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heterocycles or sulfur ligands

Werner Oberhauser “, Christian Bachmann *, Thomas Stampfl “, Rainer Haid *,
Christoph Langes *, Alexander Rieder *, Peter Briiggeller **

Hnstinue fiir Allgemeine, Anorganische und Theoretische Chemie, Universitéit Innsbruck. Innrain 52a. 6020 nnshruck, Austria
" Institu fiir Organische Chemie, Universitir nnshrack, bnrain 32a, 6020 Innsbruck, Austria

Received 27 May 1997: revised 24 July 1997 accepted | September 1997

Abstract

Several novel Ni(Il), Pd(1l). Pt(1l) and Pt(1V) complexes containing the diphos ligand ¢is-1,2-bis(diphenylphosphino)ethene ( cis-
dppen) have been prepared and characterized by X-ray diffraction methods. NMR spectroscopy ('*Pt{'H}. "'P{'H}, "*C{'H}. 'H). fast atom
bombardment mass spectrometry, IR spectroscopy, elemental analyses. and melting points. In the case of [PtCly(cis-dppen) ] (1) a second
crystal modification was found and definitely characterized by an X-ray structure analysis: monoclinic. P2,/n, Z=4. a=8.312(1),
bh=14.578(2), ¢=19.868(4) A, B=91.27(1)°. R=0.028 for 3862 observed reflections (7> 3or(4)). In contrast to the former reported X-ray
structure of the other modification of 1, which shows a complete coplanarity of the coordination plane and the ethene bridge, this coplanarity
is slightly disturbed by a crystal packing effect in the second modification of 1. Nevertheless. both conformations are dominated by a =
bonding interaction. Furthermore, the X-ray structures of the recently prepared complexes {Pt(cis-dppen) (bipy) | (PF,)> (2) and [Pt(cis-
dppen) (phen) [(BF,). (3), where bipy and phen are 2.2"-bipyridine and 1.10-phenanthroline. respectively, are given for the first time: 2:
monoclinic, P2)/c, Z=4, a=12.649(3), b=26.114(5), ¢ =14.665(3) A, B=111.62(3)°, R=0.057 for 4260 observed reflections ({>

(1> 3a(])). These two X-ray structures are the first examples of square-planar structures of Pt(Il) complexes containing bipy or phen together
with phosphines. The ditferent conformations of 2 and 3 are of interest with respect to the known differences between bipy and phen in photo-
activation processes. The reaction of 1 with an equimolar amount of anhydrous Nu,S leads to the dimer [ Pt.(w.-S).(cis-dppen), ] (4). A
similar treatment of 1 with the phosphoniodithioformate S,CPCy ;. where Cy is cyclohexyl. produces the dimer [ Pta{ py-S ) { o-S2CPCy ) (eds-
dppen), | (BF,}, (5). However, the reactions of [MClL(cis-dppen) | (M=Ni. Pd) with anhydrous Na,S give the trinuclear complexes
[Mi(ps-Sh-teis-dppen) ] X, (M=Ni. X7 =PF, (6): M=Pd, X' =BF, (7)). In the case of 1 Na-S-9H,O is needed to produce the
corresponding Pt(Il) complex [Pt;{:-S)a(cis-dppen)}Cls (8). Interestingly, treatment of [ NiCl.( cis-dppen) | with S,CPCy; leads to the
unexpected mononuclear compound [Ni(CS,),(cis-dppen) | (BF,)> (9). Oxidation of [Pt(cis-dppen)-|Cl, by chiorine gives the mono-
nuclear complex }PtClL (¢is-dppen),|Cl, (10). The common feature of the compounds 1-10 is the presence of cis-dppen as a chelating
ligand. The goal of this article is to reveal possible 7 bonding interactions due Lo the unsaturated nature of this diphos ligand. € 1998
Elsevier Science S.A. All rights reserved.
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1. Introduction tions between the aliphatic double or triple bonds and the
metal-ligand bonds are present. In the case of cis-dppen this
leads to completely planar structures in [ PtCl5( cis-dppen) |
and { Pt(cis-dppen ), [ {BPh,), [ 1]. However. in | NiCl.( ¢is-
dppen) | the coplanarity of the coordination plane and the

