy as pure 6g. 'H NMR (300 MHz, CDC13): 8 = 8.06 (s, 2H; HC=N), IAS 
(d,, -VHH = 7.6 Hz, 2H), 7.39 (s, 4H), 7.29 (t, 3JHH = 7.6 Hz, 1H), 1.57 (s, 36H), 1.31 (s, 18H). 13C 
NMRR (75 MHz, CDC13): 8 = 187.2 (C-Pd) 176.4 (C=N), 147.6 (C), 146.5 (C), 143.0 (C), 140.8(C), 
128.11 (CH), 124.2 (CH), 123.4 (CH), 37.0 (C(CH3)3), 35 (C(CH3)3), 34.1 (C(CH3)3), 31.2 (C(CH3)3). 
HRMS(FAB):: m/z calcd ([M] + C ^ H ^ B r ^ P d) 805.3297. Found 805.3264. Single crystals 
suitablee for X-ray structure analysis were obtained by slow cooling of a dilute hexane solution of 6g 
fromm room temperature to 4°C. 

[KC,KN,KN*-Bis-(A r-isopropyl)-isophthalaldimine-2-yl-palladium(n)) (aqua)]triflat e (7a) 

AA Schlenk flask was wrapped in aluminiumfoil and charged with a solution of 6a (148 mg, 0.37 
mmol)) in 20 mL of dichloromethane and silvertriftate (128.5 mg, 0.50 mmol) was added. The 
reactionn mixture was stirred for 30 minutes in which a precipitate of AgBr was formed. A small 
amountt of graphite was added and after another 5 minutes the reaction mixture was filtered over 
Celite.. The filtrate was concentrated under reduced pressure to a few mL and the product was 
precipitatedd upon the gentle addition of pentane. The mother liquor was decanted and the yellow 
crystalss were washed with pentane and dried in vacuo to yield 149 mg (0.30 mmol, 82%) of yellow 
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crystalss which were identified by lH and 13C NMR spectroscopy as pure 7a..lU NMR (300 MHz, 
CDCI3):: 8 = 8.02 (s, 2H; #C=N), 7.23 (2nd order multiple!, 2H), 7.12 (2nd order multiplet, 1H), 4.16 
(br,, 2H) 1.42 (d, VHH = 6.5 Hz, 12H). 13C NMR (75 MHz, CDC13): 5 = 178.9 (br, C-Pd) 168.7 (C=N), 
143.55 (C), 126.8 (CH), 124.5 (CH), 119.8 (q, lJCF = 318 Hz, CF3) 59.0 (CH3CHCH3), 21.8 
(CH3CHCH3).. 19F NMR (282 MHz, CDC13): 8 = -78.07. HRMS(FAB): m/z calcd 
([M-S03CF3-H20-H]++ C14H19N2Pd) 321.0589. Found 321.0558. 

Reactionn of 6a, c, d, f and g with methyl lithium , lithiu m trimethylacetylid e or 

dimethylzinc c 

Inn a typical experiment, 50 to 100 mg of 6 was dissolved in 20 to 40 mL of THF to this solution was 
addedd dropwise at -65°C 1.1 equivalent of MeLi (1.6 M solution in diethyl ether), 1.1 equivalent of 
lithiumm trimethylsilylacetylide in THF or 1.1 equivalent of dimethylzinc in THF. 

Reactionn of 6a with tetramethylti n 

AA pressure tube was charged with 6a, toluene and SnMe4 and the mixture was stirred over night at 

100°C. . 

Bis-(AMsopropyl)-2-methyl-isophthalaldimine(8a) ) 

2-Mefhyl-isophthalaldehydee (0.41 g, 2.77 mmol) was dissolved in 20 mL isopropylamine (10 mL, 
6.99 g, 117 mmol) and 3A molecular sieves were added. After standing over night GC-MS analysis 
showedd full conversion. The reaction mixture was filtered and the volatiles were evaporated in vacuo 
too yield 0.52 g (2.26 mmol, 81%) of a white solid. The residue was identified by !H and 13C NMR 
spectroscopyy as pure 8a. lH NMR (500 MHz, CDC13): 8 = 8.68 (s, 2H; #C=N), 7.87 (d, 37HH = 7.5 
Hz,, 2H), 7.26 (t, 3JHH = 7.5 Hz, 1H), 3.56 (septet, 37HH = 6.5 Hz, 2H; CH3C#CH3), 1.28 (d, 3JHH = 
6.55 Hz, 12H; CH3CUCH3).

 13C NMR (126 MHz, CDC13): 8 = 157.0 (C=N), 136.3 (C-CH3) 135.6 
(C),, 129.7 (CH), 126.4 (CH), 62.4 (CH3CHCH3), 24.5 (CH3CHCH3), 14.3 (CH3). GC-MS m/z 
(relativee intensity): 230 (M+, 1), 229 ([M-H] +, 2), 215 ([M-CH3]

+, 1), 187 ([M-(/-Pr)]+, 100), 145 
(33),, 118(40). 

Bis-(A^-4-methoxyphenyl)-2-methyl-isophthalaldimine(8d) ) 

Too a solution of 2-methyl-isophthalaldehyde (0.41 g, 2.77 mmol) and p-anisidine (1.85 g, 15 mmol) 
inn 100 mL of THF 3A molecular sieves were added. The reaction mixture was refluxed and the 
reactionn progress was monitored by GC-MS. When the reaction was complete (20h) the reaction 
mixturee was filtered and the residue was crystallized from toluene. The yellow crystals were isolated 
byy filtration, washed with toluene and pentane and air dried to give 1.58 g (4.41 mmol, 65%) of a 
solidd which was identified by JH and 13C NMR spectroscopy as pure 8d. lH NMR (500 MHz, 
CDC13):: 8 = 8.90 (s, 2H; HC=N), 8.20 (d, 37HH = 7.5 Hz, 2H), 7.42 (t, 37HH = 7-5 Hz> 1H)> 7-28 (d-
37HHH = 8.5 Hz, 4H), 6.98 (d, 3/HH = 8.5 Hz, 4H), 3.86 (s, 6H; OCtf3), 2.79 (s, 3H; Ar-C#3).

 13C NMR 
(1266 MHz, CDC13): 8 = 158.7 (C-OCH3), 157.0 (C=N), 145.6 (C-N-O, 138.2 (C), 135.7 (C), 130.6 
(CH),, 126.7 (CH), 122.5 (CH), 114.7 (CH), 55.8 (OCH3), 14.5 (Ar-CH3). GC-MS m/z (relative 
intensity):: 358 (M\ 11), 251 ([M-C6H5-OCH3]

+, 22), 236 (51), 224 (28), 134 (46), 44 (100). 
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2-trimethylsilylacetyl-isophthalaldehyde e 

Too a solution of 1 (1 g, 4.7 mmol) in 15 mL of THF were added trimethylsilylacetylene (1.34 mL, 
0.922 g, 9.4 mmol, 2 eq.), Pd(OAc)2 (53 mg, 0.24 mmol, 0.05 eq.), triphenylphosphine (122 mg, 0.46 
mmol,, 0.1 eq.), triethylamine (7 mL) and Cul (spatula). The reaction mixture was refluxed and 
turnedd brown. After 4 days GC-MS and *H NMR spectroscopic analysis showed full conversion. The 
volatiless were evaporated under reduced pressure and the brown residue was purified by column 
chromatographyy on silicagel 60, eluted with 6% ethyl acetate in hexanes to yield 0.75 g (3.26 mmol, 
69%)) of a white solid which was identified by ]H and 13C NMR spectroscopy as pure 
2-trimethylsilylacetyl-isophthalaldehyde.. !H NMR (500 MHz, CDC13): 8 = 10.65 (s, 2H; HC=0), 
8.166 (d, 3/HH = 7.5 Hz, 2H), 7.58 (t, 3/HH = 7.5 Hz, 1H), 0.33 (s, 9H; Si(Ctf3)3).

 13C NMR (126 MHz, 
CDC13):: 5 = 190.8 (C=0), 137.0 (C), 132.5 (CH), 129.6 (C), 129.0 (CH), 111.2 (C=C) 95.3 (C=C), 
0.177 (Si(CH3)3) GC-MS m/z (relative intensity): 230 (M+, 60), 215 ([M-CH3]

+, 75), 128 (77), 73 
([SiMe3]

+,, 100). IR (CDC13): vc =0 = 1629 cm"1, v f eC = 2218 cm"1. 

Bis-(A^-2,6-diisopropylphenyl)-2-trimethylsilylacetyl-isophthalaldimine(9f) ) 

Too a solution of 2-trimethylsilylacetyl-isophthalaldehyde (0.25 g, 1.09 mmol) in 20 mL toluene were 
addedd 2,6-diisopropylaniline (0.6 mL, 0.6 g, 3 mmol), a catalytic amount of /Kolylsulphonic acid 
andd activated 3A molecular sieves. The reaction mixture was refluxed and the reaction progress was 
monitoredd by GC-MS. When the reaction was complete, the volatiles were removed under reduced 
pressuree and the residue was extracted with diethyl ether. The ether was removed under reduced 
pressuree and the residue was recrystallized twice from methanol to yield 0.22 g (0.4 mmol, 37%) of 
aa yellow powder which was identified by [H and 13C NMR spectroscopy as pure 9f. 'H NMR (500 
MHz,, CDC13): 5 = 8.83 (s, 2H; HC=N), 8.48 (d, 3yHH = 8 Hz, 2H), 7.42 (t, 37HH = 8 Hz, 1H), 7.2 (bm, 
6H),, 3.03 (septet, 3JHH = 7 Hz, 4H; CH3CtfCH3), 1.24 (d, 37HH = 7 Hz, 24H; C//3CHC//3) 0.13 (s, 
9H;; Si(C//3)3).

 I3C NMR (126 MHz, CDC13): 8 = 160.6 (C=N), 149.3 (C=N-Q, 138.0 (C), 137.8 
(C),, 129.3 (CH), 129.2 (CH), 126.0 (C), 124.5 (CH), 123.3 (CH), 108.1 ( O Q, 1098.3 (OC), 28.2 
(CH3CHCH3),, 23.9 (CH3CHCH3), -0.06 (Si(CH3)3). GC-MS m/z (relative intensity): 548 (M\ 5), 
5333 ([M-CH3]

+, 7), 475 ([M-SiMe3]
+, 6), 73 (SiMe3, 100). IR (C6D6): vc,c = 2150 cm"1. 

Crystall  structur e determinations. 

Dataa collection and cell refinement were carried out on a Nonius KappaCCD (5b-monoclinic, 6g) 
orr Enraf-Nonius CAD4T (5b-orthorhombic, 7a) diffractometer with rotating anode, using 
graphite-monochromatedd Mo-Ka radiation (A, = 0.71073 A) at a temperature of 150(2) K. The 
structuress were solved by Patterson methods (DIRDIF-9766, 5b-monoclinic, 6g) or direct methods 
(SIR-9767,, 5b-orthorhombic, 7a) and refined with SHELXL-9768 against F2 of all reflections. 
Non-hydrogenn atoms were refined with anisotropic displacement parameters, hydrogen atoms were 
refinedd freely with isotropic displacement parameters (5b-monoclinic) or as rigid groups 
(5b-orthorhombic).. In 6g and 7a some hydrogen atoms were refined freely and some as rigid 
groups.. Further details about the structure determinations are given in Table 2-6. 
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Tablee 2-6. Crystal data and details of the structure determination of 5, 6g and 7a. 

5b(monoclinic)) 5b(orthorhombic) 6g g 7a a 

Formula a 

FW W 

Crystall  size (mm) 

Crystall  color 

Crystt sys 

Spacee group 

aa (A) 

b(A) ) 

c(A) ) 
P(°) ) 
v(A3) ) 
z z 
Dcaicc (g/cm3) 

u.. (mm1) 

sinn (6A) max (A"1) 

abs.. correction 

transm.. range 

refl.. meas. / unique 

obs.. refl. (/ > 2.0a(/)) 

parameters s 

/?!!  (obs./ all refl.) 

wRwR22 (obs./ all refl.) 

GoF F 

Flackk parameter 

residd density 

Cl6H23ClN2Pd d 

385.21 1 

0.10x0.22x0.22 2 

yellow w 

monoclinic c 

P2,/cc (No. 14) 

10.5414(1) ) 

11.7738(1) ) 

14.4025(2) ) 

110.6547(6) ) 

1672.63(3) ) 

4 4 

1.530 0 

1.262 2 

0.65 5 

PLATON N 

(ABST)69 9 

0.733 - 0.88 

23831/3841 1 

3481 1 

273 3 

0.02277 / 0.0267 

0.05722 / 0.0587 a 

1.045 5 

-1.000 < 0.28 

C16H23CIN2Pd d 

385.21 1 

0.15x0.25x0.25 5 

yellow w 

orthorhombic c 

F2,2,2,, (NO. 19) 

10.3069(14) ) 

11.1806(14) ) 

14.7353(19) ) 

90 0 

1698.1(4) ) 

4 4 

1.507 7 

1.243 3 

0.65 5 

PLATON N 
(DELABS)69 9 

0.455 - 0.82 

44488 / 3900 

3088 8 

0.05088 / 0777 

0.08299 / 0.0920 b 

0.996 6 

0.01(6) ) 

-0.677 < 0.58 

C44H63BrN2Pd d 

806.27 7 

0.13x0.25x0.25 5 

yellow w 

orthorhombic c 

F2,2,2,, (NO. 19) 

14.5486(1) ) 

15.2295(1) ) 

18.9955(1) ) 

90 0 

4208.79(5) ) 

4 4 

1.273 3 

1.420 0 

0.65 5 

PLATON N 

(ABST)69 9 

0.711 - 0.84 

79316/9656 6 

9385 5 

653 3 

0.02277 / 0.0239 

0.05677 / 0.0575 c 

1.034 4 

0.002(5) ) 

-0.488 < 0.82 

C14H21N2OPd, , 
CF3O3S S 

488.80 0 

0.13x0.13x0.55 5 

yellow w 

monoclinic c 

P2,/cc (No. 14) 

7.1463(14) ) 

16.0449(14) ) 

16.7608(11) ) 

91.403(12) ) 

1921.2(4) ) 

4 4 

1.690 0 

1.125 5 

0.65 5 

PLATON N 

(Psiscan)69 9 

0.911 - 0.99 

94755 / 4397 

3082 2 

243 3 

0.0432/0.0772 2 

0.07677 / 0.0858 d 

1.012 2 

-0.700 < 0.80 

a.. w = 1 / [c2(F0
2) + (0.0333P)2 + 0.5163P] where P = (F0

2 + 2Fc
2)/3 

b.. w = 1 / [a2(F0
2) + (0.0299P)2] where P = (F0

2 + 2Fc
2)/3 

c.. w = 1 / [a2(F0
2) + (0.0291P)2 + 1.951 IP] where P = (F0

2 + 2Fc
2)/3 

d.. w = 1 / [a2(F0
2) + (0.0272P)2] where P = (F0

2 + 2Fc
2)/3 

49 9 



ChapterChapter 2 

2.88 References 
1)) J. Tsuji Palladium Reagents and Catalysts, Innovations in Organic Synthesis; John Wiley and 

Sonss Ltd: Chichester, 1995; R.F. Keck Accounts Chem. Res. 1979,12, 146-51. 
2)) C.J. Elsevier Coord. Chem. Rev. 1999, 185-186, 809-22; R. van Belzen, H. Hoffmann, CJ. 

Elsevierr Angew. Chem., Int. Ed. Engl. 1997,36, 1743-5; M.W. van Laren, C.J. Elsevier Angew. 
Chem.,Chem., Int. Ed. 1999, 38, 3715-7; R. van Asselt, C.J. Elsevier Organometallics 1992, 11, 
1999-2001;; J.G.P. Delis, J.H. Groen, K. Vrieze, P.W.N.M. van Leeuwen, N. Veldman, A.L. 
Spekk Organometallics 1997,16, 551-62; J.H. Groen, J.G.P. Delis, P.W.N.M. van Leeuwen, K. 
Vriezee Organometallics 1997,16, 68-77. 

3)) B. Akermark, A. Ljungqvist /. Organomet. Chem. 1979,182, 59-75; J.M. Brown, N.A. Cooley 
Chem.Chem. Rev. 1988, 88, 1031-46. 

4)4) M.J. Calhorda, J.M. Brown, N.A. Cooley Organometallics 1991,10, 1431-8. 
5)) A. Gillie, J.K. Stille J. Am. Chem. Soc. 1980, 102, 4933-41. 
6)) J.J. Low, W.A. Goddard III J. Am. Chem. Soc. 1986, 70S, 6115-28. 
7)) G.R. Newkome, W.E. Puckett, V.K. Gupta, G.E. Kiefer Chem. Rev. 1986, 86, 451-89 and 

referencess cited therein; G.R. Newkome, V.K. Gupta, H.C.R. Taylor, F.R. Fronczek 
OrganometallicsOrganometallics 1984, 3, 1549-54; G.R. Newkome, D.W. Evans, G.E. Kiefer, K.J. Therlot 
OrganometallicsOrganometallics 1988, 7, 2537-42. 

8)) C.J. Moulton, B.L. Shaw J. Chem. Soc, Dalton Trans. 1976, 1020-4. 
9)) H. Rimml, L.M. Venanzi J. Organomet. Chem. 1983, 259, C6-C7; J.M. Longmire, X. Zhang, 

M.. Shang Organometallics 1998,17,4374-9; H. Rimml, L.M. Venanzi J. Organomet. Chem. 
1984,, 260, C52-C4; M.E. van der Boom, S.-Y. Liou, Y. Ben-David, L.J.W. Shimon, D. 
Milsteinn J. Am. Chem. Soc. 1998,120, 6531-41. 

10)) A. Jouaiti, M. Geoffroy, J.-P. Collin Inorg. Chim. Acta 1996, 245, 69-73; H. Kawanami, K. 
Toyota,, M. Yoshifuji Chem. Lett. 1996, 533-4; A. Jouaiti, M. Geoffroy, G. Terron, G. 
Bernardinellii  J. Am. Chem. Soc. 1995,117, 2251-8. 

11)) G.R. Giesbrecht, G.S. Hanan, J.E. Kickham, S.J. Loeb Inorg. Chem. 1992, 31, 3286-91. 
12)) J. Dupont, N. Beydoun, M. PfefferJ. Chem. Soc, Dalton Trans. 1989, 1715-20; H.P. Dijkstra, 

P.. Steenwinkel, D.M. Grove, M. Lutz, A.L. Spek, G. van Koten Angew. Chem., Int. Ed. 1999, 
38,38, 2186-8; H. Nakai, S. Ogo, Y. Watanabe Organometallics 2002, 21, 1674-8; J. Dupont, N. 
Beydoun,, M. Pfeffer J. Chem. Soc, Dalton Trans. 1990, 3193-8. 

13)) P. Steenwinkel, R.A. Gossage, T. Maunula, D.M. Grove, G. van Koten Chem. Eur. J. 1998, 4, 
763-8. . 

14)) M. Albrecht, G. van Koten Angew. Chem. Int. Ed. 2001, 40, 3750-81 and references cited 
therein. . 

15)) D.M. Grove, G. Van Koten, J.N. Louwen, J.G. Noltes, A.L. Spek, H.J.C. Ubbels J. Am. Chem. 
Soc.Soc. 1982,104, 6609-16. 

16)) A.J. Canty, R.T. Honeyman, B.W. Skelton, A.H. White J. Organomet. Chem. 1990, 389, 
277-88. . 

17)) M. Nonoyama Polyhedron 1985, 4, 765-8; A.J. Canty, N.J. Minchin, B.W. Skelton, A.H. 
Whitee J. Chem. Soc, Dalton Trans. 1987, 1477-83. 

18)) A. El Hatimi, M. Gomez, S. Jansat, G. Muller, M. Font-Bardia, X. Solans J. Chem. Soc, Dalton 
Trans.Trans. 1998, 4229-36. 

19)) M.A. Stark, G. Jones, C.J. Richards Organometallics 2000, 19, 1282-91; M.A. Stark, C.J. 
Richardss Tetrahedron Lett. 1997, 38,5881-4. 

20)) S.E. Denmark, R.A. Stavenger, A.-M. Faucher, J.P. Edwards J. Org. Chem. 1997,62, 3375-89. 

50 0 



Palladium Palladium 

J.. Vicente, A. Areas, M.-A. Blasco, J. Lozano, M.C. Ramirez de Arellano Organometallics 
1998,17,, 5374-83. 
J.M.. Vila, M. Gayoso M, T. Pereira, M. Lopez Torres, J.J. Fernandez, A. Fernandez, J.M. 
Ortigueiraa J. Organomet. Chem. 1996, 506, 165-74. 
J.M.. Vila, personal communication, 2000, ICCC34, Edinburgh. 
S.. Chakladar, P. Paul, A.K. Mukherjee, S.K. Dutta, K.K. Nanada, D. Podder, K. Nag /. Chem. 
Soc.Soc. Dalton. Trans. 1992, 3119-24. 
S.. Chakladar, P. Paul, K. Nag Polyhedron 1991,10, 1513-19. 
S.. Chakladar, P. Paul, K. Venkatsubramanian, K. Nag /. Chem. Soc, Dalton Trans. 1991, 
2669-76. . 
I.G.. Philips, P.J. Steel J. Organomet. Chem. 1991, 410, 247-55; K.K. Nanda, K. Nag, K. 
Venkatsubramanian,, P. Paul Inorg. Chim. Acta 1992,196, 195-9. 
M.. Ohff, A. Ohff, M.E. van der Boom, D. Milstein J. Am. Chem. Soc. 1997,119, 11687-8. 
H.-B.. Kraatz, M.E. van der Boom, Y. Ben-David, D. Milstein Israel J. Chem. 2001,41,163-71. 
W.D.. Cotter, L. Barbour, K.L. McNamara, R. Hechter, R.J. Lachiotte /. Am. Chem. Soc. 1998, 
120,120, 11016-7. 
J.. Terheijden, G. van Koten, F. Muller, D.M. Grove, K. Vrieze J. Organomet. Chem. 1986,575, 
401-17. . 
J.. Dehand, M. Pfeffer Coord. Chem. Rev. 1976, 75, 327-52; I. O'mae Coord. Chem. Rev. 1988, 
83,83, 137-67. 
A.D.. Ryabov Synthesis 1985, 233. 
G.S.. Hanan, J.E. Kickham, SJ. Loeb Organometallics 1992, 77, 3063-8. 
P.. Steenwinkel, R.A. Gossage, G. van Koten Chem. Eur. J. 1998, 4, 759-62. 
S.. Trofimenko J. Am. Chem. Soc. 1971, 93, 1808-9; S. Trofimenko Inorg. Chem. 1973, 12, 
1215-21. . 
DJ.. Cardenas, A.M. Echavarren, M.C. Ramirez de Arellano Organometallics 1999, 18, 
3337-41. . 
J.M.. Vila, M. Gayoso, M. Lopez Torres, J.J. Fernandez, A. Fernandez, J.M. Ortigueira, N.A. 
Bailey,, H. Adams J. Organomet. Chem. 1996, 577, 129-38; J.M. Vila, M. Gayoso, M.T. 
Pereira,, M. Lopez, G. Alonso, J.J. Fernandez J. Organomet. Chem. 1993, 445, 287-94. 
P.W.. Clark, S.F. Dyke J. Organomet. Chem. 1984, 276, 421-30. 
G.. Rodriguez, M. Albrecht, J. Schoenmaker, A. Ford, M. Lutz, A.L. Spek, G. van Koten J. Am. 
Chem.Chem. Soc. 2002, 124, 5127-38 and references cited therein; H.P. Dijkstra, M.Q. Slagt, A. 
McDonald,, CA. Kruithof, R. Kreiter, A.M. Mills, M. Lutz, A.L. Spek, W. Klopper, G.P.M, 
vann Klink, G. van Koten Eur. J. Inorg. Chem. 2003, 830-8. 
E.K.. van den Beuken, A. Meetsma, H. Kooijman, A.L. Spek, B.L. Feringa Inorg. Chim. Acta. 
1997,264,1997,264, 171-83. 
P.. Steenwinkel, L.S. James, D.M. Grove, N. Veldman, A.L. Spek, G. van Koten Chem. Eur. J. 
1996,2,1440-5;; M. Albrecht, S.L. James, N. Veldman, A.L. Spek, G. van Koten Can. J. Chem. 
2001,, 79, 709. 
S.. Niickel, P. Burger Organometallics 2000,19, 3305-11. 
Y.. Motoyama, N. Makihara, Y. Mikami, K. Aoki, H. Nishiyama Chem. Lett. 1997, 951-2. 
D.M.. Grove, G. van Koten, H.J.C. Ubbels, A.L. Spek J. Am. Chem. Soc. 1982, 104, 4285-6; 
M.-C.. Lagunas, R.A. Gossage, A.L. Spek, G. van Koten Organometallics 1998,17, 731-41. 

46)) R.H. Mitchell, V. Boekelheide J. Am. Chem. Soc. 1974, 96, 1547-57. 

51 1 



ChapterChapter 2 

M.S.. Newman Organic Syntheses; Wiley: New York, 1955; Vol. 3, p 631. 
D.. Milstein, J.K. Stille J. Am. Chem. Soc. 1979,101, 4981-91. 
A.. Albinati, S. Affolter, P.S. Pregosin J. Organomet. Chem. 1990, 395, 231-54. 
K.. Tatsumi, A. Nakamura, A. Yamamoto, K. Yamamoto J. Am. Chem. Soc. 1984,106, 8181-8; 
K.. Tatsumi, R. Hoffmann, A. Yamamoto, J.K. Stille Bull. Chem. Soc. Jpn 1981, 54, 1857-67. 
F.. Ozawa, T. Ito, Y. Nakamura, A. Yamamoto Bull. Chem. Soc. Jpn 1981, 54, 1868-80; A. 
Yamamotoo J. Organomet. Chem. 1986, 300,347-67; A. Yamamoto, T. Yamamoto, S. Komiya, 
F.. Ozawa Pure Appl. Chem. 1984, 56, 1621-34. 
N.J.. DeStefano, D.K. Johnson, R.M. Lane, L.M. Venanzi Helv. Chim. Acta 1976,59, 2674-82. 
W.. de Graaf, J. Boersma, W.J.J. Smeets, A.L. Spek, G. van Koten Organometallics 1989, 8, 
2907'-17. . 
J.J.. Low, W.A. Goddard III J. Am. Chem. Soc. 1984,106, 8321-2; A. Moravskiy, J.K. Stille J. 
Am.Am. Chem. Soc. 1981,103, 4182-6. 
J.M.A.. Wouters, R.A. Klein, C.J. Elsevier, L. Haming, C.H. Stam Organometallics 1994, 13, 
4586-93. . 
M.K.. Loar, J.K. Stille /. Am. Chem. Soc. 1981, 103, 4174-81. 
D.A.. Redfield, J.H. Nelson, R.A. Henry, D.W. Moore, H.B. Jonassen J. Am. Chem. Soc. 1974, 
96,96, 6298-309. 
D.D.. Perrin, L.F. Armarego Purification of laboratory chemicals; Pergamon Press: Oxford, 
1998. . 
M.F.. Rettig, P.M. Maitlis Inorganic Syntheses; R.J. Angelici, Ed.; John Wiley & Sons Canada 
Ltd.:: Ontario, 1990; Vol. 28, p 110. 
K.L.. Williamson Macroscale and Microscale Organic Experiments; 2nd ed.; Houghton 
Miffli nn Co.: Boston, MA, 1994; p. 381. 
M.S.. Kharasch, R.C. Seyler, F.R. Mayo J. Am. Chem. Soc. 1938, 60, 882-4. 
E.E.. Wille, D.S. Stephenson, P. Capriel, G. Binsch J. Am. Chem. Soc. 1982,104, 405-15. 
C.. Zondervan, E.K. vd Beuken, H. Kooijman, A.L. Spek Tetrahedron Lett. 1997, 3111-4. 
O.J.. Gelling, B.L. Feringa Reel Trav. Chim. Pays-Bas 1991,110, 89-91. 
S.. Mataka, G.-B. Liu, T. Sawada, A. Tori-i, M. Tashiro J. Chem. Res., Synop. 1995, 410-11. 
P.T.. Beurskens, G. Admiraal, G. Beurskens, W.P. Bosman, S. Garcia-Granda, R.O. Gould, 
J.M.M.. Smits, C. Smykalla, The DIRDIF-97 program system, Technical Report of the 
Crystallographyy Laboratory; University of Nijmegen, The Netherlands, 1997. 
A.. Altomare, M.C. Burla, M. Camalli, G.L. Cascarano, C. Giacovazzo, A. Guargliardi, A.G.G. 
Moliterni,, G. Polidori, R. Spagna J. Appl. Cryst. 1999, 32, 115. 
G.M.. Sheldrick, SHELXL-97, Program for crystal structure refinement. University of 
Göttingen,, Germany, 1997. 
A.L.. Spek, PLATON, A multipurpose crystallographic tool; Utrecht University, The 
Netherlands,, 2003. 

52 2 



Chapterr  3 
Isophthalaldiminee platinum(ll) methyl 

compoundŝ ^ 

3.11 Introduction 
Bothh cis and trans (square planar) diorganoplatinum(n) compounds are relevant to 
mechanisticc considerations concerning C-C bond formation2-4 and to fundamental structural 
investigations.. The strong trans influence exerted by hydrocarbyl ligands will bias the 
geometryy of tetracoordinate diorganoplatinum(n) compounds PtR2L2 towards 
cw-complexes,, unless chelate effects are overriding. The former holds for a number of 
publishedd diorganoplatinum compounds which contain monodentate,5"7 didentate811 or 
tridentate10'12"144 ligands. Much fewer examples of ?ra«,s-diorganoplatinum(ll) compounds are 
known.. Some of these compounds are stabilized by two monodentate phosphine ligands,7'15 

however,, in that case isomerization to the (more stable) ds-diorganoplatinum(n) diphosphine 
compoundss may occur.16 In most of the other known ?rarc.s-diorganoplatinum(ll) compounds 
thee remaining two (neutral) ligands bound to the platinum are forced in a trans configuration 
byy using a meridional coordinating and covalently bound [D-C-D] ligand (A, see Figure 3-1). 

X X 
I I 

D — F ? t — D D 

Tii  ^" T 

\ ^^ A 
Figuree 3-1. 

Sincee the first paper concerning a platinum(ll) [P-C-P] compound, having phosphines as 
donors,, published by Moulton and Shaw in 1976,17 many papers concerning platinum(ll) 
[D-C-D]]  compounds having different donor groups have appeared. Platinum [P-C-P] 
compoundss having phosphines1819 and phosphinidenes20 as donor groups, platinum [S-C-S] 
compoundss with sulphides,21 and platinum [N-C-N] compounds having pyrazoles,22-23 

oxazolines244 and amines325 as coordinating groups have been prepared. 

1".. This chapter has partly been published.1 

53 3 



ChapterChapter 3 

Thee forced trans coordinating mode of the donor groups has resulted in trans-
diorganoplatinum(ll)) compounds which contain [P-C-P]19'2628 and [N-C-N]3-2931 ligands. 
However,, it appears that only two examples of rrarc.s'-organoplatinum(ll) methyl compounds 
havee appeared. These platinum [P-C-P] methyl compounds (B, R = Ph, see Figure 3-2) were 
isolatedd and spectroscopically identified by the groups of Venanzi (B, B')26 and Hughes 
(B)27. . 

H H 
Me e 

Figuree 3-2. 

Inn our attempts to prepare rrarcs-organoplatinum(n) methyl compounds (3, see Scheme 3-1) 
wee apply the isophthalaldimine ligand (C, see Figure 3-2) as meridional coordinating 
[N-C-N]]  ligand. The question is, what the resulting effect of chelation of the imine moieties 
ass opposed to the strong mutual trans influence of the hydrocarbyl moieties will be and 
whetherr or not frans-isophthalaldimine platinum(ll) methyl compounds (3, see Scheme 3-1) 
cann be formed. Analogous to the synthesis of the platinum [P-C-P] methyl compounds (B, 
seee Figure 3-2), the frarcs-isophthalaldimine platinum(Il) methyl compounds (3) may be 
accessiblee from the corresponding platinum(ll) halide compounds (2, see Scheme 3-1) via a 
transmetallationn reaction. 

Furthermore,, the studies concerning the aryl-platinum-methyl compounds are very much 
relatedd to the studies of primary processes involving C-C bonds, as studied by Milstein et al. 
inn platinum diphosphine [P-C-P] compounds32 and by van Koten et al. in platinum3,33 

diaminee [N-C-N] compounds and deserve attention from this point of view. 

Schemee 3-1. General scheme 

3.22 Synthesis and characterization of isophthalaldimine 
platinum(il)) bromide compounds 
Thee oxidative addition reactions of the C-Br bond of the isophthalaldimine ligands 1 
(preparedd similar to described in Chapter 2) to a suitable Pt(0)-precursor (Pt(dba)2f or 
Pt(dipdba)Pt(dipdba)22

ff)) resulted in the formation of the platinum(ll) bromide precursors 2, see 
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Schemee 3-1 and Table 3-1. The oxidative addition reaction was accompanied by 
decompositionn of the Pt(0)-precursor, therefore, to accomplish full conversion of 1, an excess 
off  the Pt(0)-precursor was required. After separation from free dba or dipdba by washing 
with,, in most cases, low boiling petroleum ether and/or recrystallization, compounds 2a-m 
weree isolated as orange to brown air stable solids, see Table 3-1 for their definition and 

Tablee 3-1. 

Suffix x 

a a 

b b 

c c 

d d 

e e 

f f 

g g 

h h 

i i 

j j 

k k 

1 1 

m m 

Iminee substituent (R) 

methyl l 

isopropyl l 

tert-butyl tert-butyl 

cyclohexyl l 

phenyl l 

4-methylphenyl l 

4-methoxyphenyl l 

2,6-dimethylphenyl l 

3,5-dimethylphenyl l 

3,5-di-(trifluoromethyl)-phenyl l 

2,4,6-trimethylphenyl l 

2,6-diethylphenyl l 

2,6-diisopropylphenyl l 

Yieldd of 1 (%) 

80 0 

95a a 

88 8 

92 2 

84 4 

88a a 

94a a 

84 4 

80 0 

60 0 

99a a 

92 2 

76a a 

Yieldof2(%) ) 

76 6 

36 6 

56 6 

64 4 

73 3 

63 3 

64 4 

88 8 

41 1 

34 4 

79 9 

71 1 

63 3 

8195Ptt (ppm) 

-3618 8 

-3667 7 

-3626 6 

-3648 8 

-3606 6 

-3611 1 

-3608 8 

-3562 2 

-3599 9 

-3557 7 

-3527 7 

-3517 7 

-3599 9 

a.. The synthesis of this compound is described Chapter 2. 

yields.. Some of these compounds (2g and 2m) have been described.1 Very recently, a paper 
concerningg an analogous oxidative addition for the synthesis of bis(aminomethyl)phenyl 
[N-C-N]]  platinum(n) bromide compounds has been published.34 A procedure for the 
synthesiss of [N-C-N] platinum(n) halide compounds which consists of the oxidative addition 
off  C-Br bonds to [Pt(/?-tolyl)2SEt2)32 and probably involves a Pt(iv) intermediate, recently 
describedd by Canty et al.P has been attempted starting from If. However, no 2f was 
observedd in the reaction mixture. 

Compoundss 2a-m have been identified by means of  1H, 13C and 195Pt NMR and mass 
spectroscopy,, for 2h by single crystal X-ray crystallographic analysis and for 2m with an 
elementall  analysis. 

Veryy recently, a paper of Richards and coworkers has appeared, in which the synthesis and 
characterizationn of related isophthalaldimine platinum(ll) compounds is described.35 In their 

f.. dba = dibenzylideneacetone, dipdba = 4,4'-diisopropyldibenzylideneacetone. 
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study,, platinum chloride compounds (R = ?-Bu, Cy, Bu, Bn, Ph) have been prepared by 

cycloplatinationn of the parent isophthalaldimine ligand by K2PtCl4 in glacial acetic acid. 

Bothh the iV-f-Bu and the N-Ph substituted compounds have been characterized by means of 

ann X-ray structure analysis by these authors. 

NMRNMR spectroscopy 

Thee 'H and 13C NMR data of 2a-m are consistent with their assigned structures,1 which are 

directlyy comparable to their palladium(ll) analogues (Chapter 2) and are similar to data 

publishedd recently.35 The equivalence and coordination of both imine moieties was inferred 

fromm (1) the coordination induced shift which amounts to 0.3 to 0.65 ppm ('H) for the imine 

protons,, (2) their 3J(}H,195Pt) couplings of 139 Hz - 153 Hz (195Pt, I = V4, 33.8% natural 

abundance).. The coordination of C, of the aryl ring was inferred from its chemical shift at 

170-1800 ppm, from the lJ(l3C,195Pt) coupling of 926 - 943 Hz31-35 and the 4J('H,195Pt) 

couplingg of 7 - 8 Hz which was observed in some cases. The 195Pt chemical shift (see 

Tablee 3-1) increases with an increase in the steric bulk, this can be explained in view of an 

increasingg deviation from an ideal square planar surrounding caused by the steric bulk, 

resultingg in a lower ligand field, which leads to an increase of the chemical shift.36 

X-rayX-ray crystal structure determination 

AA single crystal X-ray structure analysis was performed for compound 2h (R = 

2,6-dimethylphenyl).. The molecular structure of 2h is depicted in Figure 3-3, selected bond 

lengthss and angles are presented in Table 3-2. 

Figuree 3-3. Displacement ellipsoid plot of 2h, drawn at the 50% probability level. Hydrogen atoms and 
disordered,, cocrystallized solvent molecules have been omitted for clarity. 

Thee structure of 2h is related to the structures of the palladium halide compounds described 

inn Chapter 2, the structures of the ferr-butyl and phenyl substituted isophthalaldimine 
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platinumm chloride compounds published by Richards and coworkers,35 the structure of a 
2,6-bis(2-pyridinyl)phenyll  platinum chloride compound by Echavarren,37 and the structure 
off  a bis(oxazolinyl)phenyl platinum chloride compound reported by Motoyama.24 

Tablee 3-2. Selected bond lengths (A) and angles (deg) for 2h 

Pt(l)-N(l) ) 

Pt(l)-N(2) ) 

N(l)-C(7) ) 

N(l)-C(9) ) 

N(I)-Pt( l )--

N( l ) -Pt( l ) --

Br(l)-Pt(l) ) 

C(7)-N(l)--

N(2) ) 

C(l) ) 

-N(l ) ) 

C(9) ) 

2.032(11) ) 

2.043(12) ) 

1.335(18) ) 

1.432(19) ) 

160.0(6) ) 

79.4(6) ) 

100.9(4) ) 

120.3(12) ) 

Pt(l)-Br(l) ) 

Pt( l)-C(l) ) 

N(2)-C(8) ) 

N(2)-C(17) ) 

Br( l ) -Pt( l ) -C( l ) ) 

N(2)-Pt( l)-C(l) ) 

Br(l)-Pt(l)-N(2) ) 

C(8)-N(2)-C(17) ) 

2.4921(17) ) 

1.897(14) ) 

1.306(19) ) 

1.444(19) ) 

176.4(4) ) 

80.6(6) ) 

99.1(4) ) 

120.0(13) ) 

Inn the crystal structure of 2h the platinum has a distorted square-planar environment with a 
summ of cis angles of 360.0°. The N-Pt-C angles of the five membered chelate rings amount 
too 79.4(6)° and 80.6(6)°, which is significantly smaller than the ideal values of 90° and is 
causedd by ring strain. The values are similar to the angles found in the above mentioned 
relatedd crystal structures. The ring strain caused by the adjacent 5- and 6-membered rings 
resultss in a distorted trans N-Pt-N angle of 160.0(6)° in 2h, which is comparable to the 
structuress published by Echavarren37 and Motoyama24 and is slightly larger than found for 
thee palladium compounds described in Chapter 2 (157.01(6)° - 158.34(14)°) and the 
structuress published by Richards, 157.2(2)° and 157.9(2)°.35 The Pt-Caryl bond is 1.897(14) 
A,, which is comparable to the value found for the above mentioned structures. The Pt-N bond 
lengthss are 2.032(11) and 2.043(12) A, which is the same within standard deviations as 
analogouss bond lengths reported24-37 and slightly shorter than for the palladium compounds 
describedd in Chapter 2 (2.0970(16) A - 2.1374(14) A) and than for the ones described by 
Richardss (2.061(5) A - 2.097(5) A).35 

Iff  the structure of 2h is compared to a platinum bromide compound derived from the 
2,6-bis(dimethylaminomethyl)phenyll  [N-C-N] ligand system31 it is found that the Pt-C and 
thee N-Pt-C angles of the five membered chelate rings are similar within standard deviations. 
However,, the Pt-N bonds (2.07(1) A and 2.09(1) A) are slightly shorter in 2h (2.032(11) A 
andd 2.043(12) A). Also the N-Pt-N angle is slightly smaller in 2h (160.0(6)° compared to 
164.4(4)°).. This is caused by the higher strain arising from the shorter imine C=NR double 
bondd as compared to the amine C-NR2 single bond. In the structure of 2h the five- and 
six-memberedd rings in the plane of the platinum are each almost planar. For the Pt(l), N(l), 
C(l),, C(2), C(7) plane, the largest deviation is 0.008(16) A, for the Pt(l), N(2), C(l), C(6), 
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C(8)) plane this is 0.018(7) A, for the aryl ring, the largest deviation is 0.026(13) A. These 
threee planes are almost coplanar, the angles between the first and the second is 1.6(7)°, 
betweenn the first and the third 1.7(7)° and between the second and the third 0.8(7)°. 

