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Synthesis, Structures, and Electrochemistry of Palladium and Platinum 
Macrocyclic Complexes of [ I  8]aneN,S, (1,4,10,13-Tetrathia-7,16-diazacyclo- 
octadecane) and Me,[1 8]aneN2S, (7,16-Dimethyl-1,4,10,13-tetrathia-7,16- 
diazacyclo-octadecane). Single Crystal X-Ray Structures of 
[ Pd (Me,[? 8]aneN,S,)] [ P F,] ,oMe,CO, [ Pd ( [I 8]aneN,S,)] [ B Ph,] ,, and 
[Pd,C12( [18]aneN2S,)] [PF6],o2MeCNt 
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Reaction of PdCI, with the N2S4 donor macrocycles [I 8]aneN2S, (1,4,10,13-tetrathia-7,16- 
diazacyclo-octadecane) and Me,[l 8]aneN,S, (7,16-dimethyI-l ,4,10,13-tetrathia-7,16-diazacyclo- 
octadecane) affords the 1 : 1 complex cations [Pd( [I 8]aneN,S,)]2+ and [ Pd( Me,[l 8]aneN,S,)]2+ 
respectively in high yield. The yellow complex [Pd( Me,[l 8]aneN,S,)] [PF,],=Me,CO crystallises in 
the orthorhombic space group Pcab, with a = 14.3369(15), b = 17.691 5(7), c = 24.295 2(11) A, 
and Z = 8. The single crystal X-ray structure of  [Pd(Me,[l 8]aneN,S,)I2+ shows square-planar co-  
ordination at Pd" with the four thioether donors of the macrocycle bound t o  the metal centre, 
Pd-S(l ) 2.339 9(22), Pd-S(4) 2.333 1 (22), Pd-S(10) 2.326 1 (22), and Pd-S(13) 2.323 9(21) A; 
the two N atoms are non-bonding, Pd N(7) 3.744(7) and Pd N(16) 3.760(6) 8. The 
green complex [Pd( [I 8]aneN,S4)] [BPh,], crystallises in  the monoclinic space group P2,/c, with 
a = 16.888 8(12),  b = 16.553 3(15), c = 18.537 6(12)  A, p = 93.144(8)", and Z = 4. The structure 
of [Pd( [I 8]aneN,S4)]2+ is markedly different to that of [Pd(Me,[l 8]aneN,S,)]2+ and shows the 
Pd" ion co-ordinated to an N,S, donor set in a square-planar configuration, Pd-S(l) 2.31 1 (3), 
Pd-N(7) 2.123(7), Pd-S(13) 2.357(3), and Pd-N(16) 2.068(7) A; the S ( l ) - N ( l 6 ) - S ( l 3 )  
linkage binds meridionally to the metal centre, The two remaining thioether donors interact at 
long range with the metal centre, Pd S(10) 2.954(4) and Pd S(4) 3.000(3) A with 
S(4)-Pd-S(10) 158.94(9)". The overall stereochemistry at Pd" is therefore tetragonally distorted 
octahedral with a formal [ N2S, + S,] co-ordination sphere. The structural differences between 
[Pd(Me,[l 8]aneN,S4)]2+ and [Pd( [I 8]aneN,S,)]2+ are reflected in their spectroscopic and redox 
properties. Cyclic voltammetry of  [Pd(Me,[l 8]aneN,S,)] [PF,], in MeCN (0.1 mol  dm-3 NBu",PF, 
supporting electrolyte) at platinum electrodes shows a chemically reversible one-electron reduction 
at E+ = -0.74 V vs. ferrocene-ferrocenium. Controlled potential electrolysis affords a bright yellow 
paramagnetic species which has been assigned on the basis of  coulometry, e.s.r. and u.v.-visible 
spectroelectrochemistry as a mononuclear d9 Pd' species. No oxidative activity is observed for 
[Pd(Me,[l 8]aneN,S,)] [PF,], within the range of  the solvent up to +2.0 V. In contrast, cyclic 
voltammetry of [ Pd( [l 8]aneN,S,)] [ PF,], shows a chemically reversible one-electron oxidation at 
€+ = +0.57 V vs. ferrocene-ferrocenium (A€p = 195 mV at a scan rate of  150 mV s-'). Controlled 
potential electrolysis affords a bright-red paramagnetic product which is assigned on the basis of  
coulometry, e.s.r. and u.v.-visible spectroelectrochemistry as a mononuclear d7 Pd"' species. T w o  
irreversible reductions are also observed for [Pd( [I 8]aneN,S,)] [PF,], at Epc = -1.01 and -1.54 V 
vs. ferrocene-ferrocenium. Reaction of  PdCI, with Me,[l 8]aneN,S4 or [I 8]aneN,S4 in a 2:  1 molar 
ratio affords the corresponding binuclear complexes [ Pd,CI,( Me,[l 8]aneN,S,)]2+ and 
[Pd,CI,( [I 8]aneN,S,)]2+. The complex [Pd,CI,( [I 8]aneN,S,)] [PF6],*2MeCN crystallises in the 
monoclinic space group C2/c, with a = 18.61 7(13), b = 15.569(11), c = 14.323(14) A, 
p = 11 3.59(5)", and Z = 4. The single crystal X-ray structure of  [Pd,CI,( [I 8]aneN2S4)l2+ shows each 
Pd" bound in a square plane to t w o  S-donors, Pd-S(l ) 2.31 7(4),  and Pd-S(7) 2.31 6(4) A, and to 
one N-donor, Pd-N(4) 2.049(13) A, of the macrocycle, and a terminal CI- ligand, Pd-CI 2.305(4) A. 
The CI- ligand is displaced out of  the least-squares plane S ( l  )-N(4)-S(7)-Pd by 0.071 2 A due 
to  the steric influence of  the central methylene groups bridging the S-donors. The closest non- 
bonded interaction of  3.406(2) A is between t w o  Pd atoms in adjacent molecules related by a 
crystallographic two- fo ld  axis. The intramolecular Pd Pd distance is 4.1 96(2) A. The synthesis 
and structures of  the analogous mono- and bi-nuclear Pt" complexes [Pt( Me,[l 8]aneN,S4)]2+, 
[Pt( [I 8]aneN,S4)]2+, and [Pt,C12( [I 8]aneN,S,)I2+ are also discussed. 

t Supplementary datu available: see Instructions for Authors, J.  Chem. 
Soc., Dalton Trans., 1990, Issue 1 ,  pp. xix-xxii. 

Non-S.1. unit employed: G = T 
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We have been investigating the synthesis and redox properties 
of macrocyclic complexes of the platinum group metals.'*2 In 
the course of this study the effectiveness of homoleptic poly-thia 
and -aza macrocyclic co-ordination to stabilise Pd111,394 Pt"',' 
and Pd' 6 9 7  has been demonstrated. We wished to extend this 
work to the study of the co-ordination chemistry of the mixed S- 
and N-donor macrocycles [18]aneN,S, (1,4,10,13-tetrathia- 
7,16-diazacyclo-octadecane) and Me,[ 1 8]aneN,S, (7,16-di- 
methyl- 1,4,10,13-tetrathia-7, 16-diazacyclo-octadecane)8~g with 
Pd" and Pt" centres. In particular, we were interested in 
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Me2[18]aneN2S4; R = Me 

monitoring the co-ordinative flexibility of these large-ring 
systems, since the stereochemical requirements of these 
potentially hexadentate ligands are not compatible with the 
four-co-ordinate, square-planar geometries preferred by Pd" 
and Pt" centres. 

We report herein the synthesis and characterisation of mono- 
and bi-nuclear Pd" and Pt" complexes incorporating [ 181- 
aneN,S, and Me,[ 1 8]aneN2S,. A full spectroelectrochemical 
study of the two mononuclear palladium species is also 
presented. A preliminary communication on this work has 
appeared. 

Results and Discussion 
Palladium.-Treatment of PdCl, with 1 molar equivalent of 

Me,[ 18]aneN,S, in refluxing MeCN-H,O affords an orange 
solution. Addition of an excess of NH,PF, gives an orange 
product which can be recrystallised from MeCN. The fast-atom 
bombardment (f.a.b.) mass spectrum of the complex exhibits 
molecular ion peaks at m/z 604 and 460 corresponding to 
['06Pd(Me,[18]aneN,S, - H)PF6]' and [106Pd(Me,[18]- 
aneN,S,)] + respectively. These data, together with elemental 
analyses and i.r. spectroscopy, confirm the formulation 
[Pd(Me,[18]aneN,S4)][PF6],. The 'H n.m.r. spectrum of 
the complex in CD,CN shows a singlet resonance at 6 2.48 
due to the methyl protons. A complex second-order multi- 
plet in the range 6 2.68-3.50 is assigned to the methylene 
protons of the ring. Carbon-13 DEPT n.m.r. spectroscopy of 
[Pd(Me,[18]aneN,S,)]2+ in CD,CN shows four distinct 
resonances at F 49.87, 40.31, 39.40 (CH,), and 41.57 p.p.m. 
(CH,). These data confirm the presence of only one isomer in 
solution, and are consistent with a square-planar stereo- 
chemistry around the Pd" centre. 

The single-crystal X-ray structure of [Pd(Me,[ 18lane- 
N,S,)][PF,],*Me,CO is in agreement with solution studies: 
the structure determination shows square-planar co-ordination 
of the four thioether donors of the macrocycle to the Pd" ion, 

and Pd-S(13) 2.323 9(21) A [Figure l(a)]. The two NMe 
functions are orientated away from, and do not interact with, 
the metal centre, Pd N(7) 3.744(7) and Pd N(16) 3.760(6) 
8, [Figure l(b)].  The macrocycle, therefore, co-ordinates to the 
Pd" centre as a simple tetradentate thioether donor. 

