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Abstract 

The cyclopalladation of 1,3-bis(2-thioazobenzene)propane (L’H,) and its methyl substituted deriva- 
tive L2H2 affords complexes of the type LPdaCI, (where L represents L’ or L2) which have been 
characterised by spectroscopy and X-ray crystallography. The crystal structure of L’Pd,CI, has 
revealed that each azobenzene fragment along with its thioether sulphur acts in the tridentate (C,N,S) 
fashion and the fourth coordination position is occupiedOby a chloride ion. The complexes are thus of 
type [Pd(C,N,S)CI],, with a Pd. ‘. Pd contact of 5.4200) A. The metallated carbon atom exerts a strong 
trans influence on the Pd-S bond. The reaction of LPd,CI, with m-chloroperbenzoic acid leads to 
smooth oxygen insertion into both the Pd-C bonds to give excellent yields of din&ear azophenolato 
complexes o-LPd,Cl, having the coordination sphere [Pd(O,N,S)CI],. The crystal structure of o- 
L’Pd,CIz is similar to that of L’Pd,CI, but with a somewhat longer Pd. . . Pd distance of 5.890(l) A. 
The insertion reaction has a negative entropy of activation, in keeping with an associative transition 
state for the electrophilic incorporation of oxygen. Reduction of the azophenolato complexes with 
hydrazine hydrate affords the free azophenols (o-LH,) in high yields. Thus organometallic route to 
o-LH, from LH, is provided. 

Introduction 

This work stemmed from our interest in the synthesis and reactivity of new 
cyclopalladated azobenzenes [l-5]. Herein we describe binuclear organometallics 
of coordination type [Pd(C,N,S)CI], (1) derived from thioether substituted bis 
azobenzenes. The, crystal structure of one complex is reported. The reaction of 1 
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with m-chloroierbenzoic acid (m-CPBA) leads to oxygen insertion into the Pd-C 
bonds to give the azophenolato complex [Pd(O,N,S)Cl],. One such complex has 
been structurally characterised. The treatment of [Pd(O,N,S)Cll, with hydrazine 
hydrate completes a convenient route to the free bis azophenols. 

Results and discussion 

Synthesis, spectra and structural characterisation 
The ligands and complexes described in this paper are shown in Scheme 1, 

along with the methods used for their synthesis. The azobenzenes, abbreviated as 
LH, (3, 4), are formed by condensation of nitrosoaromatics with the anilines (2). 
These react smoothly with PdCli- to give the orange coloured dinuclear cyclomet- 
allates LPd,Cl, (5, 6), which display characteristic absorption bands in the UV-Vis 
region (Table 1). Their ‘H NMR spectra (Table 2) are well resolved and reveal 
that the two halves are magnetically equivalent. The N=N and Pd-Cl stretches are 
observed at N 1370 and N 320 cm-’ respectively; metal coordination expectedly 
shifts the N=N stretch to lower frequencies relative to that for the free ligand 
(Table 1). 

The presence of the arrangement 1 in the LPd,Cl, complexes has been 
established in the case of L’Pd,Cl, (5) by X-ray crystallography. Molecular views 
are shown in Fig. 1 and selected bond parameters are listed in Table 3. Each 
azobenzene fragment along with its thioether sulphur acts in the tridentate (C,N,S) 
fashion and the fourth coordination position is occupied by a chloride ion. The 
central methylene carbon of the -(CH,),- bridge is located on a crystallographic 
two-fold axis. 

The three bridge carbon atoms and the two thioether sulphur atoms constitute a 
planar (mean deviation from best plane 0.027 .&I W-shaped frame to which the 
coordinated halves are anchored at the sulphur ends (S . * * S length 5.496(l) A). 
Each such half incorporating a Pd(C,N,S)Cl fragment constitutes a satisfactory 
plane with mean deviation of 0.055 A. The dihedral angle between the planes of 
two halves is 25.9”, and the Pd . * * Pd contact is 5.420(l) A. The two halves lie on 
the same side of the W-frame but are turned away from each other, the Pd-S-S-Pd 
torsion angle being 88.2”. A view of the molecule projected along the S . * . S axis is 
sDhown in Fig. l(b). A relatively short non-bonded distance is Nl . * . Nla, 3.265(2) 
A. In general metal-ligand and other bond distances agree well with those of the 
two structurally characterised mononuclear Pd(C,N,S)Cl complexes [1,2]. 

