
Synthesis and structures of half-sandwich palladium@) complexes of 1,4,7- 
trithiacyclononane ( [ 91 aneS,) incorporating halide, phosphine and 
heterocyclic ligands 

Alexander J. Blake, Yvonne V. Roberts and Martin Schroder * 
Depurtment of Chemistry, The University of Nottingham, University Park, Nottingham NG7 2RD, UK 

Reaction of PdCl, with [9]aneS, (1,4,7-trithiacyclononane) in MeCN-CH,CI, (3 : 1 v/v) afforded cis- 
[Pd([9]aneS3)C1,] which can be converted into a range of half-sandwich palladium(I1) complexes cis- 
[Pd([9]aneS3)C1(L)]PF, [L = PPh, or P(C,H, 
(dppm), Ph,PCH,CH,PPh, (dppe), (Ph,PCH,),CMe, (Ph,PCH,),[Ph,P(O)CH,],CMe, 2,2'-bipyridine 
(bipy) or 1,lO-phenanthroline (phen)) . The single-crystal structures of cis-[Pd([9]aneS,)C1(PPh3)]PF6 and 
cis-[Pd([9]aneS3)L][PF6], {L = 2PPh,, dppm, (Ph,PCH,),[Ph,P(O)CH,ICMe, bipy or phen} have been 
determined. They all show square-planar co-ordination of Pd" by L and two S-donors of [9]aneS,, as well 
as an additional apical interaction with the third S-donor of [9]aneS,, Pd S,, 2.990(2) 8, for cis- 
[Pd( [9]aneS,)C1(PPh,)]PF6, 2.948(13) 8, for cis-[Pd([9]aneS3)(phen)][PF,],, 2.877(3) A for cis- 
[Pd([9]aneS,)(PPh,),][PF6],, 2.808( 13) 8, for cis-[Pd([9]aneS3)(bipy)][PF6],, 2.722(4) and 2.768(5) 8, for the 
two independent molecules of cis+"( [9]aneS,){(Ph2PCH,),[Ph,P(0)CH2]CMe)][PF6], and 2.698(3) A for cis- 
[Pd([9]aneS,)(dppm)][PFJ2. In the solid state there is, therefore, a general tendency for the third S-donor of 
[9]aneS, to form a long-range apical interaction giving overall five-co-ordination at Pd". The length of this 
interaction is influenced strongly by the electronic properties of the ligand L and by the overall charge of the 
complex cation. The redox properties of these complexes are discussed. 

and cis-[Pd([9]aneS,)L][PF6], {L = 2PPh,, Ph,PCH,PPh, 

The tridentate thioether macrocycle [9]aneS, (1,4,7-trithiacy- 
clononane) is well known to co-ordinate facially to a wide range 
of octahedral metal complexes.'*2 The binding to Pd", however, 
gives products whose geometries are a compromise between the 
square-planar co-ordination preferred by the d8 metal ion and 
the facial co-ordination preferred by the trithia crown. Thus, 
the single-crystal structures of [Pd([9]aneS3),12 + ,3*4 

[Pd([10]aneS,),]2 + ([10]aneS3 = 1,4,7-triathia~yclodecane),~ 
[Pd([I8]aneS6)]'+ ([ 18]aneS, = 1,4,7,10,13,16-hexathia- 
cyclooctadecane) and [Pd([9]aneNS2),l2 + ' ([9]aneNS2 = 
1,4-dithia-7-azacyclononane) all show equatorial co-ordination 
to Pd" with long-range interactions to the two remaining 
thioether S-donors at apical positions, Pd Sap 2.9-3.2 A. 
Oxidation of these cations affords the corresponding mono- 
nuclear d' palladium(1ir) species which are stabilised by the 
hexadentate [4 + 2) co-ordination sphere imposed by the 
macrocyclic ligand(s).' ,3 -6  

The complexes cis-[Pd( [9]aneS,)X,] (X = C1 or Br 4, show 
[4 + 11 co-ordination at Pd", with square-planar co-ordination 
of two halides and two S-donors from [9]aneS,. In each case 
the third S-donor of [9]aneS, occupies an apical site and 
interacts with the metal centre, Pd S,, 3.140(2) (X = C1) 
and 3.125( 1 ) A (Br). The Pd SaF distances are noticeably 
longer for these neutral, half-sandwich complexes than for the 
cationic bis(sandwich) complexes [Pd([9]aneS,),l2' [Pd 
Sap 2.952(4) A],-? [Pd([10]aneS3),]2+ [Pd--.S, ,  3.11(1) A]5 
and [Pd([9]aneNS,),I2+ [Pd 9 S,, 3.01 l(3) A].' 

We wished to determine whether [4 + I ]  co-ordination to 
Pd" in half-sandwich complexes was a general phenomenon, 
and were interested in studying five-co-ordinate complexes of 
this type since they also represent potential models for 
intermediates in associative substitution reactions at square- 
planar d8 complexes. We report herein the synthesis, structure 
and electrochemistry of complexes of the type cis- 
[Pd( [9]aneS,)L]"+ ( L  = 2PPh,, Ph,PCH,PPh, (dppm), 
Ph , PC H , C H , PPh (d ppe), (Ph , PCH ,) ,CMe, (Ph , PCH ,), - 
[Ph,P(O)CH,]CMe, 2,2'-bipyridine (bipy) or I ,  10-phenan- 
throline (phen); . 

Results and Discussion 
cis- [ Pd( [ 91 aneS,)CI,] 

Reaction of PdCI, with 1 molar equivalent of [9]aneS, in 
refluxing MeCN-CH,Cl, (3: 1 v/v) for 16 h yielded a red- 
brown precipitate. Recrystallisation of the product from 
MeNO, gavedark redcrystalsof[Pd([9]aneS,)C12]. The relative 
insolubility of this neutral compound in most common solvents 
inhibited its characterisation, although a 'H NMR spectrum 
was obtained in (CD,),SO. This showed a single broad 
resonance which could not be resolved at temperatures above 
18.4 "C (the solvent freezing point). Mass spectrometry (FAB) 
and elemental analytical data confirmed the complex to be 
[Pd([S)]aneS,)CI,]. We have reported the crystal structure of 
this complex previously: the palladium(I1) ion occupies a 
distorted square plane of two mutually cis thia-donors trans to 
the two C1- ligands, with the third S atom occupying a remote 
apical site (see Table 1). The complex is isostructural with 
[Pd([9]aneS3)Br,] reported by Wieghardt et al. Interestingly, 
the Pd Sap interaction in [Pd([9]aneS3),l2' is much 
shorter than in either [Pd([9]aneS3)X,] (Table 1). The axial 
contraction in [Pd([9]aneS3),12 + is at the expense of the 
Pd-S,, bonds, which lengthen to 2.332(3), 2.31 l(3) 8, compared 
to an average Pd-S,, value of 2.25 A for [Pd([9]aneS3)X2]. 
The differences seen in the Pd-S,, and Pd Sap bond lengths 
may be a consequence of charge differences between 
[Pd([9]aneS3)X,] and [Pd([9]aneS,),I2 +, coupled with the 
strongly n-donating effect of halides compared to the much 
weaker 7[: interactions between Pd" and thioethers. 

Displacement of C1- ligands from [Pd( [9]aneS,)CI,] occurs 
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in refluxing MeNO, solution in the presence of other donor 
ligands L [L = 2PPh,, dppm, (Ph,PCH,),CMe, bipy or phen] 
followed by addition of 2 equivalents of NH4PF6 to yield 
[Pd([9]anes3)L][PF6],. The asymmetric complexes [Pd([9]- 
aneS,)Cl(L)] [PF,] were prepared by reaction of cis-[Pd( [9]- 
aneS,)Cl,] with 1 equivalent of L [L = PPh, or P(C6H11),]. 
The stoichiometry of each complex was confirmed by elemental 
analysis, infrared, NMR spectroscopy and by FAB mass spec- 
trometry. Instead of the anticipated product [Pd([9]aneS3)- 
{(Ph2PCH,),CMe}][PF6], we obtained the complex in which 
oxidation of an unbound RPPh, arm had occurred giving 
R P(0)Ph 2 .  

[ pd( PI anes,)(pph,),~ [ PF,I 
The complex cis-[Pd([9]aneS3)(PPh,),12 -t was formed by 
reaction of [Pd[9]aneS3)CI,] with 2 equivalents of PPh, in 
refluxing MeNO,. Addition of 2 equivalents of NH4PF, caused 
precipitation of NH,Cl which was filtered off. The product cis- 
[Pd([9]aneS,)(PPh,),][PF6], was isolated by addition of Et,O 
to the filtrate, and recrystallised from MeOH. The 'H NMR 
spectrum shows sharp multiplets at 6, 2.79 and 2.38 which 
are assigned to the macrocyclic protons. The 13C NMR 
spectrum, however, shows only a single resonance for the 
macrocycle at 293 K, suggesting that all carbon centres (and 
hence all three S-donors) are equivalent in solution. The 
multiplicity of the proton signals for co-ordinated [9]aneS3 
indicates inequivalence due to the spatial orientation of the 
macrocyclic protons. The fluxionality of thioether crowns at 
palladium and platinum centres has been confirmed and 
discussed p r e v i o ~ s l y . ~ ~ ' ~  In order to quantify the degree of 

T- 
Fig. I 
with the numbering scheme adopted 

View of the structure of the [Pd([9]aneS,)(PPh,),]2+ cation 

interaction of Pd" with the third S atom, a single-crystal 
structure determination was undertaken. Selected bond lengths 
and angles are given in Table 1, with a view of the cation 
shown in Fig. 1. The Pd sits in a distorted S,P, square plane, 
Pd-S,, 2.375(3), 2.407(3), Pd-P 2.317(3), 2.336(3) A, the shorter 
Pd-S,, bond being trans to the shorter Pd-P bond. The 
apical Pd - 0 .  Sap distance of 2.877(3) 8, is shorter in 
[Pd([9]aneS,)(PPh,),]2 + than in [Pd([9]aneS3)C1,]. The 
PPh, ligands show a staggered conformation with interleaved 
phenyl rings. 

We argued that the effects of phosphine size on the overall 
cation structure could be monitored by using smaller, PPh,- 
R3-, (n  = 0-2) or larger [P(C,H,,),] tertiary phosphines. 
However, these tend to be more basic than PPh,, and may have 
an additional electronic effect on any potential Pd Sap 
interaction. Attempts to produce pure samples of [Pd([9]ane- 
S3)(PPh, Me),] [PF,] , were unsuccessfu1, elemental analytical 
data for the isolated product being low in both C and H. The 'H 
NMR spectrum showed the target species had been formed 
[(CD,),CO, 80 MHz, 298 K: tiH 2.31,2.42 (br, S, Me), 2.91-3.34 
(m, SCH,, 12 H) and 7.54-8.00 (m, PPh,)] but with an 
unidentified impurity also present. The phosphine PMe, was 
also unsuitable for replacing Cl- ligands in [Pd([9]aneS3)C1,]. 
Nor was it possible to replace both C1- ligands with P(C,H, 1)3 ,  

probably because of the large cone angle of the latter. It was, 
however, possible to replace one C1- by treating the complex 
with only 1 equivalent of either PPh, or P(C,Hl 1)3. 

