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Abstract 

Several novel Ni(l l) ,  Pd(ll) ,  Pt(ll) and Pt{IV complexes containing the diphos ligand cis-l,2-bis(diphenylphosphmojethene (cis- 
dppen ) have been prepared and characterized by X-ray diffraction methods, NMR spectroscopy ( "~sPt { ~H }, ~Lp{ ~H }, ~C { ~H }, ~H ). fast atom 
bombardment mass spectrometry, IR spectroscopy, elemental analyses, and melting points. In the case of [PtCl~(cis-dppen) ] ( 1 ) a second 
crystal modification was tkmnd and definitely characterized by an X-ray structure analysis: monoclinic, P2~/n, Z=4 ,  a-= 8.312(I),  
b = 14.578(2), c =  19.868(4) A.,/3 = 91.27( 1 )°, R = 0.028 for 3862 observed reflections(/> 3¢r(lj). In comrast to the former reported X-ray 
structure of the other modification of 1, which shows a complete coptanarity of the coordination plane and the ethene bridge, this cophmarity 
is slightly disturbed by a crystal packing effect in the second modification of 1. Nevertheless, both confi~rmations are dominated by a r r  
bonding interaction. Furthermore, the X-ray structures of the recently prepared complexes [ Pt( ~ i.s-dppen ) ( bipy ) ] ( PF~, ) e ( 2 ) and [ Pt( cis- 
dppen)(phen) 1{ BF4;_, (3), where bipy and phen are 2,2'-bipyridine and 1,10-phenanthroline, respeclively, are given for the first time: 2: 
monoclinic, P2~/c, Z 4, a -12 .649 (3 ) ,  b-26 .114(5 ) ,  c =14 .665(3)A,  /3=111.62(3) °, R-0 .057  for 4260 observed reflections(l> 
3~r~1)):3: monoclinic, P2t, Z=2 ,  a = 8 . 7 7 9 { 2 ) , h = 1 7 . 2 9 7 { 3 ) , c - -  13.059(3)A, /3 93.79(3) ° , R - 0 . 0 4 5  t~w3589observedrellections 
(I > 3+r(I); These two X-ray structures are the first examples of square-planar structures of Pt{ II ) complexes containing bipy or phen together 
with phosphines. The different conformations of 2 and 3 are of interest with respect to the known differences between bipy and phen m photo- 
activation processes. The reaction of I with an equimolar amount of anhydrous Na~S leads to the dimer [ Pt::( I~:-S )e( ci.~-dppen )~ ] (4). A 
similar treatment of I with the phosphoniodithioformate S2CPCy +, where Cy is cyclohexyl, produces the dimer [ Pte{ bLe-S ) ( ~e-S_,CPCy, ) ( ci.~- 
dppen)_~ ] (BF4) e (5). However, the reactions of [ MCIe(cis-dppen) [ ( M -- Ni, Pd) with anhydrous Na,S give lhe trinnclear complexes 
[M~(bt~-SIqciv-dppen)~]Xe ( M - - N i . X  =PF<, {6): M=Pd,  X :=BF+ (7!) .  In the case of I Na~S.9H,Ois needed to produce the 
corresponding Pt( II ) complex [ Pt ~( b%-S ) :( cis-dppen ) ~ ]Cle ( 8 ). Interestingly, treatmem of [ NiCI,( cis-dppen ) ] with SeCPCy+ leads to the 
unexpected monormclear compound [ Ni ( CS_, )4( ci.s-dppen ) ] ( B F4 ) _~ ( 9 ). Oxidation of [ Pt( ci.s-dppen ) ~ ]CI~ by chlorine gives the mono- 
nuclear complex [ PtCle(cis-dppen)e ]Cle (10). The comrnon I;eature of the compounds 1 10 is the presence of cis-dppen as a chelating 
ligand. The goal of this article is to re\eal possible rr bonding interaclions due to the unsaturated nature ol this diphos ligand. ':*, 1998 
Elsevier Science S.A. All righ(s reserved. 

K~'vword.w Crystal structures: Nickel complexes: Palladium compiexes: Platinum uomplcxcs: Dipht~sphinc complexes: l)imninc complexes 

1. Introduction 

Recent studies [1 -3 ]  have shown that in complexes of 
diphosphines with unsaturated backbones such as cis- l ,2-  
bis (d iphenylphosph ino)e thene  (c is-dppen)  or 1,2-bis- 
(d iphenylphosphino)  acetylene (dppa)  qr bonding interac- 

*Corresponding author. "l'cl.: +43-512 507 5115: klx: +43 512 507 
2934. 

0020-1093/98/$19.00 ~: 1998 Elsc'~ icr Scicncc S.A. All right,, rc~,crx cd. 
P l l S O 0 2 0 -  1093( 97 )(16[)4 1 -0 

tions between the aliphatic double or triple bonds and the 

meta l - l igand  bonds are present. In the case of cis-dppen this 

leads to completely phmar structures in [ PtCI2( c i s -dppen) ]  

and [ Pt (c is-dppen )_+ ] ( BPh4 )_~ [ I 1. However,  in [ NiCI+( cis- 
dppen) ] the coplanarity of the coordinat ion plane and the 

ethene bridge is slightly disturbed by a crystal packing effect 

131. These induced deviat ions are in agreement  with the 
recently described flexibility of metal complexes in crystals 

[41. In this paper the X-ray structure of a second crystal 
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modification of [PtClz(cis-dppen) ] (1) is presented also 
showing a small deviation from coplanarity due to crystal 
packing and clearly demonstrating the flexibility of com- 
plexes in the same molecule. 

Furthermore, the novel X-ray structures of the recently 
prepared compounds [ Pt ( cis-dppen ) (bipy) ] ( PF6 ) ~_ (2) and 
[Pt(cis-dppen) (phen) ] (BF4)~ (3), where bipy and phen 
are 2,2'-bipyridine and 1,10-phenanthroline, respectively, are 
presented. Bipy containing Pt(II)  complexes have been used 
in supramolecular arrays for photoactivation processes [ 5]. 
In this context the structural characteristics of the acceptor 
ligands such as bipy or phen determine the lifetimes of  excited 
states [6].  The possibility of  twist distortions in pyridyl com- 
plexes also plays a large role for the effect of intersystem 
crossing, where a complex converts from one state to another 
which has a different spin multiplicity [ 7 ]. 

It has been shown that in compounds of the type [Pt2( p,~_- 
S)~L4], where L is a monophosphine, the hinge angle 
between the two coordination planes and hence the stability 
of  these complexes depend on the Pt2S2 through-ring anti- 
bonding interaction between the in-plane sulfur p orbitals 
[ 8 ]. Since in its complexes cis-dppen is capable of the above- 
mentioned 'rr bonding interactions between the ethene bridge 
and the coordination plane, this should also influence the 
M2Se ( M = N i ,  Pd, Pt) antibonding interactions producing 
different S 2- bridged compounds containing cis-dppen, 
where as far as we know, no example is given in the literature. 
In this class of complexes, the molecules tend to aggregate 
and trinuclear and higher clusters are possible [ 91. The inter- 
action of S 2- with transition metals is widespread in nature 
and responsible for the formation of  ores as well as [ M~S~, I 
clusters in active centers of redox enzymes such as ferredox- 
ines or nitrogenases [10]. The nephrotoxicity of platinum 
containing antitumor drugs is believed to result from the 
binding of platinum to sulfur-functionalized protein residues 
[11] .  

[Pt2(Ix2-S)2(cis-dppen)2] (4) corresponds to structure 
(a) in Scheme 1. The same structure type is found in [ Pt2( ~2- 
S )2 (PPh3)4 ] and related dimers containing monophosphines 
similar to PPh3 [ 12]. In the case of  the analogous dimers 
bridged by thiolato groups instead of sulfido ligands mono- 
phosphines as well as the diphosphine 1,2-bis(diphenyl- 
phosphino) ethane (dppe) occur [ 13 ]. The unsyrnmetrically 
bridged dimer [ Pt2(p,e-S) (txz-S~_CPCy3) (cis-dppen) 2]- 
(BF4)2 (5) shows structure (b) in Scheme 1. Though dif- 
ferent binding modes of phosphoniodithioformates are well 
known, this is the first case where SeCPCy3 produces sulfido 
ligands in situ [141. The trinuclear complexes [M3(p~3- 
S)2(cis-dppen)3]X2 ( M = N i ,  X =PF6- (6),  M = P d ,  
X -  = BF4- (7),  M = Pt, X = C1 - (8 ) )  correspond to struc- 
ture (c) in Scheme 1. This structure type has been found in 
analogous complexes of  Ni( l l )  [15],  Pd(II)  116], and 
Pt(II)  [ 17] containing monophosphines as well as dppe. 
[Ni(CSz)4(cis-dppen) ] ( B F 4 )  2 ( 9 )  shows structure (d) in 
Scheme 1. Linear S-bonded instead of w-bonded CS2 ligands 
are rare, where reactions of  CS~_ are of  interest, also with 

Cy ---I 2+ 
c~,,,~-cy / / / 

Ph ,Ph Ph ,,Ph Pfl 1°h ~ Ph ?hl  ½<s.p,/q 
S /  ='%J 

P~" h~h P~" ~h p~' ~Ph P." ~Ph 
(a) (b) 

Ph, ,,°h ph..pp h q 2+ 
"R / 

I 
\I Ph Ph 

P~t' ~h M = Ni, Pd, Pt 
(c) 

C~-"S' .... = ....... ..... " 1 t  

I % PC(e) P"|c, P" 
(d) 

Scheme 1. Structure types observed in the compounds 4-10. The P-M-P  
(M = Ni, Pd, Pt) angles, where the phosphorus atoms are connected by 
ethene bridges, are constrained to values below 90°. Structure (a) occurs 
in [Pt2(tx2-S)2(cis-dppen)z ] (4); structure (b)in [Ptz(l.l,2-S)(p,z-SzCP- 
Cy3)(cis-dppen)2l(BF4)2 (5); structure (c) in [M3(i.L3-S)z(cis- 
dppen)3]X: (M=Ni, X =PFg (6); M=Pd, X-=BF4- (7);M=Pt, 
X =C1 (8)); structure (d) in [Ni(CS2)4(cis-dppen)](BF4)z (9); 
structure (e) in [ PtCI2 (cis-dppen), I C12 (10). 

respect to reactions of the structurally closely related CO2 
[ 18]. The novel Pt(IV) complex [PtCle(cis-dppen)2]Clz 
(10) corresponds to structure (e) in Scheme 1. Pt( IV) com- 
plexes of  diphosphines have been prepared in a wide variety 
of structure types, where also thiolato-bridged dimers occur 
[2,19]. In this article emphasis is given to the fact that the 
unsaturated nature of cis-dppen leads to several novel com- 
pounds not observed with other phosphines and to a drastic 
alteration of structural characteristics in complexes also 
known with other phosphines. 