The corresponding reaction of PdCI, with the non- 

Pd-S(1) 2.339 9(22), Pd-S(4) 2.333 1(22), Pd-S(10) 2.326 1(22), 

U 

Figure 1. X-Ray crystal structure of [Pd(Me,[18]aneN,S,)]2+: (a) top 
view, (b) side view with numbering scheme adopted 

methylated crown [ 1 8]aneN2S4, however, affords a different 
type of product. Treatment of PdC12 with 1 molar equivalent of 
[18]aneN,S, in refluxing MeCN in the presence of 2.2 molar 
equivalents of TlPF6 gives a purple solution with a white 
precipitate of TlCl. Removal of TlCl by filtration and of the 
solvent in uacuo yields a blue residue which can be recrystallised 
from H,O to afford a dark blue product. The f.a.b. mass 
spectrum of this product shows peaks with the correct isotopic 
distribution at m/z and 431 assigned to ['06Pd([18]- 
aneN,S,)PF,] + and [106Pd([18]aneN,S, - H)] + respectively. 
On the basis of these data, together with elemental 
analyses and i.r. spectroscopy, the product can be assigned as 
[Pd([18]aneN,S4)][PF6],. The 13C DEPT n.m.r. spectrum of 
[Pd([18]aneN,S4)]2+ measured in (CD,),CO at 298 K, 
exhibits six broad, ill-resolved resonances at 6 56.28, 5 1.12, 
47.26, 34.05, 31.88, and 27.29 p.p.m. suggesting possible 
fluxional behaviour in solution. Cooling to 208 K does not, 
however, lead to significant sharpening of the spectrum. The 'H 
n.m.r. spectrum of the complex in (CD,),CO at 298 K shows a 
broad second-order multiplet at 6 3.70-2.56, assigned to the 
macrocyclic methylene protons, and a resonance at 6 5.00 
assigned to the NH protons on the basis of its disappearance on 
addition of D20.  Cooling this sample to 223 K leads to a 
sharpening of the methylene proton signals. The complex 
[Pd([18]aneN,S,)][PF6], dissolves in MeCN to give a purple 
solution, the electronic spectrum of which shows bands at 
h,,,, = 514 ( E  = 124), 322 (2 815), 266 (9420), and 233 nm 
(12 140 dm3 mol-' cm-'). The last band is assigned tentatively to 
a S+M charge-transfer transition. 

It was clear from the spectroscopic data that the co- 
ordination geometry at Pd" in [Pd([18]aneN,S4)]2+ was not 
simply square planar as in the case of [Pd(Me2[18]ane- 
N2S4)I2+. In order to elucidate the stereochemistry and co- 
ordination sphere around the Pd" centre in [Pd([18]ane- 
N,S4)I2 +, a single-crystal X-ray structure determination was 
undertaken. Green columnar crystals were obtained by meta- 
thesis of the PF6- salt with NaBPh, in H,O, followed by 
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Figure 2. X-Ray crystal structure of [Pd([18]aneN,S4)]2+: (a) top view, 
(b) side view with numbering scheme adopted 

> 
Figure 3. Space-filling diagram of [Pd([ 18]aneN,S4)jL + 

recrystallisation from MeN02. The structure of [Pd([ 18lane- 
N2S4)I2+ (Figure 2) shows the Pd" ion co-ordinated to an 
N2S2 donor set in a square-planar configuration, Pd-S( 1) 

2.311(3), Pd-N(7) 2.123(7), Pd-S(13) 2.357(3), and Pd-N(l6) 
2.068(7) A, with the S( 1)-N( 16)-S(13) linkage binding meridion- 
ally to the metal centre. The two remaining thioether donors 
interact at long range with the metal centre, Pd S(10) 
2.954(4) and Pd S(4) 3.000(3) 8,, and lie respectively 2.863 8, 
above and 2.901 8, below the Pd-S( 1)-N(7)-S( 13)-N( 16) least- 
squares plane, S(4) * - * Pd * * . S( 10) 158.94(9)'. The co-ordin- 
ation at Pd" is therefore tetragonally distorted octahedral with a 
formal [N2S2 + S,] co-ordination sphere. The approach of the 
two thioether donors at long range is probably responsible for 
the elongation [0.055(10) A] of the Pd-N(7) bond relative to 
Pd-N( 16). Interestingly, the hexathia analogue [Pd([ 18lane- 
S6)l2 + ([ 1 8]aneS6 = 1,4,7,10,13,16-hexathiacyclo-octadecane) 
exhibits a different geometry with the macrocycle adopting an 
S-shaped double boat conformation involving long-range, weak 
interaction of the two apical S-donors, Pd 0 S,, 3.273 O( 17) A, 
to a square-planar PdS, moiety, Pd-S,, 2.31 1 4( 14) and 
2.306 7(15) A." The long-range interactions between Pd" and 
the apical sulphur donors observed in the solid-state structure 
of [Pd([18]aneN2S4)12 + suggest modes of co-ordinative 
flexibility which may account for the apparent fluxionality of 
the species in solution. 

A comparison of the crystal structures of [Pd([18]ane- 
N,S4)I2 + and [Pd(Me,[ 18]aneN,S,)l2 + demonstrates that 
replacement of the NH functions by NMe has a remarkable 
influence on the stereochemistry around Pd". A space-filling 
diagram of [Pd([18]aneN2S4)]2+ (Figure 3) suggests that this 
difference may be attributable to the steric effect of the NMe 
groups. In [Pd([18]aneN2S,)12+, the Pd" ion is fully en- 
capsulated by the [N2S2 + s,] co-ordination of the crown and 
the N sites are sterically crowded within the macrocyclic fold. 
Replacement of the NH functions by NMe groups would, there- 
fore, force a conformational and stereochemical change since 
there is insufficient space to accommodate the N-donor methyl 
groups in the observed solid-state structure of [Pd([ 18lane- 
N 2 S d  +- 

Platinum.-The complex [Pt(Me2[18]aneN2S4)][PF6]2 can 
be prepared by an analogous method to [Pd(Me2[18]ane- 
N2S4)][PF&. The f.a.b. mass spectrum of the resulting cream 
solid exhibits molecular ion peaks at m/z 694 and 549 assigned 
to ['95Pt(Me2[18]aneN2S4)PF6]+ and ["5Pt(Me2[18]ane- 
N2S4)]+ respectively. The 'H n.m.r. spectrum of 
[Pt(Me,[ 18]aneN2S4)]' + shows a singlet resonance at 
6 2.46 corresponding to the methyl protons, and second-order 
patterns at 6 3.18-3.30 and 3.55-3.62 corresponding to 16 
protons of the methylene groups adjacent to the S-donor 
atoms. Multiplets at 6 2.54-2.62 and 2.8G2.87 are assigned to 
the eight methylene groups adjacent to the N-donors. The I3C 
DEPT n.m.r. spectrum of [Pt(Me,[18]aneN2S,)]2+ is almost 
identical to that of the Pd" analogue with one methyl carbon 
resonance at 6 40.83 p.p.m. and three distinct methylene carbon 
resonances at 6 49.18,39.87, and 39.28 p.p.m. This suggests that 
[ P t ( Me , [ 1 8) aneN , S ,)I + and [ Pd ( M e [ 1 8) aneN S,)] + are 
isostructural. 

The yellow Pt" complex, [Pt([ 18]aneN2S,)][PF6],, can also 
be prepared. The f.a.b. mass spectrum of this complex shows 
peaks with the correct isotopic distribution at m/z 667 and 
521 assigned to ['95Pt([18]aneN2S, + H)PF6]+ and [19'Pt- 
([18]aneN2S,)] + respectively. The 'H n.m.r. spectrum of 
[Pt([18]aneN2S,)]'+ in CD,CN at 298 K shows an NH 
resonance at 6 5.68 as well as a broad, second-order multiplet 
due to the macrocyclic methylene protons in the range 6 3.42- 
2.84 p.p.m. The ' DEPT n.m.r. spectrum measured at 298 K, 
50.32 MHz, shows five broadened methylene carbon resonances 
at 6 55.39, 53.11, 36.84, 34.74, and 28.08 p.p.m. Re-running the 
spectrum at 90.56 MHz in (CD,),CO reveals methylene carbon 
resonances at 6 56.1 (NCH2, 2 C), 53.8 (NCH2, 2 C), 46.6,42.0, 
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Figure 4. X-Band e.s.r. spectrum (77 K, MeCN, 0.1 mol dm-3 
NBu",PF,) ofd' [Pd(Me,[ 1 8]aneN,S4)] + generated electrochemically 

200 300 400 500 
h l n m  

Figure 5. Reduction of [Pd(Me2[18]aneN2S4)]2+ to [Pd(Me2[18]ane- 
N2S4)]+ measured in MeCN (0.1 mol dm-3 NBu",PF,) at 248 K 

38.3, 37.3, 35.3 (2 C), 28.2, and 26.3 p.p.m. (SCH,, total of 8 C). 
On the basis of these spectroscopic data and in the absence 
of crystallographic analysis, we cannot confidently assign a 
stereochemistry to [Pt([ 18]aneN2S,)I2 +; indeed more than one 
isomer may be present in solution. An elongated square-based 
pyramidal geometry with [S, + S] co-ordination has been 
observed for [Pt( [9]aneS,),]2 + ([9]aneS3 = 174,7-trithia- 
cyclononane), Pt-S,, 2.25-2.30 and Pt Sap 2.88 A, with 
the sixth thioether donor atom non-co-ordinating, Pt S 4.04 

a related square-based pyramidal structure may be occur- 
ring for [Pt([18]aneN2S4)]'+. Interestingly, the Pd" complex 
[Pd([9]aneS,>,l2+ shows [S, + S,] co-ordination and is 
therefore not isostructural with the Pt" analogue [Pt([9]ane- 
S3),I2+; the Pd" and Pt" complexes of [18]aneN,S, may have 
differing structures both in the solid state and in solution. 

Electrochemical Study of [ML]" (M = Pd or Pt, L = 
[18]aneN2S, or Me,[18]aneN2S,).-In view of the paucity of 
genuine monomeric d7  or d 9  Pt and Pd complexes, and the 
recently reported successful stabilisation of these + 1 and + 3 
metal oxidation states by polythia and polyaza macrocyclic 
l igand~, '-~ an investigation of the redox and electronic 
properties of [M([18]aneN,S,)I2 + and [M(Me2[18]ane- 
N2S4)I2+ (M = Pd or Pt) was initiated. 