Thee molecules of compound 2h crystallize in the trigonal space group Rj. There are channels 
presentt in the crystal which are filled by disordered solvent molecules. These channels run 
alongg the crystallographic threefold axis (Figure 3-4.). Some of the solvent molecules could 
bee identified as THF (0.4 molecules THF per molecule of 2h), others were modelled as 
diffusee electron density. 

Figuree 3-4. Packing of the molecules in the crystal structure of 2h, projected along the crystallographic c 
axis.. Clearly visible are the solvent channels running parallel to the threefold axis. The 
disorderedd solvent molecules are omitted in the drawing. 

3.33 Trans aryl platinum(ll) methyl compounds 

3.3.11 Synthesis via transmetallation 
Synthesiss of thermally stable methyl derivatives 3 was attempted, first by transmetallation of 
thee isophthalaldimine platinum(ll) bromide compounds with methyllithium, see Scheme 3-2, 
ann approach which is successful for [P-C-P] ligands.2627 When compounds 2g (R -
4-methoxyphenyl)) and 2m (R = 2,6-diisopropylphenyl) were reacted with methyllithium at 
-60°CC by slowly adding the methyllithium to a solution of 2g or 2m in THF, the orange 
reactionn mixture immediately turned green. The reaction mixture was slowly warmed to 
roomm temperature and it was analyzed by 'H NMR spectroscopy. In the case of 2m no signal 
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indicativee of a Pt-CH3 moiety was observed and the signals due to the isopropyl groups in the 
!HH NMR spectrum pointed at the formation of many different isopropyl groups. It was 
concludedd that the methyllithium had reacted with one or both an imine moieties, but no 
transmetallationn had taken place. In contrast to the case for palladium (Chapter 2) no 
transmetallationn was observed for 2g. In these reactions, either the transmetallation reaction 
wass slower in the case of the platinum compared to palladium, giving rise to more side 
reactions,, or the platinum compounds are more susceptible to reduction by the methyl 
lithium. . 

MeLi i 

X X THF F 
2g,m m 

Schemee 3-2. Attempted transmetallation of compounds 2 with methyllithium 

Sincee the use of methyl lithium did not lead to the isophthalaldimine platinum methyl 
compoundss 3, the milder methyl transferring reagent dimethylzinc was applied. The 
transmetallationn reaction of 2m with one equivalent of dimethylzinc was performed at room 
temperaturee in THF. When the solution of dimethylzinc was added, the color of the light 
orangee reaction mixture slowly turned to red. When the reaction mixture was analyzed by 
llHH NMR spectroscopy, the spectrum pointed at the clean formation of an additional 
compoundd with similar structural features as 2m and an additional resonance at 0.7 ppm 
(V^H,195?!)) = 53 Hz, C6D6) originating from the methyl group coordinated to the platinum. 
However,, the conversion was only 14%. When the reaction (see Scheme 3-3) was performed 
withh a an excess (30-40 equiv.) of dimethylzinc a change of the color from light orange to 
darkk red was observed and from *H NMR spectroscopy it appeared that the conversion was 
complete.. After work-up, 3m was isolated as red prisms in 95% yield. 

N ' R R 

Me2Znn (excess) 

THF F 
2h,mm  ^ ^ 3h,m 

h:: R = 2,6-dimethylphenyl 
m:RR = 2,6-diisopropylphenyl 

Schemee 3-3. Transmetallation of 2h,m and Me2Zn to form 3h,m. 

Similarlyy treating compound 2h (R = 2,6-dimethylphenyl) with an excess of dimethylzinc at 
roomm temperature afforded the isophthalaldimine platinum methyl compound 3h in 80% 
isolatedd yield. 
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Inn the 'H NMR spectrum of 3h and 3m (C6D6) the signal of Pt-methyl group appears at 0.7 
ppm,, with a 37(1H,195Pt) of 53 Hz. It is noteworthy that, compared to both 2h and 2m, the 
33J(J(llH,H,i95i95Pt)Pt) of the imine proton decreases from 144 Hz to 125 Hz due to the larger cis 
influencee of the methyl group compared to the bromide. In the 13C NMR spectrum of 3h, the e 
ipsoipso aryl carbon is found at 204.0 ppm ('./(13C,195Pt) = 591 Hz) and the platinum methyl 
carbonn at 8.7 ppm (V(13C,195Pt) = 604 Hz). For 3m, the ipso aryl carbon is found at 204.6 
ppmm (the V(13C,195Pt) could not be determined) and the platinum methyl carbon at 10.2 ppm 
(]y(13C,195Pt)) = 623 Hz). In 3h the signal for the imine carbon is found at 180.6 ppm (180.3 
ppmm for 3m), the 27(13C,195Pt) decreases from 106 Hz in 2h (108 Hz in 2m) to 52 Hz in 3h 
(566 Hz in 3m). The 195Pt chemical shift changes from -3563 in 2h (-3517 ppm in 2m) to -3096 
ppmm in 3h (-3074 ppm in 3m), which is expected in view of the increased ligand field.36 

Onlyy for sterically demanding aryl substituents on the imine moieties an isophthalaldimine 
platinum(n)) methyl compound could be obtained. For compound 2a (R = methyl) an 
analogouss reaction with dimethylzinc resulted in the complete conversion of 2a into mixtures 
off  unidentified compounds. For compound 2g (R = 4-methoxyphenyl) an isophthalaldimine 
platinumm methyl compound 3g could be observed in a sample of the reaction mixture (8195Pt 
== -3145 ppm), however this compound could not be isolated since it readily decomposed. No 
reductivelyy eliminated C-C coupled product was observed. 

Figuree 3-5. a) Displacement ellipsoid plot of 3m, drawn at the 50% probability level, b) View onto the 
Ptt - CH3 moiety of 3m, along the Pt - Caryl bond. All hydrogen atoms except the methyl 
groupp have been omitted for clarity. 

X-rayX-ray crystal structure determination 

Thee structure of 3m was analyzed by means of a single crystal X-ray structure determination. 
Thee molecular structure of 3m is depicted in Figure 3-5, selected bond lengths and angles are 
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presentedd in Table 3-3. It constitutes the first structure of a mono nuclear trans aryl platinum 
methyll  compound. Of the two known trans aryl platinum methyl compounds, the X-ray 
structuress have not been determined.26'27 So far, only one example of a trans aryl-Pt-Csp3 

compoundd has appeared, in this diphenylphosphine substituted [D-C-D] platinum 
compound,, published by Hughes and coworkers, the platinum has a a-bonded n-C3F7 group 
transtrans to the aryl carbon.27 

Tablee 3-3. Selected bond lengths (A) and angles (deg) for 3m 

Pt( l)-N(l) ) 

Pt(D-N(2) ) 

N(l)-C(7) ) 

N(l)-C(9) ) 

2.045(2) ) 

2.036(2) ) 

1.314(3) ) 

1.442(3) ) 

Ptd)-C( l) ) 

Pt(l)-C(33) ) 

N(2)-C(8) ) 

N(2)-C(21) ) 

1.944(2) ) 

2.156(3) ) 

1.304(3) ) 

1.439(3) ) 

N(l)-Pt( l)-N(2)) 157.63(8) 

N( l ) -Pt( l ) -C( l )) 78.93(9) 

N(l )) - Pt(l) - C(33) 102.22(10) 

C(7)-N(l)-C(9)) 118.9(2) 

C(l)-Pt(l)-C(33)) 173.49(12) 

N(2)-Pt( l)-C(l)) 78.80(9) 

N(2)-Pt(l)-C(33)) 100.15(10) 

C(8)-N(2)-C(21)) 120.7(2) 

Thee molecular structure of 3m, reveals bond lengths and angles that are similar to those in 
thee structure of 2h. The platinum has a distorted square-planar environment with a sum of cis 
angless of 360.1°. The lengths of the Pt-N bonds in 3m have, within standard deviations, the 
samee values (2.036(2) - (2.045(2) A) as in 2h (2.032(11) - (2.043(12) A). In 3m the P t -C^ 
bondd is 1.944(2) A which is longer compared to 2h (1.897(14) A). This also leads to a 
distortedd trans N-Pt-N angle of 157.63(8)° that is slightly smaller compared to 2h 
(160.0(6)°).. The Pt-Cmethyl bondd is relatively long (2.156(3) A),9*1012-38 however, similar 
valuess are reported for trans phosphine platinum methyl complexes.3940 The long Pt-C 
distancess are due to the large mutual trans influence of the aryl and methyl groups. This 
effectt is also observed in the structure of the trans aryl-platinum-C3F7 [D-C-D] compound, 
publishedd by Hughes,27 the Pt-CF2R bond is 2.186(8) A. As in the structure of 2h, for 3m the 
five-- and six-membered rings in the coordination plane of the platinum are each almost 
planar.. For the Pt(l), N(l), C(l), C(6), C(7) plane, the largest deviation is 0.027(2) A, for the 
Pt(l),, N(l), C(l), C(2), C(8) plane this is 0.034(2) A, for the aryl ring, the largest deviation 
iss 0.010(2) A. These three planes are almost coplanar, the angles between the first and the 
secondd is 0.71(10)°, between the first and the third 2.95(11)° and between the second and the 
thirdd 2.67(11)°. 

Ass can be seen in Figure 3-5b, which is a view of the molecular structure along the 
Pt(l)) - C(l) bond, in the crystal structure form of 3m both imine-aryl moieties bend to one 
sidee of the platinum plane, defined by Pt(l), N(l), N(2), C(33) and C(l), (to the right in the 
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figure),, whereas the methyl group bends to the other side (to the left), the C(l) - Pt(l) - C(33) 
anglee is 173.49(12)°. This is probably due to steric hindrance between the platinum bound 
methyll  group and the isopropyl groups of the imine substituent. In the crystal of 3m there are 
noo special features in the packing. 

3.44 Reactivity of diorganoplatinum compounds towards 
additionall  ligands 
Too investigate the coordination strength of the imine moieties in 3m in more detail, it was 
subjectedd to additional ligands, e.g. pyridine and carbon monoxide which may result in the 
displacementt of one or of both coordinating imine moieties. Displacement of a chelating 
nitrogenn in a square planar platinum [N-C-N] compound by an additional monodentate 
ligandd has not often been studied.30 

3.4.11 Pyridine 
Whenn the fraws-isophthalaldimine platinum(ll) methyl compound 3m was subjected to a 
reactionn in C6D6 with a large excess of pyridine, it was concluded, based on the 'H NMR 

Schemee 3-4. Reaction of 3m and pyridine. 

spectrumm of the reaction mixture, that one imine moiety was displaced by a pyridine 
molecule,, see Scheme 3-4. The chemical shift of the proton of the coordinating imine was 
8.744 ppm. It is noteworthy that the 3y('H,195Pt) of this imine proton decreases from 125 Hz 
(inn 3m) to 101 Hzz (in 4m) due to the stronger trans influence of pyridine, compared to an 
iminee moiety. For compound 4m, the Pt-methyl resonance appears at 0.33 ppm (37(1H,195Pt) 
== 52 Hz), which is appreciably lower than in 3m (0.67 ppm, 3/(1H,195Pt) = 53 Hz). The signal 
off  the proton of the dissociated imine moiety was not observed, it was obscured by the 
aromaticc signals, since it was shifted to lower frequency due to the shielding of the aromatic 
pyridinee ring. In the 195Pt NMR spectrum, the 195Pt chemical shift changes from -3074 ppm 
forr 3m to -3216 ppm for 4m. These features are in concert with the higher basicity of pyridine 
comparedd to an imine. 

Then,, before the reaction of 3m and pyridine was complete, 4m slowly isomerizes to the cis 
arylplatinum(n)) methyl pyridine complex 5m, as was concluded from 'H and 195Pt NMR 
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spectroscopyy (see Scheme 3-4). The conversions of 3m to 4m and of 4m to 5m at room 
temperaturee were completed by heating the reaction mixture in the NMR tube over night to 
80°C.. For 5m, in the 'H NMR spectrum the proton of the dissociated imine was now found 
att 9.25 ppm, the proton of the coordinating imine at 8.33 ppm (3J(lH,l95Pt) = 52 Hz). The 
decreasee of the coupling constant compared to 3m (125 Hz) and 4m (101 Hz) is consistent 
withh the much larger trans influence of the methyl group compared to an imine and a 
pyridine,, respectively. The 3J(lH,l95Pt) of 80 Hz observed for the Pt-methyl group at 1.61 in 
5mm is much larger then observed in 3m and 4m (52 - 53 Hz), which corresponds with the 
decreasedd trans influence of the imine moiety compared to the aryl group. The 8195Pt of 5m 
wass -3550 ppm. The isomerization of 4m to 5m is thermodynamically favorable, due to the 
moree stable cis configuration of the aryl and the methyl group in 5m, both having a strong 
transtrans influence, compared to the trans configuration in 4m.41'42 

3.4.22 Carbon monoxide 

3.4.2.11 Substitution of an imine moiety for carbon monoxide 
Whenn carbon monoxide was bubbled through a solution of 3m in C6D6 one imine moiety was 
displacedd by the CO ligand and a frans-isophthalaldimine platinum(ll)methyl carbon 
monoxidee complex 6m was obtained, see Scheme 3-5, analogously to the reaction of 3m 

CO O hv v 

6m m 

RR = 2,6-diisopropylphenyl 

Schemee 3-5. 

withh pyridine. In the 'H NMR spectrum of 6m, the chemical shift of the proton on the 
dissociatedd imine moiety is found at 8.86 ppm, for the coordinating imine the signal was 
foundd at 7.79 ppm (37(1H,195Pt) = 86 Hz), the chemical shift of the Pt-methyl protons was 
0.500 ppm (37('H,195Pt) = 44 Hz) and 8195Pt = -4000. Proof of the coordination of CO stems 
fromm the 13C NMR spectrum of  13CO labeled compound 6m*, which showed a 17(13C,195Pt) 
off  1895 Hz and the infrared spectrum (in C6D6) of 6m in which the CO vibration was 
observedd at 2058 cm1. 

3.4.2.22 Photoisomerization 

Inn contrast to the observed thermal isomerization of 4m to 5m, it was found that at room 
temperaturee compound 6m can only isomerize photochemically to the cis isophthalaldimine 
platinum(ll)) methyl carbon monoxide complex 7m. For 7m, the chemical shift of the 
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dissociatedd imine was 8.97 ppm, and 7.92 ppm (3/('H,195Pt) = 54 Hz) for the coordinating 
imine.. The Pt-methyl resonance was observed at 1.50 ppm (?J(lH,l95l?t) - 84 Hz), 8195Pt = 
-39022 ppm. For 7m the CO vibration was observed at 2064 cm-1, which is only slightly 
differentt from 6m (vco = 2058 cm"1). At room temperature, no migration insertion to give a 
Pt-acyll  species was observed.38,43 

Thee photoisomerization could be monitored using UV-Vis spectroscopy. Upon irradiation of 
6mm with a Xe-lamp, the absorption bands at 330 nm and 405 nm disappear while 
simultaneouslyy an increase in the absorption of 7m at 370 nm is observed (see Figure 3-6). 
Thee photoisomerization is irreversible and, as can be seen from the isosbestic points at 390 
nmm and 355 nm, a very clean process. 

11 ' 1 ' 1 ' 1 ' 1 ' r-
3000 330 360 390 420 450 

XX (nm ) 

Figuree 3-6. UV/Vis spectral changes accompanying the photoisomerization of 6m into 7m. 

Thee absorption bands at 405 nm for 6m and at 370 nm for 7m are attributed to 
metal-to-ligandd charge transfer (MLCT) transitions from different Pt(d) orbitals to the 
isophthalaldiminee ligand because of their energies, intensities and solvatochromic behaviour. 
Bothh 6m and 7m did not show any emission upon excitation into their MLCT bands, 
implyingg a short lifetime of the lowest MLCT state. In order to gain more insight in the 
mechanismm of the photoisomerization, nanosecond time-resolved absorption spectra of a 
solutionn of 6m in methanol and pentane were measured; the solution was excited with light 
off  310 nm and 435 nm. Only a weak, broad transient absorption (500 - 750 nm) was observed 
withh a lifetime of 400-500 nanoseconds. This lifetime is too short to belong to a reactive 
groundd state intermediate and is instead assigned to the MLCT state of the platinum(ll) 
complex.444 This assignment is supported by the broadness of the long-wavelength 
absorption,, which is rather specific for metal-to-ligand excited states of complexes 
containingg ligands such as bipyridine or isophtalaldimine. 
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3.55 Discussion 

3.5.11 Photoisomerization 
Thee photochemical isomerization of square planar platinum(ll) compounds normally 
proceedss in the absence of additional ligands.45 This in contrast to thermal isomerizations 
whichh occur via associative mechanisms in most cases. Via a consecutive ligand exchange 
(withh a cationic intermediate)46 or via a pseudorotation (with a five-coordinate 
intermediate).477 Dissociative processes are less common.39-45-48 Both the consecutive ligand 
exchangee and the dissociative mechanisms49 proceed in organoplatinum halide complexes 
viaa halide dissociation, an analogous pathway is not possible in this case, since aryl or methyl 
losss to yield a cationic intermediate is highly unfavorable. The thermal isomerization of the 
pyridinee complex 4m to 5m will be associative and involve pseudorotation of an intermediate 
fivefive coordinated bis-pyridine complex, since the pyridine was present in an excess. 

Forr the isomerization of the carbon monoxide complex 6m, the isomerization proceeds 
differently,, probably no intermediate five coordinated bis-carbon monoxide complex is 
formedd in the presence of an excess carbon monoxide and therefore the isomerization can 
onlyy proceed photochemically. The far most commonly proposed pathway for a 
photochemicall  isomerization in a square planar complex is an intramolecular twisting 
mechanismm via a tetrahedral transition state.50-51 Another possibility is that the 
photoisomerizationphotoisomerization is initiated by the pholodissociation of a ligand, as a result from the 
crossingg of the unreactive MLCT state with the reactive ligand field energy curve.44-50 Its 
repulsivee potential results in the dissociation of one ligand, which can be the CO or the imine 
moiety.. This dissociation is followed by isomerization and re-coordination of the ligand. In 

Aut Aut 

Figuree 3-7. 
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thee dissociative mechanism, a three coordinate intermediate is formed and such an 

intermediatee is expected to have a longer lifetime than that observed for the transient species 

inn the transient absorption measurements. Instead, the results of the transient absorption 

measurementss point to a fast intramolecular twisting mechanism directly from the MLCT 

excitedd state of the complex (Figure 3-7). 

Thee intermediate in the twisting mechanism is expected to have a severely distorted 

tetrahedrall  surrounding, since the cis N-Pt -C^ angle, which is around 79° in 3m, can not 

reachh 109°, the value in a perfect tetrahedron. 

3.5.22 Cis and trans aryl platinum(ll ) methyl compounds 
Inn the known aryl-platinum(ll) methyl compounds, the carbon fragments are more often 

foundd in a cis configuration61416'52'53 than in a trans configuration.7'15,26'27 In the presence of 

aa cv's-coordinating (neutral) didentate ligand (e.g. cyclooctadiene,816 diphosphines52-54'55 and 

diazabutadiene56),, the c/s-disposition of the carbon fragments is enforced. However, a cis 

dispositionn of the carbon fragments is thermodynamically favored over a trans configuration 

duee to their strong mutual trans influence.42 Therefore, in frans-diorganoplatinum(ll) 

compoundss which contain two monodentate phosphine ligands, isomerization to the more 

stablee cis-diorganoplatinum(ll) diphosphine compounds may occur.16 

InIn compounds 3h and 3m the configuration of the aryl and the methyl groups is trans, as was 

foundd for the related f rans-diphosphine [P-C-P] platinum(ll) methyl compounds prepared by 

Venanzi266 and Hughes27 (see Figure 3-2). The trans configuration of the carbon fragments is 

dictatedd in these compounds by the strong coordination of the chelating imine and phosphine 

moieties,, respectively, in a trans configuration to the platinum center. However, the 

meridionall  coordination mode of the ligand in 3m can be discontinued by displacement of an 

iminee moiety by an additional ligand, e.g. pyridine or carbon monoxide, to furnish 4m or 6m, 

respectively.. As a result, the ligand acts as a covalently bound KC,KN-didentate ligand. The 

transtrans disposition of the aryl and the methyl groups is not retained and these compounds 

irreversiblyy isomerize to the compounds 5m and 7m, respectively, in which the aryl and 

methyll  groups are in a cis configuration. Such a cis disposition of the aryl and the methyl 

groupss is generally thermodynamically more stable and is similar to the configuration in 

methyll  derivatives of related KC,KN-didentate ligands.145354 

Thee fact that compounds 3h and 3m can be isolated demonstrates that these are stable at 

ambientt temperatures, in contrast to analogous palladium methyl compounds. The latter (if 

formed)) are not thermally stable and give rise to reductive elimination of a C-C bond, as was 

shownn in the previous chapter. The higher thermal stability of the diorganoplatinum, 

comparedd to diorganopalladium compounds is a general trend and has been theoretically 

explained.4 4 
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3.66 Experimental section 
Generall  comments. All reactions involving air-sensitive compounds were carried out under a 
dinitrogenn atmosphere using standard Schlenk techniques. Solvents were dried and distilled prior to 
use,, according to standard methods.57 NMR measurements were performed on a Bruker AC200 (*H: 
200.133 MHz), a Bruker AMX300/Varian Mercury300 spectrometer (lH: 300.13 MHz, 13C: 75.47 
MHz),, a Varian Inova500 spectrometer OH: 499.88 MHz, ,3C: 125.70 MHz) and Bruker DRX300 
spectrometerr (195Pt: 64.3 MHz, 15N: 30.42 MHz). 195Pt NMR spectra were measured via a normal 
HMQCC sequence at 298K. 15N NMR spectra were measured by a standard gs-HMQC sequence at 
298K.. 13C NMR spectra were measured with lH decoupling. Positive chemical shifts (8) are denoted 
forr high-frequency shifts relative to a TMS reference (]H, 13C), a Na2PtCl6 reference (195Pt) and a 
CH3N022 reference (15N). Infrared spectra were measured on a Biorad FTS-7 and a Biorad FTS-60A 
spectrometerr from a 0.2 mm film of a solution in a NaCl cell. HRMS measurements were performed 
onn a JEOL JMS SX/SX102A four sector mass spectrometer, coupled to a JEOL MS-MP9021D/UPD 
systemm program. For Fast Atom Bombardment (FAB) mass spectrometry, the samples were loaded 
inn a matrix solution (3-nitrobenzyl alcohol) onto a stainless steel probe and bombarded with xenon 
atomss with an energy of 3 KeV. For Electron Impact (EI) mass spectrometry, the samples were 
introducedd via a direct insertion probe into the ion source. During the high resolution FAB-MS and 
EI-MSS measurements a resolving power of 10,000 (10% valley definition) was used. 

UV-Vi ss absorption spectra were recorded on a diode-array HP8453 spectrophotometer at 293 K in a 
11 cm quartz Hellma-cuvette. Fluorescence spectra were recorded on a SPEX fluorometer. Samples 
weree measured in a 1 cm quartz Hellma-cuvette, Xexc = 370 nm. Nanosecond transient absorption (ns 
TA)) spectra were obtained by irradiating the samples with 2 ns pulses (FWHM) of a continuously 
tunablee (420 - 710 nm) Coherent Infinity XPO laser. Frequency doubling was achieved with a BBO 
crystal.. The output power of the laser was typically less than 5 mJ/pulse at a repetition rate of 10 Hz. 
Sampless in a 1 cm quartz cuvette (Hellma) exhibited an optical density of ca. 0.8 at the excitation 
wavelength.. The probe light from a low-pressure, high-power EG&G FX-504 Xe lamp passed 
throughh the sample cell and was dispersed by an Acton Spectra-Pro-150 spectrograph, equipped with 
1500 g/mm or 600 g/mm grating and a tunable slit (1 - 500 (im), resulting in 6 or 1.2 nm maximum 
resolution,, respectively. The data collection system consisted of a gated intensified CCD detector 
(Princetonn Instruments ICCD-576EMG/RB), a programmable pulse generator (PG-200), and an 
EG&GG Princeton Applied Research Model 9650 digital delay generator. I and /0 values are measured 
simultaneously,, using a double kernel 200 fim optical fiber. 

Materials::  Compounds lb, If, lg, Ik and lm and 2-bromo-isophthalaldehyde are described in 
Chapterr 2. Pt(dba)2,

58 Pt(dipdba)2
59 were prepared according to literature procedures. 3A molecular 

sievess were activated by heating at 150°C in vacuo over night. All other starting materials were 
obtainedd from commercial sources and were used as received. 

Bis-(Ar-methyl)-2-bromo-isophthalaldiminee (la) 

Too a solution of 2-bromo-isophthalaldehyde (0.5 g, 2.3 mmol) in 100 mL of THF were added 
methylammoniumm chloride (5 g, 74 mmol), Na2C03 (8 g, 75 mmol) and activated 3A molecular 
sievess and the reaction flask was closed with a CaCl2-tube. After the reaction mixture was stirred for 
onee weekend, the reaction was complete (GC-MS). The reaction mixture was filtered and the 
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volatiless were evaporated under reduced pressure and the residue was dried in vacuo to yield 0.44 g 
(1.88 mmol, 80%) of a light yellow oil that solidified upon standing, which was identified by lH and 
,3CC NMR spectroscopy as pure la. *H NMR (200 MHz, CDC13): 8 = 8.74 (dq, V^w* = 1 7 H z ' 
SjSj\maryi\maryi = 0-7 H z 2 H; #C=N), 7.99 (d, 3/HH = 7.7 Hz, 2H) 7.36 (tt, ^ = 7.7 Hz, VHH = 0.7 Hz, 1H), 
3.577 (d, 4 Jm = 1.7 Hz, 6H). 13C NMR (126 MHz, CDC13): 5= 161.6 (C=N), 135.6 (C), 130.8 (CH), 
127.88 (CH), 126.9 (C-Br) 48.6 (CH3). GC-MS m/z (relative intensity): 240 (M(8lBr)+, 57), 240 
(M(79Br)+,, 58), 196 ([M-Me-C=NH]+, 9), 42 (Me-C=NH, 100). 

Bis-(N-fórf-butyl)-2-bromo-isophthalaldimin ee (lc) 

Too a solution of 2-bromo-isophthalaldehyde (1.0 g, 4.7 mmol) in 20 mL of THF were added 
terf-butylamineterf-butylamine (5 mL, 3.5 g, 48 mmol) and 3A molecular sieves. The reaction mixture was stirred 
overr night at room temperature. *H NMR spectroscopic analysis showed full conversion and the 
reactionn mixture was filtered, the volatiles were removed under reduced pressure and the residue was 
driedd in vacuo, which resulted in 1.34 g (4.15 mmol, 88%) of a white solid which was identified by 
llUU and 13C NMR spectroscopy as pure lc. *H NMR (300 MHz, CDC13): 5 = 8.70 (s, 2H; HC=N), 
8.000 (d, VHH = 7.7 Hz, 2H) 7.35 (t, 3JUH = 7.7 Hz, 1H), 1.32 (2, 18H). 13C NMR (75 MHz, CDC13): 
55 = 155.1 (C=N), 136.2 (C), 130.6 (CH), 127.8 (CH), 127.6 (C-Br) 58.4 (C), 29.9 (CH3). 
HRMS(FAB):HRMS(FAB): m/z calcd ([M+H] + C16H23N2Br) 323.1123. Found 323.1121. 

Bis-(/V-cycIohexyl)-2-bromo-isophthalaldimine(ld) ) 

Compoundd Id was prepared, analogous to lc, from 2-bromo-isophthalaldehyde (1.0 g, 4.7 mmol) 
andd freshly distilled cyclohexylamine (1.1 ml, 9.4 mmol), in 25 mL of THF at 60°C. The volatiles 
weree removed under reduced pressure and the residue was dried in vacuo which resulted in 1.6 g (4.3 
mmol,, 92%) of a white solid which was identified by !H and 13C NMR spectroscopy as pure ld. 'H 
NMRR (500 MHz, CDC13): 8 = 8.75 (s, 2H; tfC=N), 8.01 (d, lJm = 7.5 Hz, 2H) 7.31 (t, VHH = 7.5 
Hz,, 1H), 3.25 (m, 2H), 1.70-1.56 (m, 14H), 1.43-1.25 (m, 6H). 13C NMR (126 MHz, CDC13): 8 = 
157.99 (C=N), 135.9 (C), 130.9 (CH), 127.7 (CH), 127.0 (C-Br), 70.1 (N-CH), 34.9 (CH2), 25.9 
(CH2),, 24.9 (CH2). HRMS(FAB): m/z calcd ([M+H] + C20H28N2Br) 375.1436. Found 375.1440. 

Bis-(/V-phenyI)-2-bromo-isophthalaldiminee (le) 

Too 2-bromo-isophthalaldehyde (1.0 g, 4.7 mmol) was added aniline (1.0 mL, 1.0 g, 11 mmol) upon 
whichh some heat evolved, subsequently 10 mL of diethyl ether and 10 mL of THF were added and 
thee resulting suspension was stirred for 3 h. lH NMR spectroscopic analysis showed full conversion 
andd the volatiles were evaporated under reduced pressure. Residual water was removed by the 
azeotropicc evaporation with toluene (3 times), the residue was washed with pentane (2 times) and 
driedd in vacuo to yield 1.43 g (3.94 mmol, 84%) of a yellow solid which was identified by lH and 
13CC NMR spectroscopy as pure le. lH NMR (500 MHz, CDC13): 8 = 9.03 (s, 2H; #C=N), 8.39 (d, 
3/HHH = 7.5 Hz, 2H) 7.54 (t, 3/HH = 7.5 Hz, 1H), 7.48 (m, 4H), 7.34 (m, 6H). 13C NMR (126 MHz, 
CDC13):: 8= 159.2 (C=N), 151.8 (C), 135.8 (C), 132.1 (CH), 129.5 (CH), 129.3 (C-Br), 128.1 (CH), 
126.99 (CH), 121.4 (CH). HRMS(EI): m/z calcd ([M] + C20H15N2Br) 362.0433. Found 362.0419. 
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Bis-(jV-2,6-dimethylphcnyl)-2-bromo-isophtalaldiminee ( lh) 

Too a solution of 2-bromo-isophthalaldehyde (1.5 g, 7.0 mmol) in 50 mL of toluene were added 
2,6-dimethylanilinee (2 mL, 2.1 g, 17.6 mmol) and 3A molecular sieves. The reaction mixture was 
stirredd over night at 60°C and filtered after which the solvent was evaporated under reduced pressure. 
Thee residue was washed with 50 mL of pentane and dried in vacuo to yield 2.45 g (5.8 mmol, 84%) 
off  a yellow solid which was identified by *H and 13C NMR spectroscopy as pure lh. 'H NMR (500 
MHz,, CDC13): 8 = 8.75 (s, 2H; HC=N), 8.41 (d, VHH = 7.5 Hz, 2H) 7.58 (t, VHH = 7.5 Hz, 1H), 7.11 
(bs,, 6H), 2.20 (s, 12H). 13C NMR (126 MHz, CDC13): 8 = 162.1 (C=N), 151.1 (C), 135.9 (C), 131.7 
(CH)) 128.7 (C-Br), 128.5 (CH), 128.2 (CH), 127.3 (C), 124.4 (CH), 18.7 (CH3). HRMS(FAB): m/z 
calcdd ([M+H] + C24H24N2

79Br) 419.1123. Found 419.1124. Anal. Calcd for C24H23BrN2: C, 68.74; H, 
5.53;; N, 6.68. Found: C, 68.88 H, 5.48; N, 6.65. 

Bis-(AT-3,5-dimethvlpheiiyl)-2-bromo-isophtalaldiminee (li ) 

Compoundd l i was prepared, analogous to lh, from 2-bromo-isophthalaldehyde (0.74 g, 3.5 mmol) 
andd 3,5-dimethylaniline (0.87 mL, 0.85 g, 7.0 mmol) yielding 1.2 g (2.8 mmol, 80%) of a yellow 
solidd which was identified by !H and ,3C NMR spectroscopy as pure li . 'H NMR (500 MHz, CDC13): 
55 = 9.00 (s, 2H; #C=N), 8.34 (d, 3JHH = 7.8 Hz, 2H) 7.53 (t, 37HH = 7.8 Hz, 1H), 6.97 (bs, 2H), 6.94 
(bs,, 4H), 2.39 (s, 12H). 13C NMR (126 MHz, CDC13): 8 = 158.8 (C=N), 151.9 (C), 139.2 (C), 135.9 
(C),, 131.9 (CH) 129.2 (C-Br), 128.5 (CH), 128.0 (CH), 119.1 (CH), 21.6 (CH3). HRMS(EI): m/z 
calcdd ([M] + C24H23N2

81Br) 420.1027. Found 420.1024. Anal. Calcd for C24H23BrN2: C, 68.74; H, 
5.53;; N, 6.68. Found: C, 68.67; H, 5.47; N, 6.59. 

BisHAT-3,5-diHtrifluoromethyl)-phcnvl)-2-bromo-isophtalaldiniin ee (l,j ) 

Compoundd l j was prepared, analogous to lh, from 2-bromo-isophthalaldehyde (1.0 g, 4.7 mmol) 
andd 3,5-di-(trifluoromethyl)-aniline (2.8 mL, 4.2 g, 18.8 mmol). The resulting suspension was 
dissolvedd in dichloromethane and filtered. The volatiles were removed under reduced pressure and 
thee residue was washed with 40 mL of diethyl ether and dried in vacuo to yield 1.7 g (2.8 mmol, 60%) 
off  a white solid which was identified by 'H and 13C NMR spectroscopy as pure l j . lH NMR (300 
MHz,, CDC13): 8 = 9.01 (s, 2H; HC=N), 8.40 (d, 3JHH = 7.8 Hz, 2H), 7.80 (bs, 2H), 7.66 (bs, 4H), 
7.599 (t, 37HH = 7.8 Hz, 1H). 13C NMR (126 MHz, CDC13): 8 = 161.7 (C=N), 152.9 (C), 135.1 (C), 
133.22 (CH), 133.0 (q, C-CF3,

 27CF = 33 Hz), 130.0 (C), 123.4 (q, CF3,
 lJCF = 273 Hz), 121.5 (q, VCF 

== 3 Hz), 120.1 (septet, 37CF = 3 Hz). HRMS(FAB): m/z calcd ([M+H] + C24H12N2BrF12Pt): 634.9975. 
Foundd 634.9995. 

Bis-(A-2,6-dicthylphenvl)-2-bromo-isophtalaldiminee (11) 

Compoundd 11 was prepared, analogous to lh, from 2-bromo-isophthalaldehyde (1.0 g, 4.7 mmol) 
andd 2,6-diethylaniline (1.6 mL, 1.4 g, 9.4 mmol) in 40 mL of toluene by refluxing over night. The 
resultingg mixture was filtered and the toluene was evaporated under reduced pressure. The excess 
anilinee was removed by heating (T ~ 150°C) the residue in vacuo which yielded 2.0 g (4.2 mmol, 
92%)) of a yellow solid, which was identified by 'H and 13C NMR spectroscopy as pure 11. !H NMR 
(3000 MHz, CDC13): 8 = 8.75 (s, 2H; HC=N), 8.40 (d, 37HH = 7.8 Hz, 2H) 7.59 (t, 3/HH = 7.8 Hz, 1H), 
7.16-7.088 (m, 6H), 2.55 (q, 3JHH = 7.5 Hz), 1.19 (t, 37HH = 7.5 Hz). 13C NMR (126 MHz, CDC13): 8 
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==  162.2 (C=N), 151.0 (C), 136.6 (C), 134.0 (C), 132.5 (CH) 129.4 (C-Br), 129.0 (CH), 127.4 (CH), 
125.44 (CH), 25.8 (CH2), 15.8 (CH3). HRMS(FAB): m/z calcd ([M2-H]+ C56H61N4Br2): 949.3251. 
Foundd 949.3227. Note: The compound had dimerized under the ionization conditions. 

KC,KN,KN'-Bis-(A^-methyI)-isophthalaldimine-2-yl-platina(ll )) bromide (2a) 

Too a solution of la (0.4 g, 1.67 mmol) in 30 mL of THF was added Pt(dipdba)2 (1.5 g, 1.8 mmol) 
andd the reaction mixture was stirred over night at 60°C. [H NMR spectroscopic analysis showed a 
conversionn of 54% and therefore another portion of Pt(dipdba)2 (1.0 g, 1.2 mmol) was added. After 
stirringg over night, the reaction mixture was filtered over Celite and the residue was thoroughly 
extractedd with THF. Upon slow evaporation of the THF under reduced pressure, the product 
crystallized.. The small crystals were collected by filtration and washed with diethyl ether and 
subsequentlyy with pentane. The product was air dried to yield 0.55 g (1.26 mmol, 76%) of dark red 
crystalss which were identified by [H, 13C and 195Pt NMR spectroscopy as pure 2a. 'H NMR (200 
MHz,, CDC13): 5 = 8.27 (q, 3JHHMe = 1.4 Hz, VHPt = 142 Hz, 2H; //C=N), 7.41 (d, 3/HH = 7.7 Hz, 47HP| 

== 9 Hz, 2H) 7.36 (t, 3/HH = 7.11 Hz, VHPl = 3 Hz, 1H), 3.96 (d, 4/HH = 1.4 Hz, 3/HPt = 32 Hz, 6H). 
13CC NMR (126 MHz, CDC13): 5 = 176.9 (C=N), 175.6 (C-Pt), 141.5 (27CPt = 114 Hz, C), 126.4 (VCPt 

== 28 Hz, CH), 122.8 (CH), 50.7 (3/CPt = 28 Hz, CH3).
195Pt NMR (CDC13): 8 = -3618. HRMS(FAB): 

m/zm/z calcd ([M+H] + C10H12N2Br196Pt) 434.9813 Found 434.9828. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-platina(n )) bromide (2b) 

Compoundd 2b was prepared analogous to 2a from lb (0.74 g, 2.5 mmol) and Pt(dipdba)2 (1.79 + 
0.55 g =2.29 g, 3.45 mmol) in 30 mL of THF at 50°C. After the filtration over Celite, the solvent was 
evaporatedevaporated under reduced pressure, the residue was dissolved in toluene, filtered over Celite and the 
toluenee was evaporated under reduced pressure. The dark residue was washed with diethyl ether and 
dissolvedd in THF. The dark impurity was precipitated by adding pentane. The mother liquor 
containedd pure 2b which was isolated by evaporation of the solvents under reduced pressure. The 
lightt orange residue was dried in vacuo and was identified by lH and 13C NMR spectroscopy as pure 
2bb (0.44 g, 0.9 mmol, 36%). 'H NMR (300 MHz, CDC13): 8 = 8.35 (s, 3JHPt = 147 Hz, 2H; HC=N), 
7.400 (d, 3JHH = 7.7 Hz, 2H), 7.11 (t, 3/HH = 7.7 Hz, 1H), 4.74 (septet, 3/HH = 6.6 Hz, 2H), 1.49 (d, 
37HHH = 6.6 Hz, 12H). l3C NMR (126 MHz, CDC13): 8 = 172.7 (lJCPt = 926 Hz, C-Pt), 172.2 (27CPt = 
1233 Hz, HC=N), 141.7 (27CPt= 119 Hz, C), 126.4 (VCPt = 27 Hz, CH), 122.5 (CH), 60.2 (27CPt 

== 22 Hz, CH3CHCH3), 22.9 (CH3CHCH3). 