2. Experimental 

2.1. Reagents and chemicals 

Reagent grade chemicals were used as received unless 
stated otherwise, cis-l,2-Bis(diphenylphosphino)ethene 
(cis-dppen) was purchased from Aldrich and S2CPCy3 from 
Strem. All other chemicals and solvents were obtained from 
Fluka. Solvents used for NMR measurements and crystalli- 
zation purposes were of purissimum grade quality. NiCI2- 
6H20, PdCI2, and Na2PtCI4.4H20 were also received from 
Fluka. 
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2.2. Instrumentation 

Fourier-mode l'~SPt{ 'H}, .~bp{ IH} ' 13C{ ~H }, and ~H NMR 
spectra were obtained by use of a Bruker AC-200 spectro- 
meter (internal deuterium lock ) and were recorded at 43.02, 
80.96, 50.29, and 200 MHz, respectively. Positive chemical 
shifts are downfield from the standards; 1.0 M NaePtCI,, for 
the 195pt{ I H } resonances, 85% H~PO4 for the ~'P{ ~H } reso- 
nances, and TMS for the ~3C{ ~H} and 'H resonances. 

2.3. X-ray &,ta collection 

The X-ray data collections were performed on a Siemens 
P4 diffractometer. Coh)rless crystals of [PtCl2(cis-dppen)] 
(1),  [Pt(cis-dppen)(bipy)](PF~)z (2), and [Pt(cis- 
dppen) (phen) ] (BF4)2 (3) were fixed on quartz pins. The 
lattices were found to be monoclinic in all three cases by 
standard procedures using the software of the Siemens P4 
diffractometer. No decay in the intensities of  three standard 
reflections was observed during the course of data collection 
in each case. The data were corrected for Lorentz and polar- 
ization effects. The empirical absorption corrections were 
based on 4J-scans of nine reflections, respectively (X = 75-  
105 °, 360 ° scans in 10 ° steps in g,) [20]. 

2.4. Structure solution and refinement 

All structure determination calculations were carried out 
on 80486 and Pentium PCs using the PC version of 
SHELXTL PLUS and SHELXL93 [21 ]. The positions of 
the platinum atoms were found by the Patterson method. 
Other atom positions were located from successive difference 
Fourier maps. 

In the case of 1 final refinement was carried out with ani- 
sotropic thmmal parameters for all non-hydrogen atoms. 
Hydrogen atoms were included using a riding model with 
isotropic U values depending on U~q of the adjacent carbon 
atoms. The final R value of 0.028 was computed for 280 
parameters and 3862 reflections. 

In the case of 2 all non-hydrogen atoms including 1.8 
molecules of CH2C12 per asymmetric unit were anisotropi- 
cally refined. The occupancy factor of one CH,_Cle molecule 
has been refined. The hydrogen atoms were treated as in 1. 
The final R value of 0.057 was computed for 550 parameters 
and 4260 reflections. 

In the case of  3 final refinement was carried out with ani- 
sotropic thermal parameters for all non-hydrogen atoms 
including one molecule of  CH2C12 per asymmetric unit. The 
hydrogen atoms were treated as in 1. The final R value of 
0.045 was computed for 506 parameters and 3589 reflections. 

In all cases upon convergence the last difference Fourier 
maps showed no significant features. The structure determi- 
nations are summarized in Table 1. Tables 2-4 show posi- 
tional parameters for [PtCl:(cis-dppen) ] (1),  I Pt(cis- 
dppen) (bipy) ] (PF¢,)_, (2),  and [ Pt(cis-dppen) (phen) ]- 
(BF4) 2 ( 3 ), respectively. 

2.5. Syntheses qf Ni(ll). Pd(ll), Pt(ll) and Pt(IV) complexes 

A Schlenk apparatus and oxygen-free, dry Ar were used 
in the syntheses of all complexes. Solvents were degassed by 
several fi 'eeze-pump-thaw cycles prior to use. 

2.5.1. [PtCl2(cis-dppen)] (1), ]Pt(cis-dppen)(bipy)l(PF~,)2 
(2), aim [Pt(cis-dppen)(phen)](BF4) 2 (3) 

1, 2 and 3 were prepared as described earlier [ I ]. The 
second crystal modification of  1 suitable for an X-ray struc- 
ture analysis was obtained from a DMF solution of l. Suitable 
single crystals with the compositions [Pt(cis-dppen)- 
{bipy)] (PFr)2 .1 .8CH,  CI~ or [Pt(cis-dppen)(phen)l- 
(BF4)2"CH~CI2 were obtained from CH2CI2 solutions of 2 
or 3, respectively. 

2.5.2. [PtJ#e-S)Jcis-dl)pen)2l (4) 
To a solution of [ PtCl_~(cis-dppen) ] (1) (0.2 retool, 

0.132 g) in 6 ml E tOH/DMF (vol . /vo l .=  1:1) was added 
anhydrous Na~S (0.2 retool, 0.016 g ). The reaction mixture 
was stirred tot 3 h at 50°C and an orange solution was 
obtained. The solvent was completely evaporated and the 
residue washed with H~O and E/OH, filtered off and dried in 
vacuo. An orange powder was recrystallized from CH2C12: 
yield 0.032 g (26%,) ; m.p. > 300°C dec; FAB mass spectrum: 
m/z 1247.1 [Pt_,(pL2-Sl~(cis-dppen)2] ", 1215.0 [Pt2(I-%- 
S ) (cis-dppen) ~ ] +. Anal. Calc. tot Cs_,H44P4Pt_~S2: C, 50. I ; 
H, 3.6: S, 5.1. Found: C, 49.9: H, 3.4; S, 5.2%. 

2.5.3. [ Pte( #2-S )( iz2-S,CP(.~, O( cis-dppen )2](Bl~)2 (5) 
To a solution of [PtC12(cis-dppen)] (1) (0.2retool, 

0.132 g) in 6 ml CH2CI, /DMF ( vol./vol. = 6:1 ) was added 
AgBF~ (0.4 retool, 0.078 g). Then the reaction mixture was 
stirred for 48 h at 45°C. The solvent was completely evapo- 
rated, CH2C12 was added and AgCI was filtered off. S~CPCy~ 
(0.2 retool, 0.071 g) was added to the colorless solution at 

- 18°C. The solution immediately turned red. It was slowly 
warmed to room temperature and stirred for 12 h. The solvent 
was completely evaporated and EtOH was added. The red 
solution was stirred for 2 h and a yellow precipitate formed. 
The yellow residue was filtered off, washed with EtOH and 
dried in vacuo. A yellow powder was recrystallized from 
EtOH: yield 0.047 g (27c2~1: m.p.=227°C:  FAB mass 
spectrum: m/,7 1658.4 [Pt::(~-S)(~-SeCPCy~)(cis- 
dppen)2](BFa) ~, 1571.6 ]Pte(~t,-S)(b%-S~CPCy~)(cis- 
dppen )2 ] +. IR ( KBr, cm i ) C==S: 1102, 1060, 998 t,. Anal. 
Calc. for C71HTvBeFsPsPt,S~: C, 48.9: H, 4.4; S, 5.5. Found: 
C, 49.0; H, 4.2; S, 5.3¢2~ 

2.5.4. [Nis(l~ 3-S)2(cis-dppen)s](PF~,) 2 (6) 
[NiCI2(cis-dppen) ] was prepared as described earlier 

[ 3,22]. To a red solution of [ NiC12(cis-dppen)] (0.2 retool, 
0.105 g) in 6 ml E tOH/DMF (vol . /vo l .=  1:1) was added 
anhydrous Na~S (0.13 retool, 0.010 g). The solution imme- 
diately turned red-brown. It was stirred for 24 h at 45°C. 
Then the solvent was completely evaporated, EtOH was 
added, and the red-brown solution was filtered. To this solu- 
tion, NaPF¢, (0.6 retool, 0.101 g) dissolved in EtOH was 
added with stirring. A light brown precipitate immediately 
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Table 1 

Structure determination data for [ PICI:( cix-dppen ) I ( 1 ~ I Pt+ , i  -dppc 1 i (h ip?)  I ( PF,, ), ( 2 I, and [ Pt( ci~-dl)pen l( phen ) I ( BFa )~ ( 3 } 

I 2 3 

];Orlllula 

Fonnuh~ weight 

Color: habil 

Crystal svslem 

Space group 

a (AI  

l) (AI  

c ( A )  

V(A~ 

T ( K )  

Z 

Cry~,tal di tnensions ( into I 

D . , ,  ( M g m  ~) 

Radiation. A I A / 

# ( m m  ~ ) 
F ( ( X ) O )  

Difl 'ractomcter 

monot .hrolnator  

8cal] lype 

2t¢ rallge ( I 

Index ranges 

No. reflections collectcd 

No. independent l'ellecliuns 

No. obscr', cd ( / > 3~r ( / ~ ) rellections 

No. paralnelcrs refined 

Final R indices I obserxed dam) 