[ Pd( [ 91 aneS,)CI(PPh,)] PF, 

Reaction of [Pd([9]aneS3)C1,] with 1 equivalent of each of 
PPh, and NH,PF6 affords the orange product [Pd([9]ane- 
S,)Cl(PPh,)]PF, in 60-70% yield. The 'H NMR spectrum 
shows a multiplet at 6H 3.2-3.3 for [9]aneS,, compared to a 
single resonance for the macrocycle in [Pd( [9]aneS3)C1,], and 
two sets of multiplets for the macrocycle in [Pd([9]aneS3)- 
(PPh3)2]2 +.Although theprotonsof[9]aneS3 in [Pd([B]aneS,)- 
Cl(PPh,)]+ are not equivalent, the 13C NMR spectrum 
indicates that the macrocyclic carbon centres are equivalent 
in solution. A single-crystal structure determination of 
[Pd([9]aneS3)C1(PPh,)] + was undertaken for comparison with 
[Pd([9]aneS3)C1,] and [Pd([9]aneS,)(PPh,),]2 + . Selected 
bond lengths and angles are given in Table 1 with a view of the 
cation shown in Fig. 2. The Pd is co-ordinated to one P-donor, a 
C1- and two S-donors of [9]aneS, in a square plane. The 
apical S atom [S( I)] in [Pd([9]aneS,>C1(PPh3)] + sits 2.990(2) 8, 
above the Pd and is angled away from the phosphine and 
towards S(7) [S( 1)-Pd-S(4) 84.29(5), S(1)-Pd-S(7) 79.20(5)"]. 

~ P ~ ~ ~ 9 ~ a n e S 3 ~ C 1 ( P ~ C 6 H ~ ~ ~ ~ } ~ P F 6  

Reaction of [Pd([9]aneS3)C1,] with 1 equivalent of P(C6Hl 

Table I Selected bond lengths (A) and angles (") for [Pd([9]aneS3)X(Y)]"+ 

X, Y = 2C1V8 2 B r 4  2PPh3 Cl-, PPh, dppm 
Pd * * S,, 3.140(2) 3.125(1) 2.877(3) 2.990(2) 2.698(3) 
Pd-S,, 2.267(2) 2.275(2) 2.375(3) 2.2635(16) 2.375(3) 

2.246( 2) 2.257(2) 2.407(3) 2.3391(17) 2.379(3) 
Pd-X 2.3 32( 2) 2.456(1) 2.317(3) 2.3285(17) 2.263(3) 
Pd-Y 2.333(2) 2.468(1) 2.336(3) 2.2978(15) 2.275(3) 

S,,-Pd-S,, 89.74(6) 89.3(1) 85.8( 1) 88.38(6) 88.46( 10) 
X-Pd-Y 93.57(7) 93.4( 1) 95.73(8) 89.85(6) 72.3 8( 9) 
S,,-Pd-X 88.57(7) 87.5(1) 84.8(1) 88.09(4) 100.29(9) 
S,,-Pd-Y 8 7.58( 7) 89.3( 1) 92.8( 1) 93.42(5) 97.40( 9) 
S,,-Pd-S, 78.42( 8) 78.7(1) 81.0(1) 84.29(5) 85.83( 9) 

81.14(5) 81.7(1) 81.5(1) 79.20(5) 84.89( 9) 

(Ph,PCH,),(Ph,POCH,)CMe * 

2.722(4) 2.768( 5 )  
2.376(4) 2.39 3( 4) 
2.398(4) 2.385(4) 
2.280( 4) 2.2 7 7( 4) 
2.290(4) 2.276(4) 

87.97( 14) 87.37( 15) 
92.98( 14) 92.08( 15) 
87.34( 14) 88.57( 15) 
90.1 l(14) 89.85( 15) 
83.83( 13) 83.30(14) 
83.16(13) 82.14( 14) 

biPY 
2.808( 13) 
2.2696( 13) 
2.2906( 13) 
2.058(4) 
2.057(4) 

87.92( 5 )  
79.62( 16) 
94.92( 12) 
96.65( 12) 
85.7 1 ( 1 4) 
86.15(4) 

phen 
2.948( 13) 
2.274( 3 )  
2.275(3) 
2.049(4) 
2.053(4) 

88.83( 11) 
80.6(4) 
95.1(3) 
94.6(3) 
83.45( 10) 
83.1 2( 10) 

* There are two cations and four anions per asymmetric unit. 

1886 J.  Chem. SOC., Dalton Trans., 1996, Pages 1885-1895 

http://dx.doi.org/10.1039/DT9960001885


and with NH,PF6 affords [Pd([9]anes,)C1{P(C,Hl l)3}]PF6 as 
an orange solid. The 'H NMR spectrum at 293 K shows two 
multiplets in a 2: 1 ratio for the macrocyclic protons (for 
[Pd([9]aneS,)C1(PPh3)]PF, there is only one multiplet}, while 
the 13C NMR spectrum shows a single resonance for the 
macrocycle. The P(C6Hl is larger than PPh, (Tolman angles 
170 and 145") and is also a poorer 7c acceptor. Unfortunately, 
no solid-state structural information is available since crystals 
of X-ray-diffraction quality could not be prepared. 

An alternative to small monodentate phosphines are 
chelating phosphines such as dppm, dppe and (Ph,PCH,),- 
CMe. Variations in the chelate chain length and in the number 
of potential donors in species of type [Pd([9]aneS3)Ll2+ (L = 
chelating phosphine) would be expected to alter the electronic 
nature of the Pd"-[9]aneS3 interactions. 

[Pd([91aneS3)(dppm)l W612 
Reaction of [Pd([9]aneS3)CI,] with 1 molar equivalent of 
dppm followed by addition of NH4PF6 afforded an orange, 
crystalline precipitate of [Pd([9]anes3)(dppm)][PF6]2. Owing 
to the small bite angle of dppm, this ligand can act not only as 
a bidentate chelate to one palladium(r1) centre, but can also 
bridge two such centres.' Elemental and IR spectral analysis 
would not necessarily differentiate between the two possibilities 
although FAB mass spectrometry did suggest the formation 
of a mononuclear species. Therefore, a crystal structure 
determination of the complex was carried out. Selected bond 
lengths and angles are given in Table 1, with a view of the cation 
shown in Fig. 3. The structure shows the Pd" lying 0.185 A out of 
an essentially planar S,P, donor set. The Pd Sap distance 
is shorter than in [Pd([9]aneS,)(PPh,),]2 +, 2.698(3) compared 
to 2.877(3) 8,, with no apparent lengthening of the Pd-S,, bond 
lengths, 2.375(3)and2.379(3)8,,compared to2.375(3), 2.407(3)A 
for [Pd([9]aneS,)(PPh,),]2 + . The shorter Pd-P bonds, 
2.263(3) and 2.275(3) &compared to 2.317(3) and 2.336( 3) 8, for 
[Pd([9]aneS,)(PPh,),]2 +, are probably due to the greater 
basicity of dppm over PPh,, and the restricted chelate 'bite' 
angle of dppm: P-Pd-P 72.38(9)" for [Pd([9]aneS3>(dppm)]' + 

and 95.73(8)" for [Pd([9]aneS3)(PPh,),12+. It is interesting 
that the phenyl rings lie above the S,P2 plane on the same side 
as S( 1 ) forming a pocket towards which the apical sulfur lone 
pairs point. On the opposite side of the S2P2 plane the phenyl 
rings are conversely angled. 

[Pd([9laneS,)(dPPe)l [PF,I, 
The synthesis of [Pd([9]aneS,)(dppe)][PF6]2 was analogous to 
that for [Pd( [9]aneS,)(dppm)][PF,],, using 1 molar equivalent 
of dppe in place of dppm. The 'H NMR spectrum shows an 
AA'BB' pattern for the macrocyclic protons. Again, the 13C 
NMR spectrum shows a single macrocyclic resonance. 
Unfortunately, no single crystals suitable for X-ray determin- 
ation could be prepared. 

Having examined some the effects of monodentate and 
chelating phosphines on Pd S interactions, we wished to 
monitor the effect of a third phosphine donor: we argued that 
use of (Ph,PCH,),CMe could lead to the formation of a 
potentially six-co-ordinate species [ Pd( [9]aneS ,) ((Ph, PCH ,) - 
CMe)12+. 

[P~([~I~~~s,)((P~,PCH~,CM~}I m6i2 
The complex [Pd([9]aneS,){(Ph2PCH2)3CMe}][PF6]2 was 
prepared in an analogous manner to [Pd([9]aneS3)- 
(dppm)][PF6], by reaction of [Pd([9]aneS3)C1,] with 
(Ph2PCH2),CMe followed by addition of NH4PF,. The 
resulting compound was crystallised by slow diffusion of Et,O 
vapour into a solution of the complex in MeNO, at 0 "C. The 
IR spectrum and elemental analytical data were consistent with 
the formulation. However, the 31P NMR spectrum clearly 

Fig. 2 
with the numbering scheme adopted 

View of the structure of the [Pd([9]aneS3)C1(PPh,)]+ cation 

Fig. 3 View of the structure of the [Pd([9]aneS,)(dpp~)]~+ cation 
with the numbering scheme adopted 

showed the presence of impurities identified as [HPR,] + and 
free (Ph,PCH,),CMe. In addition, signals due to unbound and 
co-ordinated phosphorus centres were discernible. Similar 
resonances and impurities have been observed for samples of 
[Ni([9]aneS,){(Ph,PCH,),CMe)l2 + . l 3  The FAB mass spec- 
trum of the crystalline sample showed that for fragments 
containing the intact triphosphine ligand a corresponding 
fragment with 16 additional mass units was also present 
suggesting oxidation at a phosphorus atom during the pro- 
longed period of crystallisation. Additionally, the IR spectrum 
of a crystalline sample showed a band at 1305 cm ' assigned 
to the v(P=O) stretching vibration. Addition of one oxygen to 
the molecular formula would not significantly alter the required 
elemental analysis. A crystal structure determination was under- 
taken on the crystalline product in order to ascertain whether 
oxidation had taken place at one or more of the P atoms. 
Selected bond lengths and angles are given in Table I ,  with a 
view of the cation shown in Fig. 4. 

The structure shows planar S,P, co-ordination to Pd" with 
the third S-donor of [9]aneS, sitting above the Pd at an apical 
site [Pd S 2.722(4) 8, for molecule 1,2.768(5) 8, for molecule 
21. The third phosphine has been oxidised to a phosphine oxide, 
which is not bound and is remote from the Pd in each molecule. 
The two molecules of the asymmetric unit differ in the spatial 
arrangements of the oxygen atom. The arrangement of the 
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Fig. 4 View of the structure of one of the [Pd([9JaneS,){(Ph2PCH2),- 
[Ph2P(0)CH2 JCMe}]' + cations with the numbering scheme adopted. 
Owing to the complexity of this structure, hydrogen atoms have been 
omitted for clarity 

phenyl rings again provides pockets not only for the apical 
sulfur lone pairs but also for the methyl group on the pivotal C 
atom of the phosphine oxide ligand. This may be contrasted 
with the analogous nickel(I1) complex [Ni([9]aneS3){(Ph,P- 
CH,),CMe}][PF,], in which no phosphine oxidation has 
taken place. ' 

In the [Pd([9]aneS3)L]2 + complexes discussed so far it has 
been observed that n-accepting ligands such as phosphines lead 
to shorter Pd Sap distances than do x-donating ligands such 
as C1-. This led us to investigate whether the [4 + 11 five- 
co-ordination seen in the above complexes might be enhanced 
in the presence of other n-accepting chelates such as 2,2'- 
bipyridine and 1,lO-phenanthroline. 