The packing of L’Pd,Cl, molecules in the lattice is noteworthy (Fig. 2). The 
mean planes of adjacent halves of adjacent molecules are exactly parallel (methyl- 
ene bridgz excluded) andothe corresponding interplanar and Pd . . * Pd contacts are 
3.423(4) A and 4.8920) A, respectively; the former essentially corresponds to van 
der Waals distance in crystals of planar aromatic molecules [6,7]. The intermolecu- 
lar Pd . - * Pd contact is actually shorter than the intramolecular contact. 



113 

& 
N 

(iii) 

lb-l- , SCH,CH, 

(/ 
2 

(3) R = H, L’H, (5) R = H, L’Pd,Cl, 

(4) R = Me, L2H, (6) R = Me, L2Pd2C12 
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(u) i\ 
N -Ir 1 \ SCH,CH, 

(/ 
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(7) R = H, o-L’Pd,CI, 
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(9) R = H, o-L’H, 

(10) R = Me, o-L’H, (8) R = Me, o-L2Pd2C12 

Scheme 1. (i) 1,3-Dibromopropane/Na/EtOH. (ii) p-RC,H,NO/glacial acetic acid. (iii) Na,PdCl,/ 
EtOH. (iu) m-CPBA/CH,Cl,. (u) N,H,.H20/acetonitrile. 

Oxygen insertion into Pd-C bonds: synthesis and characterisation of din&ear 
azophenol complexes and liberation of free azophenols from them 

Organic peracids are known [3-5,7,8] to undergo insertion of an oxygen atom 
into the Pd-C bond (es. 1). 

Pd-C + XCO,H --) Pd-OC + XCO,H (1) 

The reaction of LPd,CI, with m-CPBA proceeds smoothly in chloroform. The 
colour of the solution changes progressively from orange-red to violet. From the 
violet solution, dinuclear azophenol complexes of type o-LPd,Cl, were isolated in 
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Table 1 

UV-Vis and IR spectral data 

Compound 

L’H, (3) 

L’H, (4) 

L’Pd,CI, (5) 

L’Pd,CI, (6) 

o-L’Pd,Ci, (7) 

o-L*Pd,CI, (8) 
o-L’H, (9) 

o-L’H, (10) 

UV-Vis spectral data ’ 

A,,,,, (nm) (c(dm3 mol-’ cm-‘)) 

390 c(9000), 315(32000), 260 ‘(23300), 230(28400) 

385 ‘(12400), 325(34700), 265 ‘(21500), 230(35400) 

515 c(5000), 480(5800), 405(14300), 375 ‘(20600) 
355(22900), 320 ‘(20200) 

520 “(7300), 490(8200), 410(15400), 375 ‘(18500) 

355(19900), 320 W7600) 

530(14000), 375 ‘(13000), 365 =(18200), 340(22000) 

530(13000), 390 ‘(15000), 375 cWOOO), 345(20100) 
385(9500), 320(16800), 260(14600) 

390(12700), 320(20500), 270(16000) 

IR spectral data b 

v(N=N) v(PdC1) 
(cm-‘) (cm-‘) 

1460 

1475 

1375 320 

1370 315 

1380 340 

1380 330 
1450 

1460 

’ In dichloromethane solution at 298 K. b In KBr disk. ’ Shoulder. 

excellent yields (7, 8, Scheme 1). Spectral data for o-LPd,Cl, complexes are listed 
in Tables 1 and 2. 

The dinuclear azophenolato formulation is confirmed by an X-ray structural 
study of o-L’Pd,Cl,. Molecular views are shown in Fig. 3. Selected bond distances 
and angles are listed in Table 3. As in the case of the parent L’Pd,Cl, complex, 
the o-L’Pd,Cl, molecule is also divided into two equivalent parts by a crystallo- 
graphic two-fold axis. Here the dihedral angle between the two planar (mean 
deviation 0.037 A) halves anchored to the excellently planar (mean deviation 0.006 
A> C,S, W-frame is 36.6” and the Pd . * * Pd contact is 5.8900) A. Thus the two 
halves in o-L’Pd,Cl, are more widely spaced than those in L’Pd,Ci,. The 
Pd-S-S-Pd torsion angle is -99.59”. The Nl . * * Nla distance is 3.320(2) A. 