K CC ,KN,KN ' -Bis-(N-te/*-butyl)-isophthalaldimine-2-yl-platina(n) bromide (2c) 

Compoundd 2c was prepared analogous to 2b from lc (0.51 g, 1.58 mmol) and Pt(dipdba)2 (1.41 + 
1.00 g = 2.41 g, 2.9 mmol) in 30 mL of THF at 60°C. After the filtration over Celite, the solvent was 
evaporatedd under reduced pressure and the residue was extensively washed with petroleum ether 
(boilingg range 40-65°C) to remove the dipdba. The residue was dissolved in toluene and filtered over 
Celite,, the product was precipitated from the concentrated filtrate by the addition of petroleum ether 
(boilingg range 100-140°C). The product was collected by filtration and washed with pentane and air 
driedd to yield 0.46 g (0.89 mmol, 56%) of a yellowish/brown powder which was identified by ]H, 
13CC and 195Pt NMR spectroscopy as pure 2c. !H NMR (500 MHz, CDC13): 8 = 8.27 (s, 3JHPl = 153 
Hz,, 2H; HC=N), 7.40 (d, 3JHH = 7.8 Hz, 2H), 7.16 (t, 37HH = 7.8 Hz, 1H), 1.75 (s, 18H). 13C NMR 
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(126MHz,CDCI3):: 5= 172.1 (2JCPt=  116Hz, HC=N), 169.8 (C-Pt), 142.5 (2JCPt = 118Hz, C), 127.5 
(3/CPtt = 22 Hz, CH), 123.0 (CH), 66.2 (27CPt = 23 Hz, C=N-Q, 30.5 (CH3).

 ,95Pt NMR (CDC13): 5 = 
-3626.. HRMS(FAB): m/z calcd ([M+H] + C16H24N2

79Br195Pt): 518.0772. Found 518.0765. 

KC,KN,KN'-Bis-(A'-cycIohexyl)-isophtha]aldimine-2-yl-platina(II)) bromide (2d) 

Compoundd 2d was prepared, analogous to 2a, from Id (0.45 g, 1.2 mmol) and Pt(dipdba)2 (1.3 + 
0.88 g = 2.1 g, 2.4 mmol) in 30 mL of THF at 60°C. After the filtration over Celite, the solvent was 
evaporatedd under reduced pressure and the residue was washed with 400 mL of pentane. The residue 
wass extracted with hot toluene and filtered over Celite. The volatiles were removed under reduced 
pressuree and the residue was recrystallized from a THF/pentane mixture, dried in vacuo to yield 0.44 
gg (0.77 mmol, 64%) of orange crystals which was identified by lH, 13C and 195Pt NMR spectroscopy 
ass pure 2d. 'H NMR (500 MHz, CDC13, 318K): 8 = 8.31 (s, 3/HPt = 148 Hz, 2H; HC=N), 7.40 (d, 
VHHH = 8.0 Hz, 2H), 7.10 (t, 37HH = 8.0 Hz, 1H), 4.37-4.32 (m, 2H), 2.26 (m, 4H), 1.85 (m, 4H), 1.72 
(m,2H),, 1.60-1.45 (m,8H), 1.29-1.18 (m, 2H). 13C NMR(126MHz,CDCl3): 5= 173.0(1/CPt = 960 
Hz,, C-Pt), 172.3 (2JCPt = 121 Hz, HC=N), 142.2 (27CPt = 120 Hz, C), 126.5 (37CPt = 27 Hz, CH), 122.6 
(CH),, 68.1 (27CPt = 18 Hz, C=N-Q, 33.9 (VCPt = 9 Hz), 25.8 (CH2), 25.7 (CH2).

 195Pt NMR (CDC13): 
88 = -3648. HRMS(FAB): m/z calcd ([M+H] + C20H28N2

79BrPt): 570.1086. Found 570.1049. 

KC,KN,KN'-Bis-0V-phenyl)-isophthalaldimine-2-yl-platina(II)) bromide (2e) 

Compoundd 2e was prepared, analogous to 2c, from le (0.5 g, 1.38 mmol) and Pt(dipdba)2 (1.15 + 
0.66 g = 1.75 g, 2.1 mmol) in 30 mL THF at 60°C. After the filtration over Celite, the solvent was 
evaporatedd under reduced pressure and the residue was extensively washed with a petroleum ether 
(boilingg range 40-65°C) diethyl ether mixture. The residue was dissolved in hot toluene and filtered 
overr Celite. The filtrate was concentrated under reduced pressure upon which the product 
crystallized.. This was collected by filtration, washed with pentane and air dried to yield 0.56 g (1.0 
mmol,, 73%) of dark red crystals which were identified by [H, 13C and 195Pt NMR spectroscopy as 
puree 2e. lH NMR (500 MHz, CDC13): 8 = 8.35 (s, V ^ = 140 Hz, 2H; #C=N), 7.38 (d, 3/HH = 7.5 
Hz,, 4/HPt = 7.5 Hz, 2H), 7.49 (d, 3/HH = 7.5 Hz, 4H), 7.42 (t, 37HH = 7.5 Hz, 4H) 7.33 (t, 3/HH = 7.5 
Hz,, 2H), 7.27 (t, 3/HH = 7.5 Hz, 1H). ,3C NMR (126 MHz, CDC13): 8 = 177.6 (2JCPt = 110 Hz, 
HC=N),, 176.7 ('Jen = 929 Hz, C-Pt), 149.4 (2JCPt = 16 Hz, C-N=C), 142.2 (27CPt = 111 Hz, C), 128.6 
(CH),, 124.6 (37CPt = 13 Hz, CH), 123.3 (CH). ,95Pt NMR (CDC13): 8 = -3606. HRMS(FAB): m/z 
calcdd ([M+H]+ C20H16N2BrPt): 558.0147. Found 558.0121. 

KC,KN,KN'-Bis-(A r-4-methylphenyl)-isophthalaldimine-2-yl-platina(n)) bromide (2f) 

Compoundd 2f was prepared analogous to 2c from If (0.5 g, 1.28 mmol) and Pt(dipdba)2 (1.1 + 1 g = 
2.11 g, 2.5 mmol) in 30 mL of THF at 60°C. The yield was 0.47 g (0.8 mmol, 63%) of a orange/brown 
powderr which was identified by 1H, 13C and 195Pt NMR spectroscopy as pure 2f. !H NMR (500 MHz, 
CDC13):: 8 = 8.44 (s, VHPt = 140 Hz, 2H; #C=N), 7.58 (d, 3JHH = 7.5 Hz, 2H), 7.36 (d, 3/HH = 8.0 Hz, 
4H),, 7.19 (t, 3/HH = 7.5 Hz, 1H) 7.15 (d, 3/HH ~ 8.0 Hz, 4H). i3C NMR (126 MHz, CDC13): 8 = 177.1 
(27CPtt = 110 Hz, HC=N), 176.1 OJCH = 935 Hz, C-Pt), 147.1 (2JC?X = 16 Hz, C-N=C), 142.2 
(2/CPtt = 110 Hz, C), 138.4 (OCH3), 129.2 (CH), 128.3 (37CPt = 12 Hz, CH), 124.5 (CH) 123.1 (CH), 
21.44 (CH3).

 195Pt NMR (CDCI3): 8= -3611. HRMS(FAB): m/z calcd ([M+H] + C22H20N2BrPt): 
586.0460.. Found 586.0415. 
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KC,KN,KN'-Bis-(A^-4-methoxyphenyl)-isophthalaldimine-2-yl-platina(n )) bromide (2g) 

Compoundd 2g was prepared analogous to 2e from lg (1.0 g, 2.36 mmol) and Pt(dipdba)2 (4.15 g, 5.0 
mmol)) in 40 mL THF at 50°C. The reddish-brown precipitate in toluene was collected on a G3 glass 
filter,, washed with Et20 and pentane and air dried to yield 0.94 g (1.5 mmol, 64%) of a 
reddish-brownn solid which was identified by lH, 13C and 195Pt NMR spectroscopy as pure 2g. M.p. 
226-228°C.. ]H NMR (300 MHz, CDC13) 5 = 8.44 (s, 37HPt = 139 Hz, 2H; #C=N), 7.58 (d, 3JHH = 7 7 

Hz,, 2H), 7.21 (t, 37HH = 7.7 Hz, 1H), 7.45 (d, 3JHH = 8.9 Hz, 4H), 6.89 (d, 3/HH = 8.9 Hz, 4H), 3.81 
(s,, 6H; OCH3).

 13C NMR (126 MHz, CDC13) 5 = 176.1 (27CPt = 113 Hz, C=N-C), 175.4 (C-Pt, lJCPl 

==  938 Hz), 159.4 (COCH3), 142.6 (C=N-Q, 141.9 (3/CPt = 111 Hz, C), 127.7 (37CPt = 23 Hz, CH), 
125.66 (CH) 122.8 (CH), 113.3 (CH), 55.4 (OCH3).

 195Pt NMR (CDC13): 5 = -3608. HRMS(FAB): 
m/zm/z calcd ([M-H-Br] + C22H20N2O2Pt): 539.1175. Found 539.1166. 

KC,KN,KN'-Bis-(A f-2,6-dimethylphenyl)-isophthalaldimine-2-yl-platina(ll)) bromide 

(2h) ) 

Compoundd 2h was prepared analogous to 2a from lh (1.0 g, 2.4 mmol) and Pt(dipdba)2 (2.5 + 1.1 g 
== 3.6 g, 4.4 mmol) in 30 mL of THF at 60°C. When the reaction was complete ('H NMR 
spectroscopy),, the reaction mixture was cooled to room temperature upon which the product 
crystallized.. The reaction mixture was filtered over Celite and the product was extracted from the 
residuee with dichloromethane. The solvent was evaporated under reduced pressure and the product 
wass dried in vacuo to yield 1.3 g (2.1 mmol, 88%) of a bright orange solid which was identified by 
'H,, 13C and 195Pt NMR spectroscopy as pure 2h. 'H NMR (300 MHz, CDC13) 5 = 8.44 (s, -VHPt = 
1444 Hz, 2H; HC=N), 7.71 (d, 37HH = 7.5 Hz, 2H), 7.32 (t, VHH = 7.5 Hz, 1H), 7.10 (bs, 6H), 2.27 (s, 
12H;; CH3).

 13C NMR (126 MHz, CDC13) 5 = 179.1 (VCPt, = 106 Hz, C=N-C), 178.4 (C-Pt, '7CPt = 
9355 Hz), 148.1 (C=N-C), 142.1 (37CPt = 116 Hz, C), 131.3 (37CPt = 10 Hz, C), 128.1 (CH), 128.0 
(CH),, 127.5 (CH), 123.0 (CH), 18.5 (CH3).

 195Pt NMR (CDC13): 5 = -3562. Single crystals suitable 
forr an X-ray structure determination were obtained by slow diffusion of pentane into a THF solution 
off  2h at -20°C. HRMS(FAB): m/z calcd ([M+H]+ C24H24N2

79Br195Pt): 614.0773. Found 614.0714. 

KC,KN,KN'-Bis-(A r-3,5-dimethylphenyl)-isophthalaldimine-2-yl-pIatina(ll)) bromide (2i) 

Compoundd 2i was prepared analogous to 2c from l i (0.5 g, 1.2 mmol) and Pt(dipdba)2 (1.2 + 1.5 g 
== 2.7 g, 4.3 mmol) in 30 mL of THF at 60°C. The yield was 0.3 g (0.5 mmol, 41%) of a orange solid 
whichh was identified by 'H, 13C and 195PtNMR spectroscopy as pure 2i. 'H NMR (500 MHz, CDC13) 
55 = 8.53 (s, 3/HPt = 139 Hz, 2H; //C=N), 7.66 (d, 3/HH = 7.5 Hz, 2H), 7.28 (obscured by solvent), 7.11 
(bs,, 4H), 6.98 (bs, 2H), 2.37 (s, 12H; CH3).

 13C NMR (126 MHz, CDC13) 5 = 171.7 (2/CPt = 112 Hz, 
C=N-C),, 171.2 (C-Pt), 144.2 (C), 137.1 (C), 133.1 (C), 125.1 (CH), 122.8 (CH), 117.9 (CH), 117.2 
(CH),, 16.3 (CH3).

 195Pt NMR (CDC13): 8 = -3599. HRMS(FAB): m/z calcd ([M+H] + C24H24N2BrPt): 
614.0773.. Found 614.0769. 

KC,KN,KN ,-Bis-(Ar-3,5-di-(trifluoromethyl)-phenyl)-isophthalaldimine-2-yl-platina(n ) ) 

bromid ee (2j) 

Compoundd 2j was prepared, analogous to 2d, from l j (0.5 g, 0.8 mmol) and Pt(dipdba)2 (1.3 g + 
0.99 g = 2.2 g, 2.7 mmol) in 30 mL of THF at 60°C. The yield was 0.2 g (0.3 mmol, 34%) of red 
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crystalss which were identified by 'H, 13C and 195Pt NMR spectroscopy as pure 2j. !H NMR (500 
MHz,, CDCI3) 8 = 8.71 (s, VHP, = 139 Hz, 2H; HC=N), 8.01 (bs, 4H), 7.88 (bs, 2H), 7.84 (d, 3/HH = 
7.77 Hz, 2H), 7.39 (t, % „  - 7.7 Hz, 1H). 13C NMR (126 MHz, CDC13) 5 = 179.7 (2/CPt = 112 Hz, 
C=N-C),, 179.2 ( ^ = 915 Hz, C-Pt), 149.6 (27CPt = 17 Hz, C=N-Q, 141.9 (2JCPt = 109 Hz), 132.4 
(q,, C-CF3,

 27CF = 34 Hz), 130.4 (VCPt = 20 Hz, CH), 125.4 (broad, CH) 124.0 (CH), 123.0 (q, CF3, 
' /CFF = 273 Hz), 122.5 (broad, CH). 195Pt NMR (CDC13): 5 = -3637. HRMS(FAB): m/z calcd ([M+H] + 

C24H12N2BrF12Pt):: 829.9642. Found 829.9641. 

KC,KN,KN'-Bis-(V-2,4,6-trimcthylphenyl)-isophthalaldimine-2-yl-platina(II )) bromide 

(2k) ) 

Compoundd 2k was prepared, analogous to 2c, from Ik (0.5 g, 1.1 mmol) and Pt(dipdba)2 (1.2 g, 1.57 
mmol)) in 30 mL of THF at 60°C. The THF was evaporated under reduced pressure and the residue 
wass thoroughly washed with petroleum ether (boiling range 40-65°C). The residue was extracted 
withh hot toluene and filtered over Celite. When the toluene solution was concentrated under reduced 
pressuree the product precipitated, which was collected on a P3 glass filter, washed with pentane and 
airr dried to yield 0.56 g (0.87 mmol, 79%) of a bright orange solid which was identified by TH, 13C 
andd 195Pt NMR spectroscopy as pure 2k. *H NMR (500 MHz, CDC13) 8 = 8.33 (s, V ^ = 144 Hz, 
2H;; HC=N), 7.68 (d, VHH = 7-5 Hz*  2H)*  7-31 (t, VHH = 7.5 Hz, 1H) 6.93 (s, 4H), 2.33 (s, 6H), 2.26 
(s,, 12H). 13C NMR (126 MHz, CDC13) 8 = 179.3 (2/CPt = 108 Hz, C=N-C), 178.3 (lJCPt - 942 Hz, 
C-Pt),, 146.0(C), 142.0 (2/CPt= 116 Hz), 136.9(C), 131.0(C), 128.8 (CH) 128.1 (CH, 3/CPt = 26 Hz), 

123.00 (CH), 21.3 (CH3), 18.7 (CH3).
 195Pt NMR (CDC13): 8= -3557. HRMS(FAB): m/z calcd 

([M+H] ++ C26H28N2BrPt) 642.1086. Found 642.1067. 

KC,KN,KN ,-Bis-(A^-2,6-diethyI)-isophthalaldimine-2-yl-platina(ll )) bromide (21) 

Compoundd 21 was prepared, analogous to 2c, from 11 (0.5 g, 1.1 mmol) and Pt(dipdba)2 (1.0 g + 1.0 g 
== 2.0 g, 2.7 mmol) in 40 mL THF at 60°C. The THF was evaporated under reduced pressure and the 
greenishh residue was washed with 250 mL of diethyl ether. The residue was dissolved in hot toluene 
andd filtered over Celite. The filtrate was concentrated under reduced pressure and upon cooling the 
productt crystallized and was isolated by filtration, washed with pentane and air dried to yield 0.50 g 
(0.755 mmol, 71%) of orange crystals which were identified by lH, 13C and 195Pt NMR spectroscopy 
ass pure 2j. 'H NMR (500 MHz, CDC13, 318K) 8 = 8.39 (s, V ^ = 144 Hz, 2H; HC=N), 7.74 (d, 3JHH 

== 7.5 Hz, 2H), 7.34 (t, 3Jm = 7.5 Hz, 1H), 7.23-7.15 (m, 6H), 2.77 (m, 4H; C#2CH3), 2.65 (m, 4H; 
C//2CH3)) 1.25 (t, VHH = 7.8 Hz, 12H; CH2CH3).

 13C NMR (126 MHz, CDC13) 8 = 178.9 (27CPt = 107 
Hz,, C=N-C), 178.7 (lJCPt = 2 Hz, C-Pt), 147.1 (ON-C), 142.0 (27CPt = 116 Hz, C), 137.0 (C), 
128.11 (CH, VCPt) = 26 Hz), 127.9 (CH), 126.1 (CH), 123.0 (CH), 24.6 (CH2CH3), 14.5 (CH2CH3). 
195Ptt NMR (CDCI3): 8 = -3527. HRMS(FAB): m/z calcd ([M+H] + C28H32N2BrPt): 671.1384. Found 
671.1389. . 

KC,KN,KN'-Bis-(A^-2,6-diisopropyl)-isophthalaldimine-2-yl-platina(ll )) bromide (2m) 

Compoundd 2m was prepared analogous to 2c from lm (1.0 g, 1.88 mmol) and Pt(dipdba)2 (2.34 g + 
0.88 g = 3.14 g, 4.2 mmol) in 70 mL of THF at 50°C. The yield was 0.86 g (1.18 mmol, 63%) of bright 
orangee needles which were identified by *H, 13C and 195Pt NMR spectroscopy as pure 2m. M.p. 
>280°C.. *H NMR (500 MHz, CDC13) 8 = 8.38 (s, 3/HPt = 144 Hz, 2H; HC=N), 7.77 (d, 3 ; m = 8.0 
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Hz,, 2H), 7.35 (t, 37HH = 8.0 Hz, 1H), 7.26 (t, VHH = 7.6 Hz, 2H), 7.21 (d, 3JHH = 7.6 Hz, 4H), 3.19 
(septet,, 37HH = 6.5 Hz, 4H; CH3C//CH3), 1.30 (d, 3JHH = 6.5 Hz, 12H; C#3CHCH3), 1.19 (d, 3/HH = 
6.55 Hz, 12H; CH3CHC//3).

 13C NMR (126 MHz, CDC13) 8 = 178.6 (>7CPt = 927 Hz, C-Pt), 178.3 
(27CP11 = 108 Hz, C=N-C), 145.6 (C=N-C), 142.0 (2/CPt = 114 Hz, C), 141.7 (C), 128.3 (CH), 128.2 
(CH),, 128.2 (CH), 123.0 (CH), 28.1 (CH3CHCH3), 24.6 (CH3CHCH3), 23.0 (CH3CHCH3).

 195Pt 
NMRR (CDC13): 5 = -3517. 15N NMR (30.4 MHz, CDC13: 8 = -148 {XJ  ̂ = All Hz). HRMS(FAB): 
m/zm/z calcd ([M-Br] + C32H39N2Pt) 646.2764. Found 646.2747. Anal. Calcd for C32H39BrN2Pt: C, 
52.89;; H, 5.41; N, 3.86. Found: C, 53.08; H, 5.48; N, 3.91. 

Methyl-KC,KN,KN'-bis-(/V-2,6-dimethylpheny II  )-isophthaluldimine-2-vl-platina(ll ) (3h) 

Too a solution of 2h (159.1 mg, 0.259 mmol) in 20 mL of THF was added dimethylzinc (2 mL of a 
2.0MM solution in toluene, 4 mmol). In 10 min the orange reaction mixture turned red, and the reaction 
wass very gently quenched with water. Most of the THF was evaporated under reduced pressure and 
thee mixture was extracted three times with 30 mL of hexane. The organic layer was washed 
subsequentlyy with water, a concentrated NaHC03 solution and dried on MgS04. After filtration the 
solventss were evaporated in vacuo. The residue was extracted with 200 mL of hexane. The hexane 
wass removed under reduced pressure and the residue was washed twice with a small amount of 
pentanee and dried in vacuo to yield 114 mg (0.21 mmol, 80%) of an orange/red solid which was 
identifiedd by lH, 13C and 195Pt NMR spectroscopy as pure 3h. The work-up has to be performed 
quickly,, since otherwise an increasing amount of a decomposition product, which is insoluble in 
hexane,, is formed. LH NMR (300 MHz, C6D6) 5 = 7.63, (s, 3/HPt = 125 Hz, 2H; #C=N), 7.42 (d, -VHH 

== 7.5 Hz, 2H), 6.95 (t, 3JHH = 7.5 Hz, 1H), 6.86 (br. s, 6H), 2.07 (s, 12H), 0.66 (s, 3/HPt = 53 Hz, 
Pt-Ctt3)..

 ,3C NMR (126 MHz, C6D6) 8 = 204.0 (lJCPt = 591 Hz, C-Pt), 180.6 (2/CPt = 52 Hz, C-N), 
149.2,, 143.4 (VCPt = 91 Hz), 131.1, 129.3, 126.6, 126.5, 121.6, 18.4 (Ar-CH3), 8.7 (lJCPt = 604 Hz, 
Pt-CH3)..

 195Pt NMR (C6D6): 8 = -3096. HRMS(FAB): m/z calcd ([M-CH3]
+ C33H43N2Pt) 535.1590. 

Foundd 535.1579. 

Methyl-KC,KN,KN'-bis-(A r-2,6-diisopropyIphenyl)-isophthalaldimine-2-yl-platina(ll) ) 

(3m) ) 

Compoundd 3m was prepared, analogous to 3h, from 2m (113 mg, 0.16 mmol) and dimethylzinc (2 
mLmL of a 2.0M solution in toluene, 4 mmol). During the workup, pentane was used instead of hexane. 
Thee yield was 98 mg (0.15 mmol, 95%) of an orange/red solid which was identified by !H, 13C and 
195Ptt NMR spectroscopy as pure 3m. !H NMR (300 MHz, C6D6) 8 = 8.14, (s, 37HPt = 125 Hz, 2H; 
7/C=N),, 7.42 (d, 3/HH = 7.5 Hz, 2H), 7.07 (m, obscured by solvent), 6.92 (t, 3/HH = 7.5 Hz, 1H), 3.31 
(septet,, 3/HH = 6.8 Hz, 4H; CH3C//CH3), 1.28 (d, VHH = 7 Hz, 12H; C//3CHCH3), 0.98 (d, 3/HH = 7 
Hz,, 12H; CH3CHC//3), 0.67 (s, V ^ = 53 Hz, Pt-C//3).

 13C NMR (126 MHz, C6D6) 8 = 204.6 (C-Pt), 
180.33 (2JCPt = 56 Hz, C=N), 146.7 (C), 143.2 (2JCPt = 89 Hz, C), 141.4 (C), 127.4 (CH), 126.6 (CH), 
123.11 (CH), 121.7 (CH), 27.6 (CH3CHCH3), 24.2 (CH3CHCH3), 22.8 (CH3CHCH3), 10.2 (lJcp, = 
6233 Hz, Pt-CH3).

 195Pt NMR (C6D6): 8= -3074. HRMS(FAB): m/z calcd ([M+H]+ C33H43N2Pt) 
662.3077.. Found 662.3040. Anal. Calcd for C33H42N2Pt: C, 59.89; H, 6.40; N, 4.23. Found: C, 60.09; 
H,, 6.35; N, 4.17. Single crystals suitable for X-ray structure determination were obtained by cooling 
off  a concentrated toluene solution. 
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7>ans-a-methyl-KC,KN-bis-(A^-2,6-diisopropylphenyl)-isophthalaldimine-2-yl-pyridine e 

-platina(n)) (4m) 

Too a solution of 3m in C6D6 a large excess of pyridine-d5 was added. Slowly, the formation of a new 
compoundd was observed, which was identified by !H and 195Pt NMR spectroscopy as 4m. LH NMR 
(3000 MHz, C6D6) 8 = 8.09 (1H), 8.09 (s, 3/HPt = 101 Hz, 1H; #C=N), 6.87 (m, 3H) 3.70 (septet, 3/HH 

== 7 Hz, 2H), 2.82 (septet, 3/HH = 7 Hz, 2H), 1.38 (d, 37HH = 7 Hz, 6H), 1.03 (d, 37HH = 7 Hz, 6H), 
0.966 (d, 37HH = 7 Hz, 12H), 0.33 (s, ^ = 52 Hz, 3H, Pt-CH3). Some of the signals were obscured 
byy signals of the starting material and the solvent. 195Pt NMR (C6D6): 8 = -3216. 

Cw-a-methyl-KCjKN-bis^A^-ljó-diisopropylphenyO-isophthalaldimine-l-yl-pyridine --

platina(ll )) (5m) 

Whilee there was still some 3m present, the NMR tube containing 3m and 4m was heated to 80°C 
overr night, during which all the 3m was converted to 4m, which was quantitatively converted to a 
compoundd which was identified by XH, 13C and 195Pt NMR spectroscopy as 5m. !H NMR (300 MHz, 
C6D6)) 8 = 9.25 (s, 1H; HC=N), 8.90 (d, 3/HH = 7.5 Hz, 1H), 8.33 (s, VHPI = 52 Hz, 1H; //C=N), 7.25 
-- 7.15 (m, 3H), 6.83 - 6.70 (m, 3H), 3.45 (septet, 3/HH = 7 Hz, 4H), 1.61 (s, V ^ = 80 Hz, 3H, 
Pt-CH3),, 1.23 (d, 37HH = 7 Hz, 12H), 0.88 (d, 37HH = 7 Hz, 6H), 0.87 (d, 3/HH = 7 Hz, 6H). 13C NMR 
(1266 MHz, C6D6) 5 = 175.4 (2/CPt = 72 Hz, C=N), 167.1 (C=N), 155.4 (C-Pt), 150.8, 145.4, 145.3, 
141.3,, 138.0, 132.3, 130.8, 126.5, 123.7, 123.2, 123.0, 122.9, 28.2, 27.1, 25.7, 23.6, 22.2, -13.6 
(Pt-CH3)..

 195Pt NMR (C6D6): 6 = -3530. 

rrans-<y-methyl-KC,KN-bis-(A^-2,6-diisopropylphenyl)-isophthalaldimine-2-yl --

carbonyl-platina(li )) (6m) 

Throughh an orange solution of 3m in C6D6 was bubbled carbon monoxide, within 30 seconds, the 
solutionn turned yellow. By lH and 195Pt NMR spectroscopy it was found that 3m was converted 
quantitativelyy to 6m. !H NMR (300 MHz, C6D6) 8 = 8.86 (s, 1H; //C=N) 8.86 (1H), 7.79 (s, 3JHPt = 
866 Hz, 1H; HC=N), 7.07-6.96 (m), 3.25 (septet, 37HH = 7 Hz, 2H), 3.01 (septet, VHH = ? Hz, 2H), 
1.166 (d, VHH = 7 Hz, 12H), 1.08 (d, ^ = 7 Hz, 6H), 0.84 (d, 3/HH = 7 Hz, 6H), 0.50 (s, V ^ = 44 
Hz,, 3H, Pt-CH3). Some of the signals were obscured by signals of the solvent. 13C NMR (126 MHz, 
C6D6)) 8 = 209.1 (d, Jcc = 4 Hz, ^ = 902 Hz, C-Pt), 188.5 (CH=N), 178.6 (C), 176.9 (d, Jcc = 4 
Hz,, C), 173.7 0JCFl = 1895 Hz, CO), 168.0 (CH=N), 164.2 (C), 150.1 (C), 141.8 (C), 137.5 (C), 
134.44 (CH), 132.2 (CH), 128.3 (CH), 125.7 (CH), 124.5 (CH), 123.6 (CH), 123.3 (CH), 28.5 (CH), 
28.33 (CH), 24.5 (CH), 23.4 (CH), 22.5 (CH), 0.86 (Pt-CH3). The 13CO shift and its lJCPt was only 
observedd when 13C labeled CO was used. 195Pt NMR (C6D6): 8 = -4000. IR: v f e0 = 2058 cm1. 

0.s-a-methyl-KC,KN-bis-(A^-2,6-diisopropylphenyl)-isophthalaldimine-2-yl-carbonyl--

platina(ll )) (7m) 

Irradiationn of a solution of 6m in C6D6 by a Xe-lamp resulted in a clean photo isomerization to 7m. 
*HH NMR (300 MHz, C6D6) 8 = 8.97 (s, 1H; tfC=N) 8.80 (d, 37HH = 7 Hz, 1H), 7.92 (s, 3JHPt = 54 Hz, 
1H;; tfC=N), 7.18 -6.93 (m), 3.34 - 3.20 (m, 4H), 1.50 (s, V ^ = 84 Hz, 3H, Pt-CH3), 1.16 (d, 3yHH 

== 7 Hz, 12H), 1.12 (d, 3Jm = 7 Hz, 6H), 0.90 (d, 3/HH = 7 Hz, 6H). Some of the signals were obscured 
byy signals of the solvent. 195Pt NMR (C6D6): 8 = -3902. IR: v c ^ = 2064 cm1. 
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Tablee 3-4. Crystal data and details of the structure determination of 2h and 3m. 

Empiricall  formula 

FW W 

Crystall  size (mm) 

Crystall  color 

Crystall  system 

Spacee group 

aa (A) 

b(A) ) 

c(A) ) 

aa O 

PO O 
Y<°) ) 
V(A 3) ) 

z z 
Dcalcc (g/Cm3) 

[i[i  (mm1) 

sinn (6/^)max (A"1) 

abs.. correction 

transm.. range 

refl.. measd. / unique 

obsd.. refl. (/ > 2.0a(/)) 

parameters s 

restraints s 

RR{{ (obs. / all refl.) 

wRwR22(obs./(obs./ all refl.) 

GoF F 

Flackk parameter 

res.. density (e/A3) 

2h h 

C24H23BrN2Pt0.4(C4H8O) ) 
++ disordered solvent 

643.299 a 

0.033 x 0.03 x 0.30 

orange e 

trigonal l 

R3(No.. 148) 

26.2133(12) ) 

26.2133(12) ) 

21.3964(9) ) 

90 0 

90 0 

120 0 

12732.5(10) ) 

18 8 

1.5100 a 

6.3855 a 

0.50 0 

SortAV63 3 

0.699 - 0.80 

26988/2961 1 

2075 5 

273 3 

10 0 

0.05066 / 0.0774 

0.1405/0.1556b b 

1.061 1 

-0.477 < 1.63 

3m m 

C33H42N2Pt t 

661.78 8 

0.09x0.10x0.18 8 

red d 

orthorhombic c 

F2,2,2!!  (No. 19) 

11.2859(1) ) 

14.6377(1) ) 

17.7437(1) ) 

90 0 

90 0 

90 0 

2931.25(4) ) 

4 4 

1.500 0 

4.810 0 

0.65 5 

PLATONN (ABST)62 

0.422 - 0.72 

34018/6705 5 

6611 1 

334 4 

0.0153,0.0158 8 

0.0359/0.0361c c 

1.05 5 

-0.016(4) ) 

-0.677 < 0.57 

a.. Derived values do not contain the contribution of the disordered solvent. 

b.. w = 1 / [a2(F0
2) + (0.0977P)2 + 33.3183P] where P = (F0

2 + 2Fc
2)/3 

c.. w = 1 / [a2(F0
2) + (0.0122P)2 + 1.6552P] where P = (F0

2 + 2Fc
2)/3 

SpectroscopicSpectroscopic measurements 

Carbonn monoxide was bubbled through a solution of 4m in pentane or methanol in the dark to yield 

aa solution of 6m, this solution was used directly or the solvent was evaporated under reduced 

pressuree and the residue was dried in vacuo to remove the excess carbon monoxide, after which the 

residuee was re-dissolved. For 6m the absorption at 405 nm in toluene shifts to 390 nm in methanol. 
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TATA spectroscopy - Irradiation of the sample containing 6m was performed at X,eJCC = 310 nm and A,exc 

== 435 nm, in toluene, pentane and MeOH. 

Crystall  structur e determinations 

Dataa collection and cell refinement were carried out on a Nonius KappaCCD diffractometer with 
rotatingg anode, using graphite-monochromated Mo-Ka radiation (X = 0.71073 A) at a temperature 
off  150(2) K. The structures were solved by Patterson methods (DIRDIF-9760) and refined with 
SHELXL-97611 against F2 of all reflections. Non-hydrogen atoms were refined with anisotropic 
displacementt parameters, hydrogen atoms were refined as rigid groups in structure 2h. In structure 
3mm the hydrogens H7 and H8 were refined freely with isotropic displacement parameters, the others 
ass rigid groups. Structure 2h contains large voids with a volume of 1283.5 A3/unit cell. These voids 
aree filled with disordered solvent molecules. Their contribution to the structure factors was secured 
byy back-Fourier transformation using the SQUEEZE routine of the program PLATON,62 amounting 
too 168 electrons/unit cell. Details of the structure determinations are given in Table 3-4. 
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Chapterr  4 

Isophthalaldiminee platinum(ll) acetylide 
compoundss t 

4.11 Introduction 
Stablee cw-diorganoplatinum(ll) compounds with didentate2-3 and tridentate34 ligands are 
known.. As was stated in the previous chapter, /rans-diorganoplatinum(ll) compounds are 
accessiblee when they contain a covalently bound meridional coordinating [D-C-D] ligand, 

A A 
Figuree 4-1. 

(A,, Figure 4-1, D = PR2
5 and D = NR2

6"9). Specifically, it has been shown that 
isophthalaldiminee platinum(ll) compounds with a methyl group trans to the ipso carbon atom 
weree accessible. According to Scheme 4-1, oxidative addition of 1, followed by 

Brr Me 

Pt(dipdba)22 'fi f Me2Zn 

2 2 
h:: R = 2,6-dimethylphenyl 
m:RR = 2,6-diisopropylphenyl 

Schemee 4-1. Synthesis of isophthalaldimine platinum(n) methyl compounds 

transmetallationn of 2 with dimethylzinc yielded 3, but only for R = 2,6-dimethylphenyl and 
RR = 2,6 diisopropylphenyl. In this chapter, the attempts to extend the scope of the 
transmetallationn reaction to other imine substituents in the synthesis of isophthalaldimine 
platinum(ll)) acetylide compounds (4, Scheme 4-2) will be described. The question is whether 

t.. This chapter has partly been published.' 
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thee strong mutual trans influence of the carbon fragments is outweighed by the chelate effect 

off  the imine moieties, as was found for 3h and 3m, which may result in the formation of 

compoundss of type 4. However, a difference in bonding of a Csp3 carbon to platinum in the 

casee of methyl (3) and of a Csp carbon in the case of acetylide (4) may reflect in the products 

obtainedd from a transmetallation reaction of compounds 2 and a lithium acetylide. 

TransTrans aryl platinum(ll) acetylide compounds are accessible via a transmetallation, as has 

beenn shown for the related bis(dimethylaminomethyl)phenyl [N-C-N] ligand, of which its 

transtrans platinum(ll) acetylide derivatives have been synthesized and studied before.68. 

-R' ' 

4 4 
Schemee 4-2. Envisaged synthesis of isophthalaldimine platinum(ll) acetylide compounds 4 

IfIf  the isophthalaldimine ligand retains its meridional coordination mode, compounds of type 

44 may be formed. However, if only one of the imine moieties remains coordinated, the ligand 

cann in principle also act as a ris-coordinating KC,KN-didentate ligand, making 

cw-diorganometallicc compound available. 

Iff  transmetallation with lithium acetylides occurs selectively and stable compounds of type 4 

aree obtained, such compounds may be suitable building blocks for the preparation of 

organometallicc oligomers which may have interesting physical properties such as non linear 

opticc or conducting properties. If compounds of type 2 could be reacted with compounds of 

typee 2 which have a L i O C- substituent on the 4-position of the platinum bound aryl ring, 

longg conjugated chains may be in reach.6710 In these chains, the imine substituents may act 

ass solubilizing groups, thus overcoming the often encountered problem of insolubility of 

suchh oligomers. 

4.22 Synthesis of isophthalaldimine platinum(n) acetylide 
compounds s 

Thee synthesis of isophthalaldimine platinum(ll) acetylide compounds was carried out by 

reactionn of the isophthalaldimine platinum(ll) bromide compounds 2a-m with a lithium 

acetylide.. Because of the indicative signals in the 'H NMR spectrum, LiC=CSiMe3 was used. 

Compoundss 2h and 2m were also reacted with LiC=C-p-tolyl, in these cases the compounds 

formedd are identified with a quote ('). 

Thee transmetallation reactions of the platinum(ll) bromides 2 with the lithium acetylides was 

performedd analogously to the procedure described in Chapter 2 for the palladium(ll) bromide 
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Schemee 4-3. Transmetallation of 2 to form 4, 5 or 6. 

precursors,, by adding a THF solution of LiOCSiMe3 to a solution of 2 in THF at -60°C. 'H, 
195Ptt NMR and IR spectroscopic analysis indicated that different products 4, 5, and 6 were 
formed,, depending on the substituent on the imine moiety, see Scheme 4-3 and Table 4-1.In 
thee reactions between LiOCSiMe3 and 2a (R = methyl), 2b (R = isopropyl) and 2j (R = 
3,5-di-(trifluoromethyl)-phenyl)) a complex mixture of unidentified products was formed. 

Tablee 4-1. Products formed in the reaction of 2 and LiOCR' and their 195Pt NMR and IR data. 

Suffixx Imine substituent (R) 5195Pt (ppm) Compound(s) 8195Pt (ppm)b vc = c(cnrl )b 

c c 

d d 

e e 

f f 

g g 

h h 

h' ' 

i i 

k k 

1 1 

m m 

m' ' 

terr-butyl terr-butyl 

cyclohexyl l 

phenyl l 

4-methylphenyl l 

4-methoxyphenyl l 

2,6-dimethylphenyl l 

3,5-dimethylphenyl l 

2,4,6-trimethylphenyl l 

2,6-diethylphenyl l 

2,6-diisopropylphenyl l 

2a a 

-3626 6 

-3648 8 

-3606 6 

-3611 1 

-3608 8 

-3562 2 

-3599 9 

-3557 7 

-3527 7 

-3517 7 

formed d 

4c c 

4d d 

5e e 

5f f 

5g g 

4h/6h h 

4h'/6h' ' 

5i i 

4k/6k k 

41/61 1 

4m m 

4m' ' 

-3609 9 

-3580 0 

-3642 2 

-3643 3 

-3640 0 

-3440/-3920 0 

-3421/-3944 4 

-3634 4 

-3444/-3916 6 

-3406/-3915 5 

-3406 6 

-3384 4 

2030 0 

2026 6 

1951 1 

1949 9 

1949 9 

2024/2005 5 

2098c c 

1948 8 

2037d d 

2025/2006 6 

2032 2 

2095 5 

a.. In CDC13. 
b.. In C6D6. 
c.. One signal was obtained 
d.. Compound 4k. 
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4.2.11 Trans isophthalaldimine platinum acetylide compounds 
Inn the transmetallation of the platinum(ll) bromide precursors 2c, 2d, 2h, 2k, 21 and 2m with 

LiC=CSiMe33 a trans isophthalaldimine platinum acetylide compound was formed.7 

However,, only 4c, 4d, 4k and 4m could be isolated, see Scheme 4-4. Compounds 4h and 41 

R' ' 

Br r 

RR N — ^ — N ' R ,, — n . % 

NN I J  Ll — R J 
l l TT C - r.t. 
[II J THF 
^ ^ ^^ 2c,d,k,m 

Schemee 4-4. Transmetallation of 2 and a lithium acetylide to form 4. 

weree obtained in an inseparable mixture with 6h and 61, respectively. For 2h and 2m an 

analogouss reaction, performed with LiC=C-p-tolyl, lead to the formation of 4h' and 4m', 

onlyy the latter could be obtained pure. 

Thee formation of a trans isophthalaldimine platinum acetylide compound was initially 

derivedd from 'H NMR spectroscopic analysis of the reaction mixture. The !H NMR spectrum 

revealedd complete conversion of 2 and the formation of a new compound having two 

equivalentt imine moieties (similar to 3h and 3m in Chapter 3) and the typical additional 

resonancee of the SiMe3 protons. Furthermore, 195Pt NMR, IR spectroscopic (see Table 4-1) 

andd elemental analysis (of 4m) were in agreement with this conclusion. 

NMRNMR spectroscopy 

Inn the ]H NMR spectrum of the compounds 4, the 3y('H,195Pt) of the imine proton slightly 

decreasess due to the larger cis influence of the acetylide compared to the bromide. For 

example,, this coupling is 133 Hz in 4m, compared to 144 Hz in 2m. In the 13C NMR 

spectrum,, the chemical shift of the ipso phenyl carbon moves ~ 20 ppm to higher frequencies 

(similarr as found for 3h and 3m in Chapter 3) and the ]J(i3C,l95Pt) (when observable) 

significantlyy decreases as a result of the strong trans influence of the acetylide (for example, 

fromm 178.6 ppm, 927 Hz in 2m, to 198.9 ppm, 616 Hz in 4m). Compounds 2m and 4m were 

alsoo characterized by means of  15N NMR spectroscopy, there was a minor change observed 

inn the chemical shift and the '7(195Pt,15N) (from -148 ppm, 477 Hz in 2m, to -153 ppm, 464 

Hzz in 4m, for l m the 815N is -34 ppm). In the 195Pt NMR spectrum, the chemical shift 

changess about 80-100 ppm to higher frequencies, compared to 2. This change in the chemical 

shiftt is small and can not be easily explained, since both ligand field strength and the 

geometryy around the platinum change. 