Fig. 5 
the numbering scheme adopted 

View of the structure ofthe [Pd([9)aneS,)(bipy)l2+ cation with 

[Pd([9laneS,)(biPY)l [PF,I, 

Reaction of [Pd([9]aneS3)C1,] with 1 molar equivalent of bipy 
in MeNO, afforded a yellow suspension, which changed to a 

Fig. 6 View of the structure of the [Pd([9JaneS3)(phen)l2+ cation 
with the numbering scheme adopted 

pink solution on addition of NH,PF,. Removal of NH,Cl and 
precipitation of the product with Et,O yielded a pinkish brown 
powder which was recrystallised from MeNO, to give purple 
blocks. The first point of interest is the pinkish purple colour of 
the final product, [Pd([9]aneS3)(bipy)][PF,], (I,,, = 508 
nm), rather than the orange or yellow of the analogous 
phosphine complexes (h,,, c 480 nm). This colouration is 
almost identical to that of [Pd([l 5]aneS,)]2+ ([l SJaneS, = 
1,4,7,10,13-pentathiacyclopentadecane), which is known to be 
five co-ordinate in the solid state, Pd-S 2.278(8), 2.294(12), 
2.336(11), 2.532(11) and 2.540(11) The 'H NMR 
spectrum of [Pd([9]aneS,)(bipy)]2+ at 293 K shows, in 
addition to resonances due to co-ordinated bipy, a single sharp 
resonance for [9]aneS3. The I3C NMR spectrum also shows a 
single macrocyclic resonance. Since the available information 
indicated that the complex might be truly five-co-ordinate (at 
least in solution), a crystal structure determination was 
undertaken to allow a comparison with the solid-state 
structure. Selected bond lengths and angles are given in Table 1, 
with a view of the cation shown in Fig. 5. 

The structure of [Pd([9]aneS3)(bipy)][PF6], shows the Pd" 
co-ordinated to a distorted square plane defined by two S- 
donors of the [9]aneS3 and both N-donors of bipy. The third S- 
donor again shows an apical interaction with the metal ion 
[Pd Sap 2.808(13) A]. The bipy ligand is not absolutely 
planar; in order to accommodate [4 + 13 co-ordination at the 
Pd([9]aneS3)' + fragment, it has 'bowed', not twisted, by 

approximately 4 O ,  N-Pd-Sap 104.52( 12) and 99.87(1 I)". In 
order to gauge the effects of the bowing of the N-chelate ligand 
on Pd-N and Pd*.*S,,  bonding, the phen derivative was 
prepared. Phenanthroline is more rigid than bipy and would 
therefore be expected to resist deformation from an overall 
planar structure. 

[Pd([9laneS,)(Phen)l [PF,I, 
The complex [Pd([9]aneS3)(phen)][PF6], was prepared in an 
analogous fashion to the bipy complex, with similar colour 
changes during the reaction. Crystals of [Pd([9]ane- 
S3)(phen)][PF6], appear redder than those of [Pd([9]ane- 
S3)(bipy)][PF6],, but in solution the UV/VIS spectrum of the 
two are virtually identical (h,,, = 507 for phen, 508 nm for 
bipy). The 'H NMR spectrum also shows a single resonance 
for [9]aneS3. In order to gauge the effect of the increased 
chelate rigidity on the overall [9]aneS3 bonding in the solid 
state, a single-crystal structure determination was undertaken. 
Selected bond lengths and angles are given in Table 1, with a 
view of the cation shown in Fig. 6. 

The structure is very similar to that of the bipy analogue, the 
major difference being the Pd Sap distance, which is longer 
by 0.140 8, (see Table 1). The planes of the outer rings are both 
angled slightly inward, unexpectedly bowing the ligand in a 
similar manner to that observed for the bipy ligand in 
[Pd( [9]aneS3)(bipy)12 + . 
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The trithia macrocycle [9]aneS, can be regarded as six- 
electron CF donor. However, it seems increasingly likely that it 
also has a limited n-donorlacceptor capacity. '' This possible 
M-L TC interaction may explain why the Pd Sap interaction in 
[Pd([9]aneS3)L]"+ is affected by changes in charge and the n- 
donor/acceptor properties of L. A comparison of relevant bond 
lengths and angles (Table 1) shows that n-acceptor ligands 
encourage greater Pd Sap interaction in [Pd([9]aneS3)L]"+ 
than do JI donors or strong cr donors. It is not surprising that 
n-acceptor ligands cause shortening of the Pd Sap bond 
lengths; the third thia donor is in an ideal position to balance 
the electron density at the metal centre by cr and n interactions. 
Indeed, if one considers the [Pd([9]aneS3)L]"+ system as being 
five-co-ordinate, square-based pyramidal, then Rossi and 
Hoffmann l 6  have shown that strong <T donors (L) would, on 
the basis of molecular orbital calculations for d8 low-spin metal 
centres, be expected to lie in basal positions. Furthermore, a 
weak CJ donor would be expected to occupy the axial position. 
The greatest basal n interaction in square-based pyramidal 
complexes comes with a ligand orbital parallel to the pseudo- 
C4,, axis (ba,,).', This is also the preferred orientation for n 
acceptors. A n donor would prefer a ba, orientation and would 
have less interaction with the metal centre. It is noticeable 
that most five-co-ordinate low-spin d8 metal systems are 
trigonal bipyramidal {e.g. [Fe(CO),], [Pt(SnC1,),I3 - and 
[Co(CNMe),]+ Even mi(CN)J3-, which does have 
a square-based pyramidal form, co-exists with a form inter- 
mediate between trigonal bipyramidal and square-based 
pyramidal. l 7  

In conclusion, it has been found from the crystal structures 
of [Pd([9]aneS3)L]"+ and [Pd([9]aneS3)L,]"+ that a/l the 
complexes show long-range apical Pd S interactions in the 
solid state. The use of chelating ligands L and increasing 
positive charge of the complex both lead to shorter Pd Sax 
distances. Additionally, the structures of [Pd([9]aneS3)- 
(bipy)], + and [Pd([9]aneS3)(phen)l2 + show non-planarity of 
the N-heterocycles. There is a precedent for bowing or twisting 
of bipy bound to Pd".18 However, both ligands exhibit bow 
deformations of 4-5". These complexes have been monitored 
by 'H and 13C NMR spectroscopy and found to be fluxional 
with fast intramolecular S-atom exchange occurring in solution, 
presumably via 1,4-metallotropic shifts as described previously 
by Abel et a/. and Bennett et a/. l o  

The redox chemistry of these half-sandwich complexes was 
investigated. Cyclic voltammetry in MeCN at platinum 
electrodes confirms that [Pd([9]aneS,)(PPh,),]2 +, 
[Pd([9]aneS3)C1(PPh,)] + and [Pd([9]aneS3)C1{ P(C,H, ,),}] + 

show irreversible reductions at E, = -0.79, - 0.96 and - 1.10 
V us. ferrocene-ferrocenium respectively at a scan rate of 160 
mV s ' at 293 K. These processes do not become reversible 
at lower temperatures. In contrast, at 240 K the complexes 
CPd(~91anes,)(dPPm>12 + 7 CPd(C91anes,)(dppe>12 + and 
[Pd( [9] aneS ,) { (Ph,PCH,), [Ph,P(O)CH,]CMe)] + show 
quasi-reversible reductions at E; (AE,) = - 1.04 (63), - 1.23 
(61) and - 1.15 V (1 24 mV) respectively, while [Pd([9]aneS3)- 
(bipy)12 + and [Pd([9]aneS,)(phen)l2 + show reversible pro- 
cesses at 240 K at E; (AE,) = -0.86(68) and -0.83 (72 mV), 
respectively. Controlled-potential electrolysis of the last two 
complexes suggested one-electron processes. In situ reduction of 
[Pd([9]aneS3)(bipy)]'+ [A,,, = 508 (E,,, = 11.8), 321 (4100), 
303 (4100), 242 (9200) and 214 nrn (12 000 dm3 mol-' cm-')I 
at 235 K afforded a reduction product isosbestically [h,,, = 
455 (E,,, = 3800), 380 (85000) and 280 nm (14800 dm3 
mol cm '), Aiso = 325, 296 and 270 nm], as did reduction 
of [Pd([9]aneS,)(phen)l2+ [A,,, = 507 (E,,, = 120), 278 
(18 000) and 217 (21 000); product, A,,, = 400 (E,,, = 510 
broad), 261 (3800) and 228 nm (44 000 dm3 mol-' cm-'); hiso = 

290, 265 and 221 nm]. Reoxidation afforded the starting 
palladium(r1) complexes although some decomposition was 
observed. The precise nature of these reduction products is 

not yet established. They appear to be ESR inactive with 
only very weak signals being observed for electrogenerated 
solutions. This is consistent with the expected high reactivity of 
the redox product, the redox process being irreversible at room 
temperature and reversible only at greatly reduced temper- 
atures. We are currently investigating in more detail the 
reductive redox processes for these and related complexes of 
Pd" and Pt" of thioether crowns, the potential formation of 
MI-M' dimers being of particular interest. 

Experimental 
Infrared spectra were recorded over the range 200-4000 cm-' as 
KBr discs using Perkin-Elmer 598 and Lambda 9 spectrometers. 
Microanalyses were performed by the Edinburgh University 
Chemistry Department Microanalytical Service. Electronic 
spectra were recorded in quartz cells using a Philips Scientific 
SP8-400 spectrophotometer, FAB mass spectra on a Kratos 
MSSOTC spectrometer, 'H NMR spectra on Bruker WP80, 
WP200 and WH360 instruments, operating at 80.13,200.13 and 
360.13 MHz respectively; ' [DEPT (distortionless enhance- 
ment of polarisation transfer) and broad-band ' H-decoupled] 
spectra were recorded at 50.32 MHz on the Bruker WP200 
instrument and ,'P ('H-decoupled) spectra on the same 
instrument at 8 1.02 MHz. Electrochemical measurements were 
carried out on a Bruker E310 Universal Polarograph. All 
readings were taken using a three-electrode system in MeCN 
using 0.1 rnol dm-, NBu",PF, as base electrolyte. 