Recent studies [ 1-3]| have shown that in complexes of
diphosphines with unsaturated backbones such as ¢is-1.2-
bis(diphenylphosphino)ethene (cis-dppen) or 1.2-bis-

( diphenylphosphino)acetylene (dppa) 7 bonding interac- ethene bridge is slightly disturbed by a crystal packing effect
| 3]. These induced deviations are in agreement with the

* Carresponding author. Tel.: +43-512-307 5115: tax: +43-512-507 reccntly described ﬁeXibi“ty of metal complexes in crystals
2934, [4]. In this paper the X-ray structure of a second crystal
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modification of [PtCl,(cis-dppen)] (1) i1s 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) ] (PF), (2) and
[Pt(cis-dppen) (phen) ] (BF,), (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 [ Pty (.-
S),L;], where L is a monophosphine, the hinge angle
between the two coordination planes and hence the stability
of these complexes depend on the Pt,S, 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 7 bonding interactions between the ethene bridge
and the coordination plane, this should also influence the
M,S, (M=Ni, Pd, Pt) antibonding interactions producing
different S~ 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 [9]. The inter-
action of S*~ with transition metals is widespread in nature
and responsible for the formation of ores as well as [M,S, |
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].

[Pt;(s-S),(cis-dppen),] (4) corresponds to structure
(a) inScheme 1. The same structure type is found in { Pt ( po-
S),(PPh;),] and related dimers containing monophosphines
similar to PPh; [12]. In the case of the analogous dimers
bridged by thiolato groups instead of suifido ligands mono-
phosphines as well as the diphosphine 1.2-bis(diphenyl-
phosphino)ethane (dppe) occur [ 13]. The unsymmetrically
bridged dimer [Pt;(j1,-S) (p2-S,CPCy;) (cis-dppen),]-
(BF,), (5) shows structure (b) in Scheme 1. Though dif-
ferent binding modes of phosphoniodithioformates are well
known, this is the first case where S,CPCy, produces sulfido
ligands in situ [14]. The trinuclear complexes [M;( -
S),{cis-dppen);]1X, (M=Ni, X~ =PF,~ (6}, M=Pd,
X7 =BF,” (7),M=Pt, X~ =Cl" (8)) correspond to struc-
ture (c) in Scheme 1. This structure type has been found in
analogous complexes of Ni(Il) [15], Pd(IlI} {16], and
Pt(Il) [17] containing monophosphines as well as dppe.
[Ni(CS,) (cis-dppen) ] (BF,), (9) shows structure (d) in
Scheme 1. Linear S-bonded instead of m-bonded CS, ligands
are rare, where reactions of CS, are of interest, also with
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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
mn [Pty (po-8);(cis-dppen).] (4); structure (b) in [Pty (py-S) (po-S,CP-
Cys)(cis-dppen), | (BF;),  (5): structure (c) in  [M3(ps-S)a(cis-
dppen),]X; (M=Ni, X~ =PF, (6); M=Pd, X~ =BF,” (7); M=Pt,
X7 =Cl" (8)); structure (d) in [Ni(CS,),{cis-dppen)]|(BF,), (9);
structure (e) in [PtCl,(cis-dppen),|Cl, (10).

respect to reactions of the structurally closely related CO,
[18]. The novel Pt(IV) complex [PtCl,{cis-dppen),}Cl,
(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-1,2-Bis(diphenylphosphino)ethene
(cis-dppen) was purchased from Aldrich and S,CPCy, 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. NiCl, -
6H,0, PdCL,, and Na,PtCl, - 4H,0 were also received from
Fluka.



W. Oberhauser et al. / Inorganica Chimica Acta 274 (1998) 143-154 145

2.2. Instrumentation

Fourier-mode '°Pt{'H}, *'P{'H}, '"*C{'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 Na,PtCl,, for
the '"*Pt{'H} resonances, 85% H.PO, for the "'P{'H} reso-
nances, and TMS for the "*C{'H} and 'H resonances.