4c,d,k,m m 
isolated d 
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Figuree 4-2. Displacement ellipsoid plot of 4m with ellipsoids drawn at the 50% probability level. 
Hydrogenss are omitted for clarity. 

X-rayX-ray crystal structure determination of 4m 

Forr one trans arylplatinum(ll) acetylide compound, 4m (R = 2,6-diisopropylphenyl) the 
structuree was unambiguously proven by an single crystal X-ray structure analysis. The 
molecularr structure of 4m is depicted in Figure 4-2, selected bond lengths and angles are 
presentedd in Table 4-2. 

Tablee 4-2. Selected bond lengths (A) and angles (deg) for 4m. 

Pt(D-N(l) ) 

Pt(l)-N(2) ) 

Pt(D-C(l) ) 

Pt(l)-C(33) ) 

N(l)-Pt(l)-N(2) ) 

C(l)-Pt(l)-N(l) ) 

C(l)-Pt(l)-N(2) ) 

2.050(2) ) 

2.043(2) ) 

1.945(2) ) 

2.065(3) ) 

157.21(9) ) 

78.55(9) ) 

78.76(9) ) 

C(33)-C(34) ) 

C(34)-Si(l) ) 

N(l)-C(7) ) 

N(2)-C(8) ) 

C(l)-Pt(l)-C(33) ) 

Pt(l)-C(33)-C(34) ) 

C(33)-C(34)-Si(l) ) 

1.200(4) ) 

1.822(3) ) 

1.306(3) ) 

1.303(3) ) 

178.41(9) ) 

174.5(2) ) 

169.1(2) ) 

Inn the crystal structure of 4m the platinum has a distorted square-planar environment with a 
summ of cis angles of 359.9° and geometric features which are virtually identical to those 
foundd in 3m in Chapter 3. The N-Pt-C angles of the five membered chelate rings amount to 
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78.55(9)) and 78.76(9)°, and are equal, within standard deviations, to the values found in 2h 
andd 3m in Chapter 3. The trans N-Pt-N angle of 157.21(9)° is similar to 3m and slightly 
smallerr compared to 2h (160.0(6)°. The Pt-Cary/ and Pt-N bond lengths have expected values, 
1.945(2)) A and 2.043(2)-2.050(2) A, respectively. The acetylide group is coordinated end-on 
withh a Pt-Cacetylide bond length of 2.065(2) A, which is relatively long, this is probably caused 
byy the small N-Pt-N angle and the trans influence of the aryl group. In the structure of 4m 
thee five- and six-membered rings in the coordination plane of the platinum are each almost 
planar.. For the Pt(l), N(l), C(l), C(6), C(7) plane, the largest deviation is 0.009(2) A, for the 
Pt(l),, N(l), C(l), C(2), C(8) plane this is 0.016(2) A, for the aryl ring, the largest deviation 
iss 0.006(3) A. These three planes are almost coplanar, the angles between the first and the 
secondd is 2.87(10)°, between the first and the third 2.77(12)° and between the second and the 
thirdd 1.08(12)°. 

4.2.22 Dimeric cis isophthalaldimine platinum(n) acetylide compounds 
Forr compounds 2e, 2f, 2g and 2i (R = phenyl, 4-methylphenyl, 4-methoxyphenyl and 
3,5-dimethylphenyl,, respectively) a cis isophthalaldimine platinum(ll) acetylide compound 
off  type 5 was obtained from the reaction of 2 and LiC=CSiMe3, no compound of type 4 was 
obtainedd at all in these cases. 

Thee formation of compounds 5 was inferred from lH, 195Pt NMR and IR spectroscopic 
analysiss of the reaction mixture. For example, when the reaction mixture obtained from the 
reactionn of 2g and LiC^CSiMe3 in THF was analyzed by means of  !H spectroscopic analysis, 
thee lH NMR spectrum (C6D6) showed two inequivalent imine moieties (HC=N at 10.1 ppm 
andd 7.4 ppm). Based on the LH NMR spectra of compounds 2, 3 and 4 and the absence of 
195Ptt satellites it was concluded that the 10.1 ppm resonance originated from an imine moiety 
thatt was not coordinating to the platinum. The inequivalence of the imine moieties in 5g is 
reflectedd in their 15N NMR chemical shift, which is -57 ppm for the non-coordinating 
nitrogen,, and -133 ppm for the nitrogen of the coordinating imine. For the coordinating imine 
moietyy at 7.4 ppm, the small  3J(lH,l9SPt) of 73 Hz as compared to the starting material (139 
Hz)) pointed at a group trans to this imine with a much larger trans influence than an imine 
group.. It was inferred that an acetylide group was in the position trans to this imine group. 
Thiss implied that another ligand was completing the square planar coordination sphere 
aroundd the platinum. In the infrared spectrum of a solid sample the C=C bond resonated at a 
lowerr wave number (vc^c = 1949 cm1) compared to 4c, 4d and 4m (VQ^Q = 2026 - 2032 
cm1),, which pointed at a side-on coordination of the acetylide.7 When FD-MS revealed the 
dimericc nature of this species, it was concluded that the acetylide moiety was in a position cis 
too the aryl ipso carbon and that the compound had dimerized across the platinum-acetylide 
moietyy to furnish 5g, see Scheme 4-5. The dimeric nature of 5g in solution was supported by 
llHH NOE experiments and IR spectroscopy of a benzene solution of this compound. After 
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singlee crystals of 5g had been obtained, its molecular structure was unambiguously proven 
byy an X-rayy structure analysis {vide infra). 

Thee spectra of the other cis isophthalaldimine platinum(ll) acetylide compounds (5e, 5f and 
5i)) show many similarities to those of 5g. For all compounds 5 the 195Pt chemical shift lies 
inn the range -3634 ppm to -3643 ppm, in the infrared spectrum the vCsC lies in the range 1948 
cm11 to 1951 cm1. 

2e,f,g,i i 

Lii = R' 

CC - r.t. 
THF F 

Ft'' = SiMe3 

Schemee 4-5. Transmetallation of 2 and a lithium acetylide to form 5. 

Inn the 13C NMR spectra of the dimeric cis-diorganoplatinum compounds of type 5, the 
7(13C,195Pf)) couplings were not observed at all. Probably the satellite signals are broad, as 
wass found in the !H NMR spectrum for the imine proton, and were probably hidden in the 
baselinee of the spectrum. It is noteworthy that, whereas in the 'H NMR spectrum of the 
dimericc ds-diorganoplatinum compounds the satellites were broad compared to the other 
typess of isophthalaldimine platinum(n) compounds, in the 195Pt NMR spectrum the signal for 
thee 195Pt nucleus was much narrower, the peak width at half height was = 100 Hz for 
compoundss of type 5, compared to up to = 1300 Hz for compounds of type 2, 3 and 4. 

X-rayX-ray crystal structure determination of5g 

Thee molecular structure of 5g is depicted in Figure 4-3, a view of the crystal packing is 
presentedd in Figure 4-4 and selected bond lengths and angles are presented in Table 4-3. 

Compoundd 5g is a dimer with two acetylide units acting as bridging ligands. They are each 
coordinatedd end-on to one and side-on to the other platinum, respectively. The Pt(l)--Pt(2) 
distancee is 3.15573(19) A, indicating that there is no bonding interaction.11 As expected, the 
Pt'CacetyiidePt'Cacetyiide end-on distances of 1.945(3) and 1.935(4) A are much smaller than the 
Pt-CPt-Caceaceyylidelide side-on distances of 2.330(3)-2.397(3) A. The different coordination mode of the 
acetylidee unit in compounds 4m and 5g is not reflected in the OC distances, which are the 
samee within standard deviations. The Pt-Caryl distance is slightly smaller in 4m (1.945(2) A) 
thann in 5g (2.018(3) A and 2.010(3) A), which probably is a consequence of the tridentate 
coordinationn in 4m as compared to the didentate coordination in 5g.7 
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Figuree 4-3. Displacement ellipsoid plot of 5g with ellipsoids drawn at the 50% probabilityy level. 
Hydrogenss are omitted for clarity. 

Figuree 4-4. A view of the crystal packing of 5g. 
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Thee core of compound 5g can be considered as a 6-membered Pt-C-C-Pt-C-C ring. This ring 
iss not planar, but severely puckered with a dihedral angle of 75.07(12)° between the two 
Pt-C-C-Ptt units. The P ^ O C^ core is much more puckered than in a related Pt2(C=C)2 

structuree published by Foraiés,12 in which the analogous dihedral angle is 45°. This geometry 
iss probably strongly dependent on the steric demands of the ligand system. In the structure of 
5gg these steric demands are also reflected in the planarity and coplanarity of the five- and 
six-memberedd rings in the coordination planes of the platinum atoms; compared to the 
structuress of 2h, 3m and 4m more distortion is observed for 5g. Pt(l); for the Pt(l), N(l), 
C(l),, C(6), C(7) plane, the largest deviation is 0.024(4) A, for the C(l), C(2), C(3), C(4), 
C(5),, C(6) plane, the largest deviation is 0.009(4) A and the angle between these planes is 
4.59(17)°.. Pt(2); for the Pt(2), N(3), C(28), C(33), C(34) plane, the largest deviation is 
0.053(2)) A, for the C(28), C(29), C(30), C(31), C(32), C(33) plane, the largest deviation is 
0.032(3)) A and the angle between these planes is 6.32(16)°. 

Tablee 4-3. Selected bond lengths (A) and angles (deg) for 5g 

PtO)-N(l) ) 

Pt(2)-N(3) ) 

PtO)-C(l) ) 

Pt(2)-C(28) ) 

Pt(l)-C(23) ) 

Pt(2)-C(50) ) 

Pt(l)-C(50) ) 

Pt(D-C(51) ) 

C(l)-Pt(l)-N(l) ) 

C(28)-Pt(2)-N(3) ) 

N(l)-Pt(l)-C(23) ) 

N(3)-Pt(2)-C(50) ) 

C(l)-Pt(l)-C(23) ) 

C(28)-Pt(2)-C(50) ) 

2.087(3) ) 

2.090(3) ) 

2.018(3) ) 

2.010(3) ) 

1.945(3) ) 

1.935(4) ) 

2.376(3) ) 

2.330(3) ) 

81.01(12) ) 

80.54(13) ) 

170.93(14) ) 

169.65(13) ) 

102.20(13) ) 

99.69(14) ) 

Pt(2)-C(23) ) 

Pt(2)-C(24) ) 

C(23)-C(24) ) 

C(50)-C(51) ) 

C(24)-Si(l) ) 

C(51)-Si(2) ) 

N(l)-C(7) ) 

N(2)-C(8) ) 

Pt(l)-C(23)-C(24) ) 

Pt(2)-C(50)-C(51) ) 

Pt(l)-C(23)-Pt(2) ) 

Pt(l)-C(50)-Pt(2) ) 

C(23)-C(24)-Si(l) ) 

C(50)-C(51)-Si(2) ) 

2.397(3) ) 

2.335(3) ) 

1.228(5) ) 

1.231(5) ) 

1.845(3) ) 

1.845(4) ) 

1.283(5) ) 

1.287(4) ) 

161.7(3) ) 

165.0(3) ) 

92.63(12) ) 

93.57(14) ) 

158.1(3) ) 

159.5(3) ) 

Althoughh organometallic compounds that are dimers via ^-coordination of a M-C^C moiety 
aree known (M = Ti,13 Zr,14 Rh, Ir,15 Re,16 and Pt1217), such compounds remain relatively rare. 
Moreover,, most of these were synthesized from dimeric precursors ([LXM-C1]2, Ir, Rh, Ti, 
Zr)) or by exchange of the acetylide between the two metal centers (Pt, Zr). Clearly in the case 
off  5g the Pt2(C=C)2 core results from a dimerization of two independently formed Pt-C=C-R 
units,, as is the case for the rhenium dimer.16 
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4.2.33 Monomeric cis isophthalaldimine platinum(ll) acetylide 
compounds s 

Forr reactions of 2h, 2k and 21 and LiOCSiMe3, and of 2h and LiOC-p-tolyl, the 'H NMR 

spectroscopicc analysis of the reaction mixture pointed at the presence of a compound with 

similarr structural features as the dimeric cw-diorganoplatinum compounds of type 5. This 

compoundd was obtained in a mixture together with a fraras-diorganoplatinum compound of 

typee 4, see below in §4.2.4. 

Ass in the dimeric cw-diorganoplatinum compounds, the 'H NMR spectrum clearly showed 

thatt one imine was not coordinating and the low 3y('H,195Pt) of the coordinating imine moiety 

pointedd at an acetylide trans to this imine. So, a ds-diorganoplatinum compound had been 

formedd in these cases as well. However, In the infrared spectrum the value of the vc=c did 

definitelyy not point at side-on coordination of the acetylides. The difference in the 

surroundingg of the platinum compared to the dimeric m-diorganoplatinum compounds (5) 

wass reflected in the chemical shift found in the 195Pt NMR spectrum. Whereas the dimeric 

c;5-diorganoplatinumm compounds were found in the spectrum at -3634 to -3643 ppm, these 

cw-diorganoplatinumm compounds were found at -3915 to -3944 ppm. It was concluded that 

thesee compounds were monomeric as-diorganoplatinum compounds of type 6, see 

-Ft' ' 

CC - r.t. 
2h,k,ll T H F ^ ^ 6 h ,k, l 

Schemee 4-6. 6h, 6k and 61, R' = SiMe3, 6h', R' =p-tolyl. 

Schemee 4-6. A ligand other than an acetylide moiety is coordinating to the position trans to 

thee ipso aryl carbon to retain the square planar configuration of the platinum(n). 

Unfortunately,, it remains unclear what the nature of the ligand L (see Scheme 4-6) is. Since 

THFF is abundantly present as the reaction medium and THF is known to form complexes 

withh platinum(ll),,s it is expected that THF is coordinating to the platinum center. 

Unfortunately,, no suitable crystals for a single crystal X-ray structure analysis could be 

obtained,, which was due to the instability of these compounds and due to the fact that the 

compoundss of type 6 were obtained in a mixture together with a compound of type 4. 

Ann indication for the coordination of THF was thought to have been found in the 'H NMR 

spectrumm of a sample of the crude reaction mixture in C6D6. A small change in the chemical 

shiftss of residual THF was observed, from 1.363 (free THF) to 1.356 ppm and 3.518 (free 

THF)) to 3.532 ppm. However, this small shift appeared to be caused by the solvation of 

lithiumm bromide (formed in the reaction) by the THF in the benzene environment. 
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Attemptss to obtain nO NMR data for compound 6h' (R = 2,6-dimethylphenyl, R' = p-tolyl) 
inn C6D6 were unsuccessful. Probably, the already broad 170 chemical shift of the THF 
oxygenn was broadened by the exchange between coordinated and uncoordinated THF. 

Thee involvement of THF in the formation of compound 6h, 6h', 6k and 61 was concluded 
fromm the reaction of 2k (R = 2,4,6-trimethylphenyl) and LiC=CSiMe3. When this reaction 
wass carried out in THF, it lead to a mixture of 4k and 6k. However, when the reaction was 
carriedd out in toluene, only 4k was detected by 'H and 195Pt NMR spectroscopic analysis. 

Thee investigations of the reactions in toluene are hampered by the low solubility of the 
compoundss 2 in toluene, especially at low temperatures. It was also found that the reactivity 
off  LiOCSiMe3 in toluene was lower than in THF, often starting compounds (2) remained 
presentt in the product mixture. 

4.2.44 Discrimination between different organoplatinum acetylide 
compounds s 

AA very useful tool for the discrimination between the compounds of type 4,5 and 6 is ^ ' ^ Pt 
HMQCC spectroscopy. The number of different products and the structural types of these 
productss in the reaction mixture could easily be determined using a fast procedure (=20 min.) 
byy analyzing a sample in C6D6 by this technique. An example of the resulting spectrum is 

5195p, , 

(ppm) ) 

-3900 0 

-- 3800 -

-3700 0 

-3600 0 

-3500 0 

0 0 

H4 4 

H2 2 H3 3 

'V V 

10.55 10.0 9.5 9.0 8.5 

Figuree 4-5. ' H,' 95Pt HMQC of 4h' and 6h'. 

7.55 7.0 6.55 51H(ppm) 
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givenn in Figure 4-5. The example shown concerns a sample obtained from the reaction of 2h 
(RR = 2,6-dimethylphenyl) and LiOC-p-tolyl (R' = p-tolyl). For this case, the lH NMR 
spectrumm is difficult to interpret, especially the aromatic region shows many peaks. From the 
twoo dimensional 'H,195Pt HMQC spectrum it becomes immediately clear that two platinum 
compoundss are present. The structure of these compounds can be determined when 
comparingg the spectrum to 195Pt NMR data of previously characterized isophthalaldimine 
compounds.. Based on the 195Pt chemical shift, the number of coordinated imine protons, and 
theirr 3J(lH,l95Pt), it can be concluded that the monomeric cw-diorganoplatinum 6h' (H'-H3, 
8195Ptt = -3944 ppm, 37(H,Pt) = 70 Hz) and the frans-diorganoplatinum compound 4h' (H4, 
5195Ptt = -3421 ppm, 37(H,Pt) = 133 Hz) are present. 

4.2.55 The formation of 4-6 
Summarizingg the results from the previous paragraphs and recalling Scheme 4-3, it is seen 
thatt compound of type 4, 5 or 6 are formed from the reaction between compounds 2 and a 
lithiumm acetylide an isophthalaldimine platinum acetylide (see Scheme 4-7). Furthermore, it 
appearss that the imine substituent has a decisive influence on which type of diorganoplatinum 
compoundd is formed: A compound of type 4 is formed at low temperature selectively only 

Li--

2a-m m 

CC - r.t. 
THF F 

4c,d,h,k,l,mm R 

5e,f,g,i i 
Schemee 4-7. Transmetallation of 2 to form 4, 5 or 6. 

forr the sterically bulky alkyl (R = tert-buty\ and cyclohexyl) and aryl (R = 
2,6-diisopropylphenyl)) substituents. In contrast, compounds of type 5 are formed for the least 
stericallyy demanding aryl substituents used (R = phenyl, 4-methylphenyl, 4-methoxyphenyl 
andd 3,5-dimethylphenyl). For substituents with a sterical bulk in between (R = 
2,6-dimetylphenyl,, 2,4,6-trimethylphenyl and 2,6-diethylphenyl) a mixture of compounds 4 
andd 6 is formed. 
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Too gain insight in the processes leading to these different types of compounds, including the 
decisivee influence of the imine substituent, a number of reactions of compounds 2 and a 
lithiumm acetylide (e.g. LiC=CSiMe3 and LiOC-/?-tolyl) were monitored in time by 'H and 
195Ptt NMR spectroscopy. Particularly, the reactions of 2h and 2k with LiOC-/?-tolyl and of 
2kk with LiC=CSiMe3, which lead to a mixture of 4h' and 6h', a mixture of 4k' and 6k' and 
aa mixture of 4k and 6k, respectively. And the reactions of 2f and 2g and LiC=CSiMe3 which 
leadd to compounds 5f and 5g, respectively, were investigated. The reaction was performed 
eitherr in THF, or in toluene (if the solubility of the starting compound 2 was sufficient) and 
att different temperatures. 

Fromm these studies {vide infra) a number of conclusions were drawn (see also Scheme 4-8): 

1.. Compounds of type 6 are only formed in THF and only in a mixture with the 
correspondingg compounds of type 4. 

2.. Once 4 and 6 have been formed, their ratio remains constant and there is no 
interconversionn between 4 and 6. 

3.. The ratio between 4 and 6 is dependent on the reaction temperature; At low temperature, 
aa larger amount of 4 is formed. 

4.. Compounds of type 5 are formed from the corresponding 4, which is formed first in the 
transmetallation,, both in THF, toluene and benzene-d6. The conversion of 4f to 5f was 
monitoredd in time {vide infra) and was virtually quantitative. For large imine substituents, 
thiss conversion does not occur and 4 is stable. 

5.. Compounds of type 6 are a 'dead-end', although their structure is related to compounds of 
typee 5, they seem not to be involved in the formation of compounds of type 5. 

Schemee 4-8. 

AdAd 1 and 2 

Compoundd 2h (R = 2,6-dimethylphenyl) was reacted with LiC=C-/?-tolyl at low temperature 
andd immediately a sample of the reaction mixture was withdrawn which was analyzed at 
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roomm temperature by means of  JH and I95Pt NMR spectroscopy. After warming up to room 
temperature,, the reaction mixture was analyzed again. A third analysis was performed after 
thee reaction mixture had been stirred for 1 day at room temperature. It was found that for all 
reactionn mixtures, the ratio of 4h' to 6h' remained nearly constant (some decomposition was 
observed);; no conversion of 4h' into 6h' was observed. Similarly 2k (R = 
2,4,6-trimethylphenyl)) was reacted with LiC=C-/?-tolyl and LiC=CSiMe3, which both gave 
similarr results. 

Fromm the reaction of 2k and LiC=CSiMe3, which resulted in a mixture of 4k and 6k in a 4 to 
11 ratio, compound 4k could be isolated from the mixture (8195Pt = -3444). It was investigated 
whetherr 4k could be converted into 6k after its formation in THF. To that end 4k was 
dissolvedd in THF-d8 and the solution was monitored by *H and 195Pt NMR spectroscopy. No 
signalss of 6k were observed, however, even after prolonged standing, heating or upon the 
additionn of compounds which were present in the reaction mixture, LiBr or HC=CSiMe3 

(originatingg from the preparation of LiC=CSiMe3). So, after the transmetallation is finished, 
4kk is not converted into 6k. 

AdAd 3 

Thee transmetallation of 2h (R = 2,6-dimethylphenyl) and LiC=C-/>-tol was performed at 
-90°C,, -50°C and room temperature. At -90°C 4h' was the predominant compound, less of 
6h'' was observed than at -50°C. Unfortunately, due to overlap of signals the ratio of the two 
compoundss could not be quantified, but by superposition of the spectra, the difference was 
qualitativelyy very clear. At room temperature, virtually no 4h' was observed and 6h' was the 
predominantt species. 

Forr the transmetallation of 2m (R = 2,6-diisopropylphenyl) and LiC=CSiMe3 an analogous 
resultt was found. This reaction leads to the selective formation of 4m at -60°C, but when the 
reactionn was performed at room temperature, a small amount of 6m (< 5%, 5195Pt = -3917 
ppm)) was detected by !H and 195Pt NMR spectroscopy. 

AdAd 4 and 5 

Inn the reactions in which the dimeric ds-diorganoplatinum compounds 5f and 5g are 
obtained,, these compounds are formed from 4f and 4g respectively. The conversion of 4f and 
4gg to, respectively, 5f and 5g was monitored by lH and 195Pt NMR spectroscopy. A solution 
off  LiC=CSiMe3 in THF was added to a solution of 2g and an internal standard (cyclodecane) 
att -60°C. Directly after the addition an aliquot of the reaction mixture was analyzed by JH 
andd 195Pt NMR spectroscopy at room temperature in C6D6. From the obtained lH and 
195Ptt NMR spectra it was concluded that 2g was consumed and that three isophthalaldimine 
platinumm acetylide compounds had been formed, their identification is based on a comparison 
off  the spectroscopic data to the compounds described in the previous paragraphs. Next to a 
smalll  amount of the expected product 5g (5195Pt = -3639 ppm, 3J(lH,l95Pt) = 73 Hz), in this 
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samplee also 4g (5195Pt = -3504 ppm, 3/(1H,W5Pt) = 128 Hz) and 6g (8195Pt = -3901 ppm, 
33J(J(llH,H,l95l95Pi)Pi) = 79 Hz) were present. 

Alsoo in the spectra from the reaction of 2f and LiC=CSiMe3 signals of 4f (8195Pt = 
-35411 ppm, vCsC = 2032 cm"1), and 6f (5195Pt = -3906 ppm), next to 5f (8195Pt = -3643 ppm, 
vvCsCCsC = 1948 cm1) were observed. 

Whenn the reaction progress was monitored at room temperature, it was found that for the 
reactionss of both 2f and 2g the amount of 5f and 5g increased at the expense of 4f and 4g, 
respectively.. The amount of 6f and 6g remained almost constant, up to the complete 
conversionn of 4f and 4g to 5f and 5g, respectively. This shows that 6f and 6g are not involved 
inn the formation of 5f and 5g, respectively, see Scheme 4-9. 

LL  f| T R 

!!  R I n ' N Pt = R' 
R ' ^ ^ - p t — N ''  " L , R : : 

KJKJ 6 R^N^Y^ j 

Schemee 4-9. 

Basedd on this new knowledge, it is suggested that in the preparation of 5e, f, g and 5i 
(describedd in §4.2.2) next to 5, also a certain amount of 6 must have been formed, which 
decomposedd during the work-up and as a result only 5 was obtained, albeit in a yield 
sufferingg from the formation of the 'side-product' 6. 

Thee conversion of 4f to 5f was also observed in toluene. When after the reaction of 2f and 
LiC=CSiMe33 in toluene, the reaction mixture was analyzed by 'H and 195Pt NMR 
spectroscopy,, mainly the frans-diorganoplatinum compound 4f was observed, however, also 
somee 5f (and 2f) was observed. A slow conversion of 4f to 5f was observed; when 4f was 
keptt at room temperature in the reaction mixture in toluene and the reaction mixture analyzed 
byy !H NMR spectroscopy in C6D6, 5f was formed at the expense of 4f (compared to an 
internall  standard). Also in the samples of the reaction mixture in C6D6 4f was converted to 
5f.. The remaining starting material 2f which was present apparently did not take part in the 
reaction,, which allowed spectroscopic monitoring of this conversion in time at different 
temperatures. . 

KineticsKinetics of the conversion of4fto5fin benzene. 

Thee reaction was monitored at 15, 25 and 35 °C by 'H NMR spectroscopy and the pseudo 
reactionn rates were determined. The conversion of 4f to 5f at 35°C is plotted in Figure 4-6a, 
thee integral in the *H NMR is given in arbitrary units. The nearly constant sum of the 
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integralss of 4f and 5f illustrates the clean conversion of 4f to 5f. Analysis of the kinetic data 

showedd that the conversion of 4f to 5f is a first-order reaction as plotting ln(4f) against time 

resultedd in lineair curves with regression constants of 0.994, 0.996 (analyzed until 96% 

conversion)) and 0.986 (analyzed until 75% conversion) for the reactions at 15, 25 and 35 °C, 

respectively.. From the relative reaction rates at these temperatures the activation energy of 

thee reaction (EA) could be determined from an Eyring plot (see Figure 4-6b) and was found 

too be 100  19kJ/mol. 

a) ) 

r ^ ^ " ' ' 
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Figuree 4-6. 
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4.2.66 Discussion 

4.2.6.11 Postulated mechanism for the conversion of 4 to 5 

Twoo mechanisms for the conversion of 4 into 5, which fit the first order kinetics in 4 (see §), 

cann readily be envisaged (Scheme 4-10). A reversible dissociation of an imine moiety results 

inn I, this is followed by either: 

1.. Interaction of two molecules of I in an associative pathway via side-on coordination of 
thee platinum-acetylide moieties (II , Scheme 4-10). At this stage the isomerization of the 
acetylidee occurs from a position trans to the aryl carbon, to a position cis. This 
isomerizationn can occur via a twisting mechanism or via a metathesis in which the 
acetylidess are exchanged between the platinum centers: First dimerization followed by 
isomerization. . 

2.. Isomerization of the acetylide from a position trans to the aryl carbon, to a position cis, 
whichh gives a monomeric c«-diorganoplatinum compound (which is a structural 
analogouss of compounds of type 6 without a coordinating ligand, III , Scheme 4-10). 
Subsequentlyy two of these molecules dimerize: First isomerization followed by 
dimerization n 

Iff  the pre-equilibrium between 4 and I lies on the left-hand-side, the formation of either I or 

II II  is the rate determining step, in concert with the observed first order in 4. 
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Schemee 4-10. Two possible mechanisms for the conversion of 4 to 5. 

Thee second mechanism, involving the trans to cis isomerization in the absence of an 
additionall  ligand (in toluene), seems not plausible. Isomerizations in square planar 
complexess generally occur via associative mechanisms; by a consecutive ligand exchange 
(withh a cationic intermediate)19 or by a pseudorotation (involving a five-coordinate 
intermediate)20.. Dissociative processes are less common.21,22 Both the consecutive ligand 
exchangee and the dissociative mechanisms23 proceed in organoplatinum halide complexes 
viaa halide dissociation. Such a pathway is not possible in this case, since aryl or acetylide 
dissociationn to yield a cationic intermediate is highly unfavorable. The fact that compounds 
off  type 6 seem not to be involved in the formation of compounds 5 from 4 in THF (vide 
supra)supra) does not support II I as intermediate. Also, it has been shown (vide supra) that (in 
THF)) 4 is not converted to 6. Moreover, the second mechanism is in contradiction with the 
isolationn of rraras-diorganoplatinum compound of type 4 for bulky alkyl and aryl imine 
substituents.. If II I is formed for small aryl substituents, its formation for large substituents 
shouldd be much faster due to the steric hindrance these large substituents have with the 
acetylidee substituent. 

Thee first mechanism fits better with experiment, it explains that compounds of type 4 are 
obtainedd for imine large substituents and not compounds of type 5. Due to the steric 
hindrancee caused by the large imine substituents the formation of neither a compound of type 
III  (Scheme 4-10), nor a compound of type 5 is possible. In the dimeric ds-diorganoplatinum 
compoundss 5, the imine and the acetylide substituent are in close proximity, as can be seen 
inn the molecular structure of 5g in Figure 4-3. In this structure, the Pt-C-C-Pt-C-C ring is 
foldedd and the acetylide group with its substituent is positioned next to the 4-methoxyphenyl 
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substituentt of the coordinating imine. For an orr/jo-substituted phenyl group on the imine, for 
examplee the 2,6-dimethylphenyl substituent, the ortho methyl groups and the acetylide 
(substituent)) of the other monomer suffer from too much repulsion and the dimer can not be 
formedd (Figure 4-7). 

Figuree 4-7. 

4.2.6.22 Formation of 6 

Accordingg to the reactions described by Yamamoto for dimethylpalladium diphosphine 
complexess (see also Chapter 2),24 the compounds of type 6 may be formed from the 
correspondingg compounds of type 4, see Scheme 4-11. 

Schemee 4-11. 

Althoughh no direct evidence for this mechanism has been obtained, it explains the results 
obtainedd so far. Support for this mechanism was obtained from the reaction of 2a (R = 
methyl)) and LiCsCSiMe3. As described at the beginning of this chapter, a complex mixture 
wass obtained for this specific case and the compounds formed were not fully characterized. 
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However,, when the reaction was performed with 2a and an excess (2.5 equivalents) of 
LiC=CSiMe33 at room temperature, a compound could be identified which had two 
inequivalentt imine moieties, both coordinating to one platinum nucleus (S1H = 7.24 ppm, 
33J0H,J0H,l95l95Pt)Pt) = 66 Hz, 5.97 ppm, 3J(lH,l95Pt) = 124 Hz, S195Pt = -3454 ppm) and apparently 
twoo acetylide moieties (SlH = 0.74 ppm, 0.44 ppm, IR: 2023, 2004 cm1), which points to a 
compoundd of type B, see Scheme 4-11. Unfortunately, due to its instability, this compound 
couldd neither be isolated nor fully characterized by means of  13C NMR spectroscopy and 
elementall  analysis and therefore provides no solid evidence for the proposed mechanism. 
Thee fact that this compound was identified for the reaction of 2a and LiOCSiMe3 and no 6a 
wass obtained, may be explained by the small imine substituents in this case, giving littl e 
stericc hindrance and the strong coordination of the alkyl substituted imine moiety compared 
too the aryl substituted ones. 

Inn the reaction of 2b (R = isopropyl) and LiC^CSiMe3 a similar compound was formed as 
wass inferred from 1H,195Pt spectroscopy, however due to the complexity of the product 
mixture,, only the imine protons could be assigned in the *H NMR spectrum ( 8^ = 7.83 ppm, 
33J0H,J0H,l95l95Pt)Pt) = 65 Hz, 5.92 ppm, 3J(lH,l95n) = 136 Hz, 8l95Pt = -3539 ppm). 

InfluenceInfluence of imine substituent 

Thee mechanism outlined above explains the influence of the imine substituents on the 
structuree of the isophthalaldimine platinum(ll) acetylide compounds formed in the 
transmetallation,, the temperature dependence of the 4 to 6 ratio and also the absence of 
compoundss of type 6 in the product mixture obtained in toluene. The fact that from the 
reactionn of 2m (R = 2,6-diisopropylphenyl) and LiC=CSiMe3 at low temperature only 4m 
wass obtained and no 6m can be explained by the shielding of the platinum center from the 
additionall  LiC=CSiMe3 by the isopropyl groups of the bulky substituents, due to which this 
sidee reaction is very slow (at low temperature). 

TemperatureTemperature dependence of the 4 to 6 ratio 

Att room temperature the side reaction (see Scheme 4-11) becomes faster than the reaction of 
22 and LiOCSiMe3, as a result, at room temperature more 6 is formed at the expense of 4. 

AbsenceAbsence of 6 in toluene 

Unlikee THF, toluene can not attack intermediate C. If the diacetylide anions B and C are 
formed,, it is more likely that these compounds are in a reversible equilibrium with 4, than 
thatt they transform to 6. 

AA mechanism similar to reactions described by Stille and coworkers for palladium(ll)25 in 
whichh a five coordinate intermediate in the metathesis step can lead to either to cis- or a trans-
diorganopalladiumm compounds, seems not a suitable explanation for the formation of 4 and 6. 
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4.33 Reactivity of diorganoplatinum compounds towards 
additionall  ligands 

4.3.11 Reactions of dimeric cis -diorganoplatinum compounds 
Too investigate the coordination strength of the dimeric core of 5f and 5g, it was subjected to 

additionall  coordinating ligands, such as (substituted) pyridine, carbon monoxide and 

triphenylphosphine.. These ligands were able to cleave the dimeric compound, see 

Schemee 4-12. 

R'' = SiMe, 

Schemee 4-12. 

7f,g,, L = pyridine 
7g',, L = 2,4,6-collidine 
8g,, L = CO 

4.3.1.11 Nitrogen ligands 

Whenn an excess of (substituted) pyridine was added to a C6D6 solutions of dimeric 

cw-diorganoplatinumm compounds 5f (R — 4-mefhylphenyl) and 5g (R = 4-methoxyphenyl), 

thee dimeric structure was easily broken up to yield two monomeric ds-diorganoplatinum 

pyridinee complexes (7f and 7g), see Scheme 4-12. The acetylides were no longer side-on 

coordinated,, as was apparent from the infrared spectrum of 7g, the C=C vibration was found 

att 2042 cm"1 which is much higher than in 5g (vCsC = 1949 cm1)- In the 195Pt NMR 

spectrum,, the 195Pt resonance shifts from around -3640 ppm (5f, -3643 ppm, 5g -3640 ppm) 

too around -3670 ppm (7f, -3672 ppm, 7g -3670 ppm). This change in the chemical shift is 

veryy small and can not be easily explained, since both ligand field strength and the geometry 

aroundd the platinum change. 

Alsoo when 2,4,6-collidine was reacted with 5g, a cleavage of the dimer was observed and the 

monomericc cw-diorganoplatinum compound 7g'  was obtained (8195Pt = -3659 ppm). 

Comparedd to the pyridine reaction (completion within =15 min), this reaction is very slow 

(att room temperature), even with a large excess of 2,4,6-collidine (= 1 day). 

Compoundss 7f,g and 7g'  are structurally related to their isophthalaldimine platinum(ll) 

methyll  analogue (5m in Chapter 3). 
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4.3.1.22 Carbon monoxide 

Whenn carbon monoxide was bubbled through a solution of 5g in C6D6 in an NMR tube, !H 
NMRR spectroscopic analysis showed partial conversion of 5g to a new compound. After the 
contentss of the NMR tube had been heated to reflux in the tube for 5 min, the formation of 
thee carbon monoxide complex 8g (Scheme 4-12) was complete. The coordination of CO and 
nott of the acetylide moiety stems with the CO and C=C vibrations observed in the infrared 
spectrumm (vco = 2097 cm1, vCsC = 2058 cm1). Compound 8g is structurally related to its 
isophthalaldiminee platinum(ll) methyl analogue (7m in Chapter 3). 

4.3.1.33 Phosphine ligands 

Whenn PPh3 is added to compound 5g, also a cleavage of the dimeric structure takes place, 
however,, the strongly coordinating PPh3 can break, next to the side-on coordination of the 
acetylidee (as in Scheme 4-12), also the chelating coordination of the imine moiety, which 
subsequentlyy leads to the formation of three compounds, 9g, lOg and l lg , see Scheme 4-13. 
Fromm the amounts of compounds 9g, lOg and l l g present directly after the addition of PPh3 

too 5g and the amounts present after 30 min, the processes on the right hand side in 
Schemee 4-13 were inferred. 

RR = 4-methoxyphenyl 

y2 2 

p p 
fjt-N N 

r r 
N N 

9g g 

Ph3p p 

^ * - R t - " P P 

NN 10g N 

p-Rf.MP P 

N N N N 
ng g 

Schemee 4-13. Schematical representation of the reactions occurring upon the addition of PPh3 or dppe to 
5g. . 

Thee 'H, 31P and 195Pt NMR spectroscopic data of 9g, lOg and l l g are consistent with their 
assignedd structures. 

ReactionReaction progress 

Thee addition of PPh3 to 5g leads partly to the cleavage of the dimeric structure to furnish 9g. 
Thee remaining PPh3 reacts with the formed 9g and replaces its chelating imine to yield 
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compoundd 10g which was found to have a limited lifetime; this cw-diorganoplatinum 

compoundd isomerizes to the fra«.?-diorganoplatinum compound l l g . This isomerization is 

mayy be induced by a trace of free PPh3 via an associative mechanism, involving a 

pseudorotation.222 However, it was found that when lOg had disappeared, also more of 5g was 

converted.. It was inferred from the ratios of 5g, 9g, lOg and l l g found directly after the 

additionn of PPh3 and after 30 minutes and the absence of free PPh3 (directly after the addition 

off  PPh3) that the PPh3 required for the formation of 9g from 5g apparently is released from 

lOg;;  e.g. the formation of lOg from 9g and PPh3 is reversible (see Scheme 4-13). As 

expected,, the ratio between the increase of 9g and the increase of l l g is dependant on the 

ratioo of 5g and 9g present in the reaction mixture. 

Diphenyldiphosphinoethane Diphenyldiphosphinoethane 

AA structural analogue of the m-diorganoplatinum diphosphine compound lOg was obtained 

byy the reaction of 5g and a cis coordinating diphosphine, dppe (diphenyldiphosphinoethane). 

Additionn of (small excess of) dppe to a C6D6 solution of 5g resulted in the clean formation 

12g,, see Scheme 4-13. The 31P NMR spectrum of 12g shows two doublets at 43.16 ppm 

('./(31P,195Pt)) = 2391 Hz) and at 40.11 ppm ('./(31P,195Pt) = 1753 Hz) with a 27PP of 4.5 Hz. 

4.3.22 Reactions of trans -diorganoplatinum compound 4m and 
additionall  ligands 

Too investigate the coordination strength of the imine moieties in 4m, it was subjected to 

additionall  ligands, e.g. pyridine and carbon monoxide. Displacement of a chelating nitrogen 

inn a square planar platinum [N-C-N] compound by an additional monodentate ligand has not 

oftenn been studied.7 

4m4m and pyridine 

Whenn the trans arylplatinum(ll) acetylide compound 4m was subjected to a reaction in 

toluene-d88 with a large excess of pyridine, it was concluded based on the 'H NMR spectrum 

off  the reaction mixture and of the free ligand, lm, that one imine moiety was displaced by a 

pyridinee molecule and that 13m had been formed, see Scheme 4-14. 

SiMe: : SiMe e 

4m m 
RR = 2,6-diisopropylphenyl 13m,, L = pyridine 

14m,, L = CO 
7m,, L = pyridine 
8m,, L = CO 

Schemee 4-14. 
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Thee signals of the protons of both the dissociated and the coordinated imine moieties were 
obscuredd by other signals in the aromatic region of the spectrum. However, the chemical shift 
off  the proton riding the coordinating imine could be derived from the !H,195Pt HMQC 
spectrum,, the chemical shift was 7.75 ppm. It is noteworthy that the 37(1H,195Pt) of this imine 
protonn decreases from 133 Hz to 106 Hz, due to the stronger trans influence of pyridine, 
comparedd to an imine moiety. 