The Pd-S distanced 2.401(l) A in L’Pd,Cl,, is much longer than that in 
o-L’Pd,Cl,, 2.2410) A. In contrast, the Pd-Cl and Pd-N distances in the two 
molecules are closely similar. The disparity in the Pd-S lengths is attributed to the 
stronger trans influence of metallated carbon [2,9] in (L’Pd,CI,). The packing of 
o-L’Pd,Cl, is similar to that of L’Pd,Cl,, although along a different crystallo- 
graphic axis (Fig. 2(b)). In this case the parallel halves of adjacent molecules lie 
even closer to each other, 3.354(S) A. The corresponding intermolecular Pd . . * Pd 
contact is 5.1960) A. 

The rate of conversion of LPd,Cl, to o-LPd,Cl 2 by m-CPBA can be conve- 
niently followed spectrophotometrically. The spectral changes are characterised by 
well-defined isosbestic points as shown in Fig. 4. Rates were determined by 
monitoring changes in absorption (A,) at 540 nm with time (t). In the presence of 
an excess of m-CPBA the plot of -l&4, -A,) against t was excellently linear up 
to at least 75% of the reaction. The observed rate law is stated in eq. 2. 

d[ o-LPd,Cl,]/dt = k[ m-CPBA]2[LPd2C12] (2) 

The dependency on [ m-CPBA12 is evident from Fig. 5. Rate constants at various 
temperatures (291-306 K) and activation parameters are listed in Table 4. 

There are no signs that oxygen insertion into the two Pd-C bonds occurs in a 
stepwise manner. The rate law suggests that both Pd-C bonds are oxidized 
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(a) (b) 
Fig. 1. (a) ORTEP diagram and atom labelling of L’Pd,CI,. All atoms are represented by their 40% 
probability ellipsoids. (b) Molecular view of L’Pd,CI, projected approximately along the S . . . S axis. 

Table 3 

Selected bond lengths (A) and angles (“1 in L’Pd,CI, (5) and o-L*Pd,Cl, (7) 

L’Pd,CI, o-L’Pd,Cl, 

Pd-C(8) 1.969(3) Pd-0 1.983(3) 
Pd-S 2.401(l) Pd-S 2.241(l) 
Pd-Cl 2.296(l) Pd-Cl 2.314(2) 
Pd-N(2) 1.971(3) Pd-N(2) 1.981(3) 
NWN(2) 1.276(3) NW-N(2) 1.274(4) 
Pd . . . Pd(l) 5.4200) Pd . . Pd(1) 5.890(l) 
S(l). . S(la) 5.4960) $1). . SOa) 5.5540) 
N(1). . . N(la) 3.265(2) N(l). . . N(la) 3.32(H2) 

Cl-Pd-C(8) 97.9(l) Cl-Pd-0 90.50) 
S(l)-Pd-Cl 97.00) SW-Pd-Cl 88.80) 
Cl-Pd-N(2) 174.50) Cl-Pd-N(2) 176.3(l) 
C(8)-Pd-N(2) 79.6(l) 0-Pd-N(2) 93.00) 
C(8)-Pd-S(1) 165.1(l) 0-Pd-S(l) 177.00) 
N(2)-Pd-S(1) 85.6(l) N(2)-Pd-S(1) 87.70) 
Pd-SW-C(13) 103.20) Pd-SW-C(13) 103.90) 
Pd-W-C(2) 94.8(l) Pd-S(l)-C(2) 97.7(l) 

(b) 
Fig. 2. Packing diagrams of (a) L’Pd,Cl, and (b) o-L’Pd,Cl, viewed down the c-axis. 
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(al (b) 
Fig. 3. (a) ORTEP diagram and atom labelling of o-L’Pd,CI,. All atoms are represented by their 40% 
probability ellipsoids. (b) Molecular view of o-L’Pd,CI, projected approximately along the S . . . S axis. 

virtually simultaneously. We do not have a firm chemical rationale for this. 
Peracids can exist as dimers [lo] and it is possible that the reactive species in the 
case of LPd,Cl, is actually a dimer. 