Syntheses 

cis-[Pd( [9]aneS,)(PPh3),] [PF,],. The complex [Pd([9]ane- 
S,)Cl,] (0.03 g, 8.39 x lo-' mol) was treated with PPh, (0.04 
g, 1.68 x 1 OP4 mol) in MeNO, (1 5 cm3) under reflux for 1 h and 
NH4PF, (0.027 g, 1.68 x lop4 mol) was added. The reaction 
mixture was refluxed for 30 min, after which the solution was 
cooled and the NH4Cl precipitate filtered off. Addition of E t 2 0  
to the filtrate yielded [Pd([9]anes3)(PPh,),][PF6], as an 
orange precipitate which was recrystallised from MeOH. Yield 
70% (Found: C, 45.6; H, 3.75. Calc. for C4,H4,Fl2P4PdS3: C, 
45.8; H, 3.85%). IR: 1480, 1435, 1412, 1305, 1185, 1092, 840, 
750,739,704,692,555,529 and 514cm-'. 'H NMR (CD,NO,, 
80 MHz, 293 K): 6 2.38 (m, 6 H, CH,), 2.79 (m, 6 H, CH,) and 
7.37 (m, 30 H, PPh,). FAB mass spectrum: m/z = 955, 
CPd(C91aneS3)(PPh3)2(PF,)1 +; 8 10, [Pd(C9laneS3)(PPh3),] + 

and 368, [Pd(PPh,)] +. Electronic spectrum (MeNO,); h,,, = 
472 (E,,, = 485) and 356 nm (9460 dm3 mol ' cm '). 

cis-[Pd( [9]aneS,)C1(PPh,)]PF6. The complex cis-[Pd([9]- 
an&,)Cl(PPh,)]PF, was prepared by reaction of [Pd( [9]- 
aneS,)Cl,] (0.03 g, 8.39 x lo-, mol) with 1 molar equivalent 
of PPh, (0.023 g, 8.4 x lo-' mol) and NH,PF, (0.014 g, 
8.4 x lo-' mol). Recrystallisation by slow vapour diffusion of 
Et,O into a solution of the complex in MeNO, gave red crystals 
of [Pd([9]aneS,)C1(PPh3)]PF,-1 SMeNO, in 60% yield 
(Found: C, 37.1; H, 3.85; N, 2.60. Calc.: C, 37.3; H, 3.85; N, 
2.55%). IR: 3050, 2980, 2945, 1548, 1479, 1432, 1400, 1375, 
1282,1250,1184,1158,1094,1025,995,945,935,840,748,708, 
692, 655, 555, 527, 509, 495, 428, 350 and 280 cm-'. NMR 
[(CD,),CO, 298 K]: 'H (200 MHz), 6 3.2-3.3 (m, 12 H, 
CH,) and 7.5-7.9 (m, 15 H, PPh,); I3C (DEPT, 50.3 MHz), 6 
34.9 (s, 6 C, CH,), 127.8 (d, 6 C, PPh,), 128.5 (s, 3 C, PPh,) 
and 133.5 (d, 6 C, PPh,); 31P (81.02 MHz), 6 28.9. Mass 
spectrum (FAB): m/z = 585, [Pd([9]aneS3)C1(PPh,)] +; 547, 
[Pd([9]aneS,)(PPh3)] + and 368, [Pd(PPh,)] + . 

Cis-[Pd( [9]aneS,)CI{P(C,H,,),)]PF6. This Complex Was pre- 
pared as above, using P(C,H,,), (0.024 g, 8.4 x lo-' mol) 
in place of PPh,. Yield 40% (Found: C, 38.7; H, 6.20. Calc.: 
C, 38.6; H, 6.05%). IR: 2920, 2845, 1442, 1408, 1320, 1296, 

J. Chem. SOC., Dalton Trans., 1996, Pages 1885-1895 1889 

http://dx.doi.org/10.1039/DT9960001885


Ta
bl

e 2
 

Su
m

m
ar

y 
of

 c
ry

st
al

 d
at

a 
fo

r [
Pd

([
9]

an
eS

3)
X

(Y
)]

"+
 

X
(Y

) 
=

 2
PP

h3
 

C
4

2
H

4
2

F
 

1 2
P4

Pd
S3

 

C1
, P

Ph
, 

2M
eN

0,
 

0.
09

6 
x 

0.
35

 x
 0

.5
4 

R
ed

 p
la

te
 

M
on

oc
lin

ic
 

a
/

c
 

29
.2

33
0(

 15
) 

8.
29

02
(5

) 
27

.2
89

0(
 13

) 

C
24

H
2 ,C

IF
6P

2P
dS

3.
 

(P
h,

PC
H

,),
[P

h,
P(

0)
C

H
2]

C
M

e 
2C

47
H

5 ,
F,

,O
P5

Pd
S,

~3
M

eN
O

,~
 

2E
t2

0 
0.

46
 x

 0
.4

6 
x 

0.
77

 
Y

el
lo

w
 c

ol
um

n 
M

on
oc

lin
ic

 
P2

1l
C 

19
.4

82
(4

) 
28

.7
20

(4
) 

22
.2

52
(5

) 

biP
Y 

C
16

H
20

F
1 

2N
2P

2P
dS

3 

dP
Pm

 
C

3
4

H
3

4
F

1
 

2P
4P

dS
3'

 
0.

5E
t2

0 
0.

70
 x

 0
.7

0 
x 

0.
60

 
O

ra
ng

e 
bl

oc
k 

O
rt

ho
rh

om
bi

c 
Pn

2,
a 

14
.4

47
8(

5)
 

14
.9

57
4(

7)
 

20
.0

94
8(

7)
 

ph
en

 
Fo

rm
ul

a 
c
l 

Fl
H

2O
F1

 
2N

2P
,P

dS
3'

 
M

eN
O

, 
C

ry
st

al
 si

ze
/m

m
 

C
ry

st
al

 a
pp

ea
ra

nc
e 

C
ry

st
al

 sy
st

em
 

Sp
ac

e 
gr

ou
p 

al
A 

bl
A 

CI
A 

.I" PI"
 

rl"
 

U
IA

 3 
M

 

0.
27

 x
 0

.2
4 

x 
0.

10
 

O
ra

ng
e 

pl
at

e 
M

on
oc

lin
ic

 
P2

,lC
 

20
.9

75
6(

8)
 

10
.4

48
9(

5)
 

21
.3

26
2(

7)
 

0.
17

 x
 0

.2
7 

x 
0.

39
 

Pu
rp

le
 ta

bl
et

 
Tr

ic
lin

ic
 

PT
 

10
.3

70
(2

) 
10

.8
08

(2
) 

10
.8

97
(2

) 
84

.3
38

(1
5)

 
87

.2
76

( 1
3)

 
84

.8
43

(1
4)

 
12

09
.5

 
73

2.
7 

2.
0 1

2 
2 29

8 
1.

23
7 

0.
62

 x
-0

.6
2 

x 
0.

27
 

R
ed

 ta
bl

et
 

Tr
ic

lin
ic

 
PT

 
7.

62
43

( 1
0)

 
10

.1
68

 O
(1

4)
 

19
.1

73
(3

) 
10

5.
33

3(
 I 1

) 
93

.6
24

( 1
0)

 
97

.0
14

( 1
0)

 
14

15
.7

 
81

7.
8 

1.
91

8 
2 29

3 

10
1.

72
0(

3)
 

93
.9

6(
 1)

 
1 0

9.
23

 (9
) 

45
76

.6
 

11
01

.3
 

1.
59

8 
4 29

8 

65
97

.6
 

85
1.

5 
1.

71
4 

8 29
8 

0.
98

2 

43
42

.5
 

99
8.

01
 

1.
52

6 
4 29

8 
0.

77
8 

1 1
.7

55
 

26
69

.2
 

1 S
O

8 
4 17

3 
0.

57
8 

D
Jg

 c
m

- 
Z TI

K
 

p(
M

o-
K

a)
/m

m
-' 

p(
C

u-
K

a)
/m

m
--

' 
F(

 00
0)

 

hk
l R

an
ge

s 
U

ni
qu

e 
re

fle
ct

io
ns

 
O

bs
er

ve
d 

[I
 2
 3

0(
1)

] 
Pa

ra
m

et
er

s r
ef

in
ed

 
W

ei
gh

tin
g 

sc
he

m
e 

g 
In

 w
-l

 =
 0

2(
F

) +
 gF

2 
R R'

 
S M

in
in

um
 a

nd
 m

ax
im

um
 re

si
du

es
 

2e
m

ax
l" 

in
 fi

na
l A

F
 sy

nt
he

si
sl

e 
A-

3 

6.
68

5 
22

24
 

12
0 

-
 23

 to
 2

3,
O

-1
1,

0-
23

 
56

69
 

50
66

 
48

7 

9.
56

1 
81

2 
95

 
-
 7 

to
 7,

 -
 3 

to
 9,

O
- 

I 8
 

25
57

 
24

14
 

28
8 

34
40

 
45

 
-3

1 
to

 3
1,

O
-8

,0
-2

9 
39

88
 

31
76

 
39

0 

20
12

 
45

 
0-

15
,0

-1
6,

0-
21

 
28

88
 

25
9 1

 
28

3 

54
72

 
45

 
-
 20

 to
 1

9,
O

-3
0,

O
-2

2 
12

 7
55

 
91

30
 

11
16

 

72
4 

45
 

29
73

 
27

78
 

32
6 

-8
 t

o 
10

, -
 7 

to
 1

 I,
 -

4
 t

o 
1 I

 

0.
00

02
 

0.
07

52
 

0.
09

36
 

1.
11

1 

0.
00

06
 

0.
04

1 1
 

0.
05

26
 

1.
10

9 

0.
00

1 
0.

04
72

 
0.

06
59

 
1.

09
9 

0.
02

5 
0.

09
84

 
0.

12
07

 
1 .o

oo
 

0.
00

7 
0.

04
26

 
0.

06
56

 
0.

82
7 

0.
00

04
 

0.
07

64
 

0.
08

35
 

1.
08

9 

+1
.6

0,
 -

1.
13

 
+0

.6
6,

 -
0.

48
 

+0
.6

6,
 -

0.
38

 
+ 1

.3
3,

 -
 1

.2
3 

+0
.5

2,
 -
 1.

43
 

+ 1
.0

6,
 -0

.6
8 

C
om

m
on

 p
ar

am
et

er
s:

 S
to

e S
ta

di
-4

 fo
ur

-c
irc

le
 di

ff
ra

ct
om

et
er

; C
u-

K
a r

ad
ia

tio
n 

fo
r f

irs
t a

nd
 la

st
 st

ru
ct

ur
es

, M
o-

K
a 

ra
di

at
io

n 
fo

r t
he

 re
m

ai
nd

er
; m

-28
 

sc
an

s;
 st

ru
ct

ur
es

 so
lv

ed
 fr

om
 P

at
te

rs
on

 s
yn

th
es

es
 (P

d)
;' 

ot
he

r n
on

-H
 

at
om

s f
ou

nd
 a

fte
r i

te
ra

tiv
e c

yc
le

s o
f l

ea
st

-s
qu

ar
es

 re
fin

em
en

t (
on

 F
)'

 
an

d 
Fo

ur
ie

r-
di

ff
er

en
ce

 sy
nt

he
si

s. 
Ex

ce
pt

 w
he

re
 st

at
ed

 o
th

er
w

is
e,

 no
n-

H
 a

to
m

s w
er

e r
ef

in
ed

 a
ni

so
tro

pi
ca

lly
 an

d 
H

 a
to

m
s w

er
e i

nt
ro

du
ce

d 
at

 ca
lc

ul
at

ed
 

po
si

tio
ns

. P
he

ny
l r

in
gs

, w
he

re
 p

re
se

nt
, w

er
e 

re
fin

ed
 a

s i
de

al
is

ed
 h

ex
ag

on
s.