[M(Me2[18]aneN,S,)]2+ (M = Pd or Pt). Cyclic volt- 
ammetry of [Pd(Me,[18]aneN2S4)][PF6], in MeCN (0.1 mol 
dmP3 NBu",PF,) reveals a chemically reversible reduction 
occurring at E+ = -0.74 V us. ferrocene-ferrocenium (AEp = 
72 mV at a scan rate of 100 mV s-l). Coulometry confirms that 
this reduction corresponds to a one-electron process ( n  = 1.08). 
The e.s.r. spectrum of the bright yellow reduction product, 
measured at 77 K as a frozen glass in MeCN, shows (Figure 4) a 
strong anisotropic signal with axial symmetry, gll = 2.155 and 
g ,  = 2.049. In the g, region, the first, second, fifth, and sixth 
features of the hyperfine coupling to lo5Pd ( I  = 2, 22.2%) are 
evident, giving A ,  = 34 G. Similarly, close examination of the 
gl1 region allows the first and second features to be discerned, 
giving A II = 48 G. These data are consistent with the formation 
of a metal-based d 9  Pd' r a d i ~ a l . ~ , ~ . ' ~  Interestingly, the g values 
for this species are closer to free-spin (2.0023) than those for the 
only other macrocyclic Pd' monomers reported, namely 
[ Pd( M e4 [ 1 41 aneN,)] + (Me4[14]aneN, = 1,4,8,1 l-tetra- 
methyl-174,8,11-tetraazacyclotetradecane) (gll = 2.302, g ,  = 
2.076)6 and [Pd(Bz4[14]aneN,)] +(Bz[14]aneN4 = 1,4,8,11- 
tetrabenzyl-1,4,8,1l-tetraazacyclotetradecane) (gil = 2.320, 
g ,  = 2.086),7 indicating a greater degree of covalency in 
[Pd(Me2[18]aneN,S,)] +. This can be attributed to the relative 
x-acidity of the thioether donors, which allows some 
delocalisation of electron density onto the S-donors. The 
reduction of [Pd(Me2[18]aneN,S,)]2+ to [Pd(Me2[18]- 
aneN2S4)] + was studied spectroelectrochemically using an 
optically transparent electrode system. Importantly, the 
spectral changes on reduction of [Pd(Me,[18]aneN,S,)]2i 
(Figure 5) show the process to occur both reversibly and 
isosbestically (Xiso = 224 and 274 nm); for [Pd(Me,- 
[18]aneN,S,)]2+: h,,,. = 373 = 3 000), 298 (14 460), 
and 232 nm (15 070 dm3 mol-' cm-'); for [Pd(Me,- 
[l8]aneN2S,)]+: A,,,. = 290 = 9 300) and 235 nm 
(10440 dm3 mol-' cm-') thus precluding the formation of 
any long-lived intermediates during the one-electron reduction. 
The loss of intensity and the shift to higher energy (to 290 nm) of 
the band at 298 nm (assigned to a S+M charge-transfer 
transition) on reduction of the 2+ cation is consistent with 
increased electron density at the metal centre. The complex 
[Pd(Me,[ 18]aneN2S,)]* + can be regenerated quantitatively by 
oxidation of [Pd(Me2[18]aneN,S,)] +. 

Cyclic voltammetry of [Pd(Me,[18]aneN,S,)]2 + also shows 
an irreversible reduction at Epc = - 1.83 V us. ferrocene- 
ferrocenium assigned tentatively to a Pd'-Pdo couple; no 
oxidative activity is observed for the complex within the range 
of the solvent up to + 2.0 V. 

The cyclic voltammogram of [Pt(Me,[ 18]aneN2S,)][PF,],, 
measured under the same conditions as above, shows an 
irreversible reduction at Epc = - 1.52 V us. ferrocene-ferro- 
cenium; we would expect a mononuclear Pt' species to be 
quenched rapidly, most probably via disproportionation, or via 
dimerisation involving metal-metal bond formation. No 
examples of genuine monomeric d 9  Pt' co-ordination com- 
plexes have been reported in the literature. A second irreversible 
reduction is also observed at E,, = -2.08 V us. ferrocene- 
ferrocenium; like [Pd(Me2[18]aneN,S,)]2+, [Pt(Me,[l8]- 
aneN2S,)I2 + shows no oxidative process within the range of the 
solvent. 

[M([18]aneN,S,)]2+ (M = Pd or Pt). Cyclic voltammetry 
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Figure 6. X-Band e.s.r. spectrum (77 K, MeCN, 0.1 mol dm-3 NBu",PF,) 
of d7 [Pd([18]aneN,S,)]3+ generated electrochemically 
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Figure 7. Oxidation of [Pd([18]aneN2S,)]Z+ to [Pd([18]aneN2S,)]3+ 
measured in MeCN (0.1 mol dm-3 NBu",PF,) at 298 K 

h l n m  

of [Pd([18]aneN,S4)][PF,], in MeCN (0.1 mol dm-, NBun4- 
PF, supporting electrolyte) at platinum electrodes shows a 
chemically reversible oxidation at E+ = + 0.57 V us. ferrocene- 
ferrocenium (AE,  = 195 mV at a scan rate of 150 mV s-l). 
Coulometry confirms that this oxidation corresponds to a one- 
electron process (n = 0.95). The e.s.r. spectrum of the bright-red 
oxidation product, measured at 77 K as a frozen glass in MeCN, 
shows (Figure 6 )  a strong rhombic signal with g, = 2.064, 
g2 = 2.052, and g 3  = 2.019. These spectral features are 
consistent with the formation of the d7 Pd"' species, [Pd- 
([18]aneN,S,)]3+.3*4,' Unresolved hyperfine coupling to 
lo5Pd ( I  = 3, 22.2%) is observed in the low-field portion of the 
spectrum. Comparable spectral features have been observed for 
[Pd([9]aneS,),13 + and [Pd([9]aneN3)2]3+ ([9]aneN3 = 
1,4,7-tria~acyclononane).~ The oxidation of Pd" to Pd"' was 
also monitored spectroelectrochemically using an optically 
transparent electrode system. Conversion of [Pd([ 18lane- 
N,S4)I2+ to [Pd([18]aneN,S4)]3+ occurs reversibly and isos- 
bestically (his,, = 241 nm) (Figure 7); for [Pd([18]aneN,S4)]'+: 
h,,,, = 514 ( E  = 124), 332 (2 815), 266 (9 420), and 233 nm 
(12 140 dm3 mol-' cm-'); for [Pd([18]aneN,S4)13+: h,,,, = 
488 = 3 180), 341 (5 890), and 264 nm (1 1 170 dm3 mol-' 
cm-'). 

Cyclic voltammetry of [Pd([18]aneN,S4)][PF6], also shows 
a quasi-reversible oxidation at Epa = + 1.30 V us. ferrocene- 
ferrocenium assigned to a Pd"'-Pd'" couple; two irreversible 
reductions are observed at Epc = - 1.01 and -1.54 V us. 
ferrocene-ferrocenium. 

A preliminary electrochemical study of [Pt([ 1 8]aneN,S4)]- 
[PF,], was undertaken. The cyclic voltammogram of [Pt([18]- 

aneN,S4)I2 + shows an extremely broad oxidation wave centred 
at Epa = + 1.07 V with a broad return wave at Epc = -0.01 V 
us. ferrocene-ferrocenium. These have an unusually large peak 
separation, AEp = 1 080 mV at a scan rate of 330 mV s-'. 
Coulometric measurements suggest the oxidation to be a two- 
electron process with the solution changing initially from pale 
yellow to bright yellow and finally to golden yellow. A sample of 
the bright yellow solution shows a weak rhombic e.s.r. signal (77 
K, MeCN glass) with g, = 2.1 15, g, = 2.049, and g, = 1.987, 
consistent with the formation of a transient mononuclear Pt"' 
species. Hyperfine coupling to lg5Pt ( I  = i, 33.7%) is difficult to 
discern due to the weakness of the signal. The final golden 
solution is diamagnetic. These results suggest that the oxidation 
process involves overlapping 11-111 and 111-IV redox couples. 
Clearly the broad oxidation wave for [Pt([ 18]aneN,S4)]' + 

suggests that a major stereochemical change occurs at the metal 
centre upon oxidation. Significantly, the value of Epa = + 1.07 
V for the oxidation of [Pt([18]aneN2S,)12+ is more anodic 
than for the Pd" analogue. This is opposite to the expected trend 
for the oxidation of Pd" and Pt" complexes and suggests that 
the 2+ cations are not isostructural. The structure of 
[Pd([18]aneN,S4)I2 + shows a quasi-six-co-ordinate [N,S2 + 
S,] co-ordination in the solid state; for the oxidation of the Pt" 
analogue to occur at a more anodic potential, its stereochemistry 
must involve greater interaction between the Pt" centre and 
the thioether donors. On the basis of the n.m.r. data above, 
square-planar S4 co-ordination appears unlikely and this leads 
us to prefer a five-co-ordinate stereochemistry for 
[Pt([ 1 8]aneN,S4)l2 +. The complex [Pt([ 1 8]aneN,S4)l2 + also 
shows an irreversible reduction at Epc = - 1.77 V us. ferrocene- 
ferrocenium. 

Bznuclear Complexes of [ 1 8]aneN,S4.-In view of the co- 
ordinative versatility of [18]aneN,S4 and Me,[18]aneN,S4 in 
mononuclear Pd and Pt complexes, an investigation of the 
ability of these macrocyclic ligands to function as binucleating 
agents was initiated. 

Reaction of 2 molar equivalents of PdCl, with 1 molar 
equivalent of [ 18]aneN,S4 in refluxing MeCN-H,O yielded a 
golden yellow solution. Addition of PF, - counter-ion and 
recrystallisation from MeCN gave the product as yellow 
needles. The i.r. spectrum of the complex exhibited peaks 
characteristic of a co-ordinated macrocycle and PF, - counter- 
ion. Additionally, the single absorption apparent at 330 cm-' is 
indicative of a terminal Pd-Cl stretching vibration, v(Pd-CI). 
F.a.b. mass spectrometry of the complex reveals molecular ion 
peaks at m/z 609, 575, 539, and 431 which are assigned to 
[' 06Pd2 5C12( [ 1 8]aneN,S, + H)] + , [' 06Pd235Cl([ 1 8]aneN,- 
S4 + 2 H)]', ['06Pd,([18]aneN2S4 + H)]+, and ['06Pd([18]- 
aneN,S4 - H)]+ respectively. The 'H n.m.r. spectrum of the 
product shows complex second-order multiplets in the ranges 6 
2.7-3.6 and 4 . 2 4 . 6  due to the macrocyclic methylene protons, 
while the 13C DEPT n.m.r. spectrum shows three distinct 
methylene carbon resonances at 6 54.77 (NCH,, 4 C), 38.28 
(NCH,CH,S, 4 C), and 30.44 p.p.m. (SCH2CH,S, 4 C). This 
evidence, combined with elemental analytical data, confirms the 
assignment of the product as [Pd,Cl,([18]aneN,S4)][PF,],. 
The analogous binuclear Pt" complex, [Pt,CI,([ 18)ane- 
N2S4)][PF6],, was prepared by a similar method, and 
characterised by i.r. [v(Pt-C1) = 330 cm-'I, 'H n.m.r., and f.a.b. 
mass spectroscopy and elemental analysis. 

A single-crystal X-ray structure determination of [Pd,CI,- 
([ 1 8]aneN,S4)][PF,],*2MeCN was undertaken to confirm 
the nature of the donor set to each Pd" centre, and to reveal the 
conformation of the co-ordinated macrocycle. The structure 
shows (Figure 8) the cation sitting across a crystallographic 
inversion centre, with a two-fold rotation axis (C,) relating 
adjacent molecules within the crystal lattice. Each Pd" centre is 
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bound by a square plane consisting of two S-donors and one N- 
donor of the macrocycle and a terminal C1- ligand, Pd-S(l) 
2.3 17(4), Pd-S(7) 2.3 16(4), Pd-N(4) 2.049( 13), and Pd-Cl 
2.305(4) A. The C1- ligands are displaced out of the 
S(l)-N(4)-S(7)-Pd least-squares plane by 0.0712 8, due to the 
steric influence of the central methylene groups bridging the S- 
donors. Interestingly, the closest non-bonded Pd o o Pd 
interaction of 3.406(2) 8, occurs between adjacent molecules 
related by the crystallographic two-fold axis (Figure 9). The 
intramolecular Pd Pd distance is 4.196(2) 8, indicating that 
the two metals are non-interacting. Lehn and c o - ~ o r k e r s ' ~  
have reported a similar NS,C1 donor set for each Pd" centre in 
binuclear complexes derived from 2,6-functionalised pyridyl 
ligands. 