1.6- 

1.2- 

300 400 500 600 

Wavelength (nm) 

Fig. 4. Spectra of pure L’Pd$Zl, (- - -) and a reaction mixture of L’Pd,CI, and m-CPBA (- 1 at 
300 K in CHCI, solution. The arrows indicate increase and decrease of band intensities as the reaction 
proceeds. 



Fig. 5. Variable temperature linear plots of observed rate constants (kobs) uersus [WI-CPBA]’ implying 
k obs = k[m-CPBA12 (zero intercept). 

The mechanism of electrophilic oxygen insertion into the Pd-C bond has been 
discussed previously [2-51 and is briefly depicted in 11. The negative entropy of 

pd . . . . . . ..L&p” 
I- ‘Ar 

C 
11 

activation (Table 4) is in keeping with an associative transition state. The complex 
L2Pd2C12 (6) carries an electron-releasing methyl group in the metallated ring and 
oxygen insertion may therefore be expected to be facilitated. This is reflected in 
the rate data (Table 4). 

When o-LPd,Cl, is treated with hydrazine hydrate in acetonitrile, metallic 
palladium is deposited and the colour of the solution changes from violet to yellow 
and the free azophenol ligand O-LH, can be isolated from the solution in excellent 
yield. We thus have a convenient method for synthesis of o-LH, from LH, by an 
organopalladium route: LH, + LPd,Cl, -+ o-LPd,Cl, + O-LH,. Coupling be- 
tween diazotised amine (2) and phenols is unlikely to afford o-LH, in good yield 
since the coupling is expected to occur primarily pm-a to the phenolic oxygen. The 
spectral characterisation of o-LH, ligands is shown in Tables 1 and 2. 

Experimental 

Disodium tetrachloropalladate(I1) was prepared by treating palladium(I1) chlo- 
ride with sodium chloride in water and evaporating the aqueous solution. Commer- 
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Table 4 

Rate constants and activation parameters for oxygen insertion into the W-C bonds of L*Pd,CI, (5) 

and L*Pd,CI, (6) by m-CPBA 

Compound T (K) 103[m-CPBA] 103k,,, 10-3k AH* ASS (eu) 

(mol dme3) (s-l) (mol-’ s-t) (kcal mol-‘) 

L’Pd,CI, (5) 291 1.241 0.498(6) 0.316(6) 9.1(S) - 16.2c1.6) 
2.040 1.424(6) 

2.538 2.010(3) 
2.814 2.559(4) 

296 0.995 0.451(3) 0.454(7) 

1.253 0.707(8) 
1.533 1.071(9) 

1.655 1.241(4) 
301 1.356 0.989(4) 0.52600) 

2.049 2.421(9) 
2.530 3.502(8) 
2.877 4.396(12) 

306 0.806 0.487(3) 0.741(7) 

1.109 0.914(8) 
1.425 1.512(13) 
1.526 1.73008) 

L’Pd,CI, (6) 291 1.114 0.931(3) 0.724(12) 7.3(4) - 20.50.4) 
1.789 2.366(9) 
2.324 3.89502) 
2.828 5.761(16) 

296 1.114 1.24000) 0.913(28) 
1.371 2.040(8) 
1.697 2.917(8) 
1.979 3.723(7) 

301 1.140 1.576(3) 1.182(66) 
1.418 2.381(5) 

1.817 3.643(9) 
1.871 4.403(12) 

306 0.999 1.397(8) 1.392(86) 
1.285 2.588(6) 
1.546 3.11001) 
1.706 4.261(13) 

cial m-chloroperbenzoic acid was purified as previously reported and was used 
after determination of the active oxygen content by iodometric titration [11,12]. All 
other chemicals were reagent grade and were used as received. Commercially 
available BDH silica gel (60-120 mesh) was used for column chromatography. 