 

http://dx.doi.org/10.1039/DT9960001885


Table 3 Atomic coordinates for ci~-[Pd([9laneS,)(PPh~)~][PFJ~ 

Atom 
Pd 
S(1) 
C(2) 
C(3) 
5x4) 
(35) 
C(6) 
S(7) 

C(9) 
P(1) 
C(lA1) 
C( 1 A2) 
C( 1 A3) 
C( 1 A4) 
C( 1 A5) 
C( 1 A6) 
C(lB1) 
C( I B2) 
C( 1 B3) 
C( 1 B4) 
C( 1 B5) 
C( 1 B6) 
C(lC1) 
C( 1 C2) 
C( 1 C3) 
C( 1 C4) 
C( 1 C5) 
C( 1 C6) 
P(2) 
C(2A 1 ) 

X 

0.2264( 1) 
0.0885( 1 ) 
0.0626(7) 
0.1 120(6) 
0.1929( 1) 
0.1759(6) 
0.2073 (6) 
0.1961(1) 
0.1088(6) 
0.0725(6) 
0.2602( 1 )  
0.2228(4) 
0.1695 
0.1414 
0.1665 
0.2199 
0.2480 
0.3439(3) 
0.3691 
0.4308 
0.4673 
0.4422 
0.3805 
0.239 1 (3) 
0.1737 
0.1545 
0.2007 
0.2661 
0.2853 
0.2831(1) 
0.3 332( 3) 

Y 

0.039 1 (3) 
0.0882( 15) 
0.0836( 14) 
0.1458(3) 
0.3 176( 1 1) 
0.38 15( 12) 
0.2894( 3) 
0.2986( 12) 
0.1780( 12) 

0.0801 (1 ) 

-0.1 192(3) 
- 0.1627(8) 
- 0.2448 
- 0.2683 
- 0.2098 
-0.1277 
- 0.1042 
- 0.1 306(7) 
- 0.2482 
- 0.2545 
- 0.143 1 
- 0.0255 
-0.0192 
-0.2431(7) 
-0.2533 
- 0.3440 
- 0.4245 
-0.4142 
- 0.3236 

0.0729( 3) 
-0.0569(7) 

-0.01 59( 1) 
- 0.03 1 l(2) 
-0.1 135(6) 
- 0.1 546(6) 
-0.1258( 1) 
- 0.1222(6) 
- 0.0603(5) 

0.0103( 1) 
0.00 12(6) 
0.01 14(6) 

- 0.0439( 1) 
- 0.1260( 3) 
-0.1415 
-0.2055 
-0.2540 
-0.2385 
-0.1745 
-0.0501(3) 
- 0.0643 
- 0.0792 
- 0.0799 
-0.0656 
- 0.0508 

0.0084(3) 
0.0123 
0.0528 
0.0893 
0.0854 
0.0449 
0.0904( 1) 
0.1306( 3) 

Atom 
C(2A2) 
C(2A3) 
C(2A4) 
C(2A5) 
C(2A6) 
C(2B1) 
C(2B2) 
C(2B3) 
C(2B4) 
C(2B5) 
C(2B6) 
C(2C1) 
C(2C2) 
C(2C3) 
C(2C4) 
C(2C5) 
C(2C6) 
P(3) 
F(1) 
F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
P(4) 
F(7) 
F(8) 
F(9) 
F(10) 
F(11) 
F( 12) 

Y 

0.3903 
0.4329 
0.41 85 
0.3615 
0.3 188 
0.2206(3) 
0.1757 
0.1241 
0. I 173 
0.1621 
0.21 38 
0.3408( 3) 
0.3562 
0.4009 
0.4300 
0.4 145 
0.3699 
0.37 5 7( 2) 
0.331 5(5) 
0.3165(5) 
0.4168(6) 
0.3539(6) 
0.3976(6) 
0.4340(5) 

0.0694(4) 
- 0.0066(2) 

-0.0085(8) 
- 0.08 1 6(4) 
-0.0039(7) 
- 0.0050(6) 
- 0.0086(7) 

Y 
- 0.087 1 
-0.1786 
- 0.2398 
- 0.2096 
-0.1181 

0.0966( 7) 
- 0.0022 

0.01 30 
0.1270 
0.2258 
0.2 106 
0.2050(6) 
0.2756 
0.3760 
0.4057 
0.3351 
0.2347 
0.3498(4) 
0.2602( 9) 
0.3703( 12) 
0.4347( 15) 
0.461 1( 10) 
0.2335( 13) 
0.3206( 17) 
0.523 1(4) 
0.5250( 9) 
0.66 12( 1 5 )  
0.5209( 12) 
0.38 18( 12) 
0.5630( 23) 
0.4897(29) 

Z 

0.1098 
0.1425 
0.1960 
0.2169 
0.1842 
0.1367( 3) 
0.1362 
0.1677 
0.1998 
0.2003 
0.1688 
0.1052( 3) 
0.0549 
0.0676 
0.1306 
0.1810 
0.1683 
0.8605(2) 
0.8942( 4) 
0.8047(4) 
0.8262( 7) 
0.900 1 (6) 
0.8250( 5) 
0.91 64( 5 )  
0.8545(2) 
0.8759( 5 )  
0.8690( 10) 
0.8346(7) 
0.8490( 12) 
0.7904( 5) 
0.92 18( 8) 

Table 4 Atomic coordinates for [Pd([9]aneS,)C1(PPh3)]PF6-2MeN02 

x 
0.083 1 10( 10) 
0.045 24(7) 
0.066 l(3) 
0.107 81(25) 
0.106 15(5) 
0.058 OO(23) 
0.011 90(24) 
0.009 54(5) 
0.025 98(22) 
0.014 17(25) 
0.055 18(5) 
0.156 79(5) 
0.202 04( 1 1)  
0.212 46(11) 
0.246 37( 1 1) 
0.269 83(11) 
0.259 43( 1 1) 
0.225 50(11) 
0.173 68(11) 
0. I39 92( 1 1) 
0.152 34(11) 
0.198 55(11) 
0.232 31(11) 
0.219 87(11) 
0.163 88(12) 
0.190 67(12) 
0.198 06( 12) 

Y 
0.057 16(5) 
0.21 7 65(23) 
0.414 6(8) 
0.414 7(8) 
0.309 04( 18) 
0.397 9(8) 
0.340 l(9) 
0.125 17(22) 
0.1 16 8(11) 
0.218 4(10) 

-0.199 06(18) 
- 0.035 30( 18) 

0.1 16 l(4) 
0.203 2(4) 
0.321 9(4) 
0.353 4(4) 
0.266 3(4) 
0.147 7(4) 

- 0.162 8(4) 
- 0.234 8(4) 
-0.338 4(4) 
- 0.369 8(4) 
-0.297 8(4) 
- 0.194 2(4) 
- 0.149 4(4) 
-0.288 6(4) 
-0.366 O(4) 

Z 

0.114 92(2) 

0.042 6(3) 
0.079 O(3) 
0.137 09(6) 
0.166 5(3) 
0.149 9(3) 
0.136 65(6) 

0.038 9(3) 
0.094 66(7) 
0.1 10 31(5) 
0.111 23(13) 
0.154 29( 13) 
0.155 63(13) 
0.113 89(13) 
0.070 8 1 (1 3) 
0.069 48( 13) 
0. I62 70( 12) 
0.189 02(12) 

0.240 60(12) 
0.214 26(12) 
0.175 31(12) 
0.054 67( 11)  
0.054 71(11) 
0.010 54(11) 

0.022 72(7) 

0.080 9(3) 

0.22: 99( 12) 

X 

0.178 63(12) 
0.151 82(12) 
0.14445(12) 
0.124 39(6) 
0.158 l(3) 
0.147 2(3) 
0.091 2(3) 
0.164 2(4) 
0.105 6(5) 
0.090 3(3) 
0.422 2(4) 
0.373 3(3) 
0.397 8(3) 
0.392 6(6) 
0.528 3(5) 
0.5 
0.097 5(8) 
0.076 2(6) 
0.137 7(7) 
0.157 6(6) 
0.102 6(5) 
0.161 l(7) 
0.432 3( 18) 
0.382 4( 12) 
0.369 5( 17) 
0.5 

Y 
- 0.304 2(4) 
- 0.164 9(4) 
-0.087 5(4) 

0.182 7(3) 
0.034 9(9) 
0.272 7( 12) 
0.085 5( 13) 
0.236 O(16) 
0.099 O( 19) 
0.324 2( 1 1 ) 
0.034 9( 10) 
0.196 9(11) 
0.141 6(10) 
0.187 7(15) 
0.119 5(15) 
0.205 8( 13) 
0.040 5(21) 
0.171 6(20) 

0.329 6( 18) 
0.259 4( 17) 
0.102 3(21) 
0.1 14(3) 
0.273 4(24) 

0.372 5(21) 

0.157 2(20) 

0.133(3) 

Z 

-0.033 64( 11) 
-0.033 69( 1 1) 

0.010 46( 11) 
0.300 06(8) 
0.292 l(4) 
0.258 6(4) 
0.263 2(6) 
0.338 l(4) 
0.345 7(4) 
0.293 5(4) 
0.078 8(3) 
0.057 2(4) 

0.140 l(5) 
0.259 9(6) 
0.25 
0.3184(10) 
0.276 5(7) 
0.249 4(8) 
0.313 7(8) 
0.347 l(6) 
0.327 2(8) 
0.096 3( 18) 
0.069 2( 13) 
0.137 7(20) 
0.25 

0.088 9(4) 

1268, 1200, 1172, 1132, 1002, 840, 738, 555, 515, 497, 393, 
343, 315 and 270 cm-'. NMR [(CD,),CO, 298 K]: 'H (200 
MHz), 6 1.35-1.79 (m, 33 H, PCH,), 2.54, 3.38 (m, 12 H, 
SCH,); '3C (50.32 MHz), 6 25.17 [s, 4 C, P(C6Hll)3], 26.36 

P(C,H,,)3] and 35.24 (s, 6 C, SCH,); 31P (81.02 MHz), 6 
49.63. FAB mass spectrum: m/z = 603, [Pd([9]aneS3)C1- 
(P(C6Hl 566, CPd([91aneS3){P(C,H, 1)3)]' and 387, 

[d, 6 C, 'Jpc = 11, P(C6Hll)3], 29.23 [d, 6 C, 3Jpc = 6 Hz, 

CPd(P(C,Hi d3)I'- 

[Pd( [9]aneS3)(dppm)] [PF,],. The complex [Pd([9]ane- 
S3)Cl,] (0.04 g, 1.12 x mol) was refluxed in MeNO, (15 
cm3) with dppm (0.043 g, 1.12 x mol) for 1 h, then 
NH4PF, (0.037 g, 2.24 x 10 mol) was added and the solution 
refluxed for 30 min. The reaction mixture was cooled and 
filtered: addition of Et,O to the filtrate yielded [Pd([9]ane- 
S,)(dppm)] [PF6], as bright orange crystals which were 
recrystallised from MeNO, by slow diffusion of Et,O vapour. 
Yield 50% (Found: C, 39.0; H, 3.85. Calc: C, 38.7; H, 3.55%). 
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Table 5 Atomic coordinates for [Pd([9]aneS3)(dppm)][PF,],. 