R 

GOF 

Largest and nlcan A / G  

Largest  difl 'crencc peak ( c A 
/~uu 

Transmission 

( ' , , .H, .CI .l>,Pt C ,,,1-t ,,F ~:N:I).J)I - 1.8(71-t ~C'I~ 

662.3~; l 19(}.46 

colorless: [)l-islllatic colorless: priSlllatic 

monocliniu monoclmiu 

I ' 2  ,,'n P21,/ { 

8.312~ I1 12.64913) 

14.57812 ~ 26. t 1415 I 

19.868( 4 ~ 14.665(3)  

91.27111 62~ ~) 

240fl.9 451)3,7 

17 3 I c,L~ 

4 4 

0.6 x 0.5 )< 0.2 0.5 X 0.4 X 0.25 

1.828 1756 

Me K~, 0.71073 

6.2O8 7.455 

641) 2326 

Siemens P4 

highl} orictucd gral~hilc Cl} >,tal 

¢o (o 

4.1 55.0 5.6 51.3 

I < h <  I() ..... 1 ~ h . < _ 1 5  

- 1 < / , < 1 7  l < k < 3 0  

_ 5 - - I < 2 5  1 7 ~ / < 1 7  

7119 9245 

5501 7760 

3862 4260 

28O 55O 

( '  ;~H ,,,~B~ F ,N  : P e P t - C H  ,Ch  

1030.23 

colorless: prismalic 

monoclilfiC 

f'2, 

8.77912) 

17.297{ 3 

13.059( 3 

93.79~ 3 ) 

1978.7 

193 

2 

0.5 Nil.4 X(}.2 

1.73() 

3.83O 

1008 

(o 

4.0 55.0 

I <h<8 

• I ~ L _ < 2 2  

] h ~ / ~  16 

5!)15 

4169 
358t; 

506 

0.02~ 0.057 0.045 

0 0 2 8  0.057 I),045 

~r ~ ~r?lt "?) ~ ( 0 . 0 2 2 P 1 :  ~ ~ ~r:(k ! + ( ( ) , 0 8 9 4 P 1  ~ -  1.67t '  u ~=<r~(k ~ ) + ( 0 . ( ) 5 6 t ' ) z + 9 , 9 6 P  

1.04 1.08 1.05 

0.00 I. 00005 0.017, 0.001 I).050.0.004 

0.54 1.5g 17h  

I).019 (I.038 0.047 

0.614 0.919 0.75l)-l).901 0 .780-0 .930  

Table 2 

Al,amic coordinates  I X I(P) and cqui ;a len t  i>otropic displucemem coelli 

cicnts I A e x  I(V) for IPIClelcis-dl)pen) ( 1 ) 

P H I )  

P ( I )  

P(2)  

C I ( I )  

CI(2)  

0 1 )  

C i 2 )  

C i l l  
(7C 12) 

Cf 13) 

C(14) 

C(15)  

( ' ( 1 6 )  

C(21} 

( ' (22~ 

O 2 3 1  

2936( I I 

736( I! 

137b(2~ 

5194 (1 )  

4569( 2 ) 

- - 9 7 7 i 6 )  

673c 6 ) 

167i6} 

1188i71 

693{ 7 I 

812(8~ 
- 1 8 3 1 ( 8 )  
- 1350(7 ~ 

653(6~ 

1051(7)  

985! 7 

1876( ) 

186O( ) 

232(h ) 

1835~ ) 

1509~ ) 

2156C3~ 

2354{ 3 

757( 3 

10(4~ 

84114) 

- 9 4 7 ( 4 1  
- 203 (4 )  

647t 4 ) 

2 6 4 2 ( 3 )  

2344( 4 ) 

2U5214 ) 

1694i I 

231)4( I 

83411 

992{I 

2647( I 

1749( 2 

1118(2 

2639( 2 

2596( 2 

2833( 

3 I08( 3 

3142i 3 
2912i 3 

3(I I(}l 2 

3661 ( 2 

41961 ; 

18( l 

20( 1 
31( 

23( ) 

25~ ) 

21 I) 

28~ i ) 

39~ I) 

43 (2 )  
43~2) 

3211 } 

22~]~ 

31( I~ 

I CoJll/lllldl/) 

Table 2 (cont inued)  

~ ~ ~ Uu q a 

47(24~ 535~7} 3 8 5 3 i 4 )  4 0 8 9 i 3 )  4 2 ( 2 )  

( ' (251  164(7)  4 1 6 2 ( 4 ;  3430(31 40( 1 ) 

( '{26~ 218{7)  3566~4) 2908i~,) 3411)  

C ! 3 1 )  1777t6)  3481~4) 549 (2 )  2411)  

C ! 3 2 i  I126i7) -1229(4} 899 (3 )  3 4 i l )  

('~ 33) 1482i 81 5114(41 706I 3) 43f2}  

( ' i 34~  2500i  81 5170( 41 181(3)  45 (2 )  

('c 35) 3171c81 454t)(41 - 159131 4 4 ( 2 )  

C136)  2796i  8 } 3 6 4 8 ( 4 !  26( 31 36( I 

C ( 4 1 )  1323(61 1614i4~ 8 8 ( 2 !  2 6 ( 1 !  

( ' ( 4 2 )  5411(71 1')24(4 b - 5(13( 2 ! 37( 1 

( ' ( 4 3 )  473(8  ~ }357c 5 i 1061(3~ 4 8 ( 2  

( ' (441  11(12(7b 501~5i  --1(134(3} 4(}tl 
( '1451 1844( 7~ 17814; - 4 6 1 ( 3 )  3811~ 

( '146~ 1941)(6) 734i 4) 106(2 } 291 I J 

'I l'()I" ani',;om~pic a|oill~, the U ",aluc i,, ("-r calculated a,, I' i = (1131 

",~ L, a,d,A, where A, i,, file dot product of the ith and/lh direcl space unit 
cell ,.cctor:-,. 
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Table 3 
Atomic coordinates ( x 1(/) and equi,:alent isotropic displacement coelli 
cients {A:>," lO ~) for l P t { ~ r s - d p p e n ) ( b i p y }  I(PF,)~ {21 

• \ '* Z ( ".q [ 

P t ( l )  1464(1) 1293(I )  293OI11 3 4 ( I )  
P( 11 2294(21 1965(I )  3899{ 2 } 3 5 ( I )  
P(2) - 4 4 ( 2 )  1815{I) 2334{ 2} 38{I )  
N ( I )  2876(7)  796{3} 3316(7)  38{2) 
N(21 705(71 639{ 3) 2105(7)  33{ 2) 
C { l )  3939(9)  883{4) 3926(9} 42(3} 
C{2) 4829{1(}) 555{4} 4(}85(IO1 451~1 
C{3I 4562(11)  100(51 3553(10) 48{3} 
C{4I 3481(9) - 8 ( 4 }  2926{9/ 41{31 
(7151 263419} 343(4} 2817(8} 32(31 
C(6} 1435(1(}) 249(4)  2166i g) 39(3} 
C(7} 1075112} 209( 5 ) 1689( II1 6414} 
C(8)  - 5 1 ( 1 2 )  - 268(5} 1142( 14} 86(6)  
C(9)  - 8 2 2 { 1 1 1  115(5} 1(}58( 12} 68(5)  
C(IO)  405(10)  563( 5} 1584(11} 52(4} 
C(OI)  308(g} 2436(4) 2910( I()} 43( 3} 
C(02)  1339{ I()) 2503(4)  3581(8 i  3713} 
C ( I I }  3579(9)  2194(4)  3770(10) 39(3)  
C( 12} 3740(10) 2072(5) 2925( I I }  51(4) 
C( 13} 4650( I I ) 2286{51 2740{ 12} 59(4} 
C( 14} 5376(12)  2623(5) 3413{ 12) 60(4)  
C ( 15 I 5205 ( 12 ) 2745 ( 5 ) 4258 { 12 } 06t 4 ) 
C(16)  4304( lO)  2530(5)  4437( I I} 53(4)  
C(21} 2535(111 1850(41 5161(1{}} 47{3) 
C(22) 1621( 12} 19(}8(6) 5498{ 12) (G(4) 
C(23} 1764( 17} 1780(71 6460(14)  81(51 
C(24} 2782{ 191 1595(71 7085{ 121 83(5 ) 
C(25)  3684( 16} 1525{6) 6787{ 121 75{5) 
C{26) 3580(12) 1657(51 5836{11}) 54{4i  
C131) - 1277( 10} 1586{4) 2570{ I1) 45(3)  
C{32) - 2 3 5 9 ( 1 1 }  1614{51 1918{11) 58(4)  
C{33) - 3 2 6 2 ( 1 2 )  142717i 2126{ 17) 87(6) 
C(34)  - 3 0 9 0 ( 1 7 )  1236{ 8) 3025(18)  97/71 
C{35) 2030(17)  121(){ 6) 3667( t51 84{61 
C{361 - 1 0 8 6 ( 1 3 )  1370(5) 3478{ t21 59{41 
C{4] )  - 5 3 2 ( 9 }  1943{4) 1{134(9) 41(31 
C142) --1288{11) 2344151 646(11)  52{31 
C{431 17(}9(1(}) 2444{51 338( 107 51(3)  
C144) 1406{1(}) 2135{51 9(71{111 52(31 
C{451 649(10)  174715i .... 584(101 46(31 
C{46) - 174(1{}) 164914} 395(10) 42{3) 
P(3)  - 2 8 3 2 ( 3 }  140111} 635(}( 3} 5 6 ( I )  
F{ I ) 3123(15) 1569141 5271{8) 158{ 7) 
F{ 21 - 3160{ 1(}) 1951 ( 3 } 662(}( 7 ) 103{41 
F{31 1587{9; 1593(4} 6669112) 151{6) 
F{41 407818) 1190(41 6104110} 117{4) 
F{5) - 2496{ 8} 852( 3} 6(}81 (7) 81{ 3) 
F(6)  - 2 5 9 4 (  11 ) 1228(31 74234(7} 107{4) 
P{4} 2966{31 1124(1) 371(3)  42{1) 
F{ 7} 2046{91 1199( 3 ) -- 684( 7 ) 89{ 3 ) 
F{8} 3867(81 1(}62(4} 1440(7) 88{3) 
F{91 2018( 7} 915( 3} 728(7) 76{ 31 
F{I(}) 3198{8} 56 t (3}  IO},(8} 87{3) 
F ( I I )  271}6(7} 1699(31 617(6} 71{21 
F{12) 390(}(8) 1331{4) 11(9} 100{4) 
C((I3) 5667{ 151 566(8)  9558(13)  96{6) 
CI( I}  4634(6} 34(113) 8471(5} 129{2) 
CI(2)  6698(51 94(1(2) 9356(4)  107{ 21 
C(041 I6591261 184{ 161 67651361 2141241 
C1(3) 338{ 12) 522(8} 6338( 151 330{ I I )  
CI(4} 1984{ 13) 342(5} 5301(12)  240{6) 

' For amsotropic atoms, the L/ value is L"cq. calculated as L',~= ( 1/31- 
v" ~ ,U ,y ,a ,A , ,  where A,: is the dot product of the ith and jth direcl space unil 
cell ~ ccIors. 