Conclusion 
The results from this study show that [Pd([ 18]aneN,S4)]2+ 
and its di-N-methylated analogue [Pd(Me,[ 18]aneN2S4)]2 + 

adopt completely different stereochemistries, the former pre- 
ferring a formal [N,S2 + S,] donor set in a distorted octa- 
hedral geometry, while for the latter, an S4 co-ordination in 
a square plane is observed. These stereochemical differences are 
reflected in the electrochemical properties of the complexes, 
with the non-methylated system stabilising mononuclear Pd'", 
while the methylated system is particularly effective for the 
stabilisation of mononuclear Pd'. These are highly unusual 
monomers, the normal oxidation states for Pd being 0, 11, and IV. 
In addition, most Pd' and Pd"' complexes reported previously 
are diamagnetic dimers involving direct Pd-Pd bonds.' 
Relatively simple macrocyclic ligands can, therefore, stabilise 
otherwise unobtainable metal radical species selectively. 

W 

Figure 8. Top view of the X-ray crystal structure of [Pd,Cl,- 
([ 1 8]aneN2S,)]' + with numbering scheme adopted. Primed atoms are 
related to their unprimed equivalents by inversion through (0, 0, )) 

The generation of [Pd([18]aneN,S4)]3+ from the [4 + 21 
co-ordinate [Pd([ 1 8]aneN,S4)l2 + depends on the availability 
of distorted octahedral stereochemistries for both species. 
Indeed, the large peak-to-peak separation in the cyclic volt- 
ammogram (AEp = 195 mV at a scan rate of 150 mV s-') is 
indicative of a major stereochemical change occurring at the 
metal upon oxidation. Presumably the long-range apical S- 
donors move towards the metal centre on oxidation to 
neutralise the extra positive charge at the metal centre, and to 
set up the Jahn-Teller distorted octahedral co-ordination 
sphere preferred by the d7 metal ions. Interestingly, cyclic 
voltammetry of the related hexathia system [Pd([ 18]aneS6)I2 + 

under the same conditions reveals no oxidative process in the 
range 0 to +2.0 V. However, chemical oxidation of [Pd([18]- 
aneS,)I2+ does occur slowly to generate the red [Pd([18]ane- 
&)I3 + cation which has been characterised structurally and 
shows' a Jahn-Teller elongated octahedral co-ordination 
very similar to that observed in [Pd([9]aneS3),]3 + .3 This 
shows clearly that ligand conformation is a crucial factor in 
metal-based oxidation processes, and suggests that there may 
be significant conformational and kinetic barriers to the 
formation of the Pd"' complex of [18]aneS6 and the Pt"' 
complex of [ 1 8]aneN,S4. The Pd"-Pd"' couple in [Pd( [ 181- 
aneN,S,)I2 + is intermediate between those observed for 
[Pd([9]aneN3)2]2+/3f and [Pd([9]aneS3),]2'/3+,3 con- 
sistent with the presence of two hard N-donors and four softer S- 
donors. 

Recently, Sauvage and c o - ~ o r k e r s ' ~  have shown that d 9  Nil 
centres can be stabilised via tetrahedral co-ordination by inter- 
locking catenand ligands. It seems possible that stabilisation of 
d9 Pd' by Me,[18]aneN,S4 might involve a similar tetrahedral 
distortion. This system represents the first thioether complex 
which exhibits a reversible Pd"-Pd' couple at 298 K. The 
reduction potential for [Pd(Me2[18]aneN,S4)]2 + / +  occurs at a 
considerably more anodic value compared to the tetra-aza 
complexes, [PdLP' {L = [14]aneN4, E+ = -2.10 V (quasi- 
reversible); Me4[14]aneN4, E+ = - 1.53 V; Bz4[14]aneN,, 
Et = - 1.27 V us. ferrocene-ferro~eniumf.~*~ This is attributed 
to the greater .n-acidity of the thioether donors, and to the 
greater flexibility of the macrocycle, which enables the large Pd' 
centre to be accommodated more readily. 

Experimental 
Infrared spectra were measured as KBr and CsI discs using a 
Perkin-Elmer 598 spectrometer over the range 20- 000 
cm-'. U.v.-visible spectra were measured in quartz cells using 
Perkin-Elmer Lambda 9 and Philips Scientific SP8-400 
spectrophotometers. Microanalyses were performed by the 
Edinburgh University Chemistry Department microanalytical 
service. Electrochemical measurements were performed on a 
Bruker E3 10 Universal Modular Polarograph. All readings 
were taken using a three-electrode potentiostatic system in 
MeCN containing 0.1 mol dmP3 NBun4PF, or NBun,BF, as 
supporting electrolyte. Cyclic voltammetric measurements were 

b b b b 
Figure 9. Packing diagram for [Pd,Cl,(~18]aneN,S,)]2+ showing intermolecular Pd . . . Pd interactions 
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Table 1. Bond lengths (A), angles and torsion angles (“) with estimated standard deviations (e.s.d.s) for [Pd(Me,[18]aneN,S,)]IZ’ 

Pd-S( 1) 
Pd-S( 13) 
Pd-S(4) 
Pd-S( 10) 
S( 1 )-C(2) 
S( 1)-C( 18) 

S(4)-C(3) 

S( 13)-C( 12) 
S(13)-C(14) 

S( 1 )-Pd-S( 13) 
S( 1)-Pd-S(4) 
S( 1)-Pd-S( 10) 
S( 13)-Pd-S(4) 
S( 13)-Pd-S( 10) 
S(4)-Pd-S( 10) 
Pd-S( 1)-C(2) 
Pd-S( 1)-C( 18) 
C(2)-S( 1)-C( 18) 
Pd-S( 13)-C( 12) 
Pd-S( 13)-C( 14) 
C( 12)-S( 13)-C( 14) 

2.339 9(22) 
2.323 9(21) 
2.333 l(22) 
2.326 l(22) 
1.810( 10) 
1.8 16(8) 
1.818(9) 
1.827(9) 
1.809(9) 

90.59( 7) 
89.2 l(8) 

179.43(8) 
179.52(8) 
89.00(8) 
9 1.2 l(8) 

101.1(3) 
109.7(3) 
98.4(4) 

10 1.8( 3) 
109.4(3) 
98.0(4) 

S(4)-C(5) 

S(lO)-C(ll) 
N(7)-C(6) 
N( 7)-C( 6’) 
N(7)-C(8) 
N(7)-C(8’) 
N(7)-C(7N) 
N( 7)-C(7N‘) 

S( 10)-C(9) 

Pd-S(4)-C(3) 
Pd-S(4)-C(5) 
C(3)-S(4)-C( 5) 
Pd-S( 10)-C(9) 
Pd-S( lO)-C( 1 1) 
C(9)-S( 1O)-C( 1 1) 
C( 6)-N( 7)-C(8) 
C( 6)-N( 7)-C( 7N) 
C( 6’)-N( 7)-C( 8’) 
C(6’)-N(7)-C( 7N’ 
C( 8)-N(7)-C(7N) 
C( 8’)-N( 7)-C( 7N’ 

C( 18)--S( l)-C(2)-c(3) - 70 
C(2)-S( 1)-C( 18)-C( 17) 
C(2)-S( 1)-C( 18)-C( 17’) 
C(14)-S(l3)-C(l2)-C(ll) 
C(12)-S(l3)-C(14)-C(15) 
C( 12)-S( 13)-C( 14)-C( 15’) 
C( 5)-S(4)-C( 3)-C( 2) 
C( 3)-S(4)-C( 5)-C(6) 
C( 3)-S(4)-C( 5)-C(6’) 
C( 1 1)-S( lo)-c(9)-c(8) 
C( ll)-S( lO)-C(9)-C(8’) 
C(9)-S( 1O)-C( 1 1)-C( 12) 
C(8)-N(7)-C(6)-C(5) 
C( 7N)-N( 7)-C( 6)-C( 5) 
C(S’)-N(7)-C(6’)-C(S) 
C(7N’)-N(7)-C(6’)-C(5) 
C(6’)-N( 7)-C(8)-C(9) 
C( 7N’)-N( 7)-C(8)-C(9) 
C(6’)-N( 7)-C( 8’)-C(9) 

1.842(9) 
1.840(9) 
1.8 1 5( 10) 
1.469( 14) 
1.468( 19) 
1.455(13) 
1.482(19) 
1.469( 18) 
1.467(24) 

101.2(3) 
107.6(3) 
99.9(4) 

107.8(3) 
102.2(3) 
98.3 (4) 

11 1.3(8) 
107.0(9) 
114.1(11) 
119.1(12) 
1 15.6(9) 
107.1 (1 2) 

j(7) 
- 150.8(6) 

157.9( 12) 
71.4(7) 

1 4 6 3  1 1) 
- 161.7(6) 

-67.1(7) 
- 148.2(7) 

159.8(9) 

147.0(8) 
70.8(7) 

166.7(9) 

- 159.2(7) 

- 66.2( 10) 

- 158.6( 1 1) 
73.2( 16) 

159.2(8) 
- 7 8 3  11) 

57.8( 15) 

N( 16)-C( 15) 
N( 16)-C( 15’) 
N( 16)-C( 17) 
N( 16)-C( 17’) 
N( 16)-C( 16N) 
N(16)-C(16’) 
C(2)-C(3) 
C(5)-C(6) 

1.450( 12) 
1.47( 3) 
1.467( 1 1) 
1.47(3) 
1.462( 14) 
1.47(4) 
1.51 5(  13) 
1.53 3( 1 5) 

C(15)-N(16)-C(17) 112.7(7) 
C( 15)-N( 16)-C( 16N) 1 15.2(7) 
C( 15’)-N( 16)-C( 17’) 1 15.5( 16) 
C( 15’)-N( 16)-C( 16’) 101.4( 19) 
C(17)-N(16)-C(16N) 109.2(7) 
C(17’)-N(16)-C(16’) I18.8(19) 
S( 1)-C(2)-C(3) 11 1.6(7) 
S(4)-C( 3)-c(2) 1 1 1.0(6) 
S(4)-C( 5)-C( 6) 105.6(7) 
S(4)-C( 5)-C(6’) 108.4( 8) 
N( 7)-C(6)-C( 5) 108.5( 9) 
N(7)-C(6’)-C(5) 107.4(12) 