Y 

0.194 22(3) 
0.184 14(15) 
0.301 24(12) 
0.148 52(14) 
0.100 60( 1 1)  
0.223 02(12) 
0.262 6(6) 
0.31 8 3(6) 
0.285 l(6) 
0.222 l(6) 

0.128 O(6) 
0.070 l(3) 
0.007 3(3) 

0.137 4(5) 

-0.016 5(3) 
0.022 3(3) 
0.085 O(3) 
0.108 9(3) 
0,033 91(24) 
0.025 95(24) 

-0.022 57(24) 
- 0.063 12(24) 
-0.055 16(24) 
- 0.006 62(24) 

0.264 08(24) 
0.298 12(24) 
0.330 83(24) 
0.329 49(24) 
0.295 40(24) 
0.262 7 l(24) 
0.265 79(25) 
0.334 02(25) 
0.369 73(25) 
0.337 23(25) 
0.268 99(25) 
0.233 27(25) 
0.138 O(5) 

Y 
0.75 
0.893 75(21) 
0.726 ll(22) 
0.661 27(20) 
0.760 62(20) 
0.811 99(18) 
0.881 5(9) 
0.838 l(9) 
0.648 5(8) 
0.594 6(8) 
0.739 3(8) 
0.838 3(8) 
0.652 8(4) 
0.648 l(4) 
0.563 8(4) 
0.484 l(4) 
0.488 8(4) 
0.573 2(4) 
0.820 9(4) 
0.916 2(4) 
0.963 l(4) 
0.914 6(4) 
0.8 19 3(4) 
0.772 4(4) 
0.743 4(4) 
0.662 6(4) 
0.611 6(4) 
0.641 3(4) 
0.722 l(4) 
0.773 l(4) 
0.921 3(4) 
0.923 4(4) 
1.005 l(4) 
1.084 7(4) 
1.082 5(4) 
1 .ooo 7(4) 
0.828 8(7) 

0.079 19(4) 

0.015 97(18) 

0.162 68(15) 
0.213 57(16) 

-0.035 20(20) 

- 0.039 93( 17) 

-0.092 6(8) 
-0.036 9(8) 
- 0.079 O(7) 
-0.071 7(7) 
- 0.133 9(7) 
-0.11 1 8(8) 

0.207 2(4) 
0.246 9(4) 
0.278 9(4) 
0.271 2(4) 
0.231 5(4) 
0.199 4(4) 

0.120 8(3) 
0.071 8(3) 

0.1 10 4(3) 

0.012 3(3) 
0.001 9(3) 
0.050 9(3) 
0.296 l(3) 
0.273 2(3) 
0.339 l(3) 
0.427 9(3) 
0.450 7(3) 
0.384 9(3) 
0.206 9(4) 
0.223 9(4) 
0.21 1 O(4) 
0.181 2(4) 
0.164 2(4) 
0.177 O(4) 
0.252 4(6) 

TR: 3050, 2964, 2924, 1480, 1435, 1409, 1308, 11 87, 1099, 998, 
840, 742, 718, 688, 555, 543, 502, and 478 cm-'. NMR 
(CD,NO,, 298 K): 'H (200 MHz), 6 2.85, 3.07 (m, 12 H, 
SCH,), 5.02 (t, 2 H, ,JHP = 11.5, PCH,) and 7.69-7.86 (m, 20 H, 
PPH,); 13C (50.32 MHz), 6 33.12 (s, 6 C, SCH,), 35.34 (t, 1 C, 
'Jpc = 29, PCH,), 129.01 (d, 8 C, 'JPc = 12, PPh,), 132.03 (d, 
8 C, ,JPc = 3 Hz, PPh,) and 132.65 (s, 4 C, PPh,); 31P (81.02 
MHz), 6 -37.73. 

[ Pd( [ 91 aneS,)(dppe)] [ PF,] 2. This complex was produced 
from [Pd([9]aneS3)C1,] in a similar manner to the dppm 
complex, except for the use of dppe (0.045 g, 1.12 x lop4 rnol). 
The yellow-orange product was recrystallised from Me,CO- 
Et,O to give [Pd([9]anes3>(dppe)][PF6], in 68% yield. 
(Found: C, 39.8; H, 3.70. Calc.: C, 39.4; H, 3.70%). IR: 1475, 
1434, 1408, 1308, 1185, 995, 838, 750, 720, 708, 692, 655, 555, 
528, 485 and 427 cm-'. NMR [(CD,),CO, 298 K]: 'H (360 
MHz), 6 2.54 (m, 6 H, SCH,), 3.15 (m, 6 H, SCH,), 3.56 (m, 4 H, 
PCH,) and 7.67-8.00 (m, 20 H, PPh,); I3C (50.32 MHz), 6 
29.37 (dd, 2 C, ,JPc = 11, 'Jcp = 24), 32.80 ( s ,  6 C, SCH,), 
129.40 (d, 8 C, 'JPc = 12, PPh,), 131.97 (d, 8 C, 3Jpc = 1 1  Hz, 
PPh,) and 133.03 (s, 4 C, PPh,). FAB mass spectrum: m/z = 
683, [Pd([9]aneS3)(dppe)] +; 504, [Pd(dppe)] + and 475, 
[Pd(PPh,),] +. Electronic spectrum (MeNO,): h,,, = 430 
(E,,, = 448) and 346 nm (1900 dm3 mol-' cm-'). 

[Pd( [9] aneS,)((Ph,PCH,), [ Ph,P(O)CH,] CMe)] [ PF,],. The 
complex [Pd([9]aneS3)Cl2] (0.03 g, 8.39 x mol) and (Ph,- 
PCH,),CMe (0.053 g, 8.39 x mol) were refluxed in 
MeNO, (15 cm3) under N, for 1 h. Addition of NH4PF6 
(0.037 g, 1.68 x mol) and further refluxing afforded a pale, 
yellow solution, which was cooled and filtered to remove 
NH,Cl. Addition of Et,O to the filtrate gave a yellow 
precipitate which was recrystallised from MeNO, solution by 
slow diffusion of Et,O vapour. Yield 55% (Found: C, 46.2; H, 
4.20. Calc. for C4,H,1Fl,P5PdS3: C, 47.0; H, 4.30. Calc. for 

Table 6 Atomic coordinates for [Pd([9]aneS,)((Ph2PCH2)2[Ph2P(0)CH2]CMe}[PF6]z-l .5MeN0,.Etz0 

X 

0.089 66(6) 
0.1 16 52(20) 
0.037 4(8) 

-0.035 l(7) 
-0.029 89(19) 
-0.077 7(7) 
- 0.040 2(7) 

0.057 OO(20) 
0.096 8(7) 
0.089 O(8) 
0.193 74(19) 
0.179 9(4) 
0.109 9(4) 
0.100 2(4) 
0.160 4(4) 
0.230 4(4) 
0.240 l(4) 
0.244 O(4) 
0.276 3(4) 
0.314 9(4) 
0.321 l(4) 
0.288 7(4) 
0.250 2(4) 
0.103 33(20) 
0.084 l(4) 
0.138 4(4) 

0.053 l(4) 

0.014 3(4) 
0.036 9(4) 

0.122 9(4) 

-0.001 2(4) 

-0.010 l(4) 
- 0.062 2(4) 

Y 
0.263 94(4) 
0.200 82( 14) 
0.214 O(6) 
0.221 4(5) 
0.263 79( 14) 
0.233 l(5) 
0.187 7(5) 
0.195 90(13) 
0.146 9(5) 
0.146 4(6) 
0.270 89( 13) 
0.283 l(3) 
0.287 8(3) 
0.300 3(3) 
0.308 l(3) 
0.303 3(3) 
0.290 8(3) 
0.2 17 25(25) 
0.203 18(25) 
0.161 40(25) 
0.133 66(25) 
0.147 73(25) 
0.189 50(25) 
0.336 68(13) 
0.333 85(25) 
0.319 80(25) 
0.315 18(25) 
0.324 60(25) 
0.338 68(25) 
0.343 31(25) 
0.376 95(25) 
0.364 02(25) 
0.395 42(25) 

z 

0.058 O O ( 5 )  
0.154 27( 19) 
0.176 9(7) 
0.124 l(6) 
0.063 97( 17) 

- 0.009 8(6) 
-0.015 7(8) 
- 0.007 72( 19) 

0.044 3(7) 
0.108 9(7) 
0.033 14(18) 

- 0.049 6(3) 
-0.093 l(3) 
- 0.156 O(3) 
- 0.175 3(3) 
-0.131 8(3) 
-0.068 9(3) 

0.050 O(4) 
0.1 13 O(4) 
0.126 6(4) 
0.077 2(4) 
0.014 2(4) 
0.000 6(4) 
0.102 62( 18) 
0.177 2(3) 
0.232 7(3) 
0.289 3(3) 
0.290 4(3) 
0.234 9(3) 
0.178 3(3) 
0.054 4(4) 

- 0.005 4(4) 
-0.041 3(4) 

X 

0.872 2(4) 
0.856 l(4) 
0.854 l(4) 
0.868 3(4) 
0.884 4(4) 
0.776 5(7) 
0.714 4(8) 
0.835 l(7) 
0.763 7(7) 
0.728 6(8) 
0.873 3(3) 
0.803 5(6) 
0.827 8(5) 
0.946 3(9) 
0.916 5(6) 
0.850 l(7) 
0.769 7(3) 
0.797 l(6) 
0.744 l(6) 
0.690 8(6) 
0.789 5(7) 
0.848 l(7) 
0.363 3(3) 
0.323 5(6) 
0.377 7(5) 
0.287 5(6) 
0.439 3(6) 
0.401 8(6) 
0.346 3(7) 
0.247 l(4) 
0.221 4(7) 
0.167 O(7) 
0.325 5(9) 

Y 
0.016 6(3) 

- 0.029 3(3) 
-0.063 6(3) 
- 0.052 O(3) 
- 0.006 O( 3) 

0.171 4(5) 
0.139 4(5) 
O.l105(5) 
0.125 3(5) 
0.086 9(5) 
0.240 54( 19) 
0.245 5(4) 
0.257 8(5) 
0.242 2(9) 
0.222 l(5) 
0.189 3(4) 
0.010 61(17 

0.026 2(3) 
- 0.007 O(4) 

-0.006 7(5) 
-0.037 7(4) 

0.028 8(6) 
0.289 41(19 
0.298 3(4) 
0.235 9(4) 
0.274 l(4) 
0.302 7(4) 
0.280 3(5) 
0.341 9(4) 
0.034 6(3) 
0.057 l(5) 
0.035 6(5) 
0.040 4( 10) 

Z 

0.078 O(4) 
0.058 O(4) 
0.101 8(4) 
0.165 6(4) 
0.185 6(4) 
0.1 17 4(6) 
0.190 2(7) 
0.196 3(7) 
0.147 O(7) 
0.100 9(8) 
0.304 72(22) 
0.244 4(4) 
0.349 6(4) 
0.362 9(8) 
0.260 4(5) 
0.313 9(7) 
0.313 16(24) 
0.385 7(5) 
0.239 l(5) 
0.303 7(6) 
0.293 5(5)  
0.323 2(6) 
0.283 87(21) 
0.334 7(5) 
0.306 3(5) 
0.232 9(5) 
0.335 l(5) 
0.232 6(5) 
0.262 4(6) 
0.171 8(4) 
0.105 O(5) 
0.172 5(7) 
0.176 5(9) 

1892 J. Chem. SOC., Dalton Trans., 1996, Pages 1885-1895 

http://dx.doi.org/10.1039/DT9960001885


Table 6 (continued) 