AA large excess of pyridine was required to complete the slow reaction of 4m to 13m, which 
wass found to be reversible, because, when after a complete reaction of 4m and pyridine all 
thee volatiles were extensively removed by heating the solid product in vacuo for a few hours, 
itt was found that 4m had been formed again. 

Whenn the formed trans arylplatinum(n) acetylide pyridine complex 13m was kept in the 
reactionn medium (toluene-d8 and an excess of pyridine), it was slowly converted to the cis 
arylplatinum(n)) acetylide pyridine complex 7m, as was inferred from lH and 195Pt NMR 
spectroscopy.. This slow conversion at room temperature could be completed by heating the 
reactionn mixture to 100°C for lh, see Scheme 4-14. For 7m, in the ]H NMR spectrum the 
protonn of the dissociated imine was found at 10.98 ppm, the proton of the coordinating imine 
wass found at 8.1 ppm with a 3/(1H,I95Pt) of 67 Hz, which is consistent with an acetylide in a 
positionn trans to this coordinating imine. The chemical shift of the Pt-nucleus was -3657 
ppm.. These NMR data of 7m are comparable to the data obtained for the analogous pyridine 
complexess 7f and 7g, described in § 4.3.1.1. 

4m4m and 2,4,6-collidine 

Whenn the trans arylplatinum(n) acetylide compound 4m was subjected to the sterically more 
demandingg 2,4,6-collidine instead of pyridine, no reaction was observed. 

4m4m and carbon monoxide 

Analogouslyy to the pyridine reaction 4m was reacted with carbon monoxide. When CO was 
bubbledd through a C6D6 solution of 4m in an NMR-tube for five minutes, the trans 
arylplatinum(n)) acetylide carbon monoxide complex 14m (Scheme 4-14) was formed, as 
wass inferred from 'H, I95Pt NMR and infrared spectroscopy. The 'H NMR spectrum of 14m 
was,, as expected, similar to 13m, in the 195Pt NMR spectrum, the resonance was found at 
-40877 ppm. Coordination of CO was inferred from the CO vibration in the infrared spectrum 
off  14m at 2093 cm1. The C^C vibration was found at 2062 cm1, which is remarkably higher 
thann for 4m (VQ  ̂= 2032 cm1). As for the reaction of 4m and pyridine, the displacement of 
aa coordinating imine by carbon monoxide was found to be reversible. Compound 14m is 
stablee in vacuum, however, when subsequently it is dissolved in toluene and heated for reflux 
forr 5 min, loss of carbon monoxide and re-coordination of the imine occurs, as was inferred 
fromm the ]H NMR spectrum of the product. 
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Similarr to 13m, 14m isomerizes slowly to the cis arylplatinum(ll) acetylide carbon monoxide 

complexx 8m (Scheme 4-14), which is similar to 8g (see §4.3.1.2) as are its NMR and IR 

spectroscopicc data. For 8m the chemical shift of the proton riding the coordinating imine is 

7.600 ppm with a 3J(lH,l95Pt) of 73 Hz, its 5195Pt is -3928 ppm. In 8m the CO and O C 

vibrationss are similar to 14m (8m: vco = 2101 cnr1, v c =c = 2058 cm1)- Remarkably, the 

isomerizationn of 14m to 8m at room temperature is not influenced by light irradiation, in 

contrastt to the photochemical trans to cis isomerization of the arylplatinum(ll) methyl carbon 

monoxidee complex described in Chapter 3. 

4.3.2.11 Discussion 

Fromm the observed conversions of 13m and 14m to, respectively, 7m and 8m, it can be 

concludedd that the latter are thermodynamically more stable. The relative instability of 13m 

andd 14m can be explained by the trans disposition of the aryl and the acetylide groups, both 

havingg a strong trans influence. 

Whenn 4m was subjected to a large excess of pyridine in toluene or benzene, or when 4m was 

dissolvedd in pure deuterated pyridine, one imine arm is displaced by pyridine to form 13m. 

Inn contrast to this, when the isophthalaldimine platinum(ll) bromide compound 2m was 

subjectedd to pyridine, no reaction with pyridine was observed. This means that the 

susceptibilityy of one imine moiety in 4m for displacement by pyridine is induced by the 

weakeningg of the Pt-N bonds caused by the stronger cis influence of the acetylide in 4m 

comparedd to the bromide in 2m (which is also reflected in the 37(1H,195Pt) of the imine 

proton).. In 13m, the remaining coordinating imine moiety of the didentate coordinating 

isophthalaldiminee ligand is not susceptible for displacement by a pyridine molecule. 

Apparently,, most of the tension in the molecule, caused by the adjacent five- and 

six-memberedd rings, is released by the dissociation of one imine group. Also in 7f, 7g or 7m 

thee coordinated imine moiety, which is in a position trans to an acetylide, is not susceptible 

forr displacement by pyridine. However, in the analogous PPh3 complex 9g, an additional 

PPh33 can displace the corresponding imine moiety to furnish lOg. 

4.44 Conclusions 
Synthesiss of isophthalaldimine platinum(ll) acetylide compounds provides a new series of 

diorganoplatinumm compounds having a Csp2 and a Csp carbon directly bound to the platinum. 

Thesee can be in a trans and in a cis configuration. The structure of the diorganoplatinum(ll) 

compoundss formed appears to be very much influenced by the substituent on the imine 

moiety.. For sterically demanding imine substituents the unfavorable mutual 

rrans-dispositionn of two carbon moieties is outweighed by the chelate effect of the imine 

moietiess and frans-diorganoplatinum compounds (4) have been isolated, comparable to the 

tams-isophthalaldiminetams-isophthalaldimine platinum(ll) compounds described in Chapter 3. However, in 
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contrastt to the results described in Chapter 3, also stable diorganoplatinum(n) compounds are 

formedd with relatively small aryl substituents, these are dimeric cw-isophthalaldimine 

platinum(ll)) acetylide compounds (5). For aryl substituents with an intermediate size, 

monomelicc c/s-diorganoplatinum compounds (6) are formed, which were obtained in a 

mixturee with a compound of type 4. 

Thee results obtained from the reactions of compounds 4m, 5f and 5g and additional ligands 

supportt the postulates in §4.2. The formation of compounds of type 7 and 8 support the 

postulatedd structure for compounds of type 6. The latter could, unfortunately, not be isolated 

ass a pure compound. Secondly, the reactions of 4m and pyridine and carbon monoxide 

supportt the mechanism postulated for the conversion of 4 to 5 in paragraph §4.2.6.1 

(Schemee 4-10). In this mechanism an initial reversible dissociation of an imine moiety was 

proposed,, which indeed was found in the reactions of 4m and pyridine and carbon monoxide. 

Furthermore,, if in Scheme 4-14 one envisages the pyridine (or the carbon monoxide) as a 

side-onside-on coordinating acetylide moiety of another molecule, the conversion 4m to 13m (or 

14m)) to 7m (or 8m) becomes the conversion of 4 to 5. 

Ass described in the introduction, the platinum acetylide compounds of type 4 may be suitable 

buildingg blocks for the preparation of organometallic oligomers which may have interesting 

physicall  properties such as non linear optic or conducting properties.6,710 However, the 

transmetallationn of compound 2 and the lithium acetylides used was not selective towards 

compoundss of type 4 (in THF also compounds of type 6 were formed) and the compounds of 

typee 5 were not stable enough to link the oligomers via side-on coordination found in these 

compounds.. Therefore, the preparation of such oligomers was not further pursued. 

4.55 Experimental section 
Generall  comments. All reactions involving air-sensitive compounds were carried out under a 
dinitrogenn atmosphere using standard Schlenk techniques. Solvents were dried and distilled prior to 
use,, according to standard methods.26 NMR measurements were performed on a Bruker 
AMX300/Variann Mercury300 spectrometer ('H: 300.13 MHz, 13C: 75.47 MHz, 31P: 121.63 MHz) 
andd a Varian InovaSOO spectrometer (lH: 499.88 MHz, l3C: 125.70 MHz, 170: 67.8 MHz) and Bruker 
DRX3000 spectrometer (31P: 121.49 MHz, 195Pt: 64.3 MHz, 15N: 30.42 MHz). 195Pt NMR spectra 
weree measured via a normal HMQC sequence at 298K. 15N NMR spectra were measured by a 
standardd gs-HMQC sequence at 298K. I3C and 3lP NMR spectra were measured with 'H decoupling. 
NOEE measurements were performed on argon purged solutions. Positive chemical shifts (8) are 
denotedd for high-frequency shifts relative to a TMS reference (!H, 13C), a 85% H3P04 reference 
(31P),, a Na2PtCl6 reference (195Pt) and a CH3N02 reference (15N). Infrared spectra were measured on 
aa Biorad FTS-7 and a Biorad FTS-60A spectrometer from a C6D6 solution in a NaCl cell. HRMS 
measurementss were performed on a JEOL JMS SX/SX102A four sector mass spectrometer, coupled 
too a JEOL MS-MP9021D/UPD system program. For Fast Atom Bombardment (FAB) mass 
spectrometry,, the samples were loaded in a matrix solution (3-nitrobenzyl alcohol) onto a stainless 

105 5 



ChapterChapter 4 

steell  probe and bombarded with xenon atoms with an energy of 3 KeV. During the high resolution 
FAB-MSS measurements a resolving power of 10,000 (10% valley definition) was used. Field 
desorptionn mass spectrometry was carried out on the same apparatus, the samples were dissolved in 
dichloromethanee and then loaded onto an emitter with the dipping technique. An emitter current of 
0-30mAA was used to desorb the samples. The ion source temperature was generally = 100°C. 

Materials:: Compounds 2a-m are described in chapter 3. Lithium trimethylsilylacetylide and lithium 
p-tolylacetylidee were prepared by a reaction of the corresponding acetylenes with «-BuLi in THF or 
toluene.. All other chemicals were obtained from commercial sources and were used as received, 
unlesss stated otherwise. 

Generall  procedure for the reactions of 2a-m and a lithium acetylide: A solution of 2 in THF (or in 
somee cases toluene) was cooled to -60°C and 1.1-1.2 equivalents of a solution of the lithium 
acetylidee in the reaction solvent was added dropwise. The reaction mixture was slowly warmed up 
too room temperature after which an aliquot was withdrawn from the reaction mixture, which was 
evaporatedevaporated to dryness and analyzed in C6D6 by, in most cases, 'H NMR, 195Pt NMR and infrared 
spectroscopy. . 

rra«s-G-trimethylsilyIethynyl-KC,KN,KN ,-bis-(A^-^r/-butyl)-isophtalaldimine-2-yl --

platina(n)) (4c) 

Too a solution of 2c (109 mg, 0.21 mmol) in THF (20 mL) at -90°C a solution of lithium 
trimethylsilylacetylidee 0.082 M in THF (3.1 ml, 0.25 mmol, 1.2 eq) was added. After slowly 
warmingg to room temperature, the solvent was evaporated under reduced pressure and the residue 
wass extracted three times with 10 mL of pentane. After evaporation of the solvent under reduced 
pressuree and drying the residue in vacuo 94.6 mg of a brown solid was obtained, which was identified 
byy ]H, 13C and 195Pt NMR spectroscopy as nearly pure (= 95%) 4c. Due to the high solubility of 4c 
inn polar (MeOH) and apolar (pentane) solvents, it could not further be purified by washing or 
recrystallization.. Based on a purity of 95%, the yield was 80%. !H NMR (500 MHz, CD2C12) 
55 = 8.47 (s, 3JHPt = 138 Hz, 2H; #C=N), 7.51 (d, 3/HH = 7.5 Hz, 2H), 7.14 (t, 3/HH = 7.5 Hz, 1H), 
1.744 (s, 18H), 0.18 (s, 9H, Si(Ctf3)3).

 13CNMR (126 MHz, CD2C12) 5 = 188.4 (lJCPl = 639 Hz, C-Pt), 
172.11 (27CPt=84Hz,C=N-C), 157.3 ( '7^ = 968 Hz, Pt-CCSi), 143.1 (27CPt = 95 Hz, C), 124.4 (CH), 
121.55 (27CPt = 203 Hz, Pt-CCSi), 120.8 (CH), 63.5 (27CPt = 23 Hz, C=N-C), 27.9 (C(CH3)3), -0.89 
(Si(CH3)3)..

 195Pt NMR (CDC13): 5 = -3609. IR: vc=c = 2030 cm"1. HRMS(FAB): mJz calcd ([M+H]+ 

C21H33N2SiPt):: 536.2062. Found 536.2069. 

rra«s-a4rimethylsilylethynyl-KC,KN,KN ,-bis-(Ar-cyclohexyl)-isophtalaldimine-2-yl--

platina(ll )) (4d) 

Compoundd 4d was prepared, analogous to 4c, from 2d (105.1 mg, 0.184 mmol) and lithium 
trimethylsilylacetylidee (2.7 mL of a 0.082 M solution in THF, 0.22 mmol, 1.2 eq.). After evaporation 
off  the volatiles under reduced pressure, the residue was extracted seven times with 20 mL of pentane. 
Afterr evaporation of the solvent under reduced pressure and drying the residue in vacuo 102.8 mg of 
aa orange solid was obtained, which was identified by lH, 13C and 195Pt NMR spectroscopy as nearly 
puree (~ 95%) 4d. As for 4c, due to the high solubility of 4d in polar (MeOH) and apolar (pentane) 
solvents,, it could not further be purified by washing or recrystallization. Based on a purity of 95%, 
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thee yield was 90%. lB NMR (500 MHz, CD2C12) 5 = 8.50 (s, ^ = 133 Hz, 2H; HC=N), 7.51 (d, 
37HHH = 7.5 Hz, 2H), 7.11 (t, V ^ = 7.5 Hz, 1H), 3.94 (m, 2H), 2.14 - 2.01 (m, 8H), 1.92 - 1.90 (m, 

4H),, 1.73 - 1.71 (m, 2H), 1.51 - 1.38 (m, 6H), 0.22 (s, 9H, Si(C#3)3).
 13C NMR (126 MHz, CD2C12) 

88 = 188.7 (lJCPt = 638 Hz, C-Pt), 173.2 (VCPx = 87 Hz, C=N-C), 155.4 ( ^p, = 968 Hz, Pt-CCSi), 
142.33 (VCPt = 95 Hz, C), 123.7 (CH), 120.8 (CH), 117.7 (2/CPt = 202 Hz, Pt-CCSi), 69.4 (VCPt = 25 
Hz,, C=N-0, 31.3 (CH2), 23.5 (CH2), 0.6 (Si(CH3)3).

 195Pt NMR (CDC13): 5 = -3580. IR: v c ^ = 
20266 cm-1. HRMS(FAB): m/z calcd ([M+H] + C25H37N2SiPt) 588.2375. Found 588.2360. 

rra/is-a-trimethylsilylethynyl-KC,KN,KN'-bis-(^-2,4,6-trimethylphenyl) --

isophtalaldimine-2-yl-platina(n)(4k) ) 

Too a solution of 2k (53 mg, 0.083 mmol) in 30 mL of THF at -60°C a solution of lithium 
trimethylsilylacetylidee 0.068 M in THF (1.5 ml, 0.10 mmol, 1.2 eq) was added. After slowly 
warmingg up to room temperature, the solvent was evaporated under reduced pressure. The residue 
wass washed twice with pentane and subsequently extracted with diethyl ether. The ether extract was 
evaporatedd to dryness under reduced pressure and the residue was washed with a small amount of 
pentanee and dried in vacuo to yield 17 mg (0.026 mmol, 31%) of an orange crystalline solid which 
wass identified by !H, 13C and 195Pt NMR spectroscopy as pure 4k. JH NMR (300 MHz, C6D6) 5 = 
7.311 (s, 3 ^ = 133 Hz, 2H; HC=N), 7.11, 6.83 (t, 37HH = 7-7 Hz, 1H), 6.74 (s, 4H), 2.18 (s, 12H, 
Ar-CH3),, 2.15 (s, 6H, Ar-CH3), 0.02 (s, 9H, Si(C#3)3).

 13C NMR (126 MHz, CD2C12) 6 = 197.3 
CJCJcncn = 632 Hz, C-Pt), 181.6 (2/CPt = 74 Hz, C=N-C), 155.3 0JCPt = 1018 Hz, Pt-CCSi), 147.6 
(C=N-0,144.33 (Vcpt = 95 Hz, C), 136.5 (C), 131.0 (C), 128.5 (CH), 127.3 (CH) 123.1 (CH), 114.7 
(2JCPtt = 207 Hz, Pt-CCSi), 20.8 (CH3), 18.4 (CH3), -1.0 (Si(CH3)3).

 195Pt NMR (C6D6): 5 = -3444. 
IR:: vCsC = 2024 cm1. HRMS(FAB): m/z calcd ([M] + C31H37N2SiPt) 660.2376. Found 660.2368. 

rrfl/is-a-trimethylsilylethynyl-KC,KN,KN'-bis-(^-2,6-diisopropylphenyl) --

isophtalaldimine-2-yl-platina(H)) (4m) 

Compoundd 4m was prepared, analogous to 4c, from 2m (100 mg, 0.138 mmol) and lithium 
trimethylsilylacetylidee (2.2 ml, of a 0.068 M solution in THF, 0.152 mmol, 1.1 eq). After evaporation 
off  thee volatiles under reduced pressure, the residue was extracted three times with 10 mL of pentane. 
Afterr evaporation of the solvent under reduced pressure and drying the residue in vacuo the obtained 
solidd was crystallized from MeOH. After cooling to -20 °C for 4 days, the orange crystals were 
isolatedd by removing the mother liquor. Washing with a small amount of cold MeOH and drying in 
vacuovacuo yielded 81.8 mg (0.11 mmol, 80%) of orange crystals which were identified by 1H, 13C and 
195Ptt NMR spectroscopy as pure 4m. 160°C decomp. >H NMR (300 MHz, CDC13) 5 = 8.45 (s, V ^ 
== 133 Hz, 2H; #C=N), 7.77 (d, 3/HH = 7-8 Hz, 2H), 7.35 (t, VHH = 7.8 Hz, 1H), 7.17 (m, 6H), 3.16 
(septet,, VHH = 7 Hz, 4H; CH3C#CH3), 1.26 (d, VHH = 7 Hz, 12H; Ctf3CHCH3), 1.16 (d, 37HH = 7 
Hz,, 12H; CH3CHCtf3), -0.42 (s, 9H, Si(Ctf3)3).

 13C NMR (126 MHz, CDC13) 5 = 198.9 (lJCPt = 616 
Hz,, C-Pt), 179.8 (27CPt = 73 Hz, C=N-C), 154.8 (lJCPl = 1048 Hz, Pt-CCSi), 147.3 (C=N-Q, 144.5 
(2/CPtt = 95 Hz, C), 141.5 (C), 127.4 (CH), 127.2 (CH), 123.0 (CH), 123.0 (CH), 115.5 (2JCPt = 211 
Hz,, Pt-CCSi), 27.9 (CH3CHCH3), 24.4 (CH3CHCH3), 23.0 (CH3CHCH3), 1.24 (Si(CH3)3).

 195Pt 
NMRR (C6D6): 6 = -3406.15N NMR (30.42 MHz, CDC13): 8 = -153 ( ^ = 464 Hz). IR: vc ,c = 2032 
cm"1.. HRMS(FAB): m/z calcd ([M+H] + C37H49N2SiPt) 744.3315. Found 744.3331. Anal. Calcd for 
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C37H48N2PtSi:: C, 59.73; H, 6.50; N, 3.77. Found: C, 59.80; H, 6.55; N, 3.82. Single crystals suitable 
forr X-ray structure determination were obtained by slow cooling of a methanolic solution. 

7>fl/is-G-(4-methylphenyl)-ethynyl-KC,KN,KN'-bis-(A^-2,6-diisopropylphenyl) --
isophtalaldimine-2-yl-platina(ll)(4m' ) ) 

Compoundd 4m' was prepared, analogous to 4m, from 2m (38.5 mg, 0.053 mmol) and lithium 
p-tolylacetylidee (0.45 ml, of a 0.146 M solution in THF, 0.066 mmol, 1.2 eq). The yield was 18.2 mg 
(0.0244 mmol, 45%) of orange crystals which were identified by *H, 13C and 195Pt NMR spectroscopy 
ass pure 4m'. lU NMR (500 MHz, CD2C12) 5 = 8.53 (s, 3/HPt = 134 Hz, 2H; HC=N), 7.87 (d, 3JHH = 
7.55 Hz, 2H), 7.33 (t, 37HH = 7.5 Hz, 1H), 7.29 (2nd order multiplet, 2H), 7.24 (2nd order multiplet, 4H), 
6.811 (d, 3/HH = 8 Hz, 2H), 6.42 (d, 37HH = 8 Hz, 2H), 3.26 (septet, 3/HH = 7 Hz, 4H; CH3C//CH3), 
2.244 (s, 3H), 1.30 (d, ^ = 7 Hz, 12H; C//3CHCH3), 1.22 (d, 37HH = 7 Hz, 12H; CH3CHC//3). 
13CC NMR (126 MHz, CD2C12) 5= 197.5 (C-Pt), 180.4 (2JCPt = 74 Hz, C=N-C), 147.5 (C=N-Q, 144.2 
(27CPtt = 95Hz,C), 141.6(C), 134.6(C), 134.0(C), 131.5 (CH), 128.1 (CH), 127.6 (CH), 127.5 (CH), 
126.22 (C), 123. 1 (CH), 123.0 (CH), 112.2 (C), 28.1 (CH3CHCH3), 24.0 (CH3CHCH3), 22.7 
(CH3CHCH3),, 21.0 (CH3).

 195Pt NMR (C6D6): 8 = -3384. IR: vc=c = 2095 cm1. HRMS(FAB): m/z 
calcdd ([M+H] + C4,H47N2Pt) 762.3391. Found 762.3380. 

Cw-a,|j2-trimethylsilylethynyl-KC,KN-bis-(A^-phenyl)-isophtalaldimine-2-yl-platina(ll ) ) 
dimerr  (5e) 

Too a solution of 2e (47 mg, 0.077 mmol) in THF (25 mL) at -60°C, a solution of lithium 
trimethylsilylacetylidee 0.068 M in THF (1.35 mL, 0.09 mmol, 1.2 eq) was added. After stirring at 
-60°CC for 30 min, the mixture was allowed to warm to room temperature over night. The solvent was 
evaporatedd under reduced pressure and the residue was extracted three times with 20 mL of diethyl 
ether.. After evaporation of the solvent under reduced pressure the residue was dissolved in THF and 
thee product was crystallized by slow diffusion of pentane. The mother liquor was decanted and the 
residuee was washed with a small amount of diethyl ether, twice with pentane (5 mL) and dried in 
vacuovacuo to yield 26.3 mg (0.023 mmol, 11%) of a dark brown solid which was identified by 'H and 
195Ptt NMR spectroscopy as 5e. 'H NMR (300 MHz, C6D6) 6 = 9.98 (s, 2H; //C=N), 8.93 (d, VHH = 
7.88 Hz, 2H), 7.32 (s, 3yHPt = 78 Hz, 2H; HC=N), 7.31 - 7.28 (m), 7.17 - 7.02 (m, obscured by solvent), 
6.988 - 6.82 (m), -0.27 (s, 18H, Si(C#3)3). Due to the low solubility and stability of 5e in common 
solvents,, no satisfactory 13C NMR spectrum could be obtained. 195Pt NMR (CDC13): 5 = -3644. IR: 
Vr>c== 1951 cm1. MS(FD): m/z calcd ([M+H] +C50H49N4Pt2Si2) 1151.3. Found 1151.6. 

Cw-o,(i2-trimethylsilylethynyl-KC,KN-bis-(A^-4-methylphenyl)-isophtalaldimine --
2-yl-platina(ll )) dimer  (5f) 

Compoundd 5f was prepared, analogous to 5e, from 2f (52 mg, 0.089 mmol) and lithium 
trimethylsilylacetylidee (1.5 mL of a 0.068 M solution in THF, 0.1 mmol, 1.2 eq). The yield was 24 
mgg (0.020 mmol, 45%) of a dark brown solid which was identified by ]H, 13C and 195Pt NMR 
spectroscopyy as pure 5f. 'H NMR (500 MHz, C6D6) 8 = 10.03 (s, 2H; HC=N), 8.96 (d, 37HH = 7.8 
Hz,, 2H), 7.41 (s, VHP, = 77 Hz, 2H; HC=N), 7.27 (d, 3JHH = 8 Hz, 4H), 7.07 (t, 37HH = 7.6 Hz, 2H), 
6.966 (2H), 6.99 (br. s, 8H), 6.95 (d, 3/HH = 8 Hz, 4H), 2.10 (s, 6H; CH3), 2.05 (s, 6H; CH3), -0.24 (s, 
18H,, Si(C//3)3).

 13C NMR (126 MHz, C6D6) 5 = 177.3 (C=N-Pt), 166.0 (C=N), 153.9 (C-Pt), 150.5 
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(C-N=C),, 148.9 (C-C=N-Pt), 146.6 (C-N-Pt), 141.3 (C-C=N-C), 137.0 (C-CH3), 134.8 (C-CH3), 
132.99 (CH), 131.2 (CH), 129.8 (CH), 129.3 (CH), 124.8 (CH), 124.6 (CH), 122.2 (CH), 112.7 (OC), 
112.44 (CsC), 20.8 (CH3), 20.7 (CH3), 0.4 (Si(CH3)3).

 195Pt NMR (C6D6): 8 = -3643.15N NMR (30.42 
MHz,, C6D6): 8 = -55 (not coordinated). IR: vc  ̂ = 1949 cm1. MS(FAB): m/z calcd ([M+H] + 

C54H57N4Pt2Si2)) 1207.3412. Found 1207.3402. 

Cw-a,|i2-trimethylsUylethynyl-KC,KN-bis-(A^-4-methoxyphenyl)-isophtalaldimine --

2-yl-platina(ll )) dimer  (5g) 

Compoundd 5g was prepared, analogous to 5e, from 2g (101.6 mg, 0.164 mmol) and lithium 
trimethylsilylacetylidee (2.7 mL of a 0.068 M solution in THF, 0.18 mmol, 1.1 eq). After evaporation 
off  the solvent under reduced pressure, the residue was extracted with a 15 mL of a 1:1 
pentane:dichloromethanee mixture. After evaporation of the solvents under reduced pressure the 
residuee was washed twice with pentane (10 mL) and crystallized by a slow diffusion of pentane into 
aa concentrated dichloromethane solution. Washing of the product with 10 mL of pentane and drying 
inin vacuo yielded 58 mg (0.46 mmol, 55%) of a dark brown solid which was identified by 'H, 13C and 
195Ptt NMR spectroscopy as pure 5g. 220QC decomp. lH NMR (500 MHz, C6D6) 5 = 10.07 (s, 2H; 
tfC=N),tfC=N), 8.96 (d, 37HH = 8 Hz, 2H), 7.42 (s, VHPt = 73 Hz, 2H; HC=N\ 7.42 (d, 37HH = 9 Hz, 4H), 
7.111 (dd, VHH = 8 Hz, 3/HH = 7 Hz, 2H), 7.08 (d, 3/HH = 9 Hz, 4H), 6.99 (d, 37HH = 7 Hz, 2H), 6.82 
(d,, 3JHH = 9 Hz, 4H), 6.77 (d, 37HH = 9 Hz, 4H), 3.37 (s, 6H; OCH3), 3.26 (s, 6H; OCff3), -0.13 (s, 
18H,, Si(Cff3)3).

 13C NMR (126 MHz, C6D6) 8 = 176.9 (C=N-Pt), 164.8 (C=N), 159.2 (COCH3), 
158.44 (COCH3), 153.7 (C-Pt), 148.9 (C-C=N-Pt), 146.0 (C-N=C), 142.2 (C-N-Pt), 141.3 
(C-C=N-C),, 132.5 (CH), 130.8 (CH), 124.6 (CH), 125.9 (CH), 123.5 (CH,) 114.6 (CH), 114.1 (CH), 
1111 (PtCCSi) (PtCCSi not observed), 55.1 (OCH3), 54.8 (OCH3), 0.6 (Si(CH3)3).

 t95PtNMR(C6D6): 
88 = -3640. 15N NMR (30.42 MHz, C6D6): 8 = -133 (coordinated), -57 (not coordinated). IR: vCsC = 
19499 cm"1. MS(FD): m/z calcd ([M] +C54H56N402Pt2Si2) 1271. Found 1271. Anal. Calcd for 
C54H56N402Pt2Si2:: C, 51.01; H, 4.44; N, 4.41. Found: C, 51.02; H, 4.51; N, 4.45. Single crystals 
suitablee for X-ray structure determination were obtained by slow diffusion of pentane into a diluted 
dichloromethanee solution. 

CK-o,^ 2-trimethyIsilylethynyl-KC,KN-bis-(A^-3,5-dimethylphenyl)-isophtalaldimine --

2-yl-platina(ll )) dimer  (5i) 

Compoundd 5i was prepared, analogous to 5e, from 2i (47 mg, 0.077 mmol) and lithium 
trimethylsilylacetylidee (1.35 mL of a 0.068 M solution in THF, 0.092 mmol, 1.2 eq). The yield was 
233 mg (0.018 mmol, 23%) of a orange brown solid which was identified by ]H, 13C and 195Pt NMR 
spectroscopyy as pure 5i. 'H NMR (500 MHz, toluene-d8) 8 = 9.99 (s, 2H; HC=N), 8.95 (d, VHH = 
6.55 Hz, 2H), 7.63 (s, 3JHPt = 74 Hz, 2H; Z/C=N), 7.25 - 7.20 (m, 2H), 6.97 (s, 4H), 6.88 (s, 4H), 6.77 
(s,, 2H), 6.74 (s, 4H), 2.35 (s, 12H, Ctf3), 2.27 (s, 12H, CH3) 0.19 (s, 18H, Si(C//3)3).

 13C NMR (126 
MHz,, toluene-d8) 8 = 177.8 (C=N-Pt), 166.1 (C=N), 154.5 (C-Pt), 153.5 (C), 149.7 (C), 148.9 (C), 
141.7(C),, 138.3(C), 138.2(C), 133.0 (CH), 131.0 (CH), 129.1 (CH), 127.1 (CH), 124.4(CH), 122.9 
(CH),, 119.7 (CH), 112.1 (GC), 111.9 (C=C), 21.2 (CH3), 21.2 (CH3), 0.2 (Si(CH3)3).

 195Pt NMR 
(C6D6):: 8 = -3634. IR: vc =c = 1948 cm1. (HRMS(FAB): m/z calcd ([M+H]+ C37H49N2SiPt) 
1263.4039.. Found 1263.4053. 
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Reactionss in which a mixtur e of 4 and 6 is formed 

Compoundss of type 4 and type 6 are formed in a mixture and are (except for 4k) not obtained pure, 
somee indicative signals are assigned. 'H (300 MHz) and t95Pt NMR both are measured in C6D6. 

Reactionn of 2h and LiOCSiMe3; 4h, 'H NMR: 8 = 7.21 (s, 37HPl = 133 Hz; #C=N). ,95Pt NMR: 5 
== -3440. 6h, 10.47 (s, #C=N), 8.98 (HAr), 7.47 (s, 3JHPe = 68 Hz; 7/C=N). l95Pt NMR: 8 = -3920. 
Reactionn of 2h and LiCsC-p-tolyl; 4h', 'H NMR: 8 = 7.29 (s, VHPt = 133 Hz; //C=N), 2.18 
(2,6-(C//3)-phenyl),, 1.95 (4-(C#3)-phenyl). !95Pt NMR: 5 = -3421. 6h\ 'H NMR: 8 = 10.49 (s, 
HC=N),HC=N), 8.96 (HAr), 7.65 (s, 37HPt = 70 Hz; HC=N), 2.36 (2,6-(C//3)-phenyl), 2.06 
(2,6-(C#3)-phenyl),, 1.99 (4-(C//3)-phenyl). I95Pt NMR: 5 = -3944. 
Reactionn of 2k and LiC^CSiMe3; 6k, 10.46 (s, //C=N), 9.00 (HAr), 7.58 (s, 3/HPt = 68 Hz; #C=N). 
195PtNMR:8=-3916. . 
Reactionn of 2k and LiOC-/?-tolyl; 4k*, 'H NMR: 8 = 7.40 (s, 37HPt = 133 Hz; HC=N). 6k', 10.53 (s, 
HC=N),HC=N), 9.00 (d, 3yHH = 8 Hz; HAr), 7.76 (s, VHP, = 70 Hz; HC=N). 
Reactionn of 21 and LiOCSiMe3; 41, }H NMR: 8 = 4.42 (s, 37HPt = 133 Hz; 7/C=N). I95Pt NMR: 
88 = -3406. 6h, 10.45 (s, HC=N), 8.98 (HAr), 7.62 (s, 3JHPt = 72 Hz; #C=N). 195Pt NMR: 8 = -3915. 

Cw-a-trimethylsilylethynyl-KC^-bis-CA^^-methylphenylJ-isophtalaldimine-l-yl --
pyridine-platina(n )) (7f) 

Too a solution of 5f in C6D6 an excess of pyridine-d5 was added. The quantitative formation of a new 
compoundd was observed, which was identified by lH and 195Pt NMR spectroscopy as the pyridine 
complexx 7f. LH NMR (300 MHz, C6D6) 8 = 11.38 (s, 1H; //C=N), 8.84 (d, 37HH = 7.3 Hz, 1H), 7.74 
(s,, 37HPt = 66 Hz, 1H; #C=N), 7.66 (d, 3JHH = 8 Hz, 2H), 7.05 - 6.96 (m, 2H), 6.45 (d, 3/HH = 8 Hz, 
2H),, 6.37 (d, 37HH = 8 Hz, 2H), 2.14 (s, 3H; CH3), 1.84 (s, 3H; C//3), 0.03 (s, 9H, Si(C//3)3).

 l95Pt 
NMRR (C6D6): 8 = -3672. 

Cw-a-trimethylsilylethynyl-KC,KN-bis-(A^-4-methoxyphenyl)-isophtalaldimine-2-yl --
pyridine-platina(n )) (7g) 

Too a solution of 5g in C6D6 an excess of pyridine was added. In the 'H and 195Pt NMR spectra the 
quantitativee formation of a new compound was observed, which was identified as the pyridine 
complexx 7g. 'H NMR (300 MHz, C6D6) 6= 10.89 (s, 1H; HC=N), 8.82 (d, 37HH = 7.2 Hz, 1H), 8.37 
(d,, 3/HH = 5 Hz, 2H, py), 7.77 (s, V ^ = 67 Hz, 1H; HC=N), 7.74 (d, -VHH = 9 Hz, 2H), 7.03 - 6.98 
(m,, 2H), 6.91 (d, 37HH = 9 Hz, 2H), 6.50 (br s, py), 6.44 (d, 3/HH = 8 Hz, 2H), 6.25 (d, 37HH = 9 Hz, 
2H),, 3.32 (s, 3H; OCH3), 3.14 (s, 3H; OCtf3), 0.03 (s, 9H, Si(C#3)3).

 195Pt NMR (C6D6): 8 = -3670. 
IR:: v c ^ = 2042 cm"1. (HRMS(FAB): m/z calcd ([M+H]+ C32H3402N3SiPt) 715.2070. Found 
715.2077. . 

Cw-a-trimethylsilylethynyl-KC,KN-bis-(Af-4-methoxyphenyl)-isophtalaldimine-2-yl --
2,4,6-collidine-platina(( II ) (7g') 

Too a solution of 5g in C6D6 an excess of 2,4,6-collidine was added. No reaction was observed after 
lh.. After three days at room temperature in the 'H and 195Pt NMR spectra the quantitative formation 
off  a new compound was observed, which was identified as the 2,4,6-collidine complex 7g'. !H NMR 
(3000 MHz, C6D6) 8 = 10.93 (s, 1H; #C=N), 8.93 (br, 1H), 7.79 (d, VHH = 9 Hz, 2H), 7.75 (s, 37HPt = 
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666 Hz, 1H; HC=N), 6.87 (d, ^ = 9 Hz, 2H), 3.30 (s, 3H; OC//3), 3.03 (s, 3H; OCtf3), 0.00 (s, 9H; 
Si(C#3)3).. Some of the signals were obscured by the intense signals of the free collidine. 195Pt NMR 
(C6D6):S=-3659. . 

Cis-a-trimethylsiiylethynyl-KC,KN-bis-(A^-4-methoxyphenyl)-isophtalaldimine-2-yl --

carbonyl-platina(n)) (8g) 

Carbonn monoxide was bubbled through a solution of 5g in C6D6 and subsequently the contents of the 
NMRR tube was heated to reflux for 5 min. In the lH and 195Pt NMR spectra the quantitative formation 
off  a new compound was observed, which was identified as the carbon monoxide complex 8g. lH 
NMRR (300 MHz, C6D6) 8 = 10.65 (s, 1H; #C=N), 8.90 (d, VHH = 8 Hz, 1H), 7.68 (d, 3JHH = 9 Hz> 
2H),, 7.39 (s, 3/HPt = 71 Hz, 1H; #C=N), 6.97 (t, VHH = 7.5 Hz, 1H), 6.89 (d, VHH = 9 Hz, 2H), 6.73 
(d,, 3/HH = 8 Hz, 1H), 6.59 (d, 3JHH = 9 Hz, 2H), 6.46 (d, 3/HH = 9 Hz, 2H), 3.30 (s, 3H; OCH3), 3.14 
(s,, 3H; OC//3), 0.12 (s, 9H, Si(C//3)3).

 195Pt NMR (C6D6): 8 = -3966. 

Reactionn of 5g and triphenylphospine; Formation of 9g, lOg and l l g . 

Too a solution of 5g in C6D6 in an NMR tube was added a solution of 2 equivalents PPh3 in C6D6, in 
portionss of «0.4 equivalent. Directly after the addition and after «30 min the solution was analyzed 
byy means of  lH and 31P NMR spectroscopy. Compound 9g, lOg and l l g were only obtained in a 
mixturee and are identified by indicative signals. 9g: !H NMR (300 MHz, C6D6) 8 = 10.72 (s, 1H; 
CH=N),CH=N), 7.72 (s, Vnpt = 67 Hz; C//=N), 6.34 (d, 37HH = 9Hz> 2H)> 5 % (d> 3^ H H = 9 Hz> 2H>> 3-31 (s> 
3H;; OCH3), 3.08 (s, 3H; OCH3) -0.30 (s, 9H; Si(CH3)3.

3IP NMR (C6D6): 8 = 22.3 (VPPt = 1886 Hz). 
195Ptt NMR (C6D6): 8 = -4142. lOg:  lH NMR (300 MHz, C6D6) 8 = 10.28 (s, 2H; CH=N), 8.10 (d, 
VHHH = 7.8 Hz), 7.55 (d, 37HH = 9 Hz), 3.43 (s, 6H; OCtt3), 3.08 (s, 3H; OCH3) -0.22 (s, 9H; Si(CH3)3. 
31PP NMR (C6D6): 8 = 23.2, 18.0. l lg :  lK NMR (300 MHz, C6D6) 8 = 9.60 (s, 2H; CH=N), 3.42 (s, 
6H;; OCH3), -0.23 (s, 9H; Si(CH3)3.

 31P NMR (C6D6): 8 = 21.5 (!/PPt = 2890 Hz). 195Pt NMR (C6D6): 
88 = -4418. 

C«-c5-trimethylsilylethynyl-KC-bis-(A^-4-methoxyphenyl)-isophtalaldimine-2-yl--

K^KP'-diphenylphospinoethane-platinatnHng) ) 

Too a solution of 5g in C6D6 an excess of diphenylphosphinoethane was added. The quantitative 
formationn of a new compound was observed, which was identified by lH and 31P NMR spectroscopy 
ass 12g. (H NMR (300 MHz, C6D6) 8 = 9.74 (s, CH=N, 2H), 8.10-8.04 (m, 2H), 7.4-6.6 (m), 3.36 (2, 
6H,, OCH3), 1.8-1.5 (broad), 0.00 (s, 9H, Si(CH3)3.

 31P NMR (C6D6): 8 = 43.16 (d, 27PP = 4.5 Hz, 
[[ JJPPlPPl = 2391 Hz), 40.11 d, 2JPP = 4.5 Hz, lJPPt = 1753 Hz). 

rra«5-a-trimethylsilylethynyl-KC,KN-bis-(A^-2,6-diisopropylphenyl) --

isophtalaldimine-2-yi-pyridine-platina(ll )) (13m) 

Too a solution of 4m in toluene-d8 an excess of pyridine-d5 was added. Slowly («1 day), the 
formationn of a new compound was observed, which was identified by lH and 195Pt NMR 
spectroscopyy as the fran-s-diorganoplatinum pyridine complex 13m. 'H NMR (300 MHz, 
toluene-d8/pyridine-d5)) 8 = 8.62 (d, 37HH = 7 Hz, 1H), 7.81 (s, V = 106 Hz, 1H; #C=N), 3.74 
(septet,, 3/HH = 7 Hz, 2H), 2.72 (septet, 37HH = 7 Hz, 2H), 1.62 (d, 3JHH = 7 Hz, 6H), 1.13 (d, 3JHH = 
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77 Hz, 6H), 0.97 (d, 3/HH = 7 Hz, 12H), 0.00 (s, 9H, Si(C//3)3). Some of the signals were obscured by 
signalss of the starting material and the solvent. 195Pt NMR (toluene-d8/pyridine-d5): 8 = -3216. 