2.3. X-ray data collection

The X-ray data collections were performed on a Siemens
P4 diffractometer. Colorless crystals of [ PtCl,(cis-dppen) |
(1), [Pt(cis-dppen)(bipy)](PF.). (2), and [Pt(cis-
dppen) (phen)](BF;), (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 y-scans of nine reflections, respectively ( y=75-
105°, 360° scans in 10° steps in ¢} [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 SHELXL.93 [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 thermal parameters for all non-hydrogen atoms.
Hydrogen atoms were included using a riding model with
isotropic / values depending on U, 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 CH,CI, per asymmetric unit were anisotropi-
cally refined. The occupancy factor of one CH,C1, 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 CH,Cl, 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 |. Tables 2-4 show posi-
tional parameters for [PtCly(cis-dppen)| (1), [Pt(cis-
dppen) (bipy) | (PF,)> (2), and [Pt{cis-dppen)(phen) |-
(BFy), (3), respectively,

2.5. Syntheses of Ni(ll), Pd(1l), Pt(1l) and PH(IV) complexes

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

2.5.1. [PrCly(cis-dppen)] (1}, [PHcis-dppen)(bipy)](PF),
(2}, and [ Pt(cis-dppen)(phen)|(BF ), (3)

1, 2 and 3 were prepared as described earlier | 1]. The
second crystal modification of 1 suitable for an X-ray struc-
ture analysis was obtained from a DMF solution of 1. Suitable
single crystals with the compositions [Pt{cis-dppen)-
{bipy )} (PF¢),-1.8CH.Cl, or [Pt(cis-dppen)(phen) |-
(BF,),-CH,Cl, were obtained from CH,CI, solutions of 2
or 3. respectively.

2.5.2. [Ptof pus-S),(cis-dppen),] (4)

To a solution of [PtCls(cis-dppen)| (1) (0.2 mmol,
0.132 g) in 6 ml EtOH/DMF (vol./vol.=1:1) was added
anhydrous Na,S (0.2 mmol, 0.016 g). The reaction mixture
was stirred for 3 h at 50°C and an orange solution was
obtained. The solvent wus completely evaporated and the
residue washed with H,O and EtOH, filtered off and dried in
vacuo. An orange powder was recrystallized from CH,Cl,:
yield 0.032 g (26%); m.p. > 300°C dec; FAB mass spectrum:
m/z 12471 [PL(p-S),(cis-dppen)a} ™, 1215.0 [Pto( po-
S)(cis-dppen), | ©. Anal. Cale. for C5,H,,P,P1,S-: C, 50.1;
H.3.6:S5.5.1. Found: C, 49.9; H, 3.4, S, 5.2%.

253, [Pt oSN pua-S:CPCy ) cis-dppen),J(BF ), (5)

To a solution of [PtCl,(cis-dppen)]| (1) (0.2 mmol,
0.132 g) in 6 mi CH,Cl,/DMF (vol./vol.=6:1) was added
AgBF, (0.4 mmol, 0.078 g). Then the reaction mixture was
stirred for 48 h at 45°C. The solvent was completely evapo-
rated. CH,Cl, was added and AgCl was filtered off. S,CPCy,
(0.2 mmol, 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 (27%): m.p.=227°C; FAB mass
spectrum:  m/z 16584 | Pty( pa-S) (a-S,CPCys) (cis-
dppen), | (BF,) ", 1571.6 |Pt,(p,-S) (a-S,CPCy, ) (cis-
dppen),| 7. IR (KBr,em ') C==S: 1102, 1060, 998 v. Anal.
Calc. for C; H»,B,FP<Pt,S5: C. 48.9: H, 4.4; S, 5.5. Found:
C.49.0: H,4.2;8,5.3%

2.5.4. [Nifu;-Shycis-dppen),J(PF,),(6)
[NiCLy(cis-dppen) | was prepared as described earlier
[3.22]. To ared solution of [ NiCl,( cis-dppen) | (0.2 mmol,
0.105 g) in 6 ml EtOH/DMF (vol./vol.=1:1) was added
anhydrous Na,S (0.13 mmol, 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 mmol. 0.101 g) dissolved in EtOH was
added with stirring. A light brown precipitate immediately
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Structure determination data for [ PtCl-tcis-dppeny | ¢ 1. | Puccis-dppen) tbipy ) [ (PF) - (23 and [Pt{cis-dppern) (phen) | (BF,) - (3)