Table 4 
Atomic coordinates { X 1041 and equivalent isotropic displacement coeffi- 
cienls A~'xl{} ~} fo r [P l{c i .~ -dppen) (phen l ] IBFa) , {3 )  

~, V - ("cq :' 

P I ( l )  
P{I )  
P{2l 
N ( I )  
N(21 
(7(I)  
( ' (2 )  
( / (3)  
0 4 )  
{h 5 ) 

( '{77 
( '{8)  
( '(97 
( (  IO1 
( ( 5 1 }  
C~521 
(7(OI } 
{?{ 1)2 } 
( ' ( l l }  
C(12)  
C(13)  
C( 14} 
C(15)  
C{ 161 
( ' (21 )  
C{ 22 } 
C{ 23 ) 
C7124} 
C{25} 
C{ 26) 
(?{3t)  
C{32) 
( '{33 
C{ 34 
({  35 
C {  3(7 
(7{41 
(2 42 
{'{ 43 
C{ 44 
C { 45 
C(46 
}?,( I I 
F{ I) 
F( 2 ) 
F{3) 
F{4) 
B( 2} 
F(5)  
F{6) 
F{ 7) 
F(81 
('{ 03 ) 
(71( I} 
C1(2} 

1450(I 
1636(5 

8(5 
2869( 14 
1377( 15 
3584(23 
4674( 2(I 
4979( 21 
4168( 17 
3144( 17 
2332( 18 
2568( 20 
1676( 19 
665{ 19) 
508{ 18) 

4418(2t )  
3618{ 25) 

22{21) 
696(18)  
629{ 16) 
565{ 18) 
287{ 21 } 

1024{21} 
947( 21 

- 119{ 181 
3597( 171 
4219(201 
576()(21 ) 
6603 ( 22 ) 
5991(19)  
4453( 23 l 

622( 171 
1824( 19i 
2371(221 
1732(20) 
5611251 
--4( 201 

- 196(1( 181 
-295(7( 171 

4491 ( 22 ) 
-5003(21  ) 

4O3O( 25 ) 
-2449(  171 

972( 31 ) 
10261181 

- 5 1 3 (  191 
1919( 151 
1038( 37 
4O59( 33 } 
27881181 
4297q 19} 
5250( 171 
4113( 13} 
4880( 22 ) 
3563(8)  
6815(71 

O{ 1 } 807(1( 1 ) 
594( 2 ) 9601 ( 3 ) 

102(112 ) 7560( 3 ) 
- 9 4 5 ( 7 )  8481 (9) 
- 6 2 2 ( 7 )  6672(81 

- 111}2{ I0) 935(1( 141 
- 1717(9) 9521( 131 

2171(g)  8704( 121 
- 2025191 7741( I I ) 
- 1402(8) 7655( I()l 

123318) 6710( II 
-- 1679191 5822( 121 

1497(9) 4919(12)  
- 8 9 2 ( 1 0 }  4936(11} 
- 472(9)  5824( 11 } 
2466(91 6848( 12} 

- 2 3 2 3 ( 1 1 }  5906(15} 
1703(91 8587(13)  
1528(8 ~ 9496( I1 ) 

109{ I()} 10553(I{I) 
418(91 11546( I1 ) 

6I)( 171 12274( I 1 ) 
- 6 % %  12} 11998(14) 
- 9 4 5 { 1 1 )  11048( 13 
- 6(15{ 81 10342( I1 

809{81 10061( I I 
565{91 10998( 12 
725(121 11272(13 

1114(111 10572( 13 
1374{10) 9658( 12 
1230(111 9413(11 
1593(8 ) 6481( I0 )  
2102{91 6710( 131 
2518(11)  5904( 151 
2437{ 111 4917(13)  
1928{ I0) 4702{ 13) 
1498{9} 551 I( I 1) 
756{ 81 7226( I 1 ) 

1321110) 6880{ I0) 
1130{11) 6632(12) 
424~ 131 6695{ 15) 

- 1 6 3 { 1 2 1  7040(21)  
3{191 7333(121 

2718{ I0) 2010(14) 
33111( 7} 2680( I0 )  
2378{11/ 2046( 191 
2131171 2200(12) 
2989{ I 1) 105t{11) 
8266{ I 1 ) 2292(16)  
7986{ 9} 1848(16) 
899(1181 1995{ 11 ) 
781}4I 81 1980(9} 
8177{ 71 3364(7} 

36{ 26) 4178{ 20) 
658{41 4087(51 
267141 4210(5 } 

26( 1 ) 
28( I ) 
28( 1 ) 

31(31 
31(31 
46(5)  
34(47 
42(4)  
30( 3 ) 
29(3)  
29(3)  
38(4)  
35(4)  
41(4)  
35(3 i  
40( 4 ) 
54( 5 
42(41 
33{31 
26{41 
35(31 
46(5 I 
54(5 
51(51 
36(41 
29( 3 I 
43(41 
53( 5 } 
49{4} 
3914} 
40(4)  
26(3)  
38(4)  
51(51 
43141 
53(51 
38(4)  
32(3)  
32(3)  
47(4 ) 
51(51 
79(7)  
51(41 
49(6)  
81(4) 

128(7) 
71(4) 

181(12) 
56(6)  

IO2(61 
93(41 
80(41 
58(3)  
96{8} 
83(21 
91(21 

' For anmolropic atoms, file /," value i,, (',.q. calculated as /J.L~ = ( I / 3  l- 
x',~,U,/a,a,A,, where A,  is the dot product o[ the ith and ]th direcl ``pace unit 
cell vector``. 

f o r m e d .  It  w a s  l i l t e r e d  o f f ,  w a s h e d  w i t h  H 2 0 ,  a n d  d r i e d  in 

v a c u o .  A l i g h t  b r o w n  p o w d e r  w a s  r e c r y s t a l l i z e d  f r o m  E t O H :  

y i e l d  0 . 0 3 0  e,, ( 2 6 %  ) : m . p .  = 2 6 0 - 2 6 4 ° C :  F A B  m a s s  s p e c -  
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trnm: m/z 1592.4 [ Nis( fx3-S)2(cis-dppen)3] (PF(,) + . H20, 
1574.4 [Nis(Ix3-S)2(cis-dppen)3] (PF6) +, 1429.4 [Ni3( IX~- 
S) 2 (cis-dppen) 3 ] +" Anal. Calc. for C7gtt66F~ 2Ni ~PsS2 " H20: 
C, 53.9; H, 3.8; S, 3.7. Found: C, 53.8; H, 3.6; S, 3.9%. 

2.5.5. [PdJl~3-S)2(cis-dppen).¢](BF4)2 (7) 
[PdCL_(cis-dppen)] was prepared as described earlier 

[ 1,23]. [PdClz(cis-dppen) ] (0.15 retool, 0.086 g) was sus- 
pended in 5 ml CH2CIz/DMF (vol./vol. = 10:l ) and AgBF4 
(0.3 mmol, 0.058 g) was added with stirring. The reaction 
mixture was stirred for 2 h at 45°C and then the formed AgCI 
was filtered off. The solvent was completely evaporated and 
the residue dissolved in 5 ml CH2CI2/EtOH. To this solution 
was added anhydrous Na2S (0.45 mmol, 0.035 g) with stir- 
ring. After 5 rain the solution turned dark red and a precipitate 
formed. The slurry was stirred for 12 h at 45°C. Then the 
solvent was completely evaporated, the residue dissolved in 
CH2C12, and the yellow solution filtered. After addition of 
n-hexane a yellow powder was recrystallized from CH~CI2/ 
n-hexane: yield 0 .038g (42%);  m.p .=160-162°C;  FAB 
mass spectrum: m/z 1792.2 7+.C2HsOH, 1659.3 [Pd~- 
(tx3-S)2(cis-dppen)3](BF4) ~, 1572.5 [Pd3(p,~-S)2(cis- 
dppen)3] +. Anal. Calc. for C78H~,6B2FsP~,Pd3S2" C2HsOH: 
C, 53.6; H, 4.0; S, 3.6. Found: C, 53.5; H, 4.1: S, 3.4~.  