X 

- 0.067 2(4) 
-0.020 l(4) 

0.032 O(4) 
0.365 64(21) 
0.382 2(5) 
0.261 l(7) 
0.191 l(7) 
0.304 4(7) 
0.237 l(7) 
0.191 O(7) 
0.596 74(6) 
0.599 28(23) 
0.517 O(8) 
0.454 l(7) 
0.472 46(20) 
0.430 3(8) 
0.458 7(8) 
0.558 96(22) 
0.586 9(9) 
0.567 6(9) 
0.702 82(20) 
0.689 6(4) 
0.750 l(4) 
0.741 l(4) 
0.671 5(4) 
0.610 9(4) 
0.620 O(4) 
0.742 4(4) 
0.774 3(4) 
0.803 l(4) 
0.799 9(4) 
0.768 l(4) 
0.739 3(4) 
0.621 85(21) 
0.598 9(5) 
0.647 l(5) 
0.628 l(5) 
0.560 9(5) 
0.512 7(5) 
0.531 7(5) 
0.570 4(4) 
0.526 l(4) 
0.487 l(4) 
0.492 4(4) 
0.536 8(4) 
0.575 8(4) 
0.906 55(22) 
0.918 8(5)  
0.985 8(4) 
1.052 2(4) 
1.1 15 4(4) 
1.112 l(4) 
1.045 6(4) 
0.982 5(4) 
0.886 3(4) 

Y 
0.439 74(25) 
0.452 66(25) 
0.421 27(25) 
0.401 47( 15) 
0.358 5(4) 
0.313 2(5) 
0.366 O ( 5 )  
0.394 O ( 5 )  
0.364 2(5) 
0.383 9(5) 
0.2 12 26(4) 
0.294 8 1 (1 5 )  
0.286 2(5) 
0.262 8(5) 
0.210 36(14) 
0.222 5(5) 
0.264 5(6) 
0.262 56( 15) 
0.319 8(6) 
0.334 6(5) 
0.198 31(13) 
0.163 8(3) 
0.147 O ( 3 )  
0.123 O(3) 
0.1 15 8(3) 
0.132 6(3) 
0.156 6(3) 
0.252 73(24) 
0.282 lO(24) 
0.324 87(24) 
0.338 32(24) 
0.308 95(24) 
0.266 17(24) 
0.156 99( 14) 
0.181 O(3) 
0.212 O(3) 
0.233 8(3) 
0.224 6(3) 
0.193 6(3) 
0.171 8(3) 
0. I04 8(3) 
0.095 9(3) 
0.054 3(3) 
0.021 7(3) 
0.030 6(3) 
0.072 2(3) 
0.087 97( 15) 
0.1 17 3(4) 
0.084 5(3) 
0.076 3(3) 
0.071 7(3) 
0.075 3(3) 
0.083 5(3) 
0.088 O(3) 
0.028 3(3) 

z 

-0.017 4(4) 
0.042 4(4) 
0.078 3(4) 
0.065 13(23) 
0.034 9(6) 
0.075 8(7) 
0.126 9(6) 
0.109 8(7) 
0.079 3(7) 
0.01 5 O(7) 
0.073 79(5) 
0.138 68(22) 
0.156 2(7) 
0.106 5(7) 
0.069 68( 19) 

-0.013 l(7) 
-0.037 O(7) 
-0.016 50(19) 

0.01 3 9(9) 
0.072 2(8) 
0.054 82( 18) 

-0.016 l(4) 
-0.029 5(4) 
-0.086 l(4) 
- 0.129 3(4) 
- 0.1 15 9(4) 
- 0.059 3(4) 

0.041 4(4) 
0.093 l(4) 
0.083 6(4) 
0.022 5(4) 

-0.029 l(4) 
- 0.019 6(4) 

0.151 33(19) 
0.216 9(4) 
0.255 l(4) 
0.306 4(4) 
0.3 13 5(4) 
0.272 4(4) 
0.224 O(4) 
0.130 4(4) 
0.068 O(4) 
0.053 4(4) 
0.101 2(4) 
0.163 5(4) 
0.178 l(4) 
0.167 45(21) 
0.1 16 O ( 5 )  
0.239 O(4) 
0.230 O(4) 
0.282 4(4) 
0.343 9(4) 
0.353 O(4) 
0.300 6(4) 
0.141 8(4) 

X 

0.256 5( 1 1) 
0.251 7(11) 
0.244 2( 16) 
0.446 7(6) 
0.499 3(6) 
0.566 7(6) 
0.581 5(6) 
0.528 9(6) 
0.461 4(6) 
0.439 O(21) 
0.495 5(21) 
0.560 4(21) 
0.573 8(21) 
0.527 7(21) 
0.459 5(21) 
0.331 2(8) 
0.324 7(8) 
0.294 O(8) 
0.269 8(8) 
0.276 2(8) 
0.306 9(8) 
0.325 O(12) 
0.317 l(12) 
0.293 4( 12) 
0.276 3( 12) 
0.300 O( 12) 
0.321 4(12) 
0.933 9(21) 
0.893 6(8) 
0.760 5(9) 
0.281 8(21) 
0.280 2( 1 1) 
0.205 9( 14) 
0.400 6(6) 
0.450 l(6) 
0.396 8(6) 
0.324 9(6) 
0.837 8(5)  
0.808 3(5) 
0.742 3(5) 
0.894 8(5)  
0.925 5(5)  
0.504 9(9) 
0.435 l(9) 
0.377 9(9) 
0.558 8(9) 
0.632 4(9) 
0.375 7(16) 
0.338 7( 16) 
0.317 3(16) 
0.977 O(8) 
0.967 l(8) 
0.961 l(8) 
0.950 3(8) 

Y 
0.091 O(8) 

0.002 7( 1 I )  
0.427 6(4) 
0.443 6(4) 
0.458 5(4) 
0.457 4(4) 
0.441 4(4) 
0.426 5(4) 
0.426 9( 14) 
0.451 O( 14) 
0.470 5( 14) 
0.460 7( 14) 
0.420 O( 14) 
0.424 7( 14) 
0.442 2(5) 
0.431 4(5) 
0.463 5(5)  
0.506 4(5) 
0.517 3(5) 
0.485 2(5) 
0.452 4(8) 
0.439 4(8) 
0.476 6(8) 
0.484 9(8) 
0.533 O(8) 
0.498 O(8) 
0.223 l(13) 
0.291 6(5) 
0.059 3(7) 

0.027 4(8) 

0.385 O(4) 
0.413 l(4) 
0.409 3(4) 
0.425 7(4) 
0.410 8(3) 
0.400 7(3) 
0.368 O(3) 
0.444 9(3) 
0.457 O(3) 
0.107 O( 5) 
0.099 O ( 5 )  
0.131 5(5) 
0.078 5(5) 
0.104 l(5) 

0.002 3( 12) 
0.051 6( 12) 
0.068 9(6) 
0.093 4(6) 
0.061 8(6) 
0.013 3(6) 

-0.010 2(8) 

- 0.056 9( 16) 

- 0.01 8 9(9) 

-0.017 O(12) 

0.200 8(10) 
0.155 7(10) 
0.229 4( 12) 
0.122 2(6) 
0.097 2(6) 
0.138 l(6) 
0.203 8(6) 
0.228 7(6) 
0.187 9(6) 
0.086 7( 19) 
0.063 8( 19) 
0.104 6(19) 
0.167 8(19) 
0.194 3(19) 
0.158 5(19) 
0.004 7(7) 

- 0.058 O(7) 
-0.106 5(7) 
- 0.092 2(7) 
-0.029 5(7) 

0.019 O(7) 
0.012 2(11) 

- 0.056 O( 1 1) 
-0.104 3(11) 
- 0.085 2( 1 1) 

0.019 4(11) 
0.059 9( 11) 
0.367 7(20) 
0.298 8(7) 
0.333 7(9) 

0.248 l(10) 
0.123 7(13) 
0.424 9(6) 
0.359 5(6) 
0.377 9(6) 
0.336 2(6) 
0.204 8 ( 5 )  
0.254 8 ( 5 )  
0.229 6(5) 
0.227 O(5) 
0.173 3(5) 
0.377 3(7) 
0.329 8( 7) 
0.341 4(7) 
0.363 7(7) 
0.384 O(7) 

-0.324 5(20) 

- 0.03 1 9( 15) 
- 0.003 2( 15) 
-0.017 l(15) 
- 0.006 3(8) 
-0.100 l(8) 
-0.064 3(8) 
-0.088 3(8) 

C4,H5,Fl,0P5PdS3: C, 46.4; H, 4.20%). IR: 1478,1432, 1408, 
1382, 1305 [v(P=O)], 1186, 1095, 1051, 1032, 997, 930, 840, 
741, 728, 694, 555, 512, 480 and 450 cm-'. NMR (CD3N02, 
298 K): 'H (200 MHz), 6 0.64 (s, 3 H, Me), 2.29 (m, 6 H, SCH,), 
2.84 (m, 6 H, SCH,), 2.15 (m, 2 H, PCH,), 3.13 (m, 4 H, PCH,), 
and 7.14-7.94 (m, 30 H, PPh,); 13C (50.32 MHz), 6 32.9 (s, 6 H, 
SCH,), 128.2 (m, PPh,), 129.5 (s, PPh,), 132.0 (m, PPh,) and 
134.0 (m, PPh,); CH, group not observed, PCH, signals weak 
and hidden by those due to [9]aneS,; 31P (81.02 MHz), 6 
-29.20 (free triphosphine), 16.46 (s, 1 P, PPh,), 18.08 (s, 2 P, 
PPh,) and 28.17 [HPR,]'. FAB mass spectrum: rn/z = 910, 
[Pd([9]aneS,)((Ph2PCH2),CMe)]+ (908); 729, [Pd{(Ph,- 
PCH,),CMe}] + (731); 544, [Pd{(Ph,PCH,),CMe)] +. Elec- 
tronic spectrum (MeNO,): A,,, = 429 (E,,, = 288) and 348 
nm (3300 dm3 mol-' cm '). 

[Pd([9]aneS3)(bipy)] [PF,],. 2,2'-Bipyridine (0.01 3 g, 8.39 
x lop5 mol) was treated with [Pd([9]aneS3)C1,] (0.03 g, 
8.39 x mol) in refluxing MeNO,, followed by the addition 
of NH,PF, (0.037 g, 1.68 x lop4 mol). After removal of NH4- 
Cl by filtration, [Pd([9]aneS3)(bipy)][PF6], was isolated as a 
pinkish brown preciptate which was recrystallised by slow 
diffusion of Et,O vapour into a solution in MeNO,, giving 
purple blocks. Yield 50% (Found: C, 26.0; H, 2.70; N, 3.80. 
Calc.: C, 26.2; H, 2.75; N, 3.80%). IR: 31 10, 3080, 2960, 2920, 
1600, 1495, 1472, 1445, 1425, 1405, 1380, 1315, 1285, 1245, 
1175, 1162, 1150, 1120, 1105, 1081, 1070, 1037, 1020, 950,900, 
840, 808, 768, 740, 722, 661, 647, 610, 555, 482 and 412 cm-'. 
NMR (298 K): 'H [(CD,),CO, 80 MHz], 6 3.68 (s, 12 H, 
SCH,) and 7.9-8.9 (m, 8 H, bipy); I3C (CD,NO,, 50.32 MHz), 
6 32.80 (s, 6 C, SCH,), 123.92 [s, 2 C, bipy C(6), C(6')], 127.66 
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[s, 2 C, bipy C(4), C(4')], 141.50 [s, 2 C, bipy C(5), C(5')] and 
149.35 [s, 2 C, bipy C(3), C(3')]. FAB mass spectrum: m/z = 
442, [Pd([9]aneS3)(bipy)] +; 364, [Pd([9]aneS3)(C,H,N)] +; 
285, [Pd([9]aneS3)] +; and 262, [Pd(bipy)] +. Electronic 
spectrum (MeCN): h,,, = 508 (E,,, = 11.8), 321 (4100), 303 
(4100), 242 (9200) and 214 nm (12 000 dm3 mol-' cm-'). 