I

2

3

Formulu
Formula weight
Color: habit

Crystul system monoclinic monoclinic monoclinic
Space group P2/ P2/ P2,
a (A) 831201 12.649(3) 8.77902)
h{A) 14.57%12) 2611405 17.297(3)
¢ {A) 19.868(4) 14.665(3) 13.059(3)
B 91270 1116203 93.79¢3)
VI(A) 24009 45033 1978.7
7K 173 193 193
A 4 + 2
Crystal dimensions (mm) 0.6 x05x0.2 0.5 xX0.4x0.25 0.5 x0.4x0.2
Do tMgm %) 1.828 1.756 1.730
Radiation. A (A) Mo Ko, 0.71073
@ tmm ) 6.208 3.455 3.%30
FO00) 640 2326 1008
Diffractometer Siemens P4
Monochromator highly oricnted graphite crystal
Scan type w w w
26 range (1) 4.1-55.0 5.6-51.3 4.0-55.0
Index ranges —l<h=<10 ~1l<hg 1S -l<h<g¥
=] <h=17 —1<k<30 l<h<22
—25</<25 —17<t<17 —lb=<i< 16
No. reflections collected 719 9245 SO15
No. independent reflections 5501 7760 4169
No. observed (1> 30 (1)) reflections 3862 4260 3589
No. parameters refined 280 550 500
Final R indices {observed data)
R 0.028 0.057 0.045
R, 0.028 0.057 0.045
W= gt FT)  (0.022P)° wo =TT A (0.0894P) 7 + 1.67P W= ot (FT)  (0.0568)° +9.96P
GOF 1.04 1.08 1.05
Largest and mean A/ o —0.001. 0.0005 0.017.0.001 0.050. 0.004
Largest difference peak (¢ A7) 0.54 I.58 1.76
R, 0.019 0.038 0.047

Cs H..CLP.Pt
662.34
colorlessy prismatic

CooHo NP P T.8CHLClL
119046
colorless: prismatic

O H:B-F{N-P.Pt-CH,Cl,
1930.23
colorless: prismatic

Transmission (L614-0.919 (17500901 0.780-0.930
Table 2 Table 2 (continued)
Atomic coordinates ( % 10Y) and equivalent isotropic displucement coefti-
cients (AT X 10%) for | PtCla(eis-dppen) | (1) R\ ) z Uy
v v v, C2h 535(7) 38534 4089(3) 4202y
C(25 164(7) 416204 3436(3) H001)
Pl 293601 1876(1) 1694¢ 11 18¢1) Ce26) 208(7) 356604 2908(3) 340
Pl 736(1) 1860( 1) 2304¢ 1) 18¢1) C(3 1777(6) RELINEY) 549(2) 24
P(2) 1376(2) 23200 1) 8340 2001 C(32) 112607) 422904 899(3) 34
Clcl) S19401) 1835¢1) 992( 1) 3 C(33) 1482(%) Sl 706(3) 4302y
Cl2y 456902 1509¢ 1) 2647¢ 1 3201 Ce34) 2500¢8) 32704 181(3) 45¢2)
Coly = 97706} 215603 1749(2) 2301 Ce35) RINAYES! 45404 = 159¢3) 44(2)
Ct2) —67306) 235-H3) TR 2501 C30) 2796(8) 364804 2603 360
Celty 167061 7573 2639(2) 2000 Ced 1323¢6) 16144y 88(2) 2601
Cel2) 1188(7) 1004y 2596(2) 2801 Ci42) S4007H 19244 —~503(2) 37¢1)
Cel13) 693(7) =844 2833(3) 3901y C43) 43308 J35705) —1061(3) 48(2)
Coldy —812(8) —-047¢4) 3108(3) 4302) Cddy HI02¢7) 5015 —1034(3) SO0
Cil5) ~1831(&) ~203(4) 314203 4362) Cd5) 184407 178(4) ~461(3) 381
Ccl6) —1350(7) 647(4) 201203 20 Cd6) 19406} 73404 106(2) 29(1)
C2h 653(6) 2642(3) 301062y 22¢1
Ci22y 1051171 234404 3661(2) 3 " For anisotropic atoms. the U value is U caleulated as U =11/3)-
Ci23) 9857 205214 4196¢ 3, 3801 LY U,a,a,A, where A, is the dot product of the ith and jth direct space unit