C(7N’)-N(7)-C(S’)-C(9) 
C( 17)-N( 16)-C( 1 5)-C( 14) 
C( 16N)-N( 16)-C( 1 5)-C( 14) 
C( 17’)-N( 16)-C( 15’)-C( 14) 
C(16’)-N(16)-C(15’)-C(14) 
C( 15)-N( 16)-C( 17)-C( 1 8) 
C( 16N)-N( 16)-C( 17)-C( 18) 
C( 1 5’)-N( 16)-C( 17’)-C( 18) 
C( 16’)-N( 16)-C( 17’)-C( 18) 
S( 1 )-C(2)-C( 3)-S(4) 
S(4)-C( 5)-C( 6)-N( 7) 
S(4)-C( 5)-C(6’)-N( 7) 
N( 7)-C( 8)-C( 9)-S( 10) 
N(7)-C(8’)-C(9)-S( 10) 
S( 10)-C( 1 1)-C( 12)-S( 13) 
S( 1 3)-C( 14)-C( 15)-N( 16) 
S( 1 3)-C( 14)-C( 15’)-N( 16) 
N( 16)-C( I7)-C( 18)-S( 1) 
N( 16)-C( 17’)-C( 18)-S( 1) 

C(5)-C(6’) 
C(8)-C(9) 
C( 8’)-C( 9) 
C( 1 1)-C( 12) 
C( 14)-C( 15) 
C( 14)-C( 15’) 
C( 17)-C( 18) 
C( 17’)-C( 18) 

N(7)-C(8)-C( 9) 
N( 7)-C( 8’)-C(9) 
S( lo)-c(9)-c(8) 
S(10)-C(1 I)-C(12) 
S( 13)-C( 12)-C( 1 1) 
S( 1 3)-C( 14)-C( 15) 
N( 16)-C( 1 5)-C( 14) 
N( 16)-C( 1 5’)-C( 14) 
N( 16)-C( 17)-C( 18) 
N( 16)-C( 17’)-C( 18) 
S( 1)-C( 18)-C( 17) 
S( 1)-C( 18)-C( 17’) 

- 168.1(13) 
157.7(7) 
- 76.2( 10) 

57.9(22) 
- 172.2(20) 
- 67.2(9) 
163.4(8) 

- 158.8( 16) 
80.4( 25) 

- 59.1 (8) 
- 52.4(9) 

46.6( 12) 

60.0( 1 1) 
55.3( 8) 

58.2(17) 

48.3( 18) 

- 45.2(9) 

- 43.6(9) 

-51.0(8) 

1.557(20) 
1.547( 14) 
1.5 3 7( 20) 
1.488( 13) 
1.535( 13) 
1.53(3) 
1.52 1 ( 1 2) 
1.55(3) 

108.8( 8) 
108.0( 12) 
110.9(6) 
112.1(7) 
112.3(6) 
109.4( 6) 

108.8( 17) 
110.2(7) 
108.6(18) 
106.6(6) 
108.2( 11) 

110.1(8) 

carried out using a double platinum electrode and a Ag-AgC1 
reference electrode. All potentials are quoted uersus ferrocene- 
ferrocenium. X-Band e.s.r. spectra were recorded using a Bruker 
ER-200D spectrometer employing 100-kHz field modulation: 
all spectra were measured as glasses in MeCN at 77 K. Mass 
spectra were run by electron impact on a Kratos MS902 
spectrometer and by f.a.b. on a Kratos MSSOTC spectrometer. 
Proton and 13C n.m.r. spectra were obtained on Bruker WP80, 
WP200, and WH360 instruments. 

Synthesis of [ Pd( Me,[ 1 8]aneN,S4)] [ PF,],.-Reaction of 
PdCI2 (15 mg, 0.086 mmol) with Me,[18]aneN,S4 (31 mg, 
0.087 mmol) in refluxing MeCN-H,O (3 : 1 v/v) under N, for 5 
h afforded an orange solution. Addition of an excess of NH4PF, 
and removal of the MeCN gave an orange precipitate, which 
was recrystallised from MeCN (yield: 40 mg, 63%) (Found: C, 
21.7; H, 3.90; N, 3.75; S, 16.6%; M ,  751.0. Calc. for 
[C14H30N2PdS4][PF6]2: C, 22.4; H, 4.05; N, 3.75; S, 17.1%). 
F.a.b. mass spectrum (3-nitrobenzyl alcohol matrix): mjz 
604, 460; calc. for [‘06Pd(Me,[18]aneN,S4)PF6]t and 
[‘06Pd(Me,[ 18]aneN,S4)] +, 605 and 460 respectively. ‘H 
N.m.r. spectrum (80.13 MHz, CD3CN, 298 K): 6 2.48 (s, CH,, 6 
H) and 2.68-3.50 (m, CH,, 24 H). 13C DEPT n.m.r. spectrum 

(SCH2CH2N), 39.40 (SCH,CH,S), and 41.57 p.p.m. (CH,). 
(50.32 MHz, CD,CN, 298 K): 6 49.87 (CHZN), 40.31 

U.v.-visible spectrum (MeCN): A,,,. = 373 ( E , , ~ .  = 3 000), 298 
(14 460), and 232 nm (15 070 dm3 mol-’ cm-’). 1.r. spectrum 
(KBr disc): 2 950w, 2 850w, 1420m, 1400m, 1 370m, 1 300w, 
1260w, 1240m, 1 210w, 1 150w, 1 120w, 1 11Ow, 1060w, 
1 005w, 940m, 840vs, 740m, 730w, 670w, and 555vs cm-’. 

Single Crystal Structure of [Pd(Me,[ 18]aneN,S4)][PF,],- 
Me,CO.-Vapour diffusion of diethyl ether into a solution of 
the complex in Me,CO gave crystals of diffraction quality. A 
yellow plate, 0.92 x 0.15 x 0.08 mm, was selected and mounted 
in a Lindemann glass capillary tube to prevent solvent loss. 

Crystul data. [C14H30N2PdS4][PF6]2~c3H60, M = 808.9, 
orthorhombic, space group Pcab, a = 14.3369(15), h = 
17.691 5(7), c = 24.295 2(11) A, U = 6 162 A3 [from 20 values 
of 58 reflections measured at +a (24 < 20 < 25O, h. = 
0.710 73 A)], 2 = 8, D, = 1.744 g cmP3, p(Mo-K,) = 1.044 
mm-’, F(OO0) = 3 264. 

Data collection and processing. Stoe STADI-4 four-circle 
diffractometer, graphite-monochromated Mo-K, radiation, 0- 
20 scans using the learnt-profile method,” 4 527 reflections 
measured (20,,,, = 45O, h &15, k &16,1&24) giving 2 693 
with F > 6o(F). No significant crystal decay, no absorption 
correction. 

Structure unulysis and rrjinement. A Patterson synthesis 
located the Pd atom and the structure was developed by least- 
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Table 2. Fractional atomic co-ordinates with e.s.d.s for [Pd(Me,[ 1 8]aneN2S,)]' ' 

Y 

0.233 17(4) 
0.071 91(15) 
0.253 06(15) 
0.212 76(17) 
0.393 49( 15) 
0.387 8(5)  
0.075 4(5) 
0.036 9(7) 
0.087 9(7) 
0.220 5(6) 
0.3 15 O(7) 
0.314 6(8) 
0.397 6(9) 
0.473 4(9) 
0.445 4(6) 
0.430 l(6) 
0.378 8(6) 
0.243 l(6) 
0.149 O(6) 
0.148 6( 9) 

0.068(3) 
0.017 4(6) 
0.472 7( 10) 
0.417 8(20) 

- 0.006 5(7) 

Y 
0.1 14 56(3) 
0.095 74( 1 1) 
0.061 40(12) 
0.166 95( 12) 
0.133 69(12) 
0.105 l(4) 
0.120 7(3) 
0.114 2(6) 
0.181 7(5) 
0.089 6(5) 
0.099 7(8) 
0.047 4(7) 
0.034 3(5) 
0.078 5(13) 
0.050 4(5) 
0.1 14 O(6) 
0.048 8 ( 5 )  
0.135 O ( 5 )  
0.175 5 ( 5 )  
0.1 18 2(24) 
0.153 7(6) 
0.192 4(8) 
0.177 l(5) 
0.132 6( 10) 
0.146 l(13) 

0.1 18 57(2) 
0.1 12 90(9) 
0.031 89(8) 
0.205 87(8) 
0.123 31(9) 
0.242 6(3) 

0.183 2(4) 
0.207 O(4) 
0.256 4(4) 
0.285 O ( 5 )  
0.247 5(11) 
0.212 6(4) 
0.214 3(6) 
0.156 7(3) 
0.053 2(4) 
0.029 l(3) 

-0.020 5(4) 
-0.014 2(5) 
-0.047 5(7) 

0.022 l(4) 
0.025 4(9) 
0.080 6(3) 
0.269 9(7) 
0.291 9(7) 

- 0.004 97(25) 

Atom Y 

C( 16N) 0.045 3( 10) 

P(1) 0.520 03( 18) 
F(1) 0.056 6(5)  

F(3) 0.085 4(7) 

C(16') -0.006 l(22) 

F(2) -0.052 5(7) 

F(4) -0.014 6(5) 
F(5) -0.051 7(7) 
F(6) 0.086 9(7) 
P(2) 0.232 14(18) 

0.294 O(7) F(7) 
F(8) 0.150 2(6) 
F(9) 0.268 3(8) 
F( 10) 0.316 4(7) 

0.196 5 ( 8 )  F(11) 
0.170 l(7) F( 12) 

F(13) 0.189(3) 
F(14) 0.310(3) 
F(15) 0.286(4) 
F( 16) 0.279(3) 
F(17) 0.148(4) 
C( 1 S) 0.211 3(8) 

0.212 l(9) C(2S) 
C(3S) 0.234 9(9) 
O ( W  0.190 9(8) 

.k' 
0.079 O(7) 
0.093 l(24) 
0.336 69( 13) 
0.203 l(3) 
0.1 18 4(4) 

0.123 7(3) 
0.227 9(4) 
0.097 2(5) 
0.376 09( 15) 
0.340 2(8) 
0.324 3(6) 
0.3 15 6(8) 
0.426 9(5) 
0.430 4(8) 
0.414 2(13) 
0.449 l(24) 
0.4OO( 3) 
0.396(3) 
0.301 2(19) 
0.3 53( 3) 
0.390 3(6) 
0.358 7(7) 
0.342 8(7) 
0.454 3(5) 

0.210 7(5) 

-0.053 8(4) 
- 0.035 9( 17) 

0.379 54(9) 
0.433 18(21) 
0.41 3 O(4) 
0.343 8(3) 
0.324 86(23) 
0.373 3(3) 
0.387 l(3) 
0.108 16(13) 
0.153 7(5) 
0.126 O(4) 
0.066 7(5) 
0.093 9(7) 
0.154 2(6) 
0.066 3(7) 
0.1 12 5(23) 
0.139 O(19) 
0.05 1 7( 19) 
0.101 O(15) 
0.067 6(24) 
0.348 4(6) 
0.404 2( 5 )  
0.301 8(5) 
0.341 2(4) 

squares refinement and difference Fourier synthesis to reveal all 
the other non-H atom positions." It was discovered that one 
PF6 - counter-ion and both -CN(Me)C- moieties were affected 
by disorder. This was modelled successfully using partial F and 
C atoms respectively, thus generating two alternative sites for 
the C atoms adjacent to the NMe functions and giving a total of 
six F atoms per P atom. The crystal lattice was found to contain 
one molecule of acetone per cation. Anisotropic thermal 
parameters were refined for Pd, S, P, N, 0 and all fully occupied 
C and F atoms. Hydrogen atoms were included in fixed, 
calculated positions.'' The weighting scheme w-' = 0 2 ( F )  + 
0.000 843F2 gave satisfactory agreement analyses. At con- 
vergence R, R' = 0.0450, 0.0606 respectively, S = 1.186 for 
375 independent parameters, and the final difference Fourier 
synthesis showed no feature above 0.84 or below -0.50 e A-3. 
Bond lengths, angles and torsion angles appear in Table 1 and 
fractional atomic co-ordinates are given in Table 2. 