UV-Vis spectra were recorded on a Hitachi spectrophotometer and IR (4000- 
200 cm-‘) spectra on a Perkin-Elmer 783 spectrophotometer. Proton NMR 
spectra were recorded for CDCl, solutions on Varian XL 200 and Bruker 270 
MHz FI NMR spectrometers. Elemental analyses were performed with a Perkin- 
Elmer 240C elemental analyser. 

Synthesis 
1,3-Bis(2-thioazobenzedpropane, L’H, (3). 1,3-Bis((2-aminophenylkhio)pro- 

pane (2) was first prepared as follows. Small pieces of metallic sodium (2.8 g, 0.12 
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mol) were slowly added to a solution of 2-aminothiophenol (15 g, 0.12 mol) in dry 
ethanol (66 cm3). When all the sodium had dissolved, 1,3-dibromopropane (12.5 g, 
0.06 mol) was slowly added and the mixture was refluxed for 2 h. The mass was 
cooled and poured into cold water (150 cm3). The brown oil that separated was 
extracted with diethyl ether. The ether was evaporated and the oil was dried over 
anhydrous Na,SO,. Yield 12.5 g (72%). The compound so obtained was used 
without further purification for the next step. 

1,3-Bis((2-aminophenyljthiojpropane (2.9 g, 0.01 mol) and nitrosobenzene (2.2 
g, 0.02 mol) were dissolved in glacial acetic acid (30 cm3). The solution was stirred 
at 303 K for 2 h. Water (25 cm31 was then added. The resulting solution was 
extracted with a petroleum ether/benzene (3: 1 v/v) mixture. The mixture was 
chromatographed on a silica gel column. A deep orange-yellow band was eluted 
with a petroleum ether/benzene (3: 1 v/v) mixture. The solid so obtained by 
evaporation was purified by repeated crystallisation from petroleum ether/ben- 
zene (3 : 1 v/v) mixture. The yield was 1.15 g (25%), m.p. 41°C. Anal. Found: C, 
69.41; H, 5.17; N, 12.07. C,,H,N,S, talc.: C, 69.23; H, 5.17; N, 11.9%. 

The methyl-substituted ligand, L*H, (4), was prepared similarly by use of 
p-nitrosotoluene in place of nitrosobenzene. The yield was 30%, m.p. 52°C. Anal. 
Found: C, 70.90; H, 5.88; N, 11.28. C,,H,,N,S, talc.: C, 70.16; H, 5.65; N, 11.29%. 

Dichloro[l,Zbis(2-thioazobenzene)propane-C(8),N(2),S(l),C(8a),N(2a),S(la)] 
dipalladium(IZ), L’Pd,Cl, (5) To an ethanolic solution (10 cm31 of Na,PdCl, 
(0.27 g, 0.92 mmol) was added slowly a warm ethanolic solution of L’H, (0.20 g, 
0.43 mmol). The colour of the solution gradually changed from yellow to brown-red. 
The mixture was heated for 1.5 h on a steam bath and the hot solution then left in 
air to evaporate. The deposited solid was filtered off, washed with ethanol/water 
(1: 3 v/v>, the n rssolved in dichloromethane (5 cm31 and chromatographed on a d’ 
silica gel column prepared in benzene. A deep orange-red band was eluted by 
acetonitrile/benzene (1:4 v/v) and evaporated in uacuo. The solid was crys- 
tallised from dichloromethane/hexane (1: 5 v/v) mixture to give shining orange 
crystals in 65% yield. Anal. Found: C, 42.98; H, 2.97; N, 7.39. C2,H2,N,S2C12Pd2 
talc.: C, 43.22; H, 2.93; N, 7.47%. 

The complex L*Pd,CI, (6) was synthesised similarly using ligand L*H, (4) in 
60% yield. Anal. Found: C, 44.59; H, 3.54; N, 7.04. C,,H,,N,S,Cl,Pd, talc.: C, 
44.75; H, 3.34; N, 7.20%. 