Cconimied) cell veetors,
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Atomic coordinates ( X 10) and equivulent isotropic displacement coeffi-
cients (AT X 10Y) for | PUcis-dppen) (phen) | { BF ), (3)

R Uy A A} b (2

Ptily 1164 1) 1293(1) 2930 1) 3301 Pict 14500 1) Oy 8070(1) 2601)
P(l) 2204(2) 1965(1) 38992} 3501 Pt 1636(5) 594(2) 9601(3) 28(1)
P(2) ~-44(2 181501 23342y 3801 P(2) —8(5) 1020¢2) 7560(3) 28(1)
Nil) 2876(7) 796(3) 331607 38(2) N{1l) 2869( 1) —945¢7) 8481 (9) 31(3)
N2 T05(7) 639(3) 2105¢7) 33(2) N(2) 1377015) —~622(7) 6672(8) 31(3)
Coly 3939(9) 8834 3926(9) 4203 Cely 3584(23) — 1020 10) 9350( 1) 46(5)
Ct 482910y 555¢4h) JO85(10) 4503 Cie2) 467420y —1717(9) 9521(13) REIEY]
C(3) 4562(11) 100(5) 353301 4803) C(3) 4979(21) =2171(9 8704(12) 42(4)
Cid) 3481(9) -84 29269 4103 Cid) 4168017) = 2025(9) T741(1 1) 30(3)
sy 2634(9) 34304 2817(8) 32(3) Cis) 3117 —1402(%) 76551 29(3)
C(6) 1435(10) 24004, 216609y 393} Cin) 2332(18) —1233(%) 6710011 29(3)
Ce7y J075(12) —200(5) 168Y(11) 644 Ci7) 2568(20} - 1679(9) 5822(12) 38(4)
ey ~51012) —268(5) TI420 14 8606) Ci¥) 1676(19) —1497(9) 4919(12) 35¢4)
C(9) —822(11) 11505} 105812y O815) 9y 065019 —892(10) 4936(11) 414
C(10) —405¢10) 363(5) 15840y 52i4d) Ci10) S08(18) —472(9) 5824( 11 35(3)
Ciol) 308(9) 2436(4) 2910¢ 1) 4303 Cish 41821 —2466(9) 6R48(12) 40(3)
Ci02) 1339(10) 2503(4) 3581H(8) 37(3) C(52) 3618(25) — 23230113 5906(15) 54(5)
Colly 3579(9) 21944 3770010) 39( 3 Cioh —=22(21) 1703(9) 8587(13) 42(4
C(12) 37400 10) 207205 202511 Sy Ci02y 096(18) ﬁ’ki(b’) 9496(11) REIY}
C(t3) 4630011 2286(5) 2740¢ I3) 394 oty 629(16) 10910, 0353010 26(4)
Cetd) 5376(12) 2623(5) 3413( 2 6004 Cot2y S65(18) H1809) 11546¢11) 35(3)
Ci1s 5205(12) 2745(5) 4258¢( ) 66(4) Cii3y —287(21) 617, 122741 1) 46(5)
Ciloy 4304(10) 2530(5) 44’»7(II) 53 Cold) —1024¢21} ~633¢12) 11998 ( 14) 545y
c2h 2535(11) 1850(4) Stelcim 4703y (G k) —947¢21) ~943(11) 111)48(13) 515
C2 1621¢12) 1908(6) 5498(12) 6314 Coloy —119(18) ~605(8) 103421 36(4)
C(23) 1764017} 1780(7) 64600 14) 81(35) Ce2ly 3597017) 809(8) I()()(ul(ll) 29(3)
Ce24) 2782(19) 1595¢7) FO85(12) 83(5) Ci22y 42190209 563(9) 10998( 12) 43(4y
C(25) 3684(16) 1525(6) 6787(12) 75(5) C(23) 3760(21) 725012) 11272(13) S53(5)
C(26) 3580(12) 1657(5) 5836(10) S4i4d C24 6603(22) [NREINRD] 10572¢13) 49(4)