Cw-a-trimethylsilylethynyl-KCjKN-bis-CiV^^-diisopropylphenyl) --
isophtalaldimine-2-yl-pyridine-platina(ll)(7m ) ) 

Whilee there was still some starting material present, the NMR tube was heated to 100°C for 1 h, 
duringg which all 4m was converted to 13m, and 13m was quantitatively converted to the 
m-diorganoplatinumm pyridine complex 7m as was inferred from !H and 195Pt NMR spectroscopy. 
»HH NMR (300 MHz, toluene-d8/pyridine-d5) 5 = 10.98 (s, 1H; #C=N), 8.90 (d, 3JHH = 8 Hz, 1H), 
8.088 (s, 3/HPt = 67 Hz, 1H; #C=N), 7.20 - 7.14 (m, 3H), 6.86 - 6.65 (m, 4H), 3.41 (septet, 37HH = 7Hz, 
2H),, 3.26 (septet, 3/HH = 7H, 2H), 1.30 (d, 3JHH = 7 Hz, 12H), 0.86 (d, 3/HH = 7 Hz, 6H), 0.80 (d, 
3/HHH = 7 Hz, 6H), -0.11 (s, 9H, Si(C#3)3).

 195Pt NMR (toluene-d8/pyridine-d5): 8 = -3658. 

7>fl«5-a-trimethylsilylethynyl-KC,KN-bis-(/Y-2,6-diisopropylphenyl)-isophtaIaldiiiiine --
2-yl-carbonyl-platina(ll )) (14m) 

Carbonn monoxide was bubbled through a solution of 4m in C6D6. Slowly (= 1 day), the formation of 
aa new compound was observed, which was identified by JH and I95Pt NMR spectroscopy as the 
fra/w-diorganoplatinumm carbon monoxide complex 14m. lK NMR (300 MHz, C6D6) 8 = 8.52 (s, 
1H),, 8.49 (m, 1H), 7.53 (s, 3JHPt = 95 Hz, 1H; HC=N), 7.07-6.87 (m, obscured by solvent), 3.18 
(septet,, 3JHH = 7 Hz, 2H), 3.08 (septet, 3JHH = 7 Hz, 2H), 1.37 (d, 37HH = 7 Hz, 6H), 1.07 (d, 37HH = 
77 Hz, 12H), 0.93 (d, 3JHH = 7 Hz, 6H), 0.00 (s, 9H, Si(Ctf3)3).

 I95Pt NMR (C6D6): 8 = -4087. IR: vco 

== 2093 cm"1, v c , c = 2062 cm"1. 

Cw-a-trimethylsilylethynyl-KC,KN-bis-(A^-2,6-diisopropyIphenyl)-isophtalaldimine-2 --
yl-carbonyl-platina(ll )) (8m) 

Att room temperature compound 14m (in C6D6) very slowly isomerizes to the trans-
diorganoplatinumm carbon monoxide complex 8m as was inferred from 'H and 195Pt NMR 
spectroscopy.. After 9 days at room temperature the isomerization was approximately 40% complete 
whenn the monitoring of the reaction was stopped, therefore 8m was not obtained pure. 'H NMR (300 
MHz,, C6D6) 8 = 10.90 (s, 1H; #C=N), 9.01 (d, 3/HH = 8 Hz, 1H), 7.60 (s, 3/HPt = 73 Hz, 1H; 7/C=N), 
7.18-6.855 (m, obscured by solvent), 3.33 (septet, 37HH = 7Hz, 2H), 3.15 (2H), 1.28 (d, VHH = 7 Hz, 
12H),, 0.98 (d, 3/HH = 7 Hz, 6H), 0.83 (d, 37HH = 7 Hz, 6H), -0.03 (s, 9H, Si(C//3)3).

 195Pt NMR 
(C6D6):: 8 = -3928. IR: v c o = 2101 cm"1, vc,c = 2058 cm'1. 

Reactionn of 2a and L iOCS iMe3 

Too a solution of 2a (98 mg, 0.23 mmol) in 20 mL of THF was added LiC=CSiMe3 (6.9 mL of a 0.082 
MM solution in THF, 0.56 mmol) dropwise at room temperature. Directly an aliquot was withdrawn 
fromm the reaction mixture, the solvent was evaporated under reduced pressure and the residue was 
extractedd with C6D6, from !H and 195Pt NMR spectroscopic analysis it was concluded that the 
reactionn was not complete. After 2 h an aliquot was withdrawn, the THF was evaporated and the 
residuee was extracted with toluene. The toluene was evaporated under reduced pressure, the residue 
wass washed with pentane and dried in vacuo to yield a red solid which was analyzed by means of  lU 
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andd LH,195Pt HMQC NMR spectroscopy. ]H NMR (300 MHz, C6D6) 6 = 7.24 (s, VHPt = 66 Hz; 

flC=N),flC=N), 6.75 (d, 3JHH = 8 Hz, 1H), 6.70 (d, 3/H H = 8 Hz, 1H), 6.60 (t, VHH = 8 Hz, 1H), 5.97 (s, VHPt 

== 124 Hz, 1H; #C=N), 3.71 (s, VHP( = 18 Hz, 3H; C=N-CH3), 2.92 (s, V ^ < 4 Hz, 3H; ON-CH3) , 

0.744 (s, 9H), 0.44 (s, 9H). 195Pt NMR (C6D6): 5 = -3454. 

Tablee 4-4. Crystal data and details of the structure determination of 4m and 5g. 

4m m 5g g 

Formula a 

FW W 

Crystall  size (mm) 

Crystall  color 

Crystall  system 

Spacee group 

aa (A) 
b(A) ) 

c(A) ) 

aa O 
PO O 

) ) 

V/A 3 3 

z z 

Dcaicc (g/cm3) 

(II  (mm-1) 

sinn (6/X)max (A"1) 

abs.. correction 

transm.. range 

refl.. measd. / unique 

obsd.. refl. (/ > 2.0a(/)) 

parameters s 

RiRi (obs. / all refl.) 

wRwR22 (obs. / all refl.) 

GoF F 

res.. density (e/A3) 

C37H4gN2PtSi i 

743.95 5 

0.38x0.22x0.21 1 

orange e 

triclinic c 

PTT (No. 2) 

9.9706(3) ) 

11.1440(3) ) 

17.3043(5) ) 

82.8786(10) ) 

79.7901(13) ) 

65.0548(10) ) 

1713.14(9) ) 

2 2 

1.442 2 

4.157 7 

0.65 5 

PLATONN (ABST)29 

0.244 - 0.49 

31975/7825 5 

7320 0 

562 2 

0.0198/0.0228 8 

0.0505/0.05400 a 

1.119 9 

-1.10<< 1.14 

C54H56N404Pt2Si2 2 

1271.39 9 

0.21x0.17x0.09 9 

red d 

triclinic c 

PTT (No. 2) 

11.5121(2) ) 

13.4158(3) ) 

16.3824(2) ) 

88.2974(11) ) 

82.1793(11) ) 

84.6873(7) ) 

2495.49(8) ) 

2 2 

1.692 2 

5.697 7 

0.65 5 

PLATONN (MULABS)29 

0.477 - 0.61 

34245/11344 4 

9697 7 

605 5 

0.0280/0.0366 6 

0.06633 / 0.0699 b 

1.042 2 

-1.822 < 1.48 

a.. w = 1 / [cr2(F0
2) + (0.0246P)2 + 0.341 OP] where P = (F„2 + 2Fc

2)/3 
b.. w = 1 / [<J2(F0

2) + (0.0249P)2 + 1.1959P] where P = (F0
2 + 2Fc

2)/3 
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Crystall  structur e determinations 

Dataa collection and cell refinement were carried out on a Nonius KappaCCD diffractometer with 
rotatingg anode, using graphite-monochromated Mo-Ka radiation (k = 0.71073 A) at a temperature 
off  150(2) K. The structures were solved by Patterson methods (DIRDIF-9727) and refined with 
SHELXL-97288 against F2 of all reflections. Non-hydrogen atoms were refined with anisotropic 
displacementt parameters, hydrogen atoms were refined as rigid groups in structure 5g. In structure 
4mm the hydrogens were refined freely with isotropic displacement parameters. Details of the 
structuree determinations are given in Table 4-4. 

Kinetic ss of the conversion of 4f to 5f 

Thee reaction of compound 2f and LiOCSiMe3 was carried out in toluene according to the general 
procedure.. After warming up to room temperature, all the volatiles were evaporated under reduced 
pressuree and the residue was dried in vacuo and was dissolved in a few mL of C6D6 and cyclodecane 
wass added as an internal standard. An NMR tube was loaded with 0.5 mL of this stock-solution and 
wass placed in a NMR spectrometer which was thermostated (e.g. 25°C). The reaction progress was 
followedd by recording a series of  lH NMR spectra in a period of time. In the NMR spectrum suitable 
signalss of the frans-diorganoplatinum compound 4f (SiMe3, 0.30 ppm) the dimeric 
ds-diorganoplatinumm compound 5f (SiMe3, -0.23 ppm) and the internal standard (cyclodecane, 
(CH2)10,, 1.4 ppm) were integrated for quantification. The reaction was followed at 15, 25 and 35 °C. 
Plottingg ln(4f) against time resulted in a lineair curve, which was fitted with the least squares method. 
Forr T = 15 °C the reaction profile was analyzed until completion of the reaction, for T = 25 °C the 
reactionn profile was analyzed until 96% completion of the reaction and for T = 35 °C the reaction 
profilee was analyzed until 75% completion of the reaction. 
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Chapterr  5 

Isophthalaldiminee rhodium(m) compounds 

5.11 Introduction 
Diorganorhodiumm compounds are relevant to investigations concerning catalytic reactions 
andd primary processes involving C-X and C-C bonds.1-2 Many examples of diorganorhodium 
compoundss containing a variety of ligands have been published.3 In this chapter the synthesis 
off  diorganorhodium compounds containing the isophthalaldimine ligand (A, see Figure 5-1) 
iss described. The isophthalaldimine ligand is a covalently bound and meridional coordinating 

Figuree 5-1. 

[D-C-D]]  type ligand (B, see Figure 5-1). Since the first publication concerning a [D-C-D] 
typee ligand, by Moulton and Shaw in 1976, a [P-C-P] ligand having 
bis-(tri-fert-butyl)phosphinee groups as donors,4 this area of organometallic chemistry has 
"ainedd much interest. Investi°ations have focussed on rhodium derivatives of "hosnhine 
[P-C-P]]  ligands,1,5,6 and also rhodium [N-C-N] compounds have been prepared where 'N' 
denotess an amine,7"9 oxazoline,10 pyridine11 or benzimidazole12 donor group. However, 
rhodiumm compounds derived from isophthalaldimines are not known to date. In general, in 
ann isophthalaldimine rhodium(m) compound (B, D = imine) three positions of the 
rhodium(lll)) coordination sphere can be occupied by the K3-(N-C-N) coordinating 
isophthalaldiminee ligand, and two additional positions can be occupied by anions. A sixth 
ligandd may complete the coordination sphere. 
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Organorhodiumm derivatives of [D-C-D] ligands, which are diorganorhodium compounds, 
havee been prepared for [P-C-P] and [N-C-N] ligands. Oxidative addition of CH3CH2I or 
CF3CH2II  to a [P-C-P]-Rh(l) compound resulted in the corresponding Rh(lII) alkyl 
compounds.13144 Milstein et al. have investigated the activation of the [P tC^ -C^^P] 
bond,, which also leads to [P-C-P]-rhodium-alkyl compounds (see Scheme 5-1).1315 Kaska 
andd coworkers found that the (unintended) intramolecular C-H activation of the ferf-butyl 
phosphinee substituent of their [P-C-P] compound can lead to a diorganorhodium compound.6 

Forr the 2,6-bis(dimethylaminomethyl)phenyl [N-C-N] ligand, methyl and ethyl rhodium(lll) 
derivativess have been described,8 which were prepared via transmetallation (with AlMe3 or 
AlEt3)) or by oxidative addition (of Mel). 

R2PP R' PR2 
[RhL2CI]2 2 

*--
R'' = Me, Et 
LL = Alkene 

Schemee 5-1. 

R2P—Ff1—PR2 2 

Thee synthesis of isophthalaldimine rhodium(lll) compounds, in particular organorhodium(m) 
derivativess will be described. Suitable precursors for the synthesis of organorhodium(lll) 
derivativess of the isophthalaldimine ligand will be the isophthalaldimine rhodium(ffl) 
dihalidee compounds. Similarly to the description in previous chapters, for palladium(n) and 
platinum(ll),, transmetallation by e.g. dimethylzinc may lead to the diorganorhodium(in) 
compoundss of type D (see Scheme 5-2). In the isophthalaldimine rhodium(lll) organo 

% - ™ - N ' R R 

R'M M 

CC V ^ D 

Schemee 5-2. Expected transmetallation of a rhodium(m)dihalide compound and R'M 

compounds,, the geometry at rhodium is expected to be square pyramidal, analogous to the 
compoundss described previously.8-15 
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5.22 Synthesis of isophthalaldimine rhodium(m) halide 
compounds s 

5.2.11 Ligand synthesis 
Thee required isophthalaldimine ligands; i.e. 2-bromo-isophthalaldimines (1) and 

2-iodo-isophthalaldiminee (2) are easily prepared via a condensation of a 

2-halo-isophthalaldehyde,, with a primary amine, as described in Chapter 2 and 3 (see 

RNH2 2 

3A A 

Schemee 5-3. 

Schemee 5-3 and see Table 5-1). 2-Bromo-isophthalaldehyde is prepared from 

2-bromo-m-xylenee (see Chapter 2), 2-iodo-isophthalaldehyde (6) is prepared in four steps 

fromm 2-bromo-isophthalaldehyde (3), see Scheme 5-4. The aldehyde moieties of 3 were 

HO O 

OH H 

Schemee 5-4. 

protectedd by conversion to a 2-bromo-diacetal 4 by condensation with ethylene glycol in 

toluene.. Compound 4 was lithiated with «-BuLi at low temperature and converted to a 

2-iodo-diacetall  (5, not depicted) by reaction with iodine. After deprotection, 

2-iodo-isophthalaldehydee (6) was isolated. 

Tablee 5-1. 

Suffix x 

a a 

b b 

c c 

Iminee substituent 

methyl l 

isopropyl l 

tert-butyl tert-butyl 

yieldd of 1 

80" " 

95b b 

88a a 

yieldd of 2 

--

86% % 

--

a.. The synthesis of this compound is described Chapter 3. 

b.. The synthesis of this compound is described Chapter 2. 
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5.2.22 Oxidative addition of 2-haIo-isophthalaldimines to Rh(i) chloride 
precursors s 

OxidativeOxidative addition of 2-bromo-isophthalaldimines to a Rh(l) precursor 
Analogouss to the synthesis of isophthalaldimine palladium(ll) and platinum(ll) compounds 
(Chapterr 2 and 3), the synthesis of the isophthalaldimine rhodium(m) compounds was 
attemptedd via oxidative addition of a 2-bromo- or 2-iodo-isophthalaldimine to a Rh(l) 
precursor.. After several preliminary experiments [Rh(coe)2Cl]2

 f appeared to be a suitable 
precursor.. The oxidative addition reaction between lb (R = isopropyl) and [Rh(coe)2Cl]2 is 
shownn in Scheme 5-5. Analysis of the reaction mixture by means of 'H NMR spectroscopy 

ff  X v l J 
III I Y l l 

vacuum m 

7b b 

8b b 

9b b 

X X 

CI I 

Br r 

Br r 

Y Y 

CI I 

CI I 

Br r 

Schemee 5-5. 

revealedd the presence of three compounds in a 1:2:1 ratio due to the redistribution of the 
halides.. The purification of the products from unreacted isophthalaldimine ligand and 
liberatedd cyclooctene was easily accomplished by washing with diethyl ether or pentane. The 
combinedd yield of 7b, 8b and 9b was 91 %. 

Inn the 'H NMR spectrum, the three compounds give distinct signals for the imine protons and 
showedd a coordination induced shift of 0.3 to 0.4 ppm, which points at their coordination, 
nextt to the appearance of the signals which was a doublet, due to the VC'H.^Rh) of 3 to 4 
Hz.. From these observations it was concluded that all three compounds were (similar) 
isophthalaldiminee rhodium compounds. Evidence was obtained from a 2D 'H'^Rh NMR 
spectrumm of the mixture of compounds, which unequivocally showed that each of the three 
resonancess correlates with an individual  I03Rh resonance {vide infra). 

Singlee crystals of a 1:2:1 mixture of 7b, 8b and 9b could be obtained from a THF solution 
andd from an X-ray structure analysis it appears that the halide distribution is approximately 
50%% chloride vs 50% bromide and that a THF molecule coordinates to the rhodium atom. 

t .. coe = cyclooctene 
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Thiss THF is absent when 7b, 8b and 9b were isolated and dried in vacuo. Becausee of the 
similaritiess in the halide distribution between compound 8b and this structurally 
characterizedd THF complex, it will be referred to as 8b'THF. The crystal structure of 
8b'-THFF will be described in detail later on in this chapter. 

Thee C2v symmetry of 7b and 9b is apparent from the isopropyl methyl signals in their 'H and 
13CC NMR spectra (in CD3OD), while 8b has Cs symmetry. Taking into account the 1:2:1 ratio 
off  the compounds, this adds up to four methyl signals of equal intensity in both the JH and 
thee 13C NMR spectrum. The appearance of the three compounds 7b, 8b and 9b in a 1:2:1 ratio 
iss in agreement with the expected statistical distribution of the available equimolar amounts 
off  chloride and bromide. The exchange may occur either via dissociation and statistical 
re-associationn of the halides or via intermolecular contacts via bridging halides.9 

Thee oxidative addition to give a mixture of 7b, 8b and 9b proceeded smoothly at room 
temperaturee (full conversion in 2 days). However, the reaction proceeded faster and cleaner 
att 60°C, there was very littl e decomposition of the rhodium(l) precursor and nearly full 
conversionn was obtained in 3h. For la (R = methyl, 86%) and lc (R = tert-butyl, 91%) an 
analogouss reaction at 60°C resulted in the formation of isophthalaldimine rhodium(lll) 
compounds,, as a mixture of three compounds, similar to the case for the oxidative addition 
off  lb. 

OxidativeOxidative addition of a 2-iodo-isophthalaldimine to a Rh(l) precursor 

Nextt to the oxidative addition reaction in the C-Br bond of the 2-bromo-isophthalaldimine 
ligands,, also an oxidative addition of the C-I bond of 2-iodo-isophthalaldimine 2b to 
[Rh(coe)2Cl]22 was investigated, see Scheme 5-6. The composition of the product mixture 

LL = coe, ethene 

Schemee 5-6. 

7b b 

10b b 

11b b 

X X 

CI I 

I I 

I I 

Y Y 

CI I 

CI I 

I I 

wass similar to that for the 2-bromo-isophthalaldimine ligands. Three different 
isophthalaldiminee rhodium(m) compounds (7b, 10b and l ib ) were also formed in a 1:2:1 
ratioo in this case. In the 2D 1H,103Rh NMR spectrum of the mixture three 103Rh resonances, 
originatingg from three individual  103Rh nuclei, were found (vide infra). Next to 
[Rh(coe)2Cl]2,, for 2b also [Rh(ethene)2Cl]2 was investigated as Rh(l)Cl precursor, for both 
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precursorss the same product mixture (7b, 10b and l ib ) was obtained and no influence of the 

precursorr was found. 

Whereass the oxidative addition is successful for la-c, it has previously been published that 

ann analogous reaction of the 2-bromo-bis(dimethylaminomethyl)phenyl ligand was 

unsuccessful.99 In contrast, in that case the cyclometallation of the parent ligand by 

RhCl3-3H20,, was successful and resulted in a bis(dimethylaminomethyl)phenyl rhodium 

dichloridee aqua complex.9 However, we found that this route was unsuccessful for the parent 

bis(iV-isopropyl)isophthalaldiminee ligand. 

5.2.33 Synthesis of homoleptic isophthalaldimine rhodium(lll) dihalide 
compoundss via halide exchange 

Too convert the reaction product mixture of 7b-9b (R = isopropyl, X,Y = CI, Br), containing 

threee different isophthalaldimine rhodium(in) compounds into one well defined compound, 

thee chloride anions were exchanged for bromides by adding an excess of NaBr to the mixture 

7b-9bb dissolved in acetone. After stirring over night, the solvent was evaporated and the 

residuee was extracted with chloroform, which was subsequently evaporated in vacuo. The 

productt was analyzed by means of  lE NMR spectroscopy, which showed that the exchange 

wass not complete. After a second exchange reaction and a recrystallization from CHC13 in 

air,, the pure isophthalaldimine rhodium(lll) dibromide aqua complex (9bH20) was obtained, 

seee Scheme 5-7. The water molecule originates from the air during the crystallization from 

Rrr  0 H 2 

1)) NaBr/acetone 

2)) CHCI3 in air 

7b-9b b 
Schemee 5-7. Halide exchange reaction 

9b-HP0 0 

CHCI3.. The product 9bH20 was obtained as crystals which were suitable for a single crystal 

X-rayy structure analysis (vide infra). 

NaBr r 

Acetone e 

7c-9c c 

Schemee 5-8. Halide exchange reaction 

Whenn the chlorides in 7c-9c (R = terf-butyl, X,Y = CI, Br) were exchanged for bromides in 

ann analogous double sequential exchange reaction (see Scheme 5-8), the isophthalaldimine 

rhodium(lll)) dibromide compound (9c) could be obtained in pure form. Compound 9c was 
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nott a six-coordinated water complex but a five-coordinated rhodium compound, as was 
concludedd from the elemental composition which was much closer to the five-coordinated 
thann the six-coordinated specieŝ 

Whenn the isophthalaldimine Rh(Ill) bromide/chloride product mixture 7b-9b (R = isopropyl) 
wass subjected to an analogous double exchange reaction with sodium iodide in acetone, the 
fivefive coordinate isophthalaldimine Rh(ffl) diiodide compound (lib ) was obtained pure.* 

Attemptss to exchange the chlorides in 7a (R = methyl) did not result in a pure dibromide 
compound,, a small amount of chloride remained present after two sequential exchange 
reactionss with NaBr. The reaction was hampered by the low solubility of compound 7a. 
Attemptss to exchange the bromides in 7b (R = isopropyl) to chlorides via an analogous 
reactionn with NaCl in acetone were unsuccessful. Generally, substituting a halide for one 
withh lower atomic number is unfavorable.16 

Tablee 5-2.103Rh NMR spectroscopic data, measured in CD3OD 

Compound d 

7a a 

8a a 

9a a 

7b b 

8b b 

9b b 

10b b 

l i b b 

7c c 

8c c 

9c c 

R R 

methyl l 

methyl l 

methyl l 

isopropyl l 

isopropyl l 

isopropyl l 

isopropyl l 

isopropyl l 

tert-buty\ tert-buty\ 

tert-bulyl tert-bulyl 

tert-butyl tert-butyl 

X X 

CI I 

Br r 

Br r 

CI I 

Br r 

Br r 

I I 

I I 

CI I 

Br r 

Br r 

Y Y 

CI I 

CI I 

Br r 

CI I 

CI I 

Br r 

CI I 

I I 

CI I 

CI I 

Br r 

5103Rh h 

3888 8 

3733 3 

3569 9 

4185 5 

4027 7 

3862 2 

3674 4 

3176 6 

4587 7 

4374 4 

4107 7 

103103RhRh NMR spectroscopic data 

Inn Table 5-2, the 103Rh NMR data of the prepared compounds have been assigned. This 
assignmentt is based on comparison of product mixtures 7b, 8b, 9b and 7b, 10b, l i b and on 
thee pure compounds formed in halide exchange reactions. The different halide surrounding 
off  the rhodium in compounds 7 - 11 is reflected in their 103Rh chemical shift and is 
accordancee with a previously found trend.17 

t.. Composition calculated for 9c, C: 37.97, H: 4.58, N: 5.54, found C: 38.03, H: 4.54, N: 5.47, whereas calculated for 
9cc H20, C: 36.67, H: 4.81, N: 5.35. 

X-X- Composition calculated for l i b C: 29.40, H: 3.35, N: 4.90, found: C: 29.25, H: 3.42, N: 4.80, whereas calculated for 
Ub-H20,, C: 28.50. H: 3.59, N: 4.75. 
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a)) b) 

Figuree 5-2. a) Displacement ellipsoid plot of 8b'THF with ellipsoids drawn at the 50% probability 
level,, the cocrystallized molecules of THF are omitted for clarity. 
b)) Displacement ellipsoid plot of 9bH20 with ellipsoids drawn at the 50% probability level. 
Inn both structures the hydrogen atoms are omitted for clarity 

X-rayX-ray crystal structure determinations of 8b 'THF and 9bH20 

Thee molecular structures of 8b'THF and 9 b H20 are presented in Figure 5-2a and 

Figuree 5-2b, respectively, selected bond lengths and angles are presented in Table 5-3. The 

crystall  structure of 9 b H20 has space group C2/c and a two-fold symmetry axis through O(l), 

Rh(l),, C(l) and C(4); consequently both sides of the molecule (in Figure 5-2b, the left and 

rightright hand sides) have the same bond lengths and angles. In both crystal structures of 

8b 'THFF and 9bH20, the Rh has a distorted octahedral surrounding with an oxygen atom of 

aa THF-molecule or a water molecule occupying the sixth position, respectively. The 

distortionn is merely caused by the N-Rh-N angle of 159.64(9)° for 8b'THF and 159.36(8)° 

forr 9 b H20, respectively, which deviate severely from 180°. This small angle is caused by 

geometricc constraints of the isophthalaldimine ligand (adjacent five- and six-membered 

rings)) and this angle is comparable to the N-M-N angles found in the square planar Pd(ll) 

(157.01(6)°° - 158.34(14)°) and Pt(n) (157.21(9)° - 160.0(6)°) complexes described in 

Chapterss 2, 3 and 4. The other bond lengths and angles in 8b'THF and 9bH20 do not deviate 

significantly.. The structures of 8b'THF and 9 b H20 are also comparable to a variety of 

structuress of rhodium(lll) dihalide compounds of the bis(oxazolinyl)phenyl ligand.18 In these 

structuress the N-Rh-N angles vary from 155.9° to 161.0°, the N-Rh bond lengths vary from 

2.044 A to 2.12 A, and the C-Rh bond lengths vary from 1.89 A to 1.97 A. The values obtained 

forr 8b 'THF and 9bHzO are within these ranges. Compared to a trans rhodium dichloride 

aquaa complex of the bis(dimethylaminornethyl)phenyl ligand (163.1(1 )°),9 the N-Rh-N angle 

iss smaller in 8b' (159.64(9)°) and 9bH20 (159.36(8)°). This is due to the strain caused by 
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Tablee 5-3. Selected bond lengths (A) and angles (deg) for 8b*THF and 9b-H20 

Compound8b'' THFa Compound9b H2O
b 

Rh(l)-Cl(l)/Br(l ) ) 

Rh(l)-Cl(2)/Br(2) ) 

Rh(l)-N(l) ) 

Rh(l)-N(2) ) 

Rhd)-O( l) ) 

Rh(l)-C(l) ) 

N(l)-C(7) ) 

N(2)) - C(8) 

0(1)-C(18) ) 

0(1)-C(15) ) 

N(l)-Rh(l)-N(2) ) 

N( l ) -Rh( l ) -C( l ) ) 

N(2)) - Rh(l) - C(l) 

0(1)-Rh(l)-N(2) ) 

0(1)-Rh( l ) -N( l) ) 

Cl(l)Br(l)-Rh(l) --

Cl(l)Br(l )) - Rh(l) -

Cl(l)/Br(l)-Rh(l) --

Cl(l)/Br(l)-Rh(l) --

0(1)-Rh( l ) -C( l) ) 

Rh(l)) - 0(1) - C(15) 

Rh(l)-0(1)-C(18) ) 

C(15)-0(l)-C(18) ) 

N(l) ) 

N(2) ) 

Cl(2)/Br(2) ) 

C(l) ) 

2.4332(4) ) 

2.4185(4) ) 

2.100(2) ) 

2.058(2) ) 

2.3579(19) ) 

1.898(2) ) 

1.293(3) ) 

1.291(4) ) 

1.432(4) ) 

1.440(4) ) 

159.64(9) ) 

79.55(10) ) 

80.09(10) ) 

96.18(8) ) 

104.18(8) ) 

91.23(6) ) 

88.70(6) ) 

178.196(16) ) 

90.72(7) ) 

176.13(9) ) 

126.41(19) ) 

125.42(19) ) 

107.3(2) ) 

Rh(l)-Br(l) ) 

Rh(l)-N(l) ) 

Rh(l)-OO) ) 

Rh(l)-C(l) ) 

N(l)-C(5) ) 

n.a. . 

N( l ) -Rh( l ) --

N( l ) -Rh( l ) --

Od) -Rh( l )--

Br(l)-Rh(l) ) 

Br(l)-Rh(l) ) 

Br(l)-Rh(l) ) 

0(1)-Rh(l)--

n.a. . 

n.a. . 

n.a. . 

N(l)a a 

C(l) ) 

N(l ) ) 

-N(l ) ) 

-Br(l)a a 

-C(l) ) 

C(l) ) 

2.4716(2) ) 

2.0792(15) ) 

2.306(2) ) 

1.904(2) ) 

1.295(2) ) 

159.36(8) ) 

79.68(4) ) 

100.32(4) ) 

86.85(4) ) 

175.941(11) ) 

92.030(5) ) 

180 0 

a.. The halogen position by a mixture of Br and CI. 

b.. Symmetry operation a: 1-x, y, 0.5-z. 

thee five- and six-membered adjacent rings. The Rh-N bond lengths are much shorter in 
8b'THFF and 9bH20; 2.058(2) A - 2.100(2) A compared to the values published previously; 
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2.152(3)) A - 2.160(3) A.9 In the structure of 8b*THF, the Rh(l), C(l), N(l) , N(2) and O(l) 

atomss form a perfect plane, the sum of cis angles around the Rh(l) amounts to 360.0°. In 

9 b H2 00 this plane is virtually flat as a consequence of the two-fold symmetry. 

Inn the structure of 8b'THF, the halides Cl(l)/Br(l ) and Cl(2)/Br(2) are in substitutional 

disorder.. The five- and six-membered rings of the isophthalaldimine-rhodium plane are each 

almostt planar. For the Rh(l), N(l) , C(l), C(6), C(7) plane, the largest deviation is 0.007(2) 

A,, for the Rh(l), N(2), C(l), C(2), C(8) plane this is 0.021(2) A, for the aryl ring, the largest 

deviationn is 0.010(2) A. These three planes are almost coplanar, the angles between the first 

andd the second is 1.41(11)°, between the first and the third 2.85(12)° and between the second 

andd the third 1.98(12)°. In the coordinating THF molecule in 8b' THF, the coordinating 

oxygenn atom is virtually coplanar with its surrounding atoms (Rh(l), C(15) and C(18)), the 

summ of cis angles around 0(l) is359.11°. This coplanarity and the puckering of the THF-ring 

resultss in a tilted coordination of the THF molecule. The angle of the least squares plane of 

thee THF molecule and the Rh-O bond is 24.0(2)°. In the molecular structure of 8b'THF, 

theree is a small difference in Rh-N lengths, however this can originate from the tilted 

coordinationn of the THF. At the moment of writing nine examples are known of end-on 

coordinationn of THF to rhodium(lll),19 and one example of coordination to rhodium(I).20 

Comparedd to these structures, the angles of the coordinated THF molecule in 8b'THF have 

normall  values. In the crystal of 8b'THF, for each molecule of 8b' THF there are 1.5 

moleculess of THF cocrystallized, in the unit cell, there are four molecules of 8b'THF and six 

moleculess THF of which two are disordered. 

Figuree 5-3. Different views of the hydrogen bonds the crystal structure of 9b, b) view on the ac plane 
acrosss the b axis. Hydrogen bonds are indicated with dashed lines. 

126 6 



Rhodium Rhodium 

Alsoo in the structure of 9bH20, the five- and six-membered rings in the 
isophthalaldimine-rhodiumm plane are each almost planar. For the Rh(l), N(l), C(l), C(2), 
C(5)) plane, and for the Rh(l), N(l)a, C(l), C(2)a, C(5)a plane, the largest deviation is 
0.013(3)) A, for the aryl ring, the largest deviation is 0.007(2) A. These three planes are almost 
coplanar,, the angles between the first and the second is 0.13(8)°, between the first and the 
thirdd and between the second and the third 0.33(9)°. In the structure of 9bH20, the water 
moleculee forms hydrogen bonds with bromo atoms of two adjacent molecules in the crystal, 
thiss is depicted in Figure 5-3. The hydrogen bond lengths and angles are given in Table 5-4. 
Inn this way infinite zigzag chains are formed in the direction of the c axis. The hydrogen 
bondss in 9b are similar to hydrogen bonds between O-H and CI moieties in a trans 
bis(dimethylaminomethyl)phenyl-RhCl2(H20)) compound published previously.9 

Tablee 5-4. 

hydrogenn bonds 

D - H - AA D - A ( A ) D-H, A H - A, A Z D - H - A, deg 

0(1)-H(10)-Br( l)) 3.4462(12) 0.81(2) 2.64(2) 173(3) 

5.33 Reaction of isophthalaldimine rhodium(in) compounds 
withh additional ligands 

Inn most of the isophthalaldimine rhodium(lll) dihalide compounds described so far, the 
rhodiumm center is five-coordinated. The available position in these rhodium compounds can 
bee occupied by a THF or a water molecule, as was seen in the crystal structure of 8b'THF 
andd 9b-H20, respectively. When pyridine was added to the isophthalaldimine rhodium(ffl) 
dihalidee compounds, immediately the pyridine adducts were formed. This was accomplished 
inn an NMR tube, and the pyridine(-d5) complexes formed were identified by means of 'H and 
103Rhh NMR spectroscopy. The reaction of the five-coordinate 9b and pyridine is depicted in 
Schemee 5-9. From the observed equivalence of the methyl group of the isopropyl groups in 

Schemee 5-9. 

thee 'H NMR spectrum it was derived that the pyridine(-d5) occupies the position trans to the 
ipsoipso aryl carbon, similar to the THF molecule and water molecule in 8b'THF and 9bH20, 
respectively. . 
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Whenn compound 9b was reacted with triphenylphosphine, the phosphine complex 13b was 

obtained.. The complex geometry could be derived from the 'H and 13C NMR spectra. In 

contrastt to 9bH20 and the pyridine complex described above, in which the isopropyl methyl 

groupss are equivalent due to the apical coordination of both bromides, in the PPh3 complex, 

theyy are not. From this inequivalence it was derived that the triphenylphosphine is 

coordinatingg apically and that one bromide has moved to an equatorial position, see 

Schemee 5-10. This configuration apparently is thermodynamically more stable than an 

equatoriall  coordination of the PPh3, caused by steric reasons and the strong mutual trans 

influencee of both the aryl ring and the phosphine molecule. 

Schemee 5-10. 

Inn the 13C NMR spectrum of 13b, the ipso Rh-C carbon was not observed, probably this 

rhodiumm coupled signal was of very low intensity due to the additional  27(31P,13C) coupling. 

Unfortunately,, for this compound no correct elemental analysis could be obtained due to the 

cocrystallizationn of various amounts of solvent. For this compound its structure was 

unambiguouslyy proven by an X-ray crystal structure analysis. In the crystal there are two 

independentt complex molecules present, which differ significantly in their conformations. 

Thee two conformations of the PPh3 complex 13b are depicted in Figure 5-4, selected bond 

lengthss and angles are presented in Table 5-5. 

Forr both conformations, the bond lengths and angles have normal values, and compared to 

8b'TH FF and 9bH20 these values are similar, except for the C-Rh bonds, which are slightly 

longerr in 13b. As a consequence, the N-Rh-NN angles are smaller in 13b (1.923(2) A, 1920(2) 

AA and 157.23(7)°, 158.37(8)°) compared to 8b'TH F (1.898(2) A, 159.64(9)°) and 9b H 20 
(1.904(2)) A; 159.36(8)°). As in the structures of 8b'TH F and 9bH20, in 13b the five- and 

six-memberedd rings in the isophthalaldimine-rhodiurn plane are almost planar and coplanar. 

Thee Rh(n)-Br(ln) bond length is much longer (2.6545(3) A and 2.6450(3) A) than the 

Rh(n)-Br(2n)) bond length (2.5311(3) A and 2.5260(3) A), which is in agreement with the 

strongg trans influence of the carbon ligand, compared to the phosphine ligand. 

7C-7TT interaction 

Whenn viewing the molecules of 13b down the P(n) - Rh(n) - Br(2n) axis (Figure 5-4), it can 

clearlyy be seen that in residue 2 there is a superposition of two phenyl rings (one of the 

isophthalaldiminee ligand and the other of the PPh3 ligand) which exhibit some 7t-stacking. 

Thee distance between the ring centroids is 3.4860(17) A, the angle between the rings is 
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Figuree 5-4. Left: Displacement ellipsoid plots of the two conformations of 13b with ellipsoids drawn at 
thee 50% probabilityy level. Right: Views across the N(ln) - N(2n) line. 
Hydrogenss are omitted for clarity 

18.92(15)°,, whereas these values are 3.8926(15) A and 23.62(15)° in residue 1. The 
7i-7tt interaction in residue 2 results in a tilting of the triphenylphosphine ligand towards the 
aryll  ring of the isophthalaldimine ligand. For residue 1, having no or littl e 7t-interaction, the 
Rh(l)-P(l)-C(151)) angle (a, see Figure 5-4) is 113.36(8)°, whereas for residue 2 the 
Rh(2)-P(2)-C(152)) (a) angle is 109.61(9)°. The Rh(n)-P(n)-C(15n) angle shows an opposite, 
butt much smaller change. This angle is 90.48(6)° for residue 1, and 92.11(7)° for residue 2. 
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Anotherr indication for the alignment of the aryl ring of the isophthalaldimine ligand and the 
nearbyy phenyl ring of the triphenylphosphine ligand, is the torsion angle between the 
Rh(n)-C(ln)) and the P(n)-C(15n) bond. For residue 1 the Rh(l)-C(l 1)-P(1)-C(151) angle is 
-26.98(14)°,, for residue 2, in which the n-n interaction causes a better alignment, the 
Rh(2)-C(12)-P(2)-C(152)) angle is -5.77(17)°. 

Tablee 5-5. Selected bond lengths (A) and angles (deg) for 13b 

Rh(n)) - Br(ln) 

Rh(n)) - Br(2n) 

Rh(n)) - P(n) 

Rh(n)-C(ln) ) 

Rh(n)-N(ln) ) 

Rh(n)) - N(2n) 

N(ln)-C(7n) ) 

N(2n)) - C(8n) 

N(ln)-Rh(n)-N(2n) ) 

Br(2n)) - Rh(n) - P(n) 

Br(ln)-Rh(n)-C(ln) ) 

Br(ln)-Rh(n)-Br(2n) ) 

P(n)-Rh(n)-C(ln) ) 

N(ln)-Rh(n)-C(ln) ) 

N(2n)-Rh(n)-C(ln) ) 

Br{ln)-Rh(n)-N(ln) ) 

P(n)-Rh(n)-N(ln) ) 

Br(2n)-Rh(n)-N(ln) ) 

Br(2n)-Rh(n)-C(ln) ) 

Rh(n)-P(n)-C(15n) ) 

C(7n)-N(ln)-C(12n) ) 

C(8n)) - N(2n) - C(9n) 

Residuee 1 

2.6545(3) ) 

2.5311(3) ) 

2.3169(6) ) 

1.923(2) ) 

2.104(2) ) 

2.113(2) ) 

1.297(3) ) 

1.292(3) ) 

157.23(7) ) 

177.962(18) ) 

176.28(7) ) 

90.496(9) ) 

90.48(6) ) 

78.57(9) ) 

79.25(9) ) 

104.83(5) ) 

92.72(5) ) 

85.46(5) ) 

88.25(6) ) 

113.36(8) ) 

118.3(2) ) 

119.5(2) ) 

Residuee 2 

2.6450(3) ) 

2.5260(3) ) 

2.3155(6) ) 

1.920(2) ) 

2.0739(19) ) 

2.1023(19) ) 

1.301(3) ) 

1.293(3) ) 

158.37(8) ) 

175.630(18) ) 

170.53(7) ) 

85.981(10) ) 

92.11(7) ) 

79.24(9) ) 

79.24(9) ) 

102.07(6) ) 

89.94(6) ) 

86.50(6) ) 

84.74(7) ) 

109.61(9) ) 

120.2(2) ) 

119.5(2) ) 

Itt can also be seen in Figure 5-4 that in residue 2 Br(12) is bending away from the phosphine 
ligand,, in this residue, the Br(12)-Rh(2)-C(12) angle is 170.53(7)°, while in the other residue 
thiss angle is closer to linear, 176.28(7)°. This deviation is probably caused by sterical 
hindrancee between this bromide and the C(262)-H(262) and C(282)-H(282) bonds. The Br-H 
distancess are 2.6699 A and 2.7421 A, respectively. 
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5.44 Synthesis of isophthalaldimine rhodium(lli) 
(methyl)(halide)) compounds 

Whenn the isophthalaldimine rhodium(m) dihalide compounds were subjected to a 
transmetallationn with dimethylzinc at room temperature, isophthalaldimine rhodium(m) 
(methyl)(halide)) compounds were formed (Scheme 5-11). When the isophthalaldimine 
rhodium(lli)) dibromide aqua complex 9bH20 (R = isopropyl) was used, compound 14b was 
obtained.. It is noteworthy that, when the isophthalaldimine rhodium(ffl) bromide/chloride 
mixturee 7b-9b was applied in a similar transmetallation, 14b was the only compound 
obtained,, as inferred from 'H and 103Rh NMR spectroscopic analysis, albeit in lower yield. 