Dichloro[l,3-bis~2-thioazobenzene-8-phenolato)propane-O,N~2~,S~l),O~a),N~2a), 
S(la)]dipalladium(II), o-L’Pd,Cl, (7) To a dichloromethane solution (10 cm31 of 
L’Pd,Cl, (5) (0.10 g, 0.13 mmol) was slowly added a solution of m-CPBA (0.37 g, 
0.68 mmol) in the same solvent. The mixture was stirred for 3 h, during which the 
colour changed from orange to violet. The solution was then evaporated to dryness 
in uacuo, and the solid thoroughly washed with ethanol/water (1: 1 v/v, 5 x 5 
cm3), then dissolved in dichloromethane (5 cm31 and chromatographed on silica 
gel. A violet band was eluted by acetonitrile/benzene (1: 2 v/v) and the eluant 
evaporated off in uacuo. The yield was 60%. The solid was crystallised from 
dichloromethane/hexane (1: 6 v/v) to give pink crystals. Anal. Found: C, 42.42; H, 
3.09; N, 6.98. C,,H,,N,O,S,Cl,Pd, talc.: C, 41.45; H, 2.81; N, 7.16%. 

The complex o-L2Pd2C12 (8) was prepared similarly in 65% yield. Anal. Found: 
C, 43.21; H, 3.11; N, 7.06. C,H,,N,O,S,CI,Pd, talc.: C, 42.98; H, 3.21; N, 
6.92%. 
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Demetallation 
To an acetonitrile solution (20 cm3) of o-L’PdzCl, (7) (0.055 g, 0.07 mm00 was 

added dropwise a solution of hydrazine hydrate (99%, 0.075 g) in acetonitrile (2 
cm3). The mixture was stirred for 0.5 h during which the colour changed from 
violet to yellow and black metallic palladium separated. The solution was filtered 
and the filtrate evaporated in uacuo. A dichloromethane solution of the gummy 
mass was chromatographed on a silica gel column prepared in petroleum ether. A 
yellow band was eluted with benzene, and evaporation of the eluant in uacuo gave 
pure 1,3-bis(&hydroxy-2-thioazobenzene)-propane, o-L’H, (91, in 80% yield. Anal. 
Found: C, 64.69; H, 4.92; N, 11.12. C,,H,,N,S,O, talc.: C, 64.80; H, 4.80; N, 
11.20%. 

The hydroxyazo compound o-L2 H 2 (10) was prepared similarly from o-L2 Pd ,Cl 2 
in 65% yield. Anal. Found: C, 66.02; H, 5.18; N, 10.53. C,,H,,N,S,O, talc.: C, 
65.91; H, 5.30; N, 10.61%. 

Kinetic measurements 
Thermostated solutions of reactants were mixed and the mixture was diluted to 

the required volume and transferred to an absorption cell of 1 cm path length. The 
increase in absorption at 540 nm was digitally recorded as a function of time. The 
“infinity” value A, was measured when the intensity change levelled off. In all 

Table 5 

Crystallographic data for L’PdzCl, (5) and o-L’PdzCIz (7) 

L’PdzCI, 

Formula Cz,%zN,WtzPdz 

o-LtPdzCI, 

C,,Hz,N.tWzCfzPdz 
Formula weight 750.3 784.3 
Crystal size (mm31 0.64 x 0.36 x 0.30 0.34 x 0.30 x 0.50 
Crystal system Monoclinic Orthorhombic 

Space group c2/c Pbna 

a CA) 16.955(6) 10.398(4) 

b 6% 16.529(6) 13.991(5) 

c (A> 10.990(4) 19.251(10) 

p (“I 119.15(2) 

v (As) 2689.806) 28Olf2) 
Z 4 4 
No. centering reflections 25 25 
Centering 20 15”<28<30” 15”<20<30 
D, (g cm-‘) 1.853 1.860 
g(M,, - K,) (cm-t) 16.95 16.37 
20 limits 2-55 2-55 
h, k, 1 range 19,21, *13 13, 18, 24 
No. unique reflections 3033 3190 
Observed data I > 30(I) 2644 2278 
Parameters refined 334 352 

::b 0.0245 0.044 0.0291 0.0401 
g in weighting scheme ’ 0.0013 0.0007 

Largest peak in final Fourier map (e AW3) 0.32 0.52 

“R=UIF,J- IF,l)/~IF,I.bR,=[E~(IFoI- IF,l~2/CwlF~1211’2.c1/~~2~~~o~~+gl~o~2~. 
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Table 6 

Atomic coordinates (X 104) for L’Pd,CI, (5) 