2.5.6. [Ptj(tx:S)2(cis-dppen)j]Cl2 (8) 
[PtCl2(cis-dppen)] (1) (0.1 retool, 0 .066g)  was sus- 

pended in 7 ml E tOH/DMF (vo l . /vo l .=2 :5 )  and Na2S" 
9H20 (0.2 retool, 0.048 g) was added. The reaction mixture 
was stirred for 2 rain at room temperature and a light brown 
solution was obtained. The volume of the solvent was 
reduced, the solution filtered, and then the solvent completely 
evaporated. To the light brown residue was added H20 and 
the slurry was stirred for 2 h. Then the precipitate was filtered 
off, washed with H20, and dried in vacuo. A light brown 
powder was recrystallized from EtOH/DMF: yield 0.050 g 
(78%) ; m.p. = 215-218°C; FAB mass spectrum: m/z 1836.6 
[Pt3(txs-S)2(cis-dppen)3] ~. Anal. Calc. for C,~sH~,CI2P: 
Pt3S2: C, 49.1; H, 3.5; S, 3.4. Found: C, 49.0; H, 3.5: S, 3.3c;~. 

2.5.7. lNi(CS2)4(cis-dppen)l(BF~)2 (9) 
To a solution of [ NiCI2 (cis-dppen) ] ( 0.2 mmol, 0.105 g) 

in CHzCI2/DMF ( v o l . / v o l . = 6 : l )  was added AgBF4 
(0.4 mmol, 0.078 g) with stirring. After several hours a white 
precipitate and a greenish solution formed and AgCI was 
filtered off. To this solution S2CPCy_~ (0.8 mmol, 0.285 g) 
was added. The solution was stirred for 12 h at room tem- 
perature and its color turned light brown. The solution was 
filtered and the solvent completely evaporated. Then EtOH 
was added and a yellowish residue was filtered off and dried 
in vacuo. A yellowish powder was recrystallized from 
CH2C12: yield 0.168 g (90%) ; m.p. = 216-218°C; FAB mass 
spectrum: m/z 933.2 9 + , 901.1 [Ni(CS2)~(CS)(cis- 
dppen)l(BF4)2 + . l R ( K B r , c m  r ) C = S :  1656,1165, 1057, 
998 u. Anal. Calc. for C~oH22B2FsNiP2Sx: C, 38.6: H, 2.4; S, 
27.5. Found: C, 38.8; H, 2.3; S, 27.4%. 

2.5.8. [PtCljcis-dppen)2]Cl: (101 
[Pt(cis-dppen)2]Cl2 was prepared as described earlier 

[ 1]. Chlorine was bubbled through a solution of  [Pt(cis- 
dppen;2]Cl? (0.1 mmok 0 .106g)  in 20ml  CH2C12 for 
30 rain at room temperature. The solution turned yellow and 
a precipitate formed. The precipitate was filtered offand dried 
in vacuo. A yellow powder was recrystallized from DMSO: 
yield 0 .092g (81%);  m.p .= 160°C dec. Anal. Calc. for 
C52H44C14P4Pt: C, 55.3; H, 3.9. Found: C, 55.1; H, 3.8~. 

3. Results 

Recently, a flexibility of complexes due to crystal packing 
effects has been revealed [4]. Since in many cases these 
effects also reflect the flexibility of  complexes in solution, 
they are important fi~r the reactivity of these molecules. The 
best possibilities to study the conformational variability of 
complexes by crystallographic methods are the rare examples 
where more than one crystal modifications have been 
obtained for the same molecule. In this work the X-ray struc- 
ture of a second crystal modification of [ PtCl2(cis-dppen) ] 
(1) is presented. The structure of  the corresponding first 
modification has been given earlier [ 1 ]. The latter modifi- 
cation shows a completely planar arrangement of the coor- 
dination plane and the ethene bridge due to a w bonding 
interaction. Though both crystal forms were obtained by quite 
different methods and solvent molecules are present in the 
first modification, but not in the second, there are no inter- 
molecular contact approaches below 3.0 Jk disturbing the 
complete coplanarity in the lirst modification. Furthermore, 
the occurrence of a mirror plane through 1 in the first modi- 
fication, which is absent in the second, is interesting but not 
essential, since also a non-planar arrangement could fulfil this 
symmetry requirement. A view of the second modilication of 
1 is given in Fig. l (a) .  Table 5 contains selected bond dis- 
tances and bond angles. The crystal structure of this modi- 
fication consists of  fi~ur discrete [PtCl2(cis-dppen) 1 mole- 
cules per unit cell. The disturbance of the coplanarity of the 
coordination plane and the ethene bridge is revealed in 
Fig. l (b) .  The shortest intermolecular contact between 
Pt( I b) and the hydrogen atom attached to C(13a) of 2.833 ,~ 
produces a slight inclination of a coordination plane away 
from a second molecule. This contact is the only interrnole- 
cular approach below 3.0/k and therefore the only reason for 
the observed deviation from coplanarity. P(2) shows the 
largest deviation of 0.072 A from a least-squares plane 
through Pt( I ), P ( I ) .  P(2),  CI(1) ,  and C1(2), whereas the 
P~C_~ arrangement is completely planar within experimental 
error. These two planes include an angle of" 3.5 °. Neverthe- 
less, the remaining "rr bonding interaction throughout the 
coordination plane and the ethene bridge produces a shorter 
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(a) 

II C(1301T r re,a, 
(b) Cl(lb)lii~Cl'2b) ~ C(ld'~ C(~2 7 

Fig. 1. (a) View of [ PtC12(cis-dppen) ] (1), showing the atomic numbering; 
(b) packing plot showing the deviations from a coplanar arrangement of the 
coordination plane and the ethene bridge, and the shortest intermolecular 
contact approach. 

Table 5 
Selected bond distances (A) and bond angles 
(1) 

(°) for [PtCl2(cis-dppen)] 

Pt( l)-P(1) 2.2167(12) 
Pt( l )-P(2) 2.2189(12) 
Pt( 1 )-Cl( 1 ) 2.3633(12) 
Pt( 1 )-C1(2) 2.3667(12) 
P( l )-C( 11 ) 1.808(5) 
p( 1 ) -C(21 ) 1.810(5) 
P( 1 )-C( 1 ) 1.832(5) 
P(2)-C(31 ) 1.818(5) 
P(2)-C(41 ) 1.804(5) 
P(2)-C(2) 1.807(5) 
C(1)-C(2) 1.317(7) 

P( 1 )-Pt( 1 )-P(2) 87.08(5) 
P( 1 )-Pt( 1 )~CI( 1 ) 176.37(4) 
P(2)-Pt( 1 )-CI(1) 90.63(5) 
P( 1 )-Pt( 1 )-C1(2) 91.44(5) 
P(2)-Pt ( 1 )-C1(2) 175.78(5) 
CI( 1 )-Pt( 1 )~C1(2) 91.03(5) 
C( I I ) -P(  I ) -C(21 ) 105.1 (2)  
C( 11 )-P(I )-C(1) 102.9(2) 
C(21 )-P( 1 )-C( 1 ) 106.0(2) 
C( l 1 )-P( I )-Pt( 1 ) 115.9( 2 ) 
C(21 )-P( I )-Pt( 1 ) 117.6(2 ) 
C( 1 )-P( 1 )-Pt( 1 ) 107.9(2) 
C(41 )-P(2)-C(2) 105.4(2) 
C(41 )-P(2)-C (31 ) 106.1 (2) 
C(2)-P(2)~(31 ) 104.6( 2 ) 
C(41)-P(2)-Pt(1) 118.0(2) 
C(2)-P(2)-Pt( 1 ) 107.8( 2 ) 
C(31 )-P(2)-Pt( 1 ) 113.8(2) 
C(2)-C ( 1 )-P( 1 ) 117.5(4) 
C( 1 )-C(2 ~-P(2) 119.6(4) 

than ideal al iphat ic  double  bond length of  1.317 (7 )  A versus 
1 .337(6)  ,~, [ 24] .  The same effect  has a l ready been observed 
in the first modif icat ion of  1 [1] .  Owing  to the packing 

dis tor t ion shown in Fig.  l ( b ) ,  all cor responding  P-P t -C1  
angles s ignif icant ly differ  ( see Table  5) ,  where these angles 
are equal  as a consequence  of  c rys ta l lographic  constraints  in 
the first modificat ion.  However ,  all other ana logous  bond 
lengths and bond  angles of the coordinat ion  planes  are not  
s ignif icant ly different  in the two modif icat ions.  The small  
devia t ions  between both modif icat ions  are in agreement  with 
the recently given quantif icat ion of crystal  packing  effects 
[4] .  The change f rom comple te  to part ial  coplanar i t ies  in 
these modif ica t ions  retains the presence of  rr bond ing  inter- 
act ions 111,3,25]. 

Al though several  X-ray  structures of  P t ( I I )  complexes  
conta ining 2 ,2 ' -b ipyr id ine  or  1, I 0-phenanthrol ine  are known 
[26] ,  the two X-ray structures of  [Pt (c i s -dppen)-  

( b i p y )  ] (PF6) 2 (2)  and [Pt(c is-dppen)  (phen)  ] (BF4)2 (3 )  
are the first examples  of  square-planar  structures together  
with phosphines .  A view of  the cat ion of  2 is g iven in 
Fig. 2 ( a ) .  Table  6 contains  selected bond dis tances  and bond 
angles.  The crystal  structure of  2 consists  of  a discrete  
[ Pt ( c i s -dppen)  ( b i p y )  ] 2 + cation, two ( PF  6) - anions, and 
1.8 molecules  of  CH2C12 per asymmetr ic  unit. The square- 
p lanar  coordina t ion  of  the Pt a tom is distorted.  Fig.  2 ( b )  
reveals  that the deformat ion  in 2 resembles  the twist  config- 
uration of  trans-dipyridine complexes  [26e] .  The plat inum, 
the phosphorus  a toms and the ethene br idge are nearly copla-  
nar; the devia t ions  from a least-squares plane through the 
fo l lowing a toms are as fol lows:  Pt( I ), - 0.026; P( 1 ), 0.031 ; 

(a) d "bIll '~ 

(b) ~ - ~ e 

Fig. 2. (a) View of [ Pt(cis-dppen) ( bipy ) ] (PF~) 2 (2), showing the atomic 
numbering; (b) packing plot showing the distorted square-planar coordi- 
nation of the Pt atom, and the shortest intermolecular contact approaches. 