II Br/CI Br j j Me^j 

Schemee 5-11. 

Inn the lH NMR spectrum of 14b, the diasteretopic isopropyl methyl groups show two 
doublets.. At 298K (CDC13, 500 MHz), the CH3C//CH3 and the Rh-C//3 protons give broad 
signals,, which are sharp at 313K, for the latter signal, the 3/(1H,103Rh) coupling was 2 Hz. In 
thee 13C NMR spectrum of 14b, the resonances of Rh-C;pi0 and Rh-CH3 were not assigned due 
too their broadness (298K, CDC13, 126 MHz). Also the C-N carbon gave a broadened signal 
andd no 2/(13C,103Rh) coupling could be determined. For the CH3CHCH3 groups, the 
indicatedd carbons gave broadened signals; the broadening of these signals is probably due to 
hinderedd rotation of the isopropyl groups. 

Whenn the isophthalaldimine rhodium(ill) iodide/chloride mixture 7b, 10b and l i b 
(RR = isopropyl) was treated with dimethylzinc in a similar reaction, the isophthalaldimine 
rhodium(ffl)(rnethyl)(iocfoie)) compound 15b (not depicted) was obtained. However, as 
inferredd from 'H and 103Rh NMR spectroscopic analysis, a small amount of starting material 
wass present, which was identified as the isophthalaldimine rhodium(m) diiodide compound 
l ib ,, which apparently is quite unreactive towards dimethylzinc. For 15b, the Rh-Cipso gave 
aa sharp signal with a ' /(^C'^Rh) coupling of 30 Hz, while the Rh-CH3 signal was 
broadenedd (at 298K, CDC13, 126 MHz). 

Inn the analogous transmetallation reaction of 7c-9c (R = tert-butyl) both bromide and 
chloridee substitution took place resulting in a 1 to 4 ratio of the isophthalaldimine 
rhodium(lll)) (methyl)(chloride) (16c) and the isophthalaldimine rhodium(lll) 
(methyl)(bromide)) (14c) compounds, respectively. The latter could be obtained pure from a 
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Schemee 5-12. 

transmetallationn reaction starting from pure isophthalaldimine rhodium(m) dibromide 9c, as 

wass supported by 103Rh NMR spectroscopy and an elemental analysis. 

Thee trend observed in the 103Rh chemical shifts of the isophthalaldimine 

rhodium(ni)(methy])(halide)) compounds 14-16 is: CI > Br > I, and follows the nephelauxetic 

series,, as was found previously.17 

Compoundss 14 and 15 are air stable in the solid state, but decompose very slowly in solution 

too unidentified products. No reductive CaryfCmethyl coupling was observed. 

X-rayX-ray crystal structure determination of 14c 

Forr 14c its molecular structure was determined by an X-ray crystal structure analysis. In the 

crystall  of 14c there are two independent molecules present, which differ significantly in their 

conformations.. These are depicted in Figure 5-5, selected bond lengths and angles are given 

inn Table 5-6. In both conformations, the five-coordinate rhodium center has a coordination 

geometryy which is in between a trigonal bipyramid and square pyramid. For the first 

conformation,, the distortion along the Berry pseudorotation coordinate, from a trigonal 

bipyramidd towards a square pyramid, is 47.3%, for the second, this is 52.8%. The distortion 

fromm a square pyramidal geometry is merely caused by the position of the bromide below the 

squaree pyramidal basal plane (defined by Rh, N(l) , N(2), C(17) and Br(l)), this positioning 

iss dictated by the strong trans influence of the methyl group21 and steric hindrance between 

thee imine-terf-butyl groups and the bromide. The latter can clearly be seen in the space filling 

modelss of the structures, depicted in Figure 5-5. A liftin g of a halide out of the coordination 

planee was also observed in Chapter 2 for the ferr-butyl substituted isophthalaldimine 

palladium(ll)) chloride compound and also by Vrieze et al in rhodium(I)chloride complexes 

off  TV-substituted 2,6-bis(imino)pyridines.22 

Thee difference in geometry around the rhodium in both conformations, which is caused by 

packingg effects, is clarified by the views along the N(l)-N(2) lines, depicted in Figure 5-5. In 

bothh conformations the rhodium bound methyl group is a position cis to the aryl group; the 

C(l)-Rh-C(17)) angle is 86.7(4)° in the first and 90.9(5)° in the second conformation, 

respectively.. The position of the bromide in the two conformations differs more; in the 

secondd conformation, the C(l)-Rh-Br angle is significantly smaller (106.3(5)°) compared to 

thee first conformation (112.5(4)°). As a result, there is less steric hindrance between the Br 
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andd the imine-terf-butyl groups, which can explain the shorter Rh-N and Rh-Br bond lengths 
inn the second (2.041(13) A, 2.040(12) A and 2.544(3) A, respectively) compared to the first 
conformationn (2.067(11) A, 2.052(12) A and 2.5694(19) A, respectively). 

Residuee A _ 

Br1B B 

Figuree 5-5. Left: Displacement ellipsoid plots of the two conformations of 14c with ellipsoids drawn at 
thee 50% probability level. Right tops: Views across the N(ln) - N(2n) axis. Hydrogens are 
omittedd for clarity. Right bottoms: space filling  models, viewed along the Rh( 1) - C( 1) bond, 
ontoo the rert-butyl moieties, hydrogens are included. 
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Thee smaller C(l)-Rh-Br angle in the second conformation also explains its slightly shorter 
C(l)-Rhh bond (1.850(16) A) compared to the first conformation (1.86(12) A) as a result of 
thee decreased mutual trans influence of the bromide and this carbon atom. The Br-Rh-C(17) 
anglee shows an opposite trend and is 160.7(2)° in the first and 162.8(2)° in the second 
conformation,, respectively. The enormous difference in the Rh-C(17) bond lengths, which is 
2.018(10)) A in the first and 2.104(9) A in the second conformation, will be largely due to 
differentt steric interference between the rhodium bound methyl group and the tert-b\xiy\ 
groups.. The Kh-Caryl bond lengths are slightly shorter in 14c (1.850(16) A and 1.860(12) A) 
comparedd to the structures of 8b'THF (1.898(2) A), 9b H20 (1.904(2) A) and 13b 
(1.920(2)) A and 1.923(2) A), the other bond lengths and angles do not differ significantly. 

Tablee 5-6. Selected bond lengths (A) and angles (deg) for 14c. 

Rh(l)-Br(l ) ) 

Rh(l)-N(l ) ) 

Rh(l)-N(2) ) 

Rh(l)-C( l) ) 

Rh(l)-C(17) ) 

N(l)-C(7) ) 

N(2)) - C(8) 

N( l ) -Rh( l ) -N(2) ) 

Br(l)-Rh(l)-C(l ) ) 

Br(l)-Rh(l)-C(17 ) ) 

C(l)-Rh(l)-C(17) ) 

Br( l ) -Rh( l ) -N( l ) ) 

Br( l)-Rh(l)-N(2) ) 

N( l ) -Rh( l ) -C( l ) ) 

N(2)-Rh( l ) -C( l) ) 

N(l)-Rh(l)-C(17) ) 

N(2)~Rh(l)-C(17) ) 

Residuee A 

2.5694(16) ) 

2.067(11) ) 

2.052(12) ) 

1.860(12) ) 

2.018(10) ) 

1.281(17) ) 

1.295(16) ) 

160.3(4) ) 

112.5(4) ) 

160.7(2) ) 

86.7(4) ) 

94.9(3) ) 

93.9(3) ) 

80.6(5) ) 

79.8(5) ) 

88.0(4) ) 

89.4(4) ) 

Residuee B 

2.544(3) ) 

2.041(13) ) 

2.040(12) ) 

1.850(16) ) 

2.104(9) ) 

1.307(19) ) 

1.27(2) ) 

161.8(5) ) 

106.3(5) ) 

162.8(2) ) 

90.9(5) ) 

94.5(3) ) 

92.8(3) ) 

81.7(6) ) 

80.3(6) ) 

89.0(4) ) 

88.9(4) ) 

Thee geometry around the rhodium in 14c is quite different from other structures of rhodium 
methyll  compounds containing [P-C-P],15-23 [P-C-N],24 [P-C-O]25 and [N-C-N]8 ligands, in 
whichh the rhodium also is five-coordinated. In these structures the rhodium geometry is much 
moree square pyramidal than in 14c. In those structures, the basal plane is defined by the aryl 
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group,, the two neutral donor groups and the halide; the methyl group is in an apical position, 
transtrans to an empty coordination site (see Figure 5-6, E). In a related 
rhodium(hydride)(chloride)) [P-C-P] compound, the rhodium geometry is similar.6 However, 
iff  the rhodium in 14c is considered to be (distorted) square pyramidal surrounded, the basal 
planee is defined by the methyl group, the two imines and the bromide and the aryl group is 
inn an apical position, trans to the empty site (see Figure 5-6, F). As described above, this 
differencee is mainly caused by the steric hindrance between the bromide and the ferf-butyl 
groups,, because of which a coordination of the bromide in the Rh(l), N(l), N(2), C(l) plane 
iss impossible, see also Figure 5-5. 

Ar--
"R R 

JL»c c 
EE Ft' F G 

Forr 14c, R = fert-butyl For 14b,15b, R = isopropyl 

Figuree 5-6. 

11HH NOE measurements on 14b and 15b 

Too investigate the rhodium geometry in the compounds 14b and 15b (R = isopropyl) in 
relationn to 14c (R = ferf-butyl), 'H NOE measurements for each were performed in CDC13 

solutionss (500 MHz, 313 K). It was found that, in both 14b and 15b, the Rh-C#3 has NOE 
interactionss with the isopropyl methyls at low frequency, while the interactions with the 
isopropyll  methyls at high frequency are much weaker. The NOE interactions of the imine 
protonss and the isopropyl methyls show the opposite trend. It was inferred that, in these cases 
(RR = isopropyl), unlike the situation for 14c, but in concert with other related structures 
published,8'15,23"255 the methyl group is in the apical position (see Figure 5-6, G). From the 
observedd NOE interactions it was inferred that the isopropyl groups are positioned slightly 
oblique.. The halide is expected to be in the basal plane in this case (see Figure 5-6, G) 
becausee it suffers less hindrance from the isopropyl (14b, 15b) compared to the tert-b\iiy\ 
groupp (14c). 

5.55 Conclusions 
Thee synthesis of isophthalaldimine rhodium(lll) dihalide compounds via oxidative addition 
off  a 2-bromo- or 2-iodo-isophthalaldimine ligand to a suitable Rh(l)Cl precursor is a 
successfull  approach. Halide exchange of the formed mixtures gives a clean, single product 
inn which the rhodium center is five-coordinated, unless additional coordinating ligands are 
present,, then six-coordinate rhodium(lll) compounds are obtained. 
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Inn the formed isophthalaldimine rhodium(lll) dihalide compounds, the imine moieties 

coordinatee strongly, as was illustrated by the addition of PPh3 in excess, which gives 

coordinationn to rhodium center, but no substitution of the imine moieties was observed. 

Transmetallationn of the isophthalaldimine rhodium(lll) dihalide compounds with Me2Zn 

successfullyy leads to the formation of isophthalaldimine rhodium(lll)(methyl)(halide) 

compounds.. These diorganorhodium compounds are stable and do not give rise to reductive 

C-CC coupling. This is partly caused by the relatively high electron density on the rhodium(m) 

centerr due to the strong electron donation of the imine moieties. So, for the isophthalaldimine 

ligand,, as for the bis(dimethylaminomethyl)phenyl [N-C-N] and diphosphine [P-C-P] 

ligands,, a stable five-coordinate rhodium methyl derivative can be prepared. The 

isophthalaldiminee rhodium(lll)(methyl)(halide) compounds (14 and 15) are relevant in view 

off  C-C bond activation processes,1 although its microscopic reverse, the C-C bond formation 

wass not observed. 

5.66 Experimental section 
Al ll  reactions involving air-sensitive compounds were carried out under a dinitrogen atmosphere 
usingg standard Schlenk techniques. Solvents were dried and distilled prior to use, according to 
standardd methods26. NMR measurements were performed on a Bruker AMX300/Varian Mercury300 
spectrometerr (*H: 300.13 MHz, 13C: 75.47 MHz, 31P: 121.63 MHz) and a Varian Inova500 
spectrometerr (lH: 499.88 MHz, 13C: 125.70 MHz, 170: 67.8 MHz) and Bruker DRX300 
spectrometerr (103Rh: 9.48 MHz). 13C and 31P NMR spectra were measured with ]H decoupling, 103Rh 
NMRR spectra were measured by a gs-HMQC sequence at 298K.27 NOE measurements were 
performedd on argon purged solutions. Positive chemical shifts (5) are denoted for high-frequency 
shiftss relative to a TMS reference (JH, 13C) and a 85% H3P04 reference (31P). Infrared spectroscopy 
wass measured on a Biorad FTS-60A spectrometer from a solution in a NaCl cell. HRMS 
measurementss were performed on a JEOL JMS SX/SX102A four sector mass spectrometer, coupled 
too a JEOL MS-MP9021D/UPD system program. For Fast Atom Bombardment (FAB) mass 
spectrometry,, the samples were loaded in a matrix solution (3-nitrobenzyl alcohol) onto a stainless 
steell  probe and bombarded with xenon atoms with an energy of 3 KeV. During the high resolution 
FAB-MSS measurements a resolving power of 10,000 (10% valley definition) was used. 

Materials::  Compounds lb and 3 are described in Chapter 2, compounds la and lc in Chapter 3. 
[RhCl(coe)2]2

288 and [RhCl(ethene)2]2
29 were prepared according to a literature procedure. All other 

startingg materials were obtained from commercial sources and were used as received. 

2,6-Bis-([13]dioxolane)-bromobenzenee (4) 

Thee condensation of 2-bromo-isophthalaldehyde (7.0 g, 32.9 mmol) and ethylene glycol (30 mL) 
wass performed in 400 mL of toluene in a Dean-Stark set-up and catalyzed by a small amount of 
/7-toluenesulphonicc acid. After reacting over night it was found by TLC analysis (silicagel 60, 25% 
diethyll  ether in hexanes) that the reaction was complete. Most of the solvent was evaporated under 
reducedd pressure and 50 mL of diethyl ether and 50 mL of dichloromethane were added. The solution 
wass washed three times with 15 mL of a 0.1 M Na2C03 solution and subsequently with 20 mL of 
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brinee and dried on MgS04. After filtration the solvents were evaporated under reduced pressure and 
thee yellowish, sticky residue was recrystallized from methanol and air dried to yield 6.47 g (21.5 
mmol,, 65%) of a white solid which was identified by ]H and 13C NMR spectroscopy as pure 4. !H 
NMRR (300 MHz, CDC13): 5 = 7.59 (d, 3JHH = 7.5 Hz, 2 H), 7.35 (t, 3/HH = 7.5 Hz, 1H), 6.16 (s, 2H), 
4.155 - 4.00 (m, 8H). 13C NMR (75.5 MHz, CDC13): 5 = 137.7 (C), 128.8 (CH), 127.5 (CH), 102.8 
(CH),, 100.3 (C-Br), 65.7 (CH2). HRMS(FAB): m/z calcd ([M+H] + C12H1304

79Br): 301.0075. Found 
301.0039. . 

2,6-Bis-([l,3]dioxolane)-iodobenzenee (5) 

AA solution of 4 (5.0 g, 16.6 mmol) in 20 mL of THF was cooled to -60°C and 13.5 mL of a 1.6M 
solutionn of n-BuLi in hexanes (21.6 mmol, 1.3 eq.) was added dropwise in 10 min. After the addition, 
thee reaction mixture was stirred at low temperature for 30 min. after which solid iodine (5.52 g, 21.6 
mmol)) was added in small portions. During the addition, except for the last pieces, the iodine was 
consumedd immediately. The brown reaction mixture was allowed to warm up to room temperature 
andd a solution of Na2C03 10H2O (8.5 g, 0.03 mol) and Na2S205 (6 g, 0.03 mol) in 300 mL of water 
wass added. The THF was removed under reduced pressure and the residue was extracted with 100 
mLL of dichloromethane. The organic layer was dried with 50 mL of brine and subsequently on 
MgS04.. After filtration the solvents were evaporated under reduced pressure and the residue was 
recrystallizedd from methanol and air dried to yield 3.72 g (11 mmol, 66%) of a white solid which was 
identifiedd by JH and 13C NMR spectroscopy as pure 5. ]H NMR (300 MHz, CDC13): 8 = 7.54 (d, 
3/HHH = 7-5 Hz, 2 H), 7.35 (t, V ^ = 7.5 Hz, 1H), 6.05 (s, 2H), 4.16 - 4.03 (m, 8H). 13C NMR (75.5 
MHz,, CDC13): 8 = 140.4 (C), 128.8 (CH), 128.4 (CH), 106.9 (CH), 101.1 (C-I), 65.7 (CH2). 
HRMS(FAB):: m/z calcd ([M+H] + C12H1304I): 348.9937. Found 348.9937. 

2-iodo-isophthalaldehydee (6) 

Too a solution of 5 (0.46 g, 1.3 mmol) in 25 mL of THF was added a solution of 1 mL of concentrated 
H2S044 in 25 mL of water. The reaction mixture was heated to reflux for 1 min. and then stirred at 
roomm temperature for 30 min. The THF was removed under reduced pressure upon which a 
precipitatee formed. The aqueous layer was made alkaline (pH = 14) by the addition of a aqueous 
KOHH solution. The precipitate was collected on a P3 glass filter, washed thoroughly with water and 
driedd over night in a vacuum desiccator on CaCl2 to yield 0.32 g (1.2 mmol, 93%) of a white solid 
wass which was identified by !H and ,3C NMR spectroscopy as pure 6. *H NMR (500 MHz, CDC13): 
88 = 10.32 (s, 2H), 8.10 (d, ^J  ̂ = 7.5 Hz, 2H), 7.57 (t, 3JHH = 7.5 Hz, 1H). 13C NMR (125.7 MHz, 
CDC13):: 8= 195.3 (C=0), 136.3 (C), 135.9 (CH), 129.3 (CH), 106.4 (C-I). IR(CDC13): vc = 0= 1706, 
16822 cm"1. Anal. Calcd for CgH5I02: C, 36.95; H, 1.94. Found: C, 36.83; H, 2.04. HRMS(FAB): m/z 
calcdd ([M+H]+ C8H602I): 260.9413. Found 260.9412. 

Bis-(AMsopropyl)-2-iodo-isophthalaldimine(2b) ) 

Too a solution of 6 (0.20 g, 0.77 mmol) in 15 mL of isopropylamine activated 3A molecular sieves 
weree added. The reaction mixture was stored at room temperature for 3 hours after which it was 
filteredd over a piece of cotton-wool and the residue was extracted with pentane. The filtrates were 
combined,, the volatiles were removed under reduced pressure and the residue was dried in vacuo to 
yieldd 0.23 g (0.66 mmol, 86%) of an off-white solid which was identified by lH and 13C NMR 
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spectroscopyy as pure 2b. lH NMR (500 MHz, CDC13): 5 = 8.61 (s, 2H), 7.95 (d, V  ̂ = 7.5 Hz, 2H), 
7.377 (t, 37HH = 7.5 Hz, 1H), 3.69 (septet, VHH = 6 Hz, 2H), 1.31 (d, ^  ̂ = 6 Hz, 12H). 13C NMR 
(125.77 MHz, CDC13): 8 = 162.2 (C=N), 138.4 (C), 131.1 (CH), 128.7 (CH), 105.1 (C-I), 61.6 
(CH3CHCH3),, 24.4 (CH3CHCH3). HRMS(FAB): m/z calcd ([M+H] + C,4H20N2I): 343.0671. Found 
343.0672.. Anal. Calcd for C14H19IN2: C, 49.14; H, 5.60; N, 8.19. Found: C, 33.84; H, 5.57; N, 8.12. 

KC,KN,KN'-Bis-(A^-methyl)-isophthalaldimine-2-yl-rhodium(lli )) bromide/chloride 

(mixtur ee of 7a, 8a and 9a) 

Too a solution of la (0.20 g, 0.84 mmol) in 25 mL of THF was added [RhCl(coe)2]2 (286 mg, 0.40 
mmol)) and the light brown solution was refluxed for 4h during which a precipitate was formed. After 
stirringg over night at room temperature, the THF was removed under reduced pressure, the residue 
extractedd with dichloromethane and the extract was filtered over Celite. The dichloromethane was 
evaporatedd under reduced pressure and the residue was washed twice with diethyl ether and dried in 
vacuovacuo to yield 0.26 g (0.69 mmol, 86%) of a reddish brown solid which was identified by 'H and l3C 
NMRR spectroscopy as a clean mixture of compounds 7a, 8a and 9a. 'H NMR (300 MHz, CD3OD): 
55 = 8.18 8.17 8.14 (broad, 2H; 7/C=N), 7.55 (d, 3JHH = 7.5 Hz, 2H), 7.16 7.14 7.11 (t, 3JHH = 7.5 Hz, 
1H),, 3.61 (6H). 13C NMR (75.4 MHz, CD3OD): 5 = 193.7 CJCRh = 23.5 Hz, C-Rh, one component 
observed),, 173.8 (CH=N), 144.3 144.2 144.1 (C), 128.0 127.9 127.8 (CH), 122.6 122.4 122.2 (CH), 
46.88 46.7 46.5 (CH3).

 103Rh NMR (CD30D): 8 = 3888, 3733, 3569. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-rhodium(lli )) bromide/chloride 

(mixtur ee of 7b, 8b and 9b) 

Too a solution of lb (138 mg, 0.47 mmol) in 20 mL of THF was added [RhCl(coe)2]2 (140 mg, 
0.199 mmol) and the light brown solution was stirred at 60°C for 3h. The resulting deep brown 
solutionn was concentrated under reduced pressure and filtered over Celite. The THF was removed 
underr reduced pressure, and the residue was dried in vacuo, washed three times with pentane and 
driedd in vacuo to yield 154 mg (0.35 mmol, 91 %) of a reddish brown compound which was identified 
byy lH and l3C NMR spectroscopy as a clean mixture of compounds 7b, 8b and 9b. 'H NMR (500 
MHz,, CD3OD): 8 = 8.32 8.30 8.27 (d, 37HRh = 3 Hz, 2H; HC=N), 7.64 7.63 7.62 (d, 37HH = 8 Hz, 2H), 
7.233 7.20 7.18 (t, 3JHH = 8 Hz, 1H), 4.15 - 4.10 (2H), 1.52 1.51 1.50 (d, 12H). I3C NMR (126 MHz, 
CD3OD):: 8 = 193.9 193.1 192.3 (lJCRh = 23.6 Hz, C-Rh), 170.4 (CH=N), 144.4 144.3 144.2 (C), 
128.11 128.0 127.9 (CH), 122.4 122.2 122.0 (CH), 60.8 (CH3CHCH3), 22.5 22.3 22.2 22.0 
(CH3CHCH3)..

 103Rh NMR (CD3OD): 8 = 4185, 4027, 3862. HRMS(FAB): m/z calcd ([Ml] + 

C14H19N2
37Cl79BrRh):: 433.9453. Found 433.9430. Single crystals, suitable for an X-ray crystal 

structuree analysis were obtained by slow cooling of a concentrated THF solution. 

KC,KN,KN'-Bis-(AMsopropyl)-isophthalaldimine-2-yl-rhodium(ni )) bromide/chloride 

pyridine-d 5 5 

Too a suspension of 7b, 8b and 9b in CDC13 in a NMR tube was added an excess of pyridine-d5, 
immediatelyy a dissolution and a quantitative conversion to the pyridine-d5 adducts was observed, as 
wass concluded from the lH and 103Rh NMR spectra. lH NMR (500 MHz, CDCl3/pyridine-d5): 8 = 
8.177 8.14 8.12 (d, VHRh = 3 Hz, 2H; HC=N), 7.61 7.60 7.59 (d, 2H), 7.20 7.19 7.17 (t, 1H), 3.66 -
3.599 (2H), 1.22-1.14 (12H). ,3CNMR(126MHz,CDCl3/pyridine-d5): 8= 197.6 196.3 195.0 (lJCRh 
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==  20.2 Hz, C-Rh), 170.6 170.4 170.3 (CH=N), 151.7 (pyridine), 144.0 143.9 143.7 (C), 137.3 
(pyridine),, 128.6 128.6 128.5 (CH) 124,4 (pyridine), 123.0 122.8 122.7 (CH), 60.8 (CH3CHCH3), 
23.11 22.9 22.9 22.7 (CH3CHCH3).

 103Rh NMR (CD2Cl2/pyridine-d5): 5 = 4133,4002, 3847. 

KC,KN,KN ,-Bis-(/V-tó/t-butyl)-isophthaIaldimine-2-yl-rhodium(m )) bromide/chloride 

(mixtur ee of 7c, 8c and 9c) 

Thee mixture of compounds 7c, 8c and 9c was prepared, analogous to 7b, 8b and 9b, from lc (127.7 
mg,, 0.395 mmol) and [RhCl(coe)2]2 (117.2 mg, 0.163 mmol) in 25 mL of THF, over night at 60°C. 
Thee yield was 137.5 mg (0.298 mmol, 91%) of a brown solid which was identified by !H and 13C 
NMRR spectroscopy as a clean mixture of compounds 7c, 8c and 9c. !H NMR (300 MHz, CD3OD): 
88 = 8.18 (m, 2H), 7.63 (m, 2H), 7.18 (m, 1H), 1.58, 1.55, 1.52 (s, 18H). 13C NMR (75 MHz, 
CD3OD):: 8 = 169.4 169.1 168.9 (CH=N), 143.8 143.7 143.5 (C), 128.5 128.4 128.4 (CH), 122.3 
122.22 122.1 (CH), 63.8 63.8 63.5 (C(CH3)3), 29.5 29.2 28.7 (C(CH3)3), (C-Rh not resolved). 103Rh 
NMRR (CD3OD): d = 4587, 4374, 4107. 

KC,KN,KN'-Bis-(^V-te/t-butyl)-isophthalaldimine-2-yl-rhodium(lll)bromideychlorid e e 
pyridine-d5 5 

Too a mixture of 7c, 8c and 9c in CDC13 in a NMR tube was added an excess of pyridine-d5, 
immediatelyy a quantitative conversion to the pyridine-d5 adducts was observed, as was concluded 
fromm the JH and 103Rh NMR spectra. *H NMR (300 MHz, CDCl3/pyridine-d5): 8 = 8.00 7.98 7.95 
(d,, VnRh = 3.6 Hz, 2H), 7.59 (d, 3/HH = 7.8 Hz, 2H), 7.19 (m, 1H), 1.15, 1.13, 1.12 (s, 18H). 103Rh 
NMRR (CDCl3/pyridine-d5): 8 = 4783, 4637, 4477. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-rhodium(lll )) iodide/chloride 

(mixtur ee of 7b, 10b and l ib ) 

Thee mixture of compounds 7b, 10b and l i b was prepared, analogous to 7b, 8b and 9b, from 2b 
(146.88 mg, 0.429 mmol) and [RhCl(coe)2]2 (135.1 mg, 0.376 mmol) in THF, over night at 60°C. The 
yieldd was 163.8 mg (0.341 mmol, 91%) of a brown solid which was identified by 'H and 13C NMR 
spectroscopyy as a clean mixture of three compounds 7b, 10b and l ib . !H NMR (300 MHz, CD3OD): 
8== 8.27 8.20 8.12 (d, 3JHRh = 3 Hz, 2H; HC=N), 7.59 7.58 7.56 (d, 2H), 7.18 7.11 7.05 (t, 1H), 4.18 
-- 4.04 (2H), 1.54 - 1.44 (d, 12H). 103Rh NMR (CD3OD): 8 = 4185, 3674, 3176. HRMS(FAB): m/z 
calcdd ([M-C1]+ C14H19N2RhI): 444.9648. Found 444.9657. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-rhodium(lli )) dibromid e • H 20 

(9bH20) ) 

Too a solution of 7b, 8b and 9b (46.2 mg, 0.106 mmol) in 20 mL of acetone was added NaBr (0.48 g, 
4.77 mmol). The suspension was stirred over night after which the acetone was removed under 
reducedd pressure. The residue was extracted three times with chloroform. The chloroform was 
removedd under reduced pressure and the residue was again subjected to a similar reaction with NaBr 
(0.411 g, 4.0 mmol). The resulting chloroform solution was concentrated under reduced pressure to a 
feww mL and was left in air for 3 days in which the product precipitated as 29.3 mg (0.059 mmol, 56%) 
off red crystals which were identified by !H and 13C NMR spectroscopy as pure 9bH20. *H NMR 
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(3000 MHz, CD3OD): 6 = 8.32 (d, VHRh = 3.3 Hz, 2H; HC=N), 7.57 (d, VHH = 7.5 Hz, 2H), 7.12 (t, 
VHHH = 7.5 Hz, 1H), 4.10 (septet, ^ = 6.5 Hz, 2H), 1.47 (d, VHH = 6.5 Hz, 12H). I3C NMR (75.4 
MHz,, CD3OD): 8 = 192.3 (lJCRh = 23.6 Hz, C-Rh), 170.5 (CH=N), 144.5 (C), 128.0 (CH), 122.1 
(CH),, 60.9 (CH3CHCH3), 22.6 (CH3CHCH3).

 103Rh NMR (CDC13): 8 = 3627, (CD3OD): 8 = 3860. 
HRMS(FAB):: m/z calcd ([M-H20]+ C^H^N^Br^BrRh): 477.8950. Found 477.8992. Anal. Calcd 
forr C24H21Br2N2ORh: C, 33.90; H, 4.27; N, 5.65. Found: C, 33.84; H, 4.35; N, 5.65. The crystals 
obtainedd from the reaction were suitable for the X-ray structure determination. 

KC,KN,KN'-Bis-(A r-fórr-butyl)-isophthalaldimine-2-yl-rhodium(ni)dibromide(9c ) ) 

Compoundd 9c was prepared, analogous to l i b from a mixture of 7c, 8c and 9c (43.1 mg, 0.0934 
mmol).. After the second exchange the chloroform was evaporated under reduced pressure and the 
residuee was dried in vacuo to yield 45.8 mg (0.0906 mmol, 97%) of a brown solid which was 
identifiedd by lH and 13C NMR spectroscopy as pure 9c. 'H NMR (500 MHz, CD3OD): 8 = 8.24 (d, 
3JHRhh = 3.5 Hz, 2H; HC=N), 7.66 (d, 3Jm = 7.5 Hz, 2H), 7.12 (t, 3JHH = 7.5 Hz, 1H), 1.62 (s, 18H). 
13CC NMR (75.4 MHz, CD3OD): 8 = 186.2 (lJCRh = 24 Hz, C-Rh), 169.8 (CH=N), 143.9 (C), 128.7 
(CH),, 122.4 (CH), 63.9 (C(CH3)3), 29.8 (C(CH3)3).

 103Rh NMR (CD3OD): 8 = 4115. HRMS(FAB): 
m/zm/z calcd ([M-H20]+ C16H23N2

79Br2BrRh): 503.9283. Found 503.9290. Anal. Calcd for 
C16H23Br2N2Rh:: C, 37.97; H, 4.58; N, 5.54. Found: C, 38.03; H, 4.54; N, 5.47. Whereas calculated 
forr 9cH20: C, 36.67; H, 4.81; N, 5.35. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-rhodium(lll)diiodid ee ( l ib ) 

Compoundd l i b was prepared, analogous to 9b H20, from a mixture of 7b, 8b and 9b (40.3 mg, 0.093 
mmol)) and Nal. After the second exchange the chloroform was evaporated under reduced pressure 
andd the residue was dried in vacuo to yield 49.4 mg (0.0864 mmol, 93%) of a brown solid which was 
identifiedd by *H and 13C NMR spectroscopy as pure l i b . *H NMR (300 MHz, CD3OD): 8 = 8.12 (d, 
3/HRhh = 3.3 Hz, 2H), 7.56 (d, 37HH = 7.5 Hz, 2H), 7.05 (t, 3JHH = 7.5 Hz, 1H), 4.16 (septet, 3/HH = 7 
Hz,, 2H), 1.53 (d, 3/HH = 7 Hz, 12H). 13C NMR (75.4 MHz, CD3OD): 8 = 187.9 (lJcmi = 23.0 Hz, 
C-Rh),, 170.9 (CH=N), 144.8 (C), 127.7 (CH), 121.5 (CH), 60.9 (CH3CHCH3), 23.4 (CH3CHCH3). 
103Rhh NMR (CD3OD): 8 = 3175. HRMS(FAB): m/z calcd ([M+H]+ C14H20N2RhI2): 572.8771. 
Foundd 572.8764. Anal. Calcd for C14H19I2N2Rh: C, 29.40; H, 3.35; N, 4.90. Found: C, 29.25; H, 
3.42;; N, 4.80. Whereas calculated for l i b H20: C, 28.50; H, 3.59; N, 4.75. 

KCjKNjKN'-Bis-CA^-isopropyO-isophthalaldimine-l-yl-rhodiumfllOdibroiiiid e e 

pyridine-d 55 (12b) 

Too a suspension of 9b in CDC13 in a NMR tube was added an excess of pyridine-d5, immediately a 
quantitativee formation of the pyridine-d5 complex was observed, as was concluded from the lH and 
103Rhh NMR spectra. 'H NMR (300 MHz, CDCl3/pyridine-d5): 8 = 8.12 (d, 37HRh = 3 Hz, 2H), 7.63 
(d,, 3JHH = 7.6 Hz, 2H), 7.23 (t, 3JHH = 7.6 Hz, 1H), 3.64 (septet, 37HH = 6.6 Hz, 2H), 1.16 (d, 3/HH = 
77 Hz, 12H). 103Rh NMR (CDCl3/pyridine-d5): 8 = 3859. 
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KC,KN,KN'-Bis-(AMsopropyl)-isophthalaldimine-2-yl-rhodium(ni )) diiodide 
pyridine-d5 5 

Too a solution of l i b in CD2C12 in a NMR tube was added an excess of pyridine-d5, immediately a 
quantitativee conversion to the pyridine-d5 complex was observed, as was concluded from the lH and 
103Rhh NMR spectra. lH NMR (300 MHz, CD2C12): 8 = 8.04 (d, V ^ = 3 Hz, 2H), 7.65 (d, 3/HH = 
7.55 Hz, 2H), 7.14 (t, 3/HH = 7.5 Hz, 1H), 3.75 (septet, ^ = 6 Hz, 2H), 1.28 (d, 3/HH = 6 Hz, 12H). 
103Rhh NMR (CD2C12): 8 = 3204. 

KC,KN,KN-Bis-(( \-isopropyl)-isophthalaldimine-2-yl-rhodium(lll ) dibroniid c PPh3 

complexx (13b) 

Too a solution of 9b (53.3 mg, 0.11 mmol) in 15 mL THF was added triphenylphosphine (151.0 mg, 
0.855 mmol). The solution was refluxed for 10 min., the reaction mixture was concentrated under 
reducedd pressure to a few mL and the product was precipitated by the addition of pentane. The 
motherr liquor was decanted and the residue was washed three times with pentane and dried in vacuo 
too yield 60.8 mg (0.082 mmol, 74%) of a yellow solid which was identified by 'H and 13C NMR 
spectroscopyy as pure 13b. »H NMR (500 MHz, CDC13): 8 = 7.92 (br. d, VHRh = 3.9 Hz, V ^ = 1.2 
Hz,, 2H; HC=N), 7.66-7.63 (dd, 6H), 7.34-7.32 (br. t, 3H), 7.23-7.18 (m, 8H), 7.02 (t, 37HH = 7.5 Hz, 
1H),, 4.78 (septet, VHH = 6.6 Hz, 2H), 1.59 (d, 3JHH = 6.6 Hz, 6H; Ctf3CHCH3), 0.83 (d, 37HH = 6.6 
Hz,, 6H; CH3CHC//3).

 13C NMR (126 MHz, CDC13): 8=171 (CH=N), 143.0 (C), 134.1 (CH, JCP = 
9.22 Hz), 131.1 (CP, 7CP = 48.8 Hz), 130.4 (CH, JCP = 2.3 Hz), 128.7 (CH), 128.2 (CH, J c p = 10.6 
Hz),, 122.6 (CH), 59.4 (CH3CHCH3), 26.5 (CH3CHCH3), 22.6 (CH3CHCH3).

 31P NMR (121.5 MHz, 
CDC13):: 8 = 21.65 (d, ^p^, = 128 Hz). 103Rh NMR (CD2C12): 8 = 2595 (d, ^ p = 128 Hz). Due to 
thee cocrystallization of solvents no satisfactory analysis could be obtained. HRMS(FAB): m/z calcd 
([M+H]([M+H]++ C32H35N2

79Br2PRh): 738.9960. Found 738.9913. Single crystals, suitable for an X-ray 
crystall structure analysis were obtained by diffusion of pentane into a concentrated dichloromethane 
solution. . 

KC,KN,KN'-Bis-(A r-isopropyl)-isophthalaldimine-2-yI-rhodium(ni )) methyl bromide 
(14b) ) 

Too a solution of 9bH 20 (60 mg, 0.88 mmol) in 20 mL THF at room temperature was added 
dimethylzincc (2.5 mL of a 2 M solution in toluene, 5 mmol). The reaction mixture turned from 
reddishh brown to yellow and after 50 min., the reaction mixture was carefully quenched with water. 
Mostt of the THF was evaporated under reduced pressure, 20 mL of dichloromethane was added and 
thee mixture was filtered over a cotton plug. After three extractions with 10 mL of dichloromethane, 
thee combined organic extracts were dried on MgS04, filtered and the solvents were evaporated in 
vacuo.vacuo. The yellow residue was washed three times with 5 mL of pentane and dried in vacuo to yield 
30.44 mg (0.074 mmol, 84%) of a yellow solid which was identified by !H and I3C NMR spectroscopy 
ass pure 14b. 'H NMR (500 MHz, CDC13, 296K): 8 = 8.31 (d, 3JHRh = 4.5 Hz, 2H), 7.46 (d, VHH = 
7.55 Hz, 2H), 7.06 (t, 3/HH = 7.5 Hz), 4.54 (bm, 3J„H = 6 Hz, 2H), 1.50 (d, 37HH = 6 Hz, 6H), 1.40 (d, 
37HHH = 6 Hz, 6H), 0.05 (bs, 3H). I3C NMR (125.7 MHz, CDC13, 296K): 8 = 166.6 (broad, C=N), 
143.11 (C), 126.9 (CH), 120.9 (CH), 59.7 (broad, CH3CHCH3), 24.5 (broad, CH3CHCH3), 22.4 
(CH3CHCH3),, (Rh-C^ and Rh-CH3, not observed). 103Rh NMR (CDC13): 8 = 2450. HRMS(FAB): 
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m/zm/z calcd ([M+H]+ C15H23N2BrRh): 413.0100. Found 413.0106. When an analogous reaction was 
performedd with a mixture of 7b, 8b and 9b (Rh-Cl/Br), also 14b was formed, the yield in this case 
wass 56%. 