Ci3ly — 1277010 1586(4) 2570¢11) 45(3) (25 5991(19) 1374010y 9638(12) 3914}
C(3 —=2339(11) 1614(5) 19181 D S840 C(26) 445323 123001 1) 941311 4004
C(33y —~3262(12) 1427¢7) 2126017) 8716) Ce3ty 622(17) 1593(%) 6481( 10) 26(3)
C(3dy -~ 309017y 1236(8) 3025018 97¢7) C(32) 1824¢19) 2102(9) 6710(13) 384
C(35) —=2030¢17) 1210(6) 3667(15) R4 (6) C133) 2371(22) 2518¢ H) 5904(15) S51(5)
C{36) —1086(13) 1370(5) 347812y 59(4) C(3d) 1732(20) 2437011 4917(13) 43(4)
Ci41) —532(9) 1943(4H 103409, 41(3) Ci35) 561(25) 1928¢10) 4702¢13) 53(5)
C42) ~1288(11) 23445 646011 52(3) Ct36) =420y I4‘)8(9) SSHI(ID 38(+H)
C(43) —=1709(10) 2444(5) —338010) 513 Cedly ~ 1960 18) 756(8 7226(11) 32(3)
Ciddy — 1406(10) 2135¢(5) =961C11) S2(3) Cid2) —2950017) H“I(l( O6880( 10) 32(3)
C45) —649(10) 1747(5) = 38410) 16(3) Cidd) —4491(22) 130¢11) 6632(12) 47(4
Ctd6) —174010) 1649(4) 395¢10) 42(3) Ci4 =5003(21) 424013) 6695(15) SH(S)
P(3) - 2832(3) 1401 1) 635003 5601 Ce45) — 3030025 = 16312 7040(21) 79(7)
Foly —3123(15) 15694 5271(8) 158¢7) Cido = 2449017) %(]‘)i 7333(12) St
Fiy —=3160( 1) 1951(3) 6620(7) 10204 Bl D72(31) 27184 2010¢14) 49(6)
F(3) — 1587(9) 1593 ¢4 6669(12) I51co Foly 10260 18) 33()1(7) 2680(10) 84
Fidy —4078(8) 11904 61040 10) 117¢4) F(2) =513019) 2378011 2046 19) 128(7)
F(5) —2496¢(8) 852(3) 6OR1(7) 813 F(3) 1919 15) 2131¢7) 2200012y TH(4)
(6 ~2594¢11) 1228(3) 743407 107¢4) Fod) 1038(37) 2989011 10511 1) 181(12)
Pid) 2066(3) 12401y 37103y 42ch Bi2) J059(33) 82006¢11) 2292(16) 56(6)
F7) 2046(9) 1199(3) - 08407 89(3) Fes) 2788(18) 7986(9) 1848(16) 102(6)
F(¥) 3867(8) 1062¢4) 144607 883 Feo) 4297019) RO9O(R) 1995¢11) 93(4H)
F(9) 2018(7) 915(¢3) 72807) 76(3) Fe7 5250017 7804 %) 1980(9) 80(4)
Foio) 3198(8) 561(3) 103(8) K713 1(8) 113 013) 817717 3364(7) 58(3)
Foll 2706(7) 1699¢( 3) 617(6) 72 C03) 4880(22) —30(26) H178(20) 96(8)
Fei2y 3900(8) 1331 ¢4y 1109y 100¢4) Cle 3563(8) 65814 J087(5) 83(2)
C(03) 5667(15) S566(8) 9558(13) 3616) Cle2y 681507 26704 4210(5) 91(2
Citly 463416) 34003) 84715} 12929
Cie2)y 6698(5) 940(2) 935604 107¢2) * For anisotropic atoms, the U value is U, calculated as (1/3)-
Coo4) 1659(26) 184(16) 6763(36) 224 YX U ea, A, where A, s the dot product of the ith and jth duul space unit
Cl(3) 338(12) 522(8) 63380 13) 33001y cell veetors,
Clid) 1084(13) 342(5) S301(12) 240(6)