150 W. Oberhau~er e! aL / Im,~mfica ('himica Acta 274 (1998) 143-154 

Table 6 
Selected bond distances (A) and bond angles c <) for I Pt((i.~-dppen )- 
(bipy) ] ( PG,)_- ( 2 )  

Pt( )-N( I ) 
P t ( ) -N(2)  
Pt( ) - P (  I ) 
F't( )-P(21 
P~ C(II)  
Pi C(21 ) 
P~ ) (2(02) 
P~ 2 -C(31 ) 
P( 2 -(17(41 } 
P ( 2  (?((]11 
N(  I ) -C(  1 ) 
N( I ) ( 7 (5 )  
N(2)-C(Ii)) 
N ( 2 ) - C ( 6 1  
CI II C(2} 
C~ 2 ~-C( 3 ) 
C / 3 ~-C q 4 ) 
C ( 4 )-C ( 5 ) 
0 5 )  C(6) 
C(6) C(7) 
C( 7 )-C( 8 ) 
CI 8 )-C( 9 ) 
C I 9 )  C(10) 
C(01) C(02) 

2.111(8) 
2.109(8) 
2.258(3) 
2.243 ( 3 ) 
1.807( 12~ 
1.786! 13 ) 
1.8001 I I~ 
1.819c I1~ 
1.806113) 
1.805(12) 
1.3~1(14) 
1.367(14) 
1.342( 14~ 
1.554(14) 
1.37c 2) 
1.39( 2 1 
1.37(2~ 
1.37(2) 
1.48( 2 
1.38(2) 
13612 i 
1.3712 I 
1.39( 2 
1.32i2; 

NI 2)-Pt( I )-N( I ) 
NI 2 )-Pt( 1 )-P( 2 ) 
Ni I )-Ptl 1 )-P(2) 
NI 2)-Pt( I )-P( I ) 
NIII-F 'ul)  P ( I )  
P(2) Pt( 1 ) - P (  1 ) 
C(21)--P(1!-C(021 
C(21) P ( l i - C ( l l )  
C(02)-P(II C(I l i  
C ( 2 1 )  P( I ) -P t (  I I 
C(02) P(l)-Pt(I 
C(II) P(I)-P~(I) 
C(01) P(2)-C(41 ) 
C(01! P(2)-C(31 ) 
C(41 ~--Pi2} C(31~ 
C(OI  ) - P ( 2 ) - P t l  1) 
C(41 I -P(  2 >-Ptl I } 
C(31) P(2)-Pt( 11 
C(I)-N(I)-C(5)  
C(l i  N( I i-Pl(1) 
C(5)-N(1) PI(II 
C(101 N(2)-C(6) 
C( 1 0 ) - N (  2 ) - P t (  I ) 
C ( 6 )  N ( 2 ) - P t ( l )  
N( I i - C !  I ) - C ( 2 )  
C( I )-('(2 )~2(3! 
C(4)-('(3) C(21 
C(3)-Ci4)-C(5) 
N( 1 )-(2'(5 )-C(4 } 
N( I ) - ( ' ( 5 )  C ( 6 1  
C(4 )  ((5)-C(6)  
N(2)-C16) C(7) 
N(2)-C(6)-C(5) 
C{ 7 ) - C t 6 )  C(5) 
C(8) C(7)-C(6) 
C(7) C~ 8)-('(9) 
C(8)-C(91-C1 I()1 
N(2i-C~ 10)-C(9) 
C(02)-C(01 )-P(2) 
C(01) Cc()2) P(I) 

79.4i 3 ) 
97.3~ 2) 

173.2C3) 
176.4{ 3 
99.0( 31 
84.54i 11 

1 I)4.0( 0 ) 
I 1(1.3(6) 
105.0(5) 
112.6(4) 
109.314) 
114.8(4) 
104.9( ,5 ) 
I(16.7( 5 I 
1(16.2(61 
[ 09.6( 4 ) 
115.7(4) 
II3.1(4) 
118.718) 
128.418) 
112.9~7) 
118.1(9i 
127.2(7) 
114.5(7b 
124.9(I(I) 
115.2t11) 
121.ql tl I 
119.(}{ I I )  
12().3(l l ))  
117.4(9) 
122.3(10) 
122.0{ II ) 
115.5(9) 
~22.5( II 
] 1~.4( 13~ 
121.8;( 13~ 
116.~{ 12) 
122.8(I1) 
118.2(8b 
118.2(8} 

P( 2 ), 0 . 0 2 3 :  C (  01 ), - 0 . 0 0 4 :  C (  I,)2 ), - 0 . 0 2 4  A .  T h i s  p l a n e  

includes an angle of 1t.2 ° with the least-squares plane 
through bipy. However,  the two s ix-membered rings of bipy 
are not completely coplanar including an angle of 5.2 ° as a 
consequence of the different attractive contact approaches 
between F (6 )  and the hydrogen atom attached to C ( 7 )  of 
2.419 A and F (6 )  and the hydrogen atom attached to C ( 4 )  
of 2.553 A. This can also be seen in Fig. 2 ( b l .  In solution 
the two phosphorus a /on> of cis-dppen in 2 are equivalent  
I l l .  This strongly suggests that, as in the second crystal 
modification of 1, the deviat ions from an ideal square-planar  

coordination in 2 are produced by a packing effect of  (PG,)  . 
Nevertheless, also in this case the remaining 11" bonding inter- 
action throughout the nearly coplanar  f ive-membered ring 
containing cis-dppen produces a slightly reduced aliphatic 
double bond length of 1.3212) A. Distances and angles in 
the bipy ligand are normal [ 26a ]. Owing to the strong lrwl~s 
in 11 uence of phosph{,rus the mean val ue of the Pt -N distances 
of  2. 110(6) A in 6 is slightly longer than the corresponding 
values in [Ptl_,(bipy)l  ( 2 . 0 2 9 ( 7 ) , ~ ) ,  [ P t ( C N ) ~ ( b i p y ) ]  
( 2.00( I ) ,~ ). I Pt( bipy )~ [: ~ ( 2.1,i)25 (4) ,  2.028( 5 ) A) ,  and 
l P t C l , ( b i p y ) l  (2.()01(6) A) [26a,d,e ,gl .  The N - P t - N  
angle of 79.4(3 )<' in 2 is in the usual range. Also the mean 
P t -P  bond length ol  2.251 (2)  ,~ is typical for a Pt -P  bond 
trmzs to N-containing heterocycles [ 27 ]. The P - P t - P  chelate 
angle is strongly influenced by the coordinat ion of hipy, since 
its value of 87.08( 5 )o in 1 is reduced to 84.54( I ):' in 2 .  

A view of the calion of 3 is given in Fig. 3 (a ) .  Table 7 
contains selected bond distances and bond angles. The crystal 
structure of 3 consists of a discrete [P t (c i s -dppen) -  
( phen ) 1-~ ' cation, two ( BI-: 4 ) anions, and one molecule of 
CH~CI_, per asymmetric  unit. Fig. 3 ( b ) reveals that the defor- 
mation of 3 corresponds to the bow conformation of  tran.~- 

dipyridine complexes,  where 3 is the first example of 

complexes with phen showing this deformation I 26e 1. It is 
well known that square-phmar d" complexes of  bipy or phen 
exhibit intermolecuhtr  attractive interactions between mole- 
cules stacked within a chain comparable with the packing in 

oh hi~, -temperature superconductors [ 26a,d,f,g ]. Although the 
Pt.- .Pt  distance of 8.779( I ) ¢~, in 3 is too long for any sig- 
nificant meta l -metal  interaction ( < 3.5 ,~ ), the nearly copla- 
nat  a l ignment  of the phen groups in 3 (Fig. 3 ( b ) )  is 
indicative of  a retained attractive interaction between the phen 
tigands. ( )wing to the steric bulk of cis-dppen this leads to 
the shortest intermolecuhtr  contact of  3 . 1 6 0 A  between 
P t ( I b )  and the proton attached to C(44a )  and a bowing of 

the molecule. This bowing produces a successive inclination 
of the least-squares phmes through P t ( l ) ,  P ( I ) ,  P (2 ) ,  
C(OI ), C ( 0 2 ) ,  through Pt( I ). P( I ), P (2 ) ,  N( 1 ). N ( 2 ) , a n d  
through phen of 3.5 and 8.4 :>. respectively. In contrast to thai 
in I and 2. the double bond length of  1.34(2 ) ,~ in 3 is normal.  
which could be the consequence of an enhanced back dona- 
tion of'rr electron density to phen in agreement  with its attrac- 
tive al ignment.  However.  no signit icant change in the usual 
distances and angles of the phen ligand could he observed 
[ 26b 1. The mean value of the P t -N distances of 2. 109( 8 ) A 
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(a) c~s2~(5:} 

c ¢ ' ~  N(2b) N(lb) 

f~ ',ci44ol 

(b) q 
Fig. 3. i a ) View ol I Pt( ~ i',-dppen ) ( phen i ] ( BF4 ) _~ i 3 ), show ing the atomic 
numbering: i b ) packing plot showing the bc, w deformalion, and the shortest 
inlerll3olectliar contact  approach. 

in 3 is s i m i l a r  in [ ( C~,F~ )2Pt( w P P h 2  )2Pt(  p h e n  ) ] ( 2 .13 1 ( 4 ) 

A ) ,  bu t  h m g e r  t han  in [ P t ( p h e n ) 2 ]  -~+ ( 2 . 0 3 3 ( 6 ) A )  

[ 2 6 b , f ] ,  a g a i n  r e f l ec t i ng  the  s t r o n g  t r a n s  i n f l u e n c e  o f  p h o s -  

pho ru s .  ] ' h e  N - P t - N  a n g l e  o f  7 9 . 0 ( 5  )° is c o m p a r a b l e  w:ith 

the  s a m e  p a r a m e t e r  in 2 and  a l so  in the  usual  r ange .  T h e  m e a n  

_ _ 5 0 ( 3 )  A, is n e a r l y  iden t i ca l  wi th  the  P t - P  b o n d  l e n g t h  o f  ~ " 

s a m e  v a l u e  in 2 and  aga in  typ ica l  for  a P t - P  b o n d  tran.s [o N-  

c o n t a i n i n g  h e t e r o c y c l e s  [ 2 7 ] .  A s  in 2 the  P - P t - P  c h e l a t e  

a n g l e  o f  84 .88(  14 )~ in 3 is r e d u c e d  o w i n g  lo [he c o o r d i n a t i o n  

o f  the  a r o m a t i c  h e t e r o c y c l e .  