Pd 

x Y z 

3360(l) 30410) 2363(l) 
Cl 30940) 
S(1) 3174(l) 
N(l) 3898(2) 

N(2) 3705(2) 
c(1) 3773(2) 
C(2) 3544(2) 
C(3) 3576(2) 
C(4) 3873(3) 
C(5) 4108(2) 

C(6) 4065(2) 
C(7) 3799(2) 
C(8) 3548(2) 

C(9) 3422(2) 
C(10) 3542(3) 

c(11) 3798(3) 

cxl2) 3925(2) 

C(13) 4167(2) 

C(14) 5000 

3866(l) 
4053(l) 
1575(2) 
2315(2) 
26ON2) 
3416(2) 
3736(2) 
3241(2) 
2452(2) 
2118(2) 
1399(2) 
2024(2) 
1811(2) 
1025(3) 
421(2) 
604(2) 

4692(2) 
4193(3) 

3804(l) 
678(l) 

1627(2) 
1278(2) 
116(3) 

- 261(3) 
- 1403(3) 
- 2128(3) 
- 1746(3) 
- 610(3) 
2783(3) 
3404(3) 
4532(3) 
4991(3) 
4401(4) 
3271(3) 
1618(3) 
2500 

experiments the concentration of m-CPBA was kept high so as to give apparent 
first order rate constants Mobs). The values of k,, were obtained from the slopes 
of the plots of - In(A, -A,) uerSuS 1 lines. Values of third order rate constants, k, 

Table 7 

Atomic coordinates (X lo41 for o-L’Pd,Cl, (7) 

x Y z 

Pd 
Cl 

S(1) 
0 

N(1) 
N(2) 
c(l) 
c(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
CtlO) 
C(l1) 
C(12) 
Ct13) 
c(14) 

20860) 
36850) 
3460(l) 
917(3) 

- 380(3) 
77ti3) 

1128(4) 
2385(4) 
2804(4) 
1952(5) 
710(6) 
27x4) 

- 879(4) 
- 244(4) 
- 963(5) 

- 2208(5) 
- 2833(5) 
- 2188(4) 

447N4) 
3660(5) 

5730) 
-76(l) 
553(l) 
650(2) 

1324(2) 
1093(2) 
1207(2) 
988(3) 

1078(3) 
1404(3) 
1621(3) 
1528(3) 
1277(3) 
967(3) 

1009(3) 
1323(4) 
1615(4) 
1593(3) 
1602(2) 
2500 

615(l) 
13060) 

-281(l) 
1427(l) 
112(2) 

- 29(2) 
- 750(2) 
- 928(2) 

- 1617(2) 
- 2113(2) 
- 1933(2) 
- 1252(2) 

767(2) 
1388(2) 
2018(2) 
2030(3) 
1417(3) 
807(3) 

- 136(2) 
0 
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were obtained from the slopes of the plots of kobs uerSuS [m-CPBA]*. Activation 
parameters were obtained from the Eyring equation. Values of kobs, k, AH*, AS* 
and their deviations were calculated by the usual least-squares methods [13]. A 
minimum of 30 A,-t points were used in each calculation. 

X-Ray diffraction studies 
Crystals suitable for X-ray work in both cases were grown by slow diffusion of 

dichloromethane solutions into hexane at 298 K. Data collection was performed on 
a Nicolet R3m/V autom?ted diffractometer using graphite monochromated MO-K, 
radiation (A = 0.71073 A). Relevant crystal data and data collection parameters 
are listed in Table 5. 

Intensities were corrected for Lorentz and polarisation effects. An empirical 
absorption correction was made on the basis of $-scans [14]. All calculations, data 
reduction and structure solutions were performed on a MicroVAX II computer 
with the SHELXTL-PLUS programs [15]. The positions of the metal atom in each case 
were determined by the heavy atom method. All non-hydrogen atoms were located 
from subsequent difference Fourier maps and were made anisotropic. The hydro- 
gen atoms were included at their idealised positions with fixed thermal parameters. 
Atomic coordinates are listed in Tables 6 and 7. 

Tables of H-atom coordinates, thermal parameters, a complete list of bond 
distances and angles, and lists of structure factors are available from the authors. 
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