[Pd([9]aneS3)(phen)] [PF,],. This was synthesised in a 
similar manner to the above, using 1,lO-phenanthroline (0.01 5 
g, 8.39 x mol) instead of 2,2'-bipyridine. The pink-brown 

Table 7 Atomic coordinates for [Pd([9]anes3)(bipy)][PF6]z 

X 

0.161 48(3) 
0.368 02( 13) 
0.495 2(5) 
0.456 2(5) 
0.316 22(11) 
0.363 O ( 5 )  
0.252 l(5) 
0.189 49( 12) 
0.332 9(5) 
0.351 5(6) 
0.104 2(4) 
0.001 2(4) 

0.01 5 4(6) 
0.117 5(5)  
0.161 O ( 5 )  
0.007 7(4) 

-0.045 9(6) 

-0.055 l(5) 
- 0.164 6(6) 
-0.208 5(6) 
- 0.142 6(6) 
-0.033 5 ( 5 )  
-0.190 63(14) 

0.732 7(4) 
0.672 7(4) 
0.942 6(4) 
0.809 O ( 5 )  
0.883 5(5)  
0.805 1(5) 

0.364 3(3) 
0.432 2(4) 
0.489 7(4) 
0.569 l(3) 
0.5 13 8(4) 
0.638 l(4) 

-0.501 38(13) 

Y 
0.276 50(3) 
0.308 84( 12) 
0.274 O(5) 
0.305 7(5) 
0.237 49( 12  
0.070 7(5) 
0.000 8(5) 
0.069 51(11 
0.048 8(5) 
0.159 9(5) 
0.453 5(4) 
0.510 l(5) 
0.630 5(5)  
0.693 8(5) 
0.634 6(5)  
0.51 5 O ( 5 )  
0.322 8(4) 
0.436 3(5) 
0.477 l(6) 
0.401 8(6) 
0.292 l(6) 
0.251 4(5) 
0.036 45( 14) 
0.1 15 4(4) 
0.005 5(4) 
0.073 2(6) 

-0.079 9(5) 
- 0.046 9(8) 

0.157 O(6) 
0.673 34(13) 
0.288 2(4) 
0.417 l(3) 
0.438 3(3) 
0.237 7(4) 
0.213 6(4) 
0.367 O(6) 

Z 

0.247 90(3) 
0.395 91(11) 
0.281 2(5) 
0.148 7( 5) 
0.099 00( 1 1) 
0.115 3(5) 
0.178 6(5) 
0.318 55(11) 
0.413 2(5) 
0.483 2(5) 
0.171 5(4) 
0.227 4(4) 
0.187 8(5) 
0.084 O ( 5 )  
0.028 O ( 5 )  
0.070 6(5) 
0.365 8(4) 
0.334 6(4) 
0.401 l(6) 
0.503 l(6) 
0.534 3(6) 
0.465 4(5) 
0.205 67( 14) 
0.097 7(4) 
0.269 7(4) 
0.143 7(5) 
0.129 8(6) 
0.308 l(5) 
0.273 9(6) 
0.230 86( 12) 
0.736 9(4) 
0.863 8(3) 
0.663 3(3) 
0.673 3(3) 
0.874 2(3) 
0.797 2(5) 

precipitate formed was recrystallised in the same way. Yield 
40% (Found: C, 28.3; H, 2.65; N, 3.70. Calc: C, 28.6; H, 2.65; N, 
3.70%). IR: 1518,1447,1430,1410,1348,1312,1288,1222,1151, 
11 10,840,742,725,716,558,482 and 432 cm-'. NMR (298 K): 
'H [(CD,),CO, 80 MHz], 6 3.73 (s, 12 H, SCH,), 8.17-8.48, 
9.1 1-9.34 (m, 8 H, phen); I3C (CD3N0,, 50.32 MHz), F 32.97 
(s, 6 C, SCH,), 125.68 [phen C(5), C(6)], 127.24 [phen C(3), 
C(8)], 140.44 [phen C(4), C(7)] and 149.83 [phen C(2), C(9)l. 
FAB mass spectrum: m/z = 467, [Pd([9]aneS3)(phen)] +; 287, 
[Pd([9]aneS3)] + or [Pd( 1 ,lo-phen)] +. Electronic spectrum 
(MeCN): I,,, = 507 ( E , ~ ~  = 120), 278 (18 000) and 217 nm 
(21 000 dm3 molF' cm-I). 

Crystal structure determinations 

A summary of the crystal and experimental data for all six 
structures is given in Table 2: only special features of individual 
determinations are noted here. 

cis-[Pd( [9]aneS3)(PPh3),] [ PF,],. Absorption corrections 
(minimum 0.070, maximum 0.303) were applied by means of w 
scans. Atomic coordinates are given in Table 3. 

[Pd( [9]aneS3)C1(PPh3)]PF6*2MeN0,. One MeNO, mol- 
ecule lies on a crystallographic two-fold axis. Solvent H atoms 
were not included in the refinement model. Atomic coordinates 
are given in Table 4. 

[Pd( [9] aneS,)(dppm)] [ PF,] ,*OSEt,O. The unconventional 
setting Pn2,a was used because the structure analysis was 
initiated in the corresponding centrosymmetric space group 
Pnrna. The Pd, F, P and S atoms were refined anisotropically. 
Disorder in the PF,- was treated by allowing each F atom of 
the ion to occupy two positions. The solvent molecule was 
refined as a rigid group. No H atoms were included for the half- 
occupied solvent molecule. Atomic coordinates are given in 
Table 5. 

[Pd( 191 aneS3){(Ph2PCH3, [Ph,P(O)CH,I CMe) 1 [PF61 ,- 
l.SMeNO,~Et,O. The crystal was cooled to 173 K using an 
Oxford Cryosystems low-temperature device.,' All cation non- 
H atoms were refined anisotropically. Disorder in two rings of 
the phosphine oxide group in one molecule was treated by 
allowing alternative positions for each ring. The PF, - groups 
were each disordered over multiple sites. Solvent H atoms were 
not included. Atomic coordinates are given in Table 6. 

Table 8 Atomic coordinates for [Pd([9]aneS3)(phen)][PF6]2*MeN0, 

X Y 
0.419 26(9) 0.371 61(7) 
0.301 5(4) 0.500 4(3) 
0.350 3(4) 0.184 8(3) 
0.046 4(4) 0.301 4(3) 
0.554 8(11) 0.271 4(9) 
0.522 8(11) 0.536 O(9) 

0.1309(16) 0.057 5(10) 
0.12 1 9(4) - 0.098 5( 3) 

0.124 4(13) -0.248 9(8) 
-0.013 606) -0.133 7(15) 

0.276 9(16) -0.1 16 3(13) 
-0.015 9(15) -0.071 8(15) 

0.271 5(16) -0.055 l(11) 
0.254 8(4) 0.750 9(4) 
0.421 5( 15) 0.863 6( 13) 

0.377 2(13) 0.639 l(11) 
0.227 6( 13) 0.762 O( 13) 
0.130 5(15) 0.864 5(14) 

0.307 7(14) 0.263 3(16) 

0.278 3(12) 0.737 6(11) - 

0.085 8( 13) 0.640 3( 12) - 

Z 

0.260 69(4) 
0.194 40( 18) 
0.162 58(17) 
0.286 03( 17) 
0.321 4(5) 
0.347 l(5) 
0.355 24( 18) 
0.353 5(6) 
0.360 4(7) 
0.290 2(7) 
0.305 5(7) 
0.409 5(7) 
0.423 2(6) 
0.01 2 23(20) 
0.035 l(7) 
0.071 l(5) 
0.012 l(6) 
0.093 9(5) 
0.01 2 4(6) 

0.823 2(7) 
.0.011 6(6) 

X Atom Y Z 

O( 1 S) 0.307 9(14) 0.371 l(14) 0.803 7(7) 
O(2S) 0.373 1 (1 7) 0.172 5( 16) 0.792 4(7) 
(72) 0.328 5(16) 0.399 5(13) 0.101 2(7) 
C(3) 0.272 7( 17) 0.250 O( 14) 0.089 O(7) 
C(5) 0.15 1 9( 14) 0.087 4( 12) 0.180 8(7) 
C(6) -0.003 7(16) 0.157 9(14) 0.206 6(7) 
C(8) -0.016 l(16) 0.447 2(13) 0.258 2(7) 
C(9) 0.061 9(16) 0.476 9(14) 0.191 6(7) 
C( 12) 0.580 O(15) 0.138 l(13) 0.305 5(7) 
C( 1 3) 0.672 5(15) 0.085 5(13) 0.355 O(7) 
C( 14) 0.738 7(15) 0.162 9(13) 0.418 3(7) 
C(14A) 0.720 7(14) 0.306 7(12) 0.438 9(6) 
C(15) 0.789 l(17) 0.402 3(14) 0.505 6(7) 
C( 16) 0.772 6(16) 0.535 O(14) 0.519 4(7) 
C(16A) 0.686 8(15) 0.588 4(12) 0.466 9(6) 
C(17) 0.673 2(16) 0.727 8(14) 0.477 O(7) 
C(18) 0.583 O(16) 0.767 7(14) 0.423 O(7) 
C( 19) 0.509 6(14) 0.670 6( 12) 0.358 8(6) 
C(2 1) 0.610 l(13) 0.494 9(11) 0.400 5(6) 
C(22) 0.628 1( 13) 0.355 8( 1 1) 0.386 6(6) 
C( 1 S) 0.215 4(21) 0.261 9(21) 0.885 7(11) 
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[Pd([9]aneS3)(bipy)] [PF,],. Atomic coordinates are given 
in Table 7.  

[Pd( [9]aneS3)(phen)] [PF,],-MeN02. At isotropic conver- 
gence, final corrections for absorption (minimum 0.71 8, 
maximum 1.348) were applied empirically using DIFABS.” 
The Pd, F, N, P and S atoms were refined anisotropically. The 
CH, group of the MeNO, solvate was allowed to rotate about 
the C-N bond. Disorder in the PF,- groups was modelled 
by allowing partial occupancies for the F atoms. Atomic 
coordinates are given in Table 8. 

Illustrations were generated by SHELXTL-PC 22  and 
molecular geometry calculations utilised CALC.2 Scattering 
factors were inlaid or taken fromref. 24. 

Complete atomic coordinates, thermal parameters and bond 
lengths and angles have been deposited at the Cambridge 
Crystallographic Data Centre. See Instructions for Authors, 
J.  Chem. Soc., Dalton Trans., 1996, Issue. 1 
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