In the  s y n t h e s e s  o f  the  c o m p l e x e s  4 - 9  ( s e e  S c h e m e  I ) t he  

r e a c t i o n s  o f  [ MC1 e ( c i s - d p p e n  ) ] ( M = Ni,  Pd, Pt)  w i t h  a n h y -  

d r o u s  Na~S.  N a , S - 9 H , O  or  S eCP Cy~  has  b e e n  i n v e s t i g a t e d .  

T h e  use  o f  a n h y d r o u s  N a , S  leads  to  4, 6. and  7, w h e r e a s  

N a , S .  9 H , O  p r o d u c e s  8. It is wel l  k n o w n  tha t  d i f f e r e n t  su l l i de  

d o n a l i n g  r e a c t a n t s  a re  r e s p o n s i b l e  for  v a r i a t i o n s  in r eac t i on  

p a t h w a y s  [ 9 , 1 2 c , 1 5 a , b , 2 8 1 .  T h e  m a i n  r e a s o n  is the  o c c u r -  

r e n c e  o f  d i f f e r e n t  s pec i e s  such  as S 2 , S H  , H ,S ,  and  S e 

Table 7 
Selected bond distances (Ai and bond angles (°) for [PticA-dppenl- 
(phcn) I(BF~)~ 13i 

P t i l } - N ( 1 )  
P l ( l )  N(2) 
P~i l /  P ( I )  
Ptl 1 }--P(2)  
[5( I I - ( ' (  11 ) 

P( I I-(71211 
P( I )  C((12) 
P(2! ('131 ~ 
15(21 (7(411 
P(2) ('((11! 
N ( I )  ( ' (1)  
N(I~-C(5)  
N(2) C( 101 
N{2}-Ci6)  
C[I1 C(2) 
C(21 ('{3) 
C{ 3~.-(7~4) 
(/{4~ ( ' i5 )  
('(41 ( ' !51) 
C(5) C~6) 
(7(61-( '(7) 
c( 7)-C181 
('(7~ C'~ 52 ~ 
( ' (8~-( '~9) 
C(t) i -Ci I0) 
C/51) (752)  
( ' (01)  C(02) 

N ( I ) . - P t ( ) - N ( 2 )  

Ni 1) Pl( ) P ( I )  
NI2)--t~I( ) -P ( I )  
N ~ l )  Ptl ) P ( 2 )  

N(21 Pt! ) F'(2) 
P i l )  Pt( , P ( 2 )  

( i  i l l  P( ) ( ' ( 0 2  

( i l l l - t N  ) -C{21  
('((12) P{ ) C~21 
(7( II >-P( l l-Pt( I 
('( 021 P( I I Pti I 
( ' ( 2 1 !  P ( l !  Pt ( I  
(['((11)t5(21 ('(41 
C(01) P(21 CI31 
CI41i 1'(2)-CI31 
C{01 !-P(2) Pt[1 
( ' (41i  P(2) Ptit  
( '{311-P(2) Pl{l 
( ' ( l l  N{ ] 1-()(5) 
(2(I) N ( l l - P t ( I )  
('(51 N( I I-Pt( ] ) 
C(10) N(2).-C(61 
( ' (10) N(2/  Pt(l~ 
(' l 6 i - N ( 2 I - P t (  1 ) 
N~I)  C ( I ) - C ( 2 )  
C(3i--C(2) (7(1) 
( ' (2)  C I 3 ) - ( ( 4 )  
( ' ( 5 ) - ( h  4)-(7! 511 
( i  5 ) - C ( 4 1 - C ( % )  
( ' i 511  C ( 4 )  C ( 3 )  
N{I! ('( 5 ) -C(4  I 
N(I )  ( ' (5)-(7(6~ 
(q 4) -C(5 b-C(6) 
N( 2)-C(61 C(5i  

2.103( 12~ 
2.115(11~ 
2.245(3) 
2.254(4) 
1.783( 14i 
I .g2(2i 
1,81(2) 

1.838i 13) 
1.80( 2 
1.79( 2 ) 
1.29( 2 
1.37(2) 
1.33( 2 ) 
1~35( 2 ) 
1.44( 2 ) 
1.37( 2 ) 
~.43~ 2) 
1.40I 2 ) 
1.42( 2 
1.4112) 
1.42(2) 
1.41~2) 
1.45I 31 
1.3712) 
1.38(2) 
1.40~ 3 ) 
1.34( 2 ) 

79.0( 5 ) 
97,0( 3 ) 

175.9(4) 
177.2(3 
99.214 
84.88114) 

103.2( 7 
111.5(5' 
105.0( 7 
113.3(5 
11)9.5(5 
113.4(5 
107.2f ~, 
103.6( 7 
106.3( 7 
109.1(6 
112.7(5 
117,17)(5) 
118.1(14) 
129.4( I1 ) 
112.3(0) 
120.3(12) 
127.1(11) 
112.6(9) 
125(2) 
118(2} 
118(2) 
118.6(13) 
119.2(13) 
122.1( 13~ 
121.6(13) 
117.6( 14~ 
120.8(13) 
118.0¢ 13i 

( < omimwd) 
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Table 7 (continued) 

N ( 2 ) - C ( 6 ) - C ( 7 )  121.3(13) 
C ( 5 ) - C ( 6 ) - C ( 7 )  120.6(14) 
C ( 8 ) - C ( 7 ) - C ( 6 )  II7.4(14) 
C ( 8 ) - C ( 7 ) - C ( 5 2 )  124(2) 
C ( 6 ) - C ( 7 ) - C ( 5 2 )  119(2) 
C ( 9 ) - C ( 8 ) - C ( 7 )  118.8(13) 
C ( 8 ) - C ( 9 ) - C ( t 0 )  120.9(14) 
N ( 2 ) - C ( 1 0 ) - C ( 9 )  120.9(14) 
C(52 ) -C(51 ) -C(4 )  122(2) 
C (51 ) -C(52 ) -C(7 )  119(2) 
C (02 ) -C(01 ) -P (2 )  119.2(12) 
C ( 0 1 ) - C ( 0 2 ) - P ( I )  117.0(12) 

Table 8 
"~SPt{ 'H} and 3,p{ JH} NMR data for 4-10 ~' 

Compound 6(Pt) 2j(Pt,Pt) 6(P) IJ(Pt,P) -~J(Pt,P) 

4 - 4336 86 49.1 2965 50 
5 - 4367ddd 97 50.1 3257 

48.7 2909 
38.9 45 

6 62.1 
7 60.7 
8 - 4556 h 67 48.5 2706 57 
9 3.6d " 

0.45d ~ 
10 58.5 2264 

[29]. In the case of S_,CPCy3 and 5 one phosphoniodithio- 
formate ligand acts as a bridging four-electron donor, where 
this coordination behavior has already been observed [ 14a]. 
However, as far as we know 5 is the first example containing 
a sulfide bridge produced from S 2 C P f y  3 in situ. The first step 
of a splitting reaction in phosphoniodithioformate complexes 
leading to CS2 and the corresponding phosphines is known 
[ 14c,e,l 6c l, where subsequent coordination of CS2 forms 
complexes such as 9. For an explanation of the sulfide bridge 
in 5 a further splitting of CS2 is necessary. It seems likely that 
as a consequence of a nucleophilic attack on w-bonded CS2 
[ 18g I, CS2 acts as a source of CS. Similar to the production 
of $2 units fore CS2 [ 18a ], CS could form the required sulfide 
ions. 

The 195pt{IH} and 31p{~H} NMR parameters of com- 
pounds 4-10 are summarized in Table 8. I Pt~ (ix2-S) z(cis- 
dppen)2] (4) is the first example of a Pt(II) dimer with a 
Pt~S2 ring and a chelating diphosphine [8,12a,b]. The 
~95pt{ IH} and 3~p{ ~H} NMR data of 4 are in agreement with 
structure A in Scheme 1. The presence of three isotopomers 
in this kind of dimer and hence the occurrence of three sub- 
spectra have been explained 130]. The spectra of 4, 5, and 8 
have been successfully simulated using the program INSIM. 
6(Pt) of - 4 3 3 6  in 4 is similar to the same parameter in 
thiolato-bridged dimers [ 13a]. 2J(Pt,Pt) of 86 Hz is small 
compared with the value of 476 Hz in [ Pt3S2( PMe,Ph)~] 2 +, 
but it is known that in general J(Pt,Pt) coupling constants 
show no correlation with Pt-Pt distance or even with the 
presence or absence of a metal-metal bond 117c]. Further- 
more, in dimeric platinum complexes where the Pt-Pt dis- 
tance exceeds 3.0 A, i.e. where no direct Pt-Pt bonding is 
invoked, J(Pt,Pt) values below 100 Hz are not unusual 131 ]. 
6(P) of 49.1 is shifted downfield owing to the typical five- 
membered ring contribution of chelating cis-dppen [ 32 ]. The 
~J(Pt,P) and 3j(Pt,P) parameters of 4 are in the usual range 
for sulfur-bridged di- and trinuclear Pt(II) complexes 
[ 12a,13a, 17c]. 