formed. It was filtered off. washed with H,O, and dried in
* For anisotropic atoms. the U value is U, calculated as U= C1/3)-

Y XU a4, where A ;15 the dot product of the ith and jth direct space unit

cell vectors.

vacuo. A light brown powder was recrystallized from EtOH:
yield 0.030 g (26%); m.p.=260-264°C; FAB mass spec-



148 W. Oberhauser et al. / Inorganica Chimica Acta 274 (1998) 143134

trum: m/z 1592.4 [Nis(p+-S),(cis-dppen) 1 (PF,) - H,0,
1574.4 [ Niy (@3-S )-(cis-dppen) ;1 (PF,) *, 1429.4 [ Nis(ps-
S).(cis-dppen);] V. Anal. Calc. for CogHegF,aNizPyS, - HyO:
C,53.9;:H, 3.8; S, 3.7. Found: C, 53.8; H, 3.6; S. 3.9%.

2.5.5. [Pdy(us-S)(cis-dppen); J(BF,);(7)
[PdClL,(cis-dppen) ] was prepared as described earlier
[1,23]. [PACl,(cis-dppen) ] (0.15 mmol, 0.086 g) was sus-
pended in 5 ml CH,Cl,/DMF (vol./vol.=10:1) and AgBF,
(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 AgCl
was filtered off. The solvent was completely evaporated and
the residue dissolved in 5 ml CH,CL,/EtOH. To this solution
was added anhydrous Na,S (0.45 mmol, 0.035 g) with stir-
ring. After 5 min 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
CH,Cl., and the yellow solution filtered. After addition of
n-hexane a yellow powder was recrystallized from CH,Cl,/
n-hexane: yield 0.038 g (42%); m.p.=160-162°C; FAB
mass spectrum: m/z 17922 7 C,HOH, 1659.3 [Pd;-
(Ra-S)2(cis-dppen);1(BF,) ", 15725 [Pdy(py-S),(cis-
dppen);] ™. Anal. Calc. for C,gHqoB,FPPd;S,- C,H;OH:
C,53.6;H,4.0;S, 3.6. Found: C, 53.5; H,4.1: §, 3.4%.

2.5.6. [Pty s-S)s(cis-dppen);JCL; (8)

[PtCly(cis-dppen)] (1) (0.1 mmol. 0.066 g) was sus-
pended in 7 ml EtOH/DMF (vol./vol.=2:5) and Na,S-
9H,0 (0.2 mmol, 0.048 g) was added. The reaction mixture
was stirred for 2 min 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 H,O and
the slurry was stirred for 2 h. Then the precipitate was filtered
off, washed with H,O, 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: mn/z 1836.6
[Pt (5-S),(cis-dppen) ;] 7. Anal. Calc. for C;HgoClLPg-
Pt:S,: C,49.1; H. 3.5; S, 3.4. Found: C,49.0; H, 3.5; S, 3.3%.

2.5.7. [Ni(CS,){cis-dppen)[(BF;),(9)

To a solution of [NiCl,(cis-dppen) ] (0.2 mmol, 0.105 g)
in CH,CL,/DMF (vol./vol.=6:1) was added AgBF,
(0.4 mmol, 0.078 g) with stirring. After several hours a white
precipitate and a greenish solution formed and AgCl was
fittered off. To this solution S,CPCy; (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
CH,Cl,: yield 0.168 g (90%); m.p.=216-218°C; FAB mass
spectrum: m/z 9332 97, 901.1 [Ni(CS,):(CS)(cis-
dppen) ] (BF,),". IR (KBr,cm ™ ') C=S: 1636, 1165, 1057,
998 v. Anal. Calc. for C3,H,,B,FiNiP,Sg: C, 38.6; H, 2.4; S,
27.5. Found: C, 38.8; H, 2.3; S, 27.4%.

2.5.8. [PiCly(cis-dppen),]CI, (10)

[Pt(cis-dppen),]Cl, was prepared as described earlier
[1]. Chlorine was bubbled through a solution of [Pt(cis-
dppen),]Cl, (0.1 mmol, 0.106 g) in 20 ml CH,CI, for
30 min at room temperature. The solution turned yellow and
a precipitate formed. The precipitate was filtered off and dried
in vacuo. A yellow powder was recrystallized from DMSO:
yield 0.092 ¢ (81%); m.p.=160°C dec. Anal. Calc. for
Cs,H,, CLP,PL 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 for the reactivity of these molecules. The
best possibilitics 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 [PtCl,(cis-dppen) |
(1) is presented. The structure of the corresponding first
maodification 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 ™ 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 30A disturbing the
complete coplanarity in the