Synthesis of [Pt(Me,[ 18]aneN,S,)][PF6],.-Reaction of 
PtCl, (30 mg, 0.1 13 mmol) with Me2[18]aneN,S, (40 mg, 0.1 13 
mmol) under the same conditions as for the Pd analogue above 
gave a pale yellow product (yield: 55 mg, 58%) (Found: C, 19.7; 
H, 3.55, N, 3.35, S, 15.3%; M ,  839.6. Calc. for [C14- 
H,,N,PtS,][PF,],: C, 20.0; H, 3.60; N, 3.35, S, 15.3%). F.a.b. 
mass spectrum (3-nitrobenzyl alcohol matrix): m/z 694, 549; 
calc. for [' 95Pt( Me,[ 1 8]aneN2S4)PF6] + and [' ' 5Pt( Me,[ 181- 
aneN,S,)] +, 694 and 549 respectively. 'H N.m.r. spectrum 
(200.13 MHz, CD,CN, 298 K): 6 2.46 (s, CH,, 6 H), 2.54-2.62 
and 2.8G2.87 (m, NCH,, 8 H), 3.18-3.30 and 3.55-3.62 (m, 
CH,SCH,, 16 H). 13C DEPT n.m.r. spectrum (50.32 MHz, 
CD3CN, 298 K): 6 49.18 (CH,N), 39.87 (SCH,CH,N), 39.28 
(SCH,CH,S), and 40.83 p.p.m. (CH,). U.v.-visible spectrum 
(MeCN): h,,,. = 243 nm = 22 800 dm3 mol-' cm-'). 
1.r. spectrum (KBr disc): 2 950m, 2 920w, 2 840w, 1460m, 
1420m, 1 379w, 1 310m, 1260w, 1240w, 1220w, 1 110m, 
1070m, 1030w, 1015w, 980w, 840vs, 745m, 555vs, and 340m 
cm-'. 

Synthesis qf [Pd([ 1 8]aneN,S,)][PF6],.-To a refluxing 

solution of [18]aneN,S, (47 mg, 0.144 mmol) in MeCN (30 
cm3) was added PdC1, (25 mg, 0.141 mmol) and TlPF, (1 10 mg, 
0.310 mmol). The reaction mixture was refluxed for 3 h under 
N, to yield a purple solution and a fine white precipitate. After 
cooling, the white precipitate of TlCl was removed by filtration 
to leave a purple solution. Removal of the solvent and 
recrystallisation from H 2 0  afforded a dark blue product (yield: 
50mg,49%) (Found: C, 19.3; H, 3.60; N, 3.85; S, 17.8%; M ,  722.9. 
Calc. for [Cl,H,,N,PdS,][PF6],: C, 19.9; H, 3.60, N, 3.90; S, 
17.7%). F.a.b. mass spectrum (3-nitrobenzyl alcohol matrix): 
m/z 577, 43 1; calc. for [ lo6Pd([ 1 8]aneN,S,)PF6] + and 
['06Pd([18]aneN,S,)]f, 577 and 432 respectively. 'H N.m.r. 
spectrum C360.13 MHz, (CD,),CO, 298 K]: 6 3.7-2.56 (br, 
CH,) and 5.0 p.p.m. (br, NH). ' DEPT n.m.r. spectrum (50.32 
MHz, CD,CN, 298 K): resonances very broad, not easily 
distinguished from noise. Only slightly better resolved at 90.56 
MHz [298 K in (CD,),CO]: 6 56.28, 51.12,47.26, 34.05, 31.88, 
and 27.29 p.p.m. (CH,). U.v.-visible spectrum (MeCN): h,,,, = 
514 = 124), 322 (2 815), 266 (9 420), and 233 nm (12 140 
dm3 mol-' cm-'). 1.r. spectrum (KBr disc): 3 260m, 3 120m, 
3 OOOw, 2 930m, 1 460m, 1 425m, 1 300m, 1 270w, 1 230m, 
1210w, 1 150w, 1 130w, 1 105m, 1060w, 1030w, 1015w, 
1 OOOw, 980w, 840vs, 740m, 640w, and 555vs cm-'. 

Single Crystal Structure of [Pd([ 18]aneN2S,)][BPh,],.- 
Single crystals suitable for X-ray crystallography were obtained 
by metathesis of [Pd([18]aneN2S,)][PF6], with NaBPh, in 
H,O, which yielded a green precipitate. Recrystallisation from 
MeNO, afforded green columnar crystals. A single crystal 
(0.30 x 0.10 x 0.08 mm) was selected and sealed in a 
Lindemann glass capillary tube to prevent solvent loss. 

Crystal data. [C12H,6N,PdS4][C2,H,oB]2, M = 1 071.5, 
monoclinic, space group P2,/c, a = 16.888 8(12), b = 

A3 [from 28 values for 36 reflections measured at +a 
(15 < 28 < 17", h = 0.71073 A)], 2 = 4, D, = 1.375 g ~ r n - ~ ,  
p(Mo-K,) = 0.548 mm-', F(OO0) = 2 240. 

Data collection and processing. Stoe STADI-4 four-circle 
diffractometer, graphite-monochromated Mo-K, radiation, 

16.553 3(15), c = 18.537 6(12) A, p = 93.144(8)", U = 5 174.6 
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0.0623, 0.0786 respectively, S = 1.1 10 for 5 17 independent 
parameters, and the final difference Fourier synthesis showed no Table 3. Bond lengths (A), angles and torsion angles (") with e.s.d.s for 

[Pd([ 18]aneN2S,)I2 + 

Pd-S( 1) 
Pd-S(4) 
Pd-S( 10) 
Pd-S( 13) 
Pd-N( 7) 
Pd-N( 16) 
S(1 )-C(2) 

S(4)-C(3) 
S(4)-C(5) 

S(l0)-C(11) 

S( l)-Pd-S(4) 
S( 1)-Pd-S( 10) 
S( 1)-Pd-S( 13) 
S( l)-Pd-N(7) 
S( 1 )-Pd-N( 16) 
S(4)-Pd-S( 10) 
S(4)-Pd-S( 13) 
S(4)-Pd-N(7) 
S(4)-Pd-N( 16) 
S( 10)-Pd-S( 13) 
S( 10)-Pd-N(7) 
S( I 0)-Pd-N( 16) 
S( 13)-Pd-N(7) 
S( 1 3)-Pd-N( 16) 
N(7)-Pd-N( 16) 
Pd-S( 1)-C(2) 
Pd-S( 1)-C( 18) 
C(2)-S(1FC(18) 
Pd-S(4)-C( 3) 
Pd-S(4)-C(5) 
C(3)-S(4)-C( 5) 
Pd-S( 10)-C(9) 
Pd-S( 1 0)-C( 1 1 ) 

S( 1 )-C( 18) 

S( 10)-C(9) 

2.31 l(3) 
3.000(3) 
2.954(4) 
2.357(3) 
2.123(7) 
2.068(7) 
1.778(11) 
1.835(12) 
1.798( 12) 
1.806( 11) 
1.795( 12) 
1.788( 15) 

8 1.55(9) 
101.52(10) 
169.54(10) 
93.93( 19) 
85.16(21) 

158.94(9) 
1 OO.05(9) 
78.68( 19) 

10 1.29(20) 
80.75( 9) 
80.3 1 (19) 
99.73(21) 
96.51(19) 
84.39(21) 

1 79.1 (3) 
110.5(4) 
97.0(4) 

101.6( 5) 
94.8(4) 
87.4(3) 

101.6( 5) 
86.7(4) 
96.9(5) 

S( 13)-C( 12) 
S( 13)-C( 14) 
N(7)-C(6) 
N(7)-C(8) 
N( 16)-C( 15) 
N( 16)-C( 17) 
C(2)-C(3) 
C(5)-C(6) 
C(WC(9) 
C( 1 1)-C( 12) 
C( 14)-C( 15) 
C( 17)-C( 18) 

c(9)-s(lo)-c(ll) 

C( 12)-S( 13)-C( 14) 

Pd-S( 13)-C( 12) 
Pd-S( 13)-C( 14) 

Pd-N( 7)-C( 6) 
Pd-N( 7)-C( 8) 
C(6)-N(7)-C( 8) 
Pd-N( 16)-C( 15) 
Pd-N( 16)-C( 17) 
C( 15)-N( 16)-C( 17) 
S( l)-c(2)-C(3) 
S(4)-C( 3)-C( 2) 
S (4)-C (5)-C (6) 
N( 7)-C(6)-C( 5) 
N (7)-C( 8)-C (9) 
S( 1 O)-C(9)-C( 8) 
s(lo)-c(ll)-c(l2) 
S(13)-C(l2)-C(ll) 
S( 13)-C( 14)-C( 15) 
N(16)-C(15)-C(14) 
N( 16)-C( 17)-C( 18) 
S( 1 )-C( 18)-C( 17) 

C( 18)-S( 1)-C(2)-C( 3) 
C(2)-S( 1)-C( 18)-C( 17) 
C( 5)-S(4)-C( 3)-c(2) 
C( 3)-S(4)-C(5)-C(6) 
C(1 l)-S(lO)-C(9)-C(8) 
C(9)-S( 10)-C( 1l)-C( 12) 
C(14)-S(l3)-C(12)-C(11) 
C( 12)-S( 13)-C( 14)-C( 15) 
C( 8)-N( 7)-C(6)-C( 5) 
C( 6)-N( 7)-C( 8)-C( 9) 
C( 17)-N( 16)-C( 1 5)-C( 14) 
C( 1 5)-N( 16)-C( 17)-C( 1 8) 
S( 1 )-C( 2)-C( 3)-S( 4) 
S( 4)-C( 5)-C( 6)-N( 7) 
N(7)-C( 8)-C(9)-S( 10) 
S(10)-C(l l)-C(l2)-S(13) 
S(13)-C(14)-C(15)-N(16) 
N( 16)-C( 17)-C( 18)-S( 1) 