[Pt?_(ix2-S) (Ixz-S2CPCy3) (cis-dppen)2] (BF4)2 (5) is 
the first example of a compound where the bridging sulfide 
has been generated from a phophoniodithioformate in situ. 
The multinuclear NMR data of 5 are consistent with structure 
B in Scheme 1. The 6(Pt) and 2j(Pt,Pt) values of - 4367  

J values in Hz. d = doublet, ddd = doublet of doublets of doublets. Spectra 
were run at 298 K. The following solvents were used: CH_,C12 (4-7, 9), 
EtOH/DMF (vol./vol. = 1:4) (8), DMSO (10). 
h 195pt { iH} spectrum in DMF. 
• 2j(p,p) + 3j(p,p) = 18 

and 97 Hz in 5 are comparable with 4. Structure B in 
Scheme 1 clearly reveals the three different phosphorus 
nuclei in 5. By comparison with 4 the signal at 48.7 with 
~J(Pt,P) =2909 Hz is attributed to the phosphorus atoms 
trans to the sulfide bridge. The signal at 50.1 with 
tJ(Pt,P) =3257 Hz corresponds to the phosphine groups 
trans to SzCPCy3, indicating that S2CPCy3 exerts a slightly 
lower trans influence than sulfide. The phosphoniodi- 
thioformate shows a 3tp{~H} resonance at 38.9 with 
3J(Pt,P) =45 Hz, where the latter value is smaller than 
the corresponding parameters of 79 and 75 Hz in 
[Pt(C6Xs)2(SzCPCy3)(CO)] ( X = F ,  C1) [14c]. The 
~3C { ~H } NMR spectrum of 5 in CH2C12 shows the cyclohexyl 
carbon atoms at 26.0-34.0 and all other carbon atoms at 
130.7-134.6, where no further assignment is possible. The 
JH NMR spectrum in CH2CI2-d 2 reveals the cyclohexyl pro- 
tons at 0.8-2.1 and the aromatic protons including the protons 
of the ethene bridges at 6.7-7.9 in the expected intensity ratio. 
The IR bands at 1102, 1060, and 998 cm-~ are characteristic 
for bidentate S2CPCy3 [ 14cl. 

[M3(~x~-S)2(cis-dppen)3]X~_ (M=Ni ,  X - = P F  6- (6); 
M=Pd,  X - = B F  4- ( 7 ) ; M = P t ,  X - = C I  (8))  are novel 
trinclear complexes of structure C in Scheme 1. The analo- 
gous compounds containing dppe are known 117a,b]. The 
s i n g l e  31p{ JH} NMR resonance of 6 at 62.1 is in agreement 
with structure C and shows the typical downfield five-mem- 
bered ring contribution [32]. The same is true for 7 with its 
single 3~p{ ~H} NMR signal at 60.7. In the case of 8 the 
195pt{ ~H} and 31p{ ~H} NMR parameters are also consistent 
with structure C. The 6(Pt) and 2j(Pt,Pt) values of - 4 5 5 6  
and 67 Hz are comparable with 4 and 5. 6(P) of 48.5 shows 
the five-membered ring effect. ~J(Pt,P) of 2706 Hz is smaller 
than the corresponding values in 4 and 5, suggesting that a 
triply bridging sulfide exerts a stronger trans influence than 
a double bridging sulfide. However, data in the literature for 
related compounds containing triply bridging sulfides show 
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that ~J(Pt,P) values strongly depend on the actual geometries 
of these complexes leading to a U(Pt,P) range of 2700- 
3200 Hz [ 12b]. Since the replacement of a double bridging 
sulfide by a triply bridging sulfide is always accompanied by 
a drastic structural change, it is difficult to predict the relative 
positions of double or triply bridging sulfides in the trans 

influence series. The 3j(Pt,P) value of 57 Hz in 8 is in line 
with previous results [ 17c]. 

Although numerous attempts including metathesis reac- 
tions with BPh4-- have been made to crystallize compounds 

4-8  and some crystalline products have been obtained, no 
crystals suitable for X-ray diffraction studies formed. How- 
ever, a preliminary X-ray structure (R = 0.057) of the closely 

related compound [AgzPd4(p,3-S)4(cis-dppen)4](BF4) z 
( 11 ) containing two silver-bridged [ Pd2S2(cis-dppen)~ ] 
subunits corresponding to structure A in Scheme I clearly 
confirms the structure types present in the complexes 4-8  
[ 33 ]. Furthermore, the most remarkable structural feature in 
11 is an opening of nearly 10 ° of the S - M - S  angles compared 
with similar complexes. Since this effect is neither present in 
[Ag2Pt4( po3-S)4(PPh3)~] (BF.~)2 [ 34] containing the same 
structure type as 11, nor in [Pt3(la~-S)2(dppe)3] :~ [ 17a] 
with a chelating diphosphine and is independent of the kind 
of d s metal, Pd(II)  or Pt(II) ,  it is a consequence of  the 
presence of cis-dppen in 11. Thus. it seems likely that some 
of the features in the compounds 4, 5 and 8 such as low 
J(Pt,Pt) values or relative trans influences of double versus 
triply bridging sulfides, stem from a special impact of cis- 

dppen on the actual geometries of these complexes. 
[ N i ( C S 2 ) 4 ( c i s - d p p e n ) ] ( B F 4 ) ,  (9) of  structure D in 

Scheme I is a rare example of a S-bonded CS, complex 
[ 18a,b,c,g]. The two 3,p{ JH} NMR resonances at 0.45 and 
3.6 are consistent with structure D, where a distortion of the 
octahedral coordination leads to the nonequivalence of the 
phosphorus atoms of cis-dppen and to the loss of the down- 
field five-membered ring contribution. This effect has also 
been observed in [ Ni (cis-dppen) ( bipy ) 2 ] ( B 1%~ ) ~ [ 31. The 
2,l(p,p)~ + 3.l(p,p)~,,. value of 18 Hz in 9 is in the typical 
range of comparable Ni(II)  complexes [351. The ~'C{ ~H} 
NMR spectrum in CH2Cle shows the carbon atoms of the CS2 
groups at 145.7 and all other carbon atoms in the region 
129.9-132.8, where the resonance of S-bonded CSz is shifted 
towards higher field compared with rr-bonded CSe [18c].  
The IR band at 1656 cm ~ is characteristic for S-bonded CS~ 
[18g]. 

Similar to the recently described production of  [ Pt2Cls- 
(dppa)_~] 12], the novel Pt(IV) compound [PtCl2(cis- 
dppen)2 ] C12 (10) can be obtained by chlorine oxidation from 
the corresponding Pt (II) complex. The 3 i p{, H } NMR para- 
meters of 10 are in agreement with structure (e) in Scheme 1. 
6(P) of 58.5 shows the usual downfield five-membered ring 
contribution. Also in this case the easy production of 10 is 
certainly a consequence of the fact that 10 is a neutral com- 
plex, since there is a general decrease in stabilily as Pt(IV) 
becomes more electron poor [ 19c ]. 

4. Discussion 

In the X-ray structures of 1 and 3 the molecular geometries 
are influenced by intermolecular C-H. . .P t  contact 
approaches of 2.833 and 3.160,~, respectively. Only 
recently, a range of 2.65-3.5 A has been found for this kind 
of interaction [36[.  In this publication it is stated that the 
nature of the C-H. . -M(  d ~ ) interaction remains unclear until 
the structural anomalies can be explained. Therefore no 
attempt seems possible, to energetically evaluate this kind of  
interaction. However, in the C-H . . -M(d  8) systems and also 
in I and 3 the structural evidence does not point to the pres- 
ence of a hydrogen-bonded system. Since also the square- 
planar ML4 arrays are retained, the metals have not 
rehybridized in a way that would allow them to accept a pair 
of electrons from the CH bond in a typical agostic bond. 
Instead of these two possibilities, in I and 3 the molecular 
geometries are altered in such a way as to avoid too close 
intermolecular C-H. . -Pt  contacts. In 3 this leads to a tilting 
of the phen ring with respect to the coordination plane by 8.4 ° 
(Fig. 3 (b) ) .  Similar to this, the pyridine ring in trans- 

[PtCle(benzoquinoline) (PEt:t)] is tilted by 10.5 ° in just 
this way [37].  It seems likely that the nature of  these 
C-H. . .  M ( d s) interactions is mainly repulsive. 

Although the reduction of the aliphatic double bond lengths 
to 1.317(7) and 1.32(2) A in 1 and 2 below the ideal value 
of 1.337(6) /~ is not significant, this effect has now been 
observed in numerous comparable cases 11-3,25 ]. Together 
with the obvious complete or partial coplanarities in these 
molecules, it is indicative of'rr bonding interactions through- 
out the coplanar atoms. In this respect unsaturated diphos- 
phines such as cis-dppen have different properties when 
compared with analogous saturated ligands such as dppe. In 
the case of sulfide-bridged species the presence of  chelating 
terminal ligands destabilizes the orbitals of the metallic frag- 
ment that can interact with sulfur p orbitals and thus decreases 
the tendency to folding [8]. However, in contrast to dppe, 
cis-dppen is capable of stabilizing metallic fragments by 'rr 
bonding. Thus the actual geometries of cis-dppen containing 
sulfide-bridged complexes could deviate from the analogous 
compounds with dppe. A possible consequence of this dif- 
ference is the unique occurrence of [Pt2(Ixe-S),_(cis- 

dppen) el (4) and [ Pt2( p~:-S ) { Ix2-S2CPCy3 ) (cis-dppen) 2]- 
(BF,)e (51. Further work on this is in progress. 

5. Supplementary material 

Tables of  bond lengths and bond angles, thermal parame- 
ters, H atom coordinates ( 15 pages) and structure factors ( 38 
pages) are available frown the author on request. 
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