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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 
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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. 

17 7 
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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. 

18 8 
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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. 
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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. 

34 4 



Palladium Palladium 

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 
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