61.4(9) 

59.1(9) 
- 153.2(8) 

- 123.1(8) 
- 65.7( 10) 

63.2( 12) 
67.4( 1 1) 

- 94.8(9) 
168.9(8) 
179.6(8) 

- 176.6(9) 
- 176.7(9) 

50.5(11) 
63.8(10) 

44.0( 15) 
- 49.3( 10) 

62.0( 10) 

- 59.2( 11) 

1.815(14) 
1.810(11) 
1.472( 12) 
1.481 (12) 
1.487( 13) 
1.463(14) 
1.545(16) 
1.523(14) 
1.5 12( 15) 
1.493(20) 
1.506( 16) 
1.497( 16) 

104.2(6) 
110.6(4) 
98.5(4) 

1 02.8( 6) 
112.7(5) 
115.0(5) 
108.7(7) 
1 09.4( 6) 
112.1(6) 
11 3.2(8) 
118.7(8) 
117.9(8) 
115.8(7) 
114.3(8) 
114.3(8) 
119.4(8) 
1 20.7( 1 0) 
118.2(10) 
11 1.3(8) 
110.2(9) 
108.6(9) 
105.8(8) 

0-28 scans using the learnt-profile method,'* 6 8 15 reflections 
measured (28,,,,,. = 45O, h - 18 to 14, k &17, ! &19), giving 
4 006 with F > 4o(F). No significant crystal decay, no 
absorption correction. 

Structure analysis and refinement. A Patterson synthesis 
located the Pd atom and this was input to DIRDTF,' which 
identified the positions of all non-H atoms except for one 
macrocyclic C atom. The structure was developed by least- 
squares refinement and difference Fourier synthesis. " Aniso- 
tropic thermal parameters were refined for Pd, S, N, C, and B 
atoms. Hydrogen atoms were included in fixed, calculated 
positions." The weighting scheme w1 = 0 2 ( F )  + 0.001 155F2 
gave satisfactory agreement analyses. At convergence R, R' = 

feature above 0.48 or below -0.45 e A-3. Bond lengths, angles 
and torsion angles are given in Table 3 and fractional atomic co- 
ordinates are given in Table 4. 

Synthesis of [Pt([ 18)aneN2S4)][PF6],.-Method as for the 
Pd analogue above using PtCl, (33 mg, 0.123 mmol), TlPF, 
(103 mg, 0.294 mmol), and [18]aneN,S4 (40 mg, 0.123 mmol). 
The product was isolated as a yellow solid (yield: 80 mg, 8 1 %) 
(Found: C, 17.1; H, 3.10, N, 3.45; S, 15.5%; M ,  811.5. Calc. for 

F.a.b. mass spectrum (3-nitrobenzyl alcohol matrix): m/z  
667,521; cak. for ['9sPt([18]aneN,s4)PF6]+ and [1'5Pt([18]- 
aneN2S4)]+, 666 and 521 respectively. 'H N.m.r. spectrum 
(360.13 MHz, CD,CN, 298 K): 6 5.68 (br, NH, 1 H), 3.76 (br 
NH, 1 H), 3.42-2.84 (br, CH,, 24 H). 13C DEPT n.m.r. 
spectrum C50.32 MHz, (CD3),C0, 298 K]: 6 28.08,34.74, 36.84, 
53.11, and 55.39 p.p.m. (CH,). 13C DEPT n.m.r. spectrum 
C90.56 MHz, (CD,),CO 298 K]: 6 56.1 (NCH,, 2 C), 53.8 
(NCH2, 2 C), 46.6, 42.0, 38.3, 37.3, 35.3 (two overlapping 
resonances), 28.2, and 26.3 p.p.m. (SCH,, total of 8 C). 1.r. 
spectrum (KBr disc): 3 140m, 3 OOOw, 2 945w, 1 460m, 1 420m, 
1410m, 1 310m, 1270w, 1240w, 1220w, 1 125m, 1055m, 
1 020m, 840vs, 720m, and 555vs cm-'. 

CC12H,,N,PtS,][PF,],: C, 17.8; H, 3.25, N, 3.45; S, 15.8%). 

Synthesis of [ Pd2Cl , ([ 1 8]aneN, S,)] [ PF,] .-Reac tion of 
PdC12 (44 mg, 0.245 mmol) with [18]aneN,S, (40 mg, 0.123 
mmol) in refluxing MeCN-H,O (1 : 1 v/v) for 4 h under N, 
afforded a yellow solution. Addition of an excess of NH,PF, 
gave a yellow precipitate which was recrystallised from MeCN 
to yield the product as yellow needles (yield 105 mg, 95%) 
(Found: C, 15.9; H, 2.80, N, 3.30; S, 14.4%; M ,  900.2. Calc. for 

14.2%). F.a.b. mass spectrum (3-nitrobenzyl alcohol matrix): 
m/z 609, 575, 539, 431; calc. for [106Pd,35C1,([18Jane- 
N2S4)] +, [ 106Pd235C1([ 18]aneN2S4)] +, [lo6Pd2([ 18)ane- 
N2S4)]+, ['06Pd([18]aneN2S4)]+, 608, 573, 538, and 432 
respectively. 'H N.m.r. spectrum (80.13 MHz, CD,CN, 298 K): 6 
2.7-3.6and4.2--4.6(m,CH2,24H),5.6(br,NH,2H).l3CDEPT 
n.m.r. spectrum (50.32 MHz, CD3CN. 298 K): 6 54.77 (NCH,, 4 
C), 38.28 (NCH2CH2S,4 C), and 30.44 p.p.m. (SCH,CH,S, 4 C). 
U.v.-visible spectrum (MeCN): A,,,,,. = 376 (E,,,,,. = 3 540), 262, 
(17 330), and 224nm (22 200dm3 mol-' cm-'). 1.r. spectrum (KBr 
disc): 3 200m, 3 060m, 3 OOOw, 2 965w, 1 460m, 1 420vs, 1 330w, 
1310m, 1270w, 1260m, 1225w, 1 140w, 1 120w, 1 loom, 
1 060m, 1 OlOm, 840vs, 740m, 650w, 555vs, and 330m cm-'. 

[Ci,H26CI2N2Pd2S4][PF6],: C, 16.0; H, 2.90; N, 3.10; S, 

Single Crystal Structure of [Pd2C12([ 1 8]aneN,S4)]- 
[PF,] ,*2MeCN.-Recrystallisation of the complex from 
MeCN afforded yellow needles of diffraction quality. A suitable 
crystal (0.77 x 0.23 x 0.19 mm) was selected and sealed in a 
Lindemann glass capillary tube to prevent solvent loss. 

Crystal data. [C12H2,C12N2Pd2S4][PF6]2*2CH3CN, M = 
982.2, monoclinic, space group C2/c, a = 18.617(13), b = 
15.569(11), c = 14.323(14) A, p = 113.59(5)", U = 3 804.6 A3 
[from 28 values of 32 reflections measured at fo (24 
< 28 < 2 5 O ,  h = 0.71073 A)], Z = 4, D, = 1.715 g ~ m - ~ ,  
p(Mo-K,) = 1.443 mm-', F(OO0) = 1 936. 

Data collection and processing. Stoe STADI-4 four-circle 
diffractometer, graphite-monochromated Mo-K, radiation, - 
28 scans, 2 456 reflections measured (28,,,, = 45", h -20 to 
18, k 0-16, 1 0-15) giving 1708 with F > 6o(F). No 
significant crystal decay was observed. 

Structure analysis and refinement. A Patterson synthesis 
located the Pd atom and the structure was developed by least- 
squares refinement and difference Fourier synthesis to reveal all 
the other non-H atom positions.' ' Absorption corrections (min., 
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Table 4. Fractional atomic co-ordinates with e.s.d.s for [Pd([18]aneN,S,)]Z + * 

x 

0.255 62(4) 
0.291 33(16) 
0.095 85(16) 
0.409 76( 18) 
0.21905(17) 
0.251 8(4) 
0.260 l(4) 
0.215 l(7) 
0.127 8(7) 
0.1 16 O(6) 
0.170 6( 5 )  
0.302 4(6) 
0.387 8(7) 
0.379 1( 10) 
0.294 1( 10) 
0.236 O(7) 
0.289 O(7) 
0.306 2(7) 
0.275 3(7) 
0.488 7(3) 
0.524 5(3) 
0.550 4(3) 
0.540 5(3) 
0.504 7(3) 
0.478 8(3) 
0.393 7(3) 
0.313 O(3) 
0.264 9(3) 
0.297 5(3) 
0.378 3(3) 
0.426 4(3) 
0.410 7(3) 
0.358 2(3) 
0.318 6(3) 
0.331 6(3) 

Y 
0.006 74(4) 
0.141 33(15) 
0.076 26( 18) 

- 0.074 05(23) 
-0.126 67(15) 

0.008 2(4) 
0.023 l(4) 
0.198 7(6) 
0.179 7(6) 
0.052 5(6) 

-0.019 2(6) 
- 0.074 l(6) 
- 0.070 4(7) 
- 0.172 9(9) 
-0.197 6(7) 
-0.122 l(7) 
- 0.052 2(8) 

0.094 6(8) 
0.165 5(7) 
0.198 5(3) 
0.125 3(3) 
0.072 9(3) 
0.093 6(3) 
0.166 8(3) 
0.219 2(3) 
0.327 3(3) 
0.311 5(3) 
0.366 2(3) 
0.436 7(3) 
0.452 5(3) 
0.397 8(3) 
0.196 7(3) 
0.139 l(3) 
0.087 3(3) 
0.093 l(3) 

* R indicates carbon atoms of BPhianions. 