KC,KN,KN'-Bis-(A^-isopropyl)-isophthalaldimine-2-yl-rhodium(lll )) methyl iodide (15c) 

Compoundd 15c was prepared, analogous to 14b, from a mixture of 7b, 10b and l i b (67.0 mg, 0.139 
mmol)) and dimethylzinc (2 mL of a 2.0M solution in toluene, 4 mmol). The reaction mixture was 
quenchedd after 20 min. The yield was 59.1 mg of a orange/yellow solid. From 'H, 13C and 103Rh 
NMRR spectroscopy it was concluded that the product contained approximately 10% of compound 
l i bb (Rhl2). Based on a purity of 90%, the yield was 83%. 'H NMR (300 MHz, CD2C12): 5 = 8.30 (d, 
37HRhh = 4 Hz, 2H), 7.48 (d, 3/HH = 7.5 Hz, 2H), 7.09 (t, 3/HH = 7.5 Hz), 4.68 (broad, 2H), 1.49 (d, 
37HHH = 6 Hz, 6H), 1.35 (d, 37HH = 6 Hz, 6H), 0.03 (bs, 3H). I3C NMR (75 MHz, CD2C12): 8 = 203.6 
('Jon,, = 30.0 Hz, C-Rh), 166.5 (C=N), 143.2 (C), 126.9 (CH), 120.8 (CH), 60.1 (CH3CHCH3), 24.4 
(CH3CHCH3),, 22.3 (CH3CHCH3), 4.8 (very broad, Rh-CH3).

 103Rh NMR (CD2C12): 5 = 2388. 
HRMS(FAB):: m/z calcd ([M-I]+ C15H22N2Rh): 333.0838. Found 333.0833. 

KC,KN,KN'-Bis-(iV-terr-butyl)-isophthalaldimine-2-yl-rhodium(ni )) methyl bromide/ 

chlorid ee (mixtur e of 14c and 16c) 

Analogouss to 14b, a mixture of 7c, 8c and 9c (55 mg, 0.12 mmol) was reacted with Me2Zn (1 mL of 
aa 2M solution in toluene, 2 mmol). The reaction mixture turned from reddish brown to brown and 
wass quenched after 1 h. The yellowish brown residue was dissolved in a 
dichloromethane/chloroformm mixture and the brown impurity was precipitated by the addition of 
pentane.. The supernatant was filtered over Celite and the solvents were removed in vacuo to yield 
43.55 mg of a yellow solid which was identified as a mixture of two rhodium methyl compounds in a 
11 : 4 ratio. The major product was characterized as the isophthalaldimine rhodium methyl bromide 
compoundd 14c (8103Rh (CDC13): 2369) the minor as the analogous isophthalaldimine rhodium 
methyll chloride compound 16c (5103Rh (CDC13): 2418). HRMS(FAB): m/z calcd ([M-X]+ 

C17H26N2Rh):: 361.1151. Found 361.1125. 

KC,KN,KN'-Bis-(A^-te/t-butyl)-isophthalaldimine-2-yl-rhodium(in )) methyl bromide 

(14c) ) 

Compoundd 14c was prepared, analogous to 14b, from 9c (30.5 mg, 0.060 mmol) and Me2Zn (2 mL 
off a 2M solution in toluene, 4 mmol). The reaction was quenched after 30 min. The yield was 22.9 
mgg (0.052 mmol, 86%) of a yellow crystalline solid which was identified by lH, l3C and 103Rh NMR 
spectroscopyy as pure 14c. 'H NMR (500 MHz, CD2C12): 6 = 8.46 (d, 3/HRh = 5 Hz, 2H), 7.54 (d, VHH 

== 7.5 Hz, 2H), 7.17 (t, 37HH = 7.5 Hz), 1.67 (s, 18H), -0.01 (d, 37HRh = 2 Hz). 13C NMR (125.7 MHz, 
CD2C12):: 6 = 189.5 (lJCRh = 37 Hz, C-Rh), 165.7 (27CRh = 3 Hz, C=N), 141.4 (C), 127.5 (CH), 121.1 
(CH),, 61.9 (C(CH3)3), 31.0 (C(CH3)3), 2.0 (%**  =  25-° H z ) - 103Rh N M R (CD2C12): 2 3 7 3 - A n a l -
Calcdd for C17H26BrN2Rh: C, 46.28; H, 5.94; N, 6.35. Found: C, 46.37; H, 6.13; N, 6.27. 
HRMS(FAB):: m/z calcd ([M+H]+ C17H27N2BrRh): 441.0413. Found 441.0403. 
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Tablee 5-7. Crystal data and details of the structure determination of 8b', 9b-H20, 

Formula a 

FW W 

Crystall color 

Temperaturee (K) 

Crystt sys 

Spacee group 

Crystt size/mm 

aa (A) 

b(A) ) 

c(A) ) 

p(°) ) 
v/A3 3 

z z 
Dcalcc (g /cm 3 ) 

u,, (mm1) 

sinn (0A)max (A"1) 

abs.. correction 

transm.. range 

refl.. measd. / unique 

8b*TH F F 

C18H27BrClN2ORh h 
•1.5(C4HgO) ) 

613.84 4 

red d 

150 0 

monoclinic c 

P2,/cc (NO. 14) 

0.500 x 0.50 x 0.30 

14.5951(1) ) 

11.4836(1) ) 

15.8397(1) ) 

91.5006(3) ) 

2653.89(3) ) 

4 4 

1.536 6 

2.274 4 

0.65 5 

SortAV37 7 

0.333 - 0.44 

467788 / 6079 

obsd.. refl. (/ > 2.0c<7)) 5244 

parameters s 

restraints s 

/?,, (obs. / all refl.) 

wRwR22 (obs. / all refl.) 

GoF F 

res.. density (e/A3) 

303 3 

46 6 

0.02922 / 0.0358 

0.07677 / 0.0805 b 

1.034 4 

-0.855 < 0.75 

9bH20 0 

C14H21Br2N2ORh h 

496.06 6 

red d 

150 0 

monoclinic c 

C2/cc (No. 15) 

0.12x0.09x0.06 6 

17.9937(2) ) 

11.8451(2) ) 

8.8178(1) ) 

119.2738(7) ) 

1639.39(4) ) 

4 4 

2.010 0 

5.913 3 

0.65 5 

PLATON N 
(MULABS)35 5 

0.588 - 0.61 

14472/1879 9 

1705 5 

135 5 

0 0 

0.0197/0.0231 1 

0.04566 / 0.0472 c 

1.57 7 

-0.83-0.83 < 0.54 

13b b 

C32H34Br2N2PRh h 
++ disorder solv. 

740.311 a 

yellow w 

150 0 

monoclinic c 

P2,/cc (NO. 14) 

0.42x0.33x0.21 1 

23.0455(1) ) 

13.4782(1) ) 

28.5576(2) ) 

121.8235(4) ) 

7536.91(9) ) 

8 8 

1.3055 a 

2.6355 a 

0.65 5 

PLATON N 
(MULABS)35 5 

0.399 - 0.48 

97859/17272 2 

13993 3 

693 3 

0 0 

0.02999 / 0.0393 

0.07233 / 0.0747 d 

1.036 6 

-0.722 < 0.93 

a.. Derived values do not contain the contribution of the disordered solvent 
b.. w = 1 / [o2(F0

z) + (0.0375P)2 + 3.5403P] where P = (F0
2 + 2Fc

2)/3 
c.. w = 1 / [a2(F0

2) + (0.0202P)2 + 1.2914P] where P = <F0
2 + 2Fc

2)/3 
d.. w = 1 / [a2(F0

2) + (0.O380P)2 + 2.0530P] where P = (F0
2 + 2Fc

2)/3 
e.. w = 1 / [0.01a2(Fo

2) + 0.01/(a(Fo)) + 10] 

L3bb and 14c. 

14c c 

C17H26BrN2Rh h 

441.21 1 

yellow w 

293 3 

orthorhombic c 

P2,2,2,, (No. 19) 

0.50x0.20x0.15 5 

9.8568(8) ) 

15.2410(10) ) 

25.541(4) ) 

3837.0(7) ) 

8 8 

1.528 8 

9.589 9 

0.626 6 

PLATON35 5 

(Psiscan)38 8 

0.730-- 0.930 

44866 / 4486 

4008 8 

319 9 

0 0 

0.0533 / 0.053 

0.0630/0.0630e e 

1.09 9 

-1.322 < 0.83 
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Crystall  structur e determinations 

Dataa collection and cell refinement were carried out on a Nonius KappaCCD diffractometer with 
rotatingg anode, using graphite-monochromated Mo-Ka radiation (A. = 0.71073 A) (8b'THF, 9bH20 
andd 13b) and an Enraf-Nonius CAD-4 diffractometer with graphite-monochromated Cu-Ka 
radiationn (k = 1.54180 A) (14c). The structures were solved by Patterson methods (DIRDIF-9730, 
9bb H20 and DIRDIF-99,3' 14c) or by direct methods (SIR-9732 for 8b'  THF and SHELXS-9733 for 
13b). . 
Thee structures of 8b'  THF, 9bH 20 and 13b were refined with SHELXL-9734 against F2 of all 
reflections.. Non-hydrogen atoms were refined with anisotropic displacement parameters, hydrogen 
atomss were refined as rigid groups (8b'THF and 13b). In structure 9bH20 the hydrogens were 
refinedd freely with isotropic displacement parameters. Structure 13b contains large voids with a 
volumee of 2117.3 A3/unit cell. These voids are filled with disordered solvent molecules. Their 
contributionn to the structure factors was secured by back-Fourier transformation using the 
SQUEEZEE routine of the program PLATON,35 amounting to 620 electrons/unit cell. 
Forr 14c the calculations were performed with XTAL,36 hydrogen atoms were calculated and kept 
fixedd with U=0.10A2. Full-matrix least-squares refinement on F, anisotropic for the non-hydrogen 
atomss except for the methyl-groups of the fcrf-butyls, converged to R=0.053, Rw=0.063, 
(A/c)max=0.03,, S=1.09. Refining the inverted structure converged to R=0.066, thus confirming the 
correctt structure. The structure contains two independent identical molecules in the asymmetric unit. 
Matchingg molecule A with the inverted molecule B led to a r.m.s. value of 0.12A. 
Otherr details of the structure determinations are given in Table 5-7. 
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Thee chelate effect exhibited by a a covalently bound KC,KD (D = coordinating group) 

didentatee ligand is often used to stabilize a metal-carbon bond. By adding another chelating 

groupp to the system, in such a way that it results in a KD,KC,KD' tridentate ligand, the metal 

iss bound stronger to the ligand system, which may result in a more stable organometallic 

compound.. Since the first publication of such a [D-C-D] ligand system (D = phosphine), 

muchh research concerning this type of ligands having several donor groups 'D' has been 

performed.. Only a limited amount of this research concerns organometallic derivatives of 

[D-C-D]] ligands in which, next to the organic ligand, an additional organic fragment is bound 

too the metal. Such diorganometallic compounds are relevant to (catalytic) reactions in which 

C-CC bonds are formed or broken. 

Inn this thesis new research concerning the synthesis and selected reactions of palladium, 

platinumm and rhodium compounds containing the isophthalaldimine ligand (A, see Figure 1), 

whichh can act as a covalently bound KN,KC,KN' tridentate ligand, is described. In contrast to 

relatedd [D-C-D] ligands, the isophthalaldimine ligand had hardly been investigated. After the 

preparationn of metal halide derivatives (B) of the isophthalaldimine ligand, it was attempted 

too convert these compounds into organometallic derivatives, which may have two 

coordinatingg hydrocarbon fragments in a trans configuration (C). Such compounds are 

relevantt in view of reductive elimination processes and C-C bond activation reactions. 

XX CmHn 

vv ^  N ' R R - N — ' M — N ' R % — ' 
III 0 H |i H li i II 

FL L ,R R 

Figuree 1. 

Thee first research concerning late-transition metal chemistry of isophthalaldimine ligands 

performedd in our laboratory is described in chapter 2. Unfortunately, attempts to selectively 

ortho,orthoortho,ortho metallate the ligand (1, X = H, see Scheme 1) were unsuccessful. Fortunately, a 

selectivee cyclopalladation has resulted in two isophthalaldimine palladium(ll) chloride 

compoundss (2, see Scheme 1). The best applicable route for the preparation of palladium 

halidee derivatives of the isophthalaldimine ligand bearing a broad range of imine substituents 
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appearedd to be the oxidative addition of a carbon-bromine bond to a palladium(O) precursor 

whichh resulted in isophthalaldimine palladium(ll) bromide compounds (3, see Scheme 1). 

R > l --
j l l 

if f 

Schemee 1 

CI I 
1 1 

P d --

^ T T 

^ ^ ^ 

- N ' ' 
JJ J 

2 2 

R R 

XX = 
RR = 
RR = 

Na2PdCI4 4 

base e 
MeOH H 

:H H 
:: isopropyl 
== fert-butyl 

Pd(dba)2 2 

XX = Br 

Severall compounds 3 have been subjected to a transmetallation with methyl lithium, 

dimethylzinc,, tetramethyltin and lithium trimethylsilylacetylide. However, none of these 

reactionss has resulted in the observation of a diorganopalladium compound. In the reactions 

withh the methyl lithium in some cases a transmetallation occurred, but in each case side 

reactions,, such as addition to an imine moiety, occurred. In the reactions in which a 

transmetallationn took place (R = isopropyl, 4-methoxyphenyl), next to side products, also a 

reductivelyy C-C coupled product (4) was observed (Scheme 2). In other reactions (e.g. R = 

2,6-diisopropylphenyl)) only undesired reactions took place. The reaction with lithium 

trimethylsilylacetylidee was more selective and a clean transmetallation occurred, after which 

aa reductively C-C coupled product (5) was obtained (Scheme 2). 

R~NN Me N ' R 

III I II 
MeLi i 

I I 

-Pd(o) ) 

•V-M-N-n n 

SiMe? ? 

Li i 
*--

-Pd(o) ) 

SiMe3 3 

RR = isopropyl 
RR = 4-methoxyphenyl 

RR = 4-methoxyphenyl 
RR = 2,6-diisopropylphenyl 

Schemee 2. 

Unfortunately,, no detailed insight in the reductive C-C coupling processes has been gained. 

Iff the diorganopalladium compounds are formed, they are thermally unstable. When 

comparingg the isophthalaldimine ligand system to other [D-C-D] type ligands, which have 

beenn investigated by other research groups, it becomes clear that comparable 

diorganopalladiumm compounds containing the bis(dimethylaminomethyl)phenyl [N-C-N] 

ligandd system are also unstable. If, instead of imines or amines, the stronger coordinating 

phosphiness are used as donor groups in a [D-C-D] ligand, its organopalladium derivatives are 

stablee at room temperature. 
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Inn chapter 3 a number of isophthalaldimine platinum(ll) bromide compounds (6, Scheme 3, 
RR = methyl to 2,6-diisopropylphenyl) is described, which have been prepared via oxidative 
additionn of a 2-bromo-isophthalaldimine 1 to a platinum(O) precursor. Attempts to 
transmetallatee compounds 6 with methyl lithium were not successful due to a derailment of 
thee reaction caused by the high reactivity of methyl lithium towards the isophthalaldimine 
ligandd system. In contrast to this, if the milder dimethylzinc is applied, a clean 
transmetallationn and a stable isophthalaldimine platinum(ll) methyl compound (7, Scheme 3) 
iss formed for sterically demanding imine substituents (R = 2,6-dimethylphenyl, 
2,6-diisopropylphenyl).. For compound 7 (R = 2,6-diisopropylphenyl), a single crystal X-ray 
structuree analysis has been determined, which is the first structure of a trans aryl platinum 
methyll compound. 

Schemee 3. 

Iff compound 7 (R = 2,6-diisopropylphenyl) is subjected to additional ligands such as carbon 
monoxidee or pyridine this results in the displacement of one imine moiety and the formation 
off 8, see Scheme 4. The complex formed isomerizes to 9, see Scheme 4. In the case of L = 
carbonn monoxide the isomerization only takes place photochemically. 

Mee Me L 
ii  i i 

LL = CO, pyridine 
RR = 2,6,-diisopropylphenyl 

Schemee 4. 
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Inn chapter 4 the investigations of the transmetallation of isophthalaldimine platinum(ll) 

bromidee compounds (6) and lithium acetylides (R' = SiMe3, /?-tolyl) is described, see 

Schemee 5. The structure of the diorganoplatinum(ll) compounds formed appears to be very 

muchh influenced by the substituent on the imine moiety. For the sterically demanding 

substituentss rert-butyl, cyclohexyl and 2,6-diisopropylphenyl, analogously to the 

transmetallationn described in chapter 3, a fraras-diorganoplatinum compound (10) has been 

isolated.. For the smaller aryl substituents phenyl, 4-methylphenyl, 4-methoxyphenyl and 

3,5-dimethylphenyll c/s-diorganoplatinum compounds (11) are formed, which are dimers via 

mutuall 7t-bonding of the platinum-acetylide moieties. For aryl substituents with an 

intermediatee size, also c«-diorganoplatinum compounds (12) are formed, however, these are 

nott dimers and contain a non-coordinating acetylide moiety. In compounds 12 a THF 

moleculee is probably coordinated to the platinum. 

Schemee 5. 

Thee postulated interconversions between compounds 6, 10, 11 en 12 have been depicted in 

Schemee 5. In the metathesis step a compound of type 10 is formed. During the reaction this 

compoundd can react with an additional lithium acetylide, which results in the formation of 

12.. Although their structures are much related, it has been established that 12 is not involved 

inn the formation of 11. If the imine substituents are relatively small, 10 may dimerize and 

isomerizee to furnish 11. 

Iff compound 10 (R = 2,6-diisopropylphenyl) is subjected to additional ligands (carbon 

monoxidee or pyridine), after a (reversible) displacement of an imine moiety, analogous to 

chapterr 3 (Scheme 4), compounds 13 are formed, see Scheme 6. Isomerization of compounds 

133 results in the formation of compounds 14, of which structural analogues are formed when 

compoundss 11 (R = 4-methylphenyl or R = 4-methoxyphenyl) are subjected to the same 

additionall ligands (carbon monoxide or pyridine). 
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R'' = SiMe3 

RR = 2,6-diisopropylphenyl 
LL = pyridine, CO 

RR = 4-methylphenyl 
RR = 4-methoxyphenyl 
LL = pyridine, CO 

Schemee 6. 

Chapterr 5 concerns the synthesis and reactivity of isophthalaldimine rhodium(ffl) 
compounds.. Oxidative addition of a 2-bromo- or 2-iodo-isophthalaldimine to a rhodium(l) 
chloridee dimer results in a mixture of three isophthalaldimine rhodium(lll) dihalide 
compoundss (15, Scheme 7) in a 1:2:1 ratio, which is the result of exchange and statistical 
redistributionn of the chloride and bromide or iodo anions. The isolated mixtures can be 
convertedd to pure isophthalaldimine rhodium(lll) dibromide or diiodide compounds by an 
anionn exchange with sodium bromide or sodium iodide. From these compounds, in which 
rhodiumm is five-coordinated, the six-coordinated adducts with an additional THF, water, 
pyridinee or triphenylphosphine ligand were formed. 

X X 

1/22 [RhCIL2]2 

XX CI 
R^N-V-N' R R 

Me2Zn n 

RR = methyl, X = Br 
RR = isopropyl, X = Br/I 
RR = tert-butyl, X = Br 

55 \ ^ " 16 
RR = isopropyl, X = Br,I 
RR = fert-butyl, X = Br 

Schemee 7. 

Thee transmetallation of the isophthalaldimine rhodium(m) dihalide compounds with 
dimethylzincc results in the formation of stable five-coordinated isophthalaldimine 
rhodium(m)) methyl halide compounds (16, Scheme 7). 
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Finall remarks 

Thiss thesis concerns organometallic chemistry of several late transition metals with the 

isophthalaldiminee ligand. A number of new palladium, platinum and rhodium derivatives, 

whichh have a metal-carbon bond, have been prepared. These compounds are thermally stable 

organometallicc compounds due to the strong coordination of the imine moieties to the 

covalentlyy bound metal. For platinum and rhodium also organometallic derivatives, which 

havee a second organic fragment bound to the metal, have been isolated. In the 

isophthalaldiminee ligand system the imine substituents can be easily varied, which results in 

aa tunable metal surrounding. In most of the metal complexes the isophthalaldimine ligand 

actss as a tridentate ligand, but also a didentate coordination mode appeared to be possible. 

Althoughh the metal complexes of the isophthalaldimine ligand show much similarities to the 

relatedd complexes of bis(amine) and bis(phosphine) ligand systems, the isophthalaldimine 

ligandd is much more rigid. In the isophthalaldimine ligand, which, due to conjugation and 

minimizationn of steric hindrance, will have the structure D (Figure 2), the angles a and (3 are 

fixedd and only a rotation around the aryl-C=N bond is possible. During the formation of a 

metall derivative of the isophthalaldimine ligand by activation of, for example, a C r X 

bond,, this rigidity will hamper the precoordination of the imine moieties to the metal (E, 

Figuree 2), compared to an amine or phosphine analog. This may explain the relative 

reluctancee of these systems, as compared to the related amine and phosphine analogues, to 

undergoo C-H activation of the ipso C-H bond. 

Figuree 2. 

Thee isophthalaldimine ligand seems to be a rather versatile ligand for late transition metals 

andd the first explorations in this hardly investigated area described in this thesis, are inviting 

too perform further research aimed at other metals, C-element bond activation and 

polymerizationn reactions. 
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Eenn veelvuldig toegepaste manier om een metaal-koolstof-binding te stabiliseren is door 
gebruikk te maken van het chelaateffect in een covalent gebonden KC,KD (D = coördinerende 
groep)) didentaat ligand. Door nog een chelerende groep aan het systeem toe te voegen, 
zodanigg dat een KD,KC,KD'-tridentaat ligand ontstaat, wordt het metaal sterker in het 
ligandsysteemm gefixeerd en kan een nog stabielere organometaalverbinding ontstaan. Sinds 
dee eerste publicatie van Moulton en Shaw betreffende een dergelijk [D-C-D] ligandsysteem 
(mett D = fosfine), is veel onderzoek gewijd aan soortgelijke ligandsystemen met 
verscheidenee typen donorgroepen 'D'. Een beperkt gedeelte van dat onderzoek is gericht op 
organometaalderivatenn van [D-C-D] liganden waarin, naast het organische ligand, een extra 
organischh fragment aan het metaal gebonden is. Deze zijn zeer relevant, gezien de 
modelfunctiee die zij kunnen vervullen m.b.t. (katalytische) reacties waarin C-C-bindingen 
wordenn gevormd of gebroken. 

Inn dit proefschrift staat het onderzoek beschreven naar palladium-, platina- en 
rhodiumverbindingenn van het isoftaalaldimine ligand (A, zie Figuur 1), dat als covalent 
gebondenn KN,KC,KN'-tridentaat ligand op kan treden. Tot dusver is er nauwelijks onderzoek 
gedaann naar verbindingen die dit ligand bevatten. Wel is er een groot aantal verwante 
verbindingenn bekend. Na de bereiding van metaalhalidederivaten (B) van het 
isoftaalaldiminee ligand is getracht deze om te zetten in organometaalderivaten, welke twee 
transtrans ten opzichte van elkaar coördinerende koolwaterstoffragmenten kunnen bevatten (C). 
Zulkee verbindingen zijn relevant in relatie tot reductieve eliminatieprocessen en 
C-C-actii veringsreacties. 

R~NN ^  N ' R ^ N — M - ~ N ' R ^ N — M — N ' R 

NN 0 J [i I ij n J i | 

U AA ^ J B ^ C 
Figuurr  1. 

Inn hoofdstuk 2 staan de eerste, in ons laboratorium, uitgevoerde onderzoekingen naar 
metaalcomplexenn van het isoftaalaldimine-ligand beschreven. Het is helaas niet gelukt om 
hett ligand (1, X = H, zie Schema 1) selectief ortho,ortho te metalleren met lithiumreagentia. 
Ditt zou de bereiding van de overgangsmetaalcomplexen (in verscheidene 
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oxidatietoestanden)) aanzienlijk hebben vergemakkelijkt. Gelukkig werkt de cyclo-

palladering,, de methode die ook door Vila en medewerkers gebruikt werd om de eerste 

(isoftaalaldimine)palladiumhalide-verbindingenn te maken, in een iets aangepaste vorm, wel 

enn zijn er twee (isoftaalaldimine)palladium(ll)chloride-verbindingen selectief 

gesynthetiseerdd (2, zie Schema 1). De meest universele manier voor het bereiden van 

(isoftaalaldimine)palladium(ll)halide-verbindingenn bleek de oxidatieve additie van een 

koolstof-bromide-bindingg aan een palladium(0)-uitgangsstof (Pd(dba)2) die resulteert in de 

(isoftaalaldimine)palladium(ll)bromide-verbindingenn (3, zie Schema 1). In tegenstelling tot 

dee cyclopalladering, konden via de oxidatieve additie strategie wel (isoftaalaldimine)-

palladium(ll)halide-verbindingg gemaakt worden met omvangrijke substituenten op de imine-

stikstof. . 

Cll Br 

XX = H X = Br 
RR = isopropyl 
RR = tert-butyl 

Schemaa 1. 

Verscheidenee verbindingen 3 werden vervolgens onderworpen aan een transmetallering met 

methyllithium,, dimethylzink, tetramethyltin en lithium trimethylsilylacetylide. Geen van 

dezee reacties gaf een isoleerbare of karakteriseerbare diorganopalladiumverbinding. De 

reactiess met het reactieve methyllithium gaf, naast transmetallering, een aantal nevenreacties, 

zoalss addities aan de iminegroepen. In de reacties waar een transmetallering optrad (R = 

isopropyl,, 4-methoxyfenyl) werd, naast nevenproducten, een reductief C-C-gekoppeld 

productt (4) waargenomen (Schema 2). In andere reacties (bijv. R = 2,6-diisopropylfenyl) 

tradenn alleen ongewenste reacties op. De reacties met lithium-trimethylsilylacetylide 

verliepenn selectiever, er trad een eenduidige transmetallering op, waarna een C-C-gekoppeld 

productt (5) werd waargenomen (Schema 2). 

Helaass is geen gedetailleerd inzicht verkregen in de reductieve C-C-koppelingsprocessen. 

Alss de diorganopalladiumverbindingen gevormd worden, zijn ze thermisch instabiel. Als het 

isoftaalaldimine-ligandsysteemm wordt vergeleken met andere [D-C-D]-type liganden welke 

doorr andere groepen zijn onderzocht, wordt duidelijk dat vergelijkbare diorganopalladium

verbindingenn van het bis(dimethylaminomethyl)fenyl [N-C-N] ligandsysteem ook instabiel 

zijn.. Als in plaats van imines of amines de sterker coördinerende fosfines worden toegepast 

zijnn de analoge diorganopalladiumverbindingen wel stabiel bij kamertemperatuur. 
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MeLi i 

-Pd(0) ) 

RR = isopropyl 
RR = 4-methoxyfenyl 

SiMeq q 

Li i 

-Pd(0) ) 

RR = 4-methoxyfenyl 
RR = 2,6-diisopropylfenyl 

SiMeq q 

,-R R 

Schemaa 2. 

Inn hoofstuk 3 wordt eerst een reeks (isoftaalaldimine)platina(ll)bromide-verbindingen (6, 
Schemaa 3, R = methyl tot 2,6-diisopropylfenyl) beschreven, welke worden bereid via een 
oxidatievee additie van een 2-broom-isoftaalaldimine 1 aan een platina(O)-verbinding. 
Pogingenn tot transmetallering met methyllithium, welke voor gepubliceerde [P-C-P]-platina-
chlorideverbindingenn leiden tot platina-methylverbindingen, zijn niet succesvol, omdat de 
reactiee ontspoort, wat te wijten is aan de te hoge reactiviteit van methyllithium t.o.v. het 
isoftaalaldimine-ligandsysteem.. Wanneer het mildere dimethylzink (in overmaat) wordt 
gebruikt,, treedt er daarentegen een eenduidige transmetallering op die leidt tot de isolatie van 
eenn stabiele (isoftaalaldimine)platina(il)-methylverbinding (7, Schema 3) voor de 
omvangrijkee imine-substituenten (R - 2,6-dimethylfenyl, 2,6-diisopropylfenyl). Van 

Br r 

\\ f N'R R(dipdba) 2 %-4-N ' R 

Schemaa 3. 

MeLi i 

Me2Zn n 

RR = 2,6-dimethylfenyl 
RR = 2,6-diisopropylfenyl 

verbindingg 7 (R = 2,6-diisopropylfenyl) is de structuur opgelost d.m.v. Röntgendiffractie aan 
eenn éénkristal, de eerste van een trans aryl-platina-methylverbinding. 

Alss verbinding 7 aan liganden als koolmonoxide en pyridine wordt blootgesteld leidt dit tot 
dee verdringing van één iminegroep en de vorming van 8, zie Schema 4. Het ontstane complex 
kann isomeriseren, waarbij de methylgroep op de positie cis t.o.v. de arylgroep komt (9), zie 
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Schemaa 4. In het geval van L = koolmonoxide verloopt de isomerisatie (bij 
kamertemperatuur)) alleen fotochemisch. 

M e - f ? t — N ' ' 

LL = CO, pyridine 
RR = 2,6,-diisopropylfenyl 

Schemaa 4. 

Inn hoofdstuk 4 wordt het onderzoek naar de transmetallering van de isoftaalaldimine 
platina(ll)-bromideverbindingenn (6) met lithium-acetylides (R' = SiMe3, p-tolyl) beschreven, 
ziee Schema 5. De structuur van de hierin (bij -60°C) gevormde diorganoplatina(ll)-
verbindingg is in hoge mate afhankelijk van de imine-substituenten. Voor de omvangrijke 
substituentenn tert-b\ity\, cyclohexyl en 2,6-diisopropylfenyl wordt, analoog aan de 
transmetalleringg in hoofdstuk 3 een frarcs-diorganoplatinaverbinding geïsoleerd (10). Voor 
dee kleinere arylsubstituenten fenyl, 4-methylfenyl, 4-methoxyfenyl en 3,5-dimethylfenyl 
wordenn cw-diorganoplatinaverbinding gevormd (11), welke dimeren zijn door wederzijdse 
7ï-bindingg van de platina-acetylide groepen. Voor arylsubstituenten met een grootte daar 
tussenn in, wordt ook een cw-diorganoplatinaverbinding gevormd (12), maar deze zijn niet 
gedimeriseerd,, deze hebben een niet-coördinerende acetylide en waarschijnlijk een 
THF-molecuull gecoördineerd aan platina. 

Schemaa 5. 

Inn Schema 5 staat het gepostuleerde verband tussen verbindingen 6, 10, 11 en 12 
weergegeven.. In de metathesestap wordt een verbinding van type 10 gevormd. Deze kan 
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tijdenss de reactie met een tweede equivalent lithium-acetylide reageren waarbij 12 wordt 
gevormd.. Hoewel de structuren verwant zijn, is vastgesteld dat 12 niet betrokken is bij de 
vormingg van 11. Indien de imine-substituenten relatief kleine arylgroepen zijn, kan 10 
dimeriserenn en isomeriseren tot 11. 

Alss verbindingen 10 (R = 2,6-diisopropylfenyl) en 11 (R - 4-methylfenyl of R = 
4-methoxyfenyl)) worden onderworpen aan extra liganden (pyridine of koolmonoxide) 
worden,, na een isomerisatie in het geval van 13, R = 2,6-diisopropylfenyl (analoog aan 
hoofdstukk 3, Schema 4) structureel analoge verbindingen gevormd (14), zie Schema 6. 

Ft'' = SiMe3 

RR = 2,6-diisopropylfenyl 
LL = pyridine, CO 

Schemaa 6. 

R'' = SiMe3 

RR = 4-methylfenyl 
RR = 4-methoxyfenyl 
LL = pyridine, CO 

Hoofdstukk 5 betreft isoftaalaldimine-rhodium(m)-verbindingen. Oxidatieve additie van een 
2-broom-- of 2-jood-isoftaalaldimine aan een rhodium(l)-chloride-dimeer resulteert in een 
mengsell van drie isoftaalaldimine-rhodium(m)-dihalideverbindingen (15, Schema 7) in een 
1:2:11 verhouding, wat het resultaat is van een uitwisseling en statistische verdeling van de 
chloride-- en bromide- of jodide-anionen. Door uitwisseling met natriumbromide of 
natriumjodidee kunnen de gevormde mengsels worden omgezet in zuivere isoftaalaldimine-
rhodium(lll)-dibromidee of di-jodideverbindingen. Van deze verbindingen, waarin het 
rhodiumm vijfomringd is, zijn zesomringde THF-, water-, pyridine- en trifenylfosfine-
adductenn gekarakteriseerd. 

1/22 [RhCIL2]2 

XX Cl 

Me2Zn n 

RR = methyl, X = Br 
RR = isopropyl, X = Br/I 
RR = fert-butyl, X = Br 

\ ^^ 16 
RR = isopropyl, X = Br,I 
RR = fert-butyl, X = Br 

Schemaa 7. 
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Dee transmetallering van de isoftaalaldimine-rhodium(lll)-dihalideverbindingen met (een 

overmaatt van) dimethylzink leidt tot de vorming van stabiele isoftaalaldimine-rhodium(lll)-

methyl-halideverbindingenn (16, Schema 7). 

Slotopmerkingen n 

Inn dit proefschrift staat het isoftaalaldimine ligandsysteem centraal. Hiervan is een aantal 

nieuwee palladium-, platina- en rhodium-verbindingen bereid, die een metaal-koolstofbinding 

bezitten.. Het zijn thermisch stabiele verbindingen door een sterke coördinatie van de imine-

groepenn aan het metaal. Voor platina en rhodium zijn ook stabiele organometaalderivaten, 

mett een tweede organische groep gebonden aan het metaal, geïsoleerd. In het ligandsysteem 

kunnenn eenvoudig verschillende imine-substituenten worden ingebouwd, waardoor in een 

metaalderivaatt de omgeving van het metaal kan worden gevarieerd. In de meeste van de 

beschrevenn metaalderivaten treedt het isoftaalaldimine-ligand op als tridentaat ligand, maar 

ookk een didentaatmodus is mogelijk gebleken. 

Hoewell de metaalcomplexen van het isoftaalaldimine-ligand erg lijken op de verwante 

complexenn van bis(amine)- en bis(fosfine)-ligandsystemen, is het isoftaalaldimine-

ligandsysteemm zelf veel meer rigide. In het isoftaalaldimine ligandsysteem, wat door 

conjugatiee en minimalisering van sterische hindering de evenwichtsstructuur D (Figuur 2) 

zall hebben, zijn de hoeken a en (3 gefixeerd en is alleen draaiing rond de aryl-C=N-binding 

mogelijk.. Hierdoor zal tijdens de vorming van een metaalderivaat van het isoftaalaldimine-

ligandd door activering van, bijvoorbeeld, een C r X binding, precoördinatie van de 

iminegroepenn aan het metaal (E, Figuur 2) belemmerd worden vergeleken bij een amine- of 

fosfineanaloog.. Dit gegeven kan een verklaring zijn voor het feit dat het isoftaalaldimine 

systeemm minder makkelijk activering van een C-H binding ondergaat. 

R.VM M 

uyuy x 

Figuurr  2. 

Hett isoftaalaldimine-ligandsysteem is een veelzijdig ligand en de verkenningen in het 

nauwelijkss ontgonnen gebied, beschreven in dit proefschrift, nodigen uit tot verder 

onderzoekk naar vormings- en brekingsreacties van koolstof-elementbindingen en 

polymerisatie-reacties,, ook met andere overgangsmetalen. 
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Mijnn promotie onderzoek was voor mij een leerzame en indrukwekkende periode, mede door 
dee dingen die ik ernaast heb meegemaakt. Een promotie onderzoek is een vreemdsoortige 
maarr mooie periode die je maar één keer doet. 

Err zijn veel mensen die eraan hebben bijgedragen om het doen van onderzoek mogelijk en 
gezelligg te maken. Veel mensen hebben gewoon hun werk gedaan, maar daar wil ik ze toch 
voorr bedanken. Een aantal wil ik hieronder graag met name noemen. 

Dee eerste waar ik op de UvA mee te maken kreeg wil ik als eerste noemen. Beste Kees, ik 
vindd dat we prettig hebben samengewerkt. In het begin van de promotieperiode en aan het 
eindee zagen we elkaar veel vaker dan in de tijd ertussen, ik denk dat een logische en goede 
ontwikkelingg was. Je correcties voor dit proefschrift waren onmisbaar. 

Hans-Wernerr bedank ik ook voor de goede samenwerking en voor zijn bijdrage aan het 
proefschrift. . 

Ikk wil Dick Stufkens bedanken voor zijn hulp bij het onderzoek naar de foto-isomerisatie 
welkee beschreven is in hoofdstuk 3. Helaas zagen we in het nanoseconden tijdsdomein geen 
intermediairr en is daardoorr deze studie beperkt gebleven. 

Renéé Dam, bedankt voor je frisse kijk op het manuscript, het heeft tot nieuwe inzichten en 
veell verbeteringen geleid. 

Veell dank ben ik verschuldigd aan Jan Meine. Jan, bedankt voor je enorme hulp bij de 
normalee en de speciale metingen en voor het beantwoorden van mijn talloze vragen. Jouw 
kenniss van de NMR apparaten, is in de groep onmisbaar. Mooi dat we toen we die 'H,195!^ 
HMQCC in elkaar hebben gezet. Dankzij Jan G. (Joost) was het gezellig om bij "de 500" te 
meten. . 

Martinn Lutz wil ik bedanken voor vele kristalstructuurbepalingen en voor de hulp bij de 
uitwerkingg en de beschrijving ervan. Jan Fraanje en Cees Goubitz bedank ik voor de snelle 
metingg van de laatste kristalstructuur op het laatste moment. 

Hann Peeters bedank ik voor de vele massa-metingen. Ron, Bert en Berrie van de glasblazerij 
hebbenn altijd perfect werk afgeleverd. Als ik iets direct nodig had, werd er meteen werk van 
gemaakt.. Met de mensen van de fijnmechanische en elektronische werkplaatsen heb ik niet 
zoo veel contact gehad, maar daarom is hun bijdrage niet minder onmisbaar. Rob Balk, Roelof 
Brandsmaa en René Driessen, bedankt voor de computerondersteuning. 
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Dee studenten die voor/met me gewerkt hebben: Bert, ik was zelf eigenlijk nog maar net 

begonnenn en samen hebben we veel palladium verbindingen ontdekt die staan beschreven in 

hoofdstukk 2. Robin, samen hebben we veel liganden en palladium verbindingen gemaakt. 

Anne,, we hebben samen veel inzicht gekregen in de transmetalleringen van hoofdstuk 4, 

medee dankzij jou is het hoofdstuk (weer) op de rails gekomen. Vooral voor het NCCC3 

hebbenn we als een speer resultaten behaald. 

Mijnn collega's hebben naast hun hulp en tips een enorme bijdrage geleverd aan de 

gezelligheid,, zowel op de UvA als tijdens de vele verblijven erbuiten, zoals in de troosteloze 

bossenn rond Lunteren met meer paden dan struiken en bij de OMCOS10 en ICCC34 

congressen. . 

Anouk,, je hebt me erg geholpen bij de spectroscopische metingen, meer dan alleen het op de 

knopp drukken, enorm bedankt voor je hulp bij de TA en emissie metingen en de uitwerking 

ervan.. Je taak als paranimf nam je erg serieus, dat werkte motiverend. We komen binnenkort 

weerr eens rendang eten! Duin stuurde altijd welkome emails met weinig woorden (koffie 

nu!),, wat resulteerde in koffiepauzes die ik zal missen. De eerste keer skiën is toch wel het 

mooist,, vind je niet? Martijn L. van Laren, we zijn samen begonnen en zijn lekker heen en 

weerr verhuisd. De grootste dank ben ik je wel verschuldigd voor het bedaren van een boze 

Fransee hoteleigenaar in z'n onderbroek. Aan Boke moetje even wennen, maar dan zie je dat 

hett (eigen-)wijze mannetje een prima kerel is. Jeroen Diederen heeft in z'n tijd op de UvA 

voorr aardig wat vuurwerk gezorgd. Lekker met een bier in Versailles, dat was goed. 

MarcelvEE (Cor) is ook gezellig heen en weer meeverhuisd. Bedankt voor de tips en de 

onmisbaree ondersteuning bij het computergebruik. Kluwer, eeuwig in het studentenleven, je 

hadd vaak goede ideeën en bracht een hoop gezelligheid mee. 

Verderr bedank ik: Dorette, JeroenS, FrankV, Loes, Meivin, Tehila, RenéS, Eric Zijp (hoorde 

bijbij het meubilair), Jeroen deP, David, Erica, Ron, RenéW, Franti, Basak, Marco, Anthony, 

Edward,, Steve, Mara, MaartenB, PeterG, JorisvS, Piotr, Hans Mol, CeesB, de 9e verdieping, 

"dee belastingbetaler" en de mensen die ik vergeten ben. 

Ard,, met name in de beginperiode kon ik bij jou op zaterdag altijd de nodige afleiding vinden, 

terwijll ik je van je werk hield. 

Helaass heeft ze het einde van mijn promotietijd niet mee kunnen maken, maar ik wil mijn 

moederr toch bedanken voor alles. 

José,, leuk hè, een vriend die een boekje schrijft? Je bent de liefste die ik ken! 

Wimm Hoogervorst 
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