Z 

0.242 57(3) 
0.250 85(14) 
0.269 44( 15) 
0.273 08( 18) 
0.211 20(14) 
0.356 l(3) 
0.132 3(4) 
0.289 l(6) 
0.265 9(6) 
0.363 8(5)  
0.379 5(5)  
0.387 l(5) 
0.366 7(5) 
0.244 4(7) 
0.245 2(6) 
0.115 7(5) 
0.098 8(5)  
0.1 14 6(6) 
0.154 5(6) 
1.006 90(23) 
0.990 30(23) 
1.045 60(23) 
1.1 17 49(23) 
1.134 08(23) 
1.078 80(23) 
0.967 9(3) 
0.972 l(3) 
1.006 6(3) 
1.036 8(3) 
1.032 6(3) 
0.998 2(3) 
0.874 55(25) 
0.898 89(25) 
0.849 73(25) 
0.776 25(25) 

Atom 
C( 17R) 
C( 18R) 
C( 19R) 
C(20R) 
C(21R) 
C(22R) 
C(23R) 
C(24R) 
C(25R) 
C(26R) 
C(27R) 
C(28R) 
C(29R) 
C(30R) 
C(31R) 
C(32R) 
C(33R) 
C(34R) 
C(35R) 
C(36R) 
C(37R) 
C(38R) 
C(39R) 
C(40R) 
C(41 R) 
C(42R) 
C(43R) 
C(44R) 
C(45R) 
C(46R) 
C(47R) 
C(48R) 
B(1) 
B(2) 

X 

0.384 l(3) 
0.423 7(3) 
0.535 2(3) 
0.612 2(3) 
0.675 7(3) 
0.662 l(3) 
0.585 l(3) 
0.521 6(3) 
1.017 8(4) 
1.095 5(4) 
1.132 6(4) 
1.092 O(4) 
1.014 3(4) 
0.977 2(4) 
0.889 8(3) 
0.817 l(3) 
0.748 l(3) 
0.751 8(3) 
0.824 5(3) 
0.893 5(3) 
0.951 4(3) 
0.945 7(3) 
0.922 3(3) 
0.904 7(3) 
0.910 4(3) 
0.933 8(3) 
1.039 O(4) 
1.092 2(4) 
1.141 O(4) 
1.136 7(4) 
1.083 5(4) 
1.034 7(4) 
0.456 9(6) 
0.974 2(7) 

Y 
0.150 8(3) 
0.202 6( 3) 
0.307 l(3) 
0.293 2(3) 
0.334 8(3) 
0.390 3(3) 
0.404 2(3) 
0.362 6(3) 
0.201 8(3) 
0.176 O(3) 
0.126 2(3) 
0.102 2(3) 
0.128 O(3) 
0.177 8(3) 
0.299 7(4) 
0.286 l(4) 
0.320 5(4) 
0.368 3(4) 
0.381 8(4) 
0.347 5(4) 
0.198 9(3) 
0.115 4(3) 
0.067 O(3) 
0.102 2(3) 
0.185 7(3) 
0.234 O(3) 
0.330 5(4) 
0.310 7(4) 
0.370 l(4) 
0.449 4(4) 
0.469 2(4) 
0.409 8(4) 
0.256 O(6) 
0.258 3(7) 

7 

0.751 91(25) 
0.801 06(25) 
0.904 l(3) 
0.932 4(3) 
0.904 7(3) 
0.848 7(3) 
0.820 4(3) 
0.848 l(3) 
0.633 9(3) 
0.626 3(3) 
0.678 6(3) 
0.738 5(3) 
0.746 2(3) 
0.693 9(3) 
0.596 5(3) 
0.559 O(3) 
0.583 6(3) 
0.645 6(3) 
0.683 l(3) 
0.658 6(3) 
0.495 91(25) 
0.504 27(25) 
0.445 24(25) 
0.377 87(25) 
0.369 52(25) 
0.428 53(25) 
0.542 4(4) 
0.490 l(4) 
0.463 O(4) 
0.488 l(4) 
0.540 3(4) 
0.567 4(4) 
0.935 9(5) 
0.568 9(6) 

Table 5. Bond lengths (A), angles and torsion angles (“) with e.s.d.s for 
[ Pd,CI,([ 1 8]aneN,S,)I2 + 

Pd-CI( 1 ) 
Pd-S( 1 ) 
Pd-N(4) 
Pd-S( 7) 
S( 1 )-C(2) 
S( 1 )-C( 18) 
C(2)-C( 3) 

C1( 1)-Pd-S( 1) 
C1( l)-Pd-N(4) 
C1( 1)-Pd-S(7) 
S( 1)-Pd-N(4) 
S( l)-Pd-S(7) 
N(4)-Pd-S( 7) 
Pd-S( 1)-C(2) 
Pd-S( 1 )-C( 18) 
C(2)-S( 1 )-C( 18) 
S( l)-C(2)-C(3) 

2.305(4) 
2.3 17(4) 
2.049( 13) 
2.3 16(4) 
1.819(17) 
1.81 5(16) 
1.525(23) 

93.16( 14) 
178.8(4) 
93.38( 14) 
87.4(4) 

173.41( 15) 
86.1(4) 
97.1(6) 

10635) 
1 00.3 (7) 
11 1.3(11) 

C(3)-”) 1.549(20) 
N(4)-C(5) 1.479(2 1) 
C(5)-C(6) 1.486(24) 
C(6)-S(7) 1.847( 18) 
C( 17)-C( 18) 1.509(22) 
C( 17)-S(7’) 1.856(16) 

C( 18)-S( l)-C(2)-C(3) 
C(2)-S( 1 )-C( 18)-C( 17) 
s ( 1 )-C( 2)-C (3)-C (4) 
C(2)-C( 3)-N(4)-C( 5 )  
C( 3)-N(4)-C( 5)-C(6) 
N(4)-C(5)-C(6)-S(7) 
S(7’)-C( 17)-C( 18)-S( 1) 
C( 18)-C( 17)-S( 7’)-C(6’) 
C( I7)-S(7’)-C(6’)-C(5’) 

C(2)-C(3)-N(4) 
Pd-N(4)-C(3) 
Pd-N (4)-C( 5 )  
C( 3)-N(4)-C(5) 
N(4)-C( 5)-C(6) 
C(5)-C(6)-S(7) 

C( 18)-C( 17)-S(7’) 
S( 1)-C( 18)-C( 17) 

Pd-S(7)-C(6) 

C( 17)-S(7’)-C(6’) 

76.3( 12) 
178.2( 1 1) 
55.6( 14) 

177.3( 13) 

147.9(8) 
178.6( 1 1) 
76.9( 13) 

- 179.5( 12) 

- 52.1 ( 16) 

106.6(12) 
110.7(9) 
112.8(10) 
1 12.3( 12) 
109.1 (1 3) 
111.1(12) 
97.2(6) 

108.5( 10) 
108.5 ( 1 0) 
99.3(8) 

0.744; max., 1.463) were made using DIFABS.21 During 
refinement some disorder of the PF, - counter-ion was identified. 
This was modelled successfully using partial F atoms, giving a 
total of six F atoms per P atom. Each binuclear cation was found 
to have two molecules of MeCN solvent associated. These too 
were found to be disordered, and were modelled by constraining 
the C-C and C-N bond lengths to be 1.50and 1.23 A respectively, 
and constraining the N-C-C angle to be linear.” Anisotropic 
thermal parameters were refined for Pd, C1, S, P, F, N, and C 
atoms except for those associated with the solvent molecules. 
Hydrogen atoms were included in fixed, calculated positions. 
The weighting scheme w-’ = 0 2 ( F )  + 0.002 282F2 gave satisfac- 
tory agreement analyses. At convergence R, R’ = 0.0757,0.1037 
respectively, S = 1.201 for 177 independent parameters, and the 
final difference Fourier synthesis showed no feature above 0.97 or 
below - 1.22 e A-3. Bond lengths, angles and torsion angles are 
given in Table 5 and fractional atomic co-ordinates in Table 6.  
Illustrations were prepared using ORTEP,22 molecular 
geometry calculations utilised CALC,23 and scattering factor 
data were taken from ref. 24. 

Additional material available from the Cambridge Crystallo- 
graphic data centre comprises thermal parameters and H-atom 
co-ordinates. 

Synthesis of[ Pt,Cl,([ 1 8]aneN,S,)][PF6],.-Method as for 
the Pd analogue above, using PtCl, (65 mg, 0.246 mmol) and 
[ 1 8]aneN,S, (40 mg, 0.123 mmol). The product was isolated as 
a pale yellow solid (yield: 73 mg, 55%) (Found: C, 13.8; H, 2.40. 
N, 2.85%; M ,  1077.42. Calc. for [C,2H26C12N2Pt2S,][P~~]~: 
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Table 6. Fractional atomic co-ordinates with e.s.d.s for [Pd,Cl,- 
([18]aneN,S,)]2t 

X 

0.036 42(6) 
0.094 63(20) 
0.015 07(22) 
0.1 15 6(9) 
0.1 74 O(8) 
0.152 9(7) 
0.204 9(8) 
0.178 6(9) 
0.073 07(23) 
0.076 5(9) 
0.006 O(9) 
0.289 7(3) 
0.280 O(9) 
0.298 9( 12) 
0.371 8(11) 
0.2 18 6(22) 
0.341 l(12) 
0.205(3) 
0.196 9(13) 
0.254 l(17) 
0.267 7(13) 
0.338 5(22) 
0.387 7(16) 
0.425 8( 13) 
0.477 4(20) 

Y 
0.012 22(6) 

-0.019 77(22) 
0.1 58 98(23) 
0.192 2(10) 
0.127 3(9) 
0.039 7(7) 

- 0.030 6( 1 1) 
-0.112 7(11) 
-0.130 79(23) 

0.164 4(10) 
0.185 5(9) 
0.179 5(4) 
0.234 O( 1 1) 
0.120 O(12) 
0.148 5(13) 
0.125(3) 
0.250 3(15) 
0.262(4) 
0.189 6(17) 
0.227 9( 19) 
0.092 3( 15) 
0.153 6(24) 
0.138 6(23) 
0.138(3) 
0.130 4(22) 

Z 

0.379 66(8) 
0.329 3(3) 
0.376 2(3) 
0.407 1 (12) 
0.476 4( 12) 
0.421 5(9) 
0.481 3(12) 
0.425 4( 14) 
0.391 2(3) 
0.485 3( 11) 
0.494 3(10) 
0.286 l(4) 
0.372 6(12) 
0.207 5(14) 
0.345 4(16) 
0.264(3) 
0.278 2(16) 
0.198(4) 
0.241 5(18) 
0.180 5(21) 
0.330 5(18) 
0.396(3) 
0.032 9(20) 
0.125 8(20) 
0.237 l(21) 

C, 13.4; H, 2.45; N, 2.60%). F.a.b. mass spectrum (dimethyl- 
formamide-glycerol matrix): mlz 786, 750, 555, 521; calc. for 
[ 'Pt %l2( [ 1 8]aneN2S4)] + , [ ' Pt 'C1( [ 1 8]aneN,S4)] + , 
["'Pt3'C1([ 18]aneN2S4)] +, [ "'Pt([ 18]aneN2S4)] +, 786,75 1, 
556, and 521 respectively. 'H N.m.r. spectrum (80.13 MHz, 
CD3CN, 298 K): 6 7.45 (br, NH) and 2.2-3.6 (m, CH2). 1.r. 
spectrum (KBr disc): 3 140m, 3 Ooow, 2 950w, 1 460m, 1 420m, 
1410m, 1 310m, 1270w, 1240w, 1220w, 1 120m, 1055w, 
1 020m, 1 OOOw, 840vs, 740m, 555vs, and 330w cm-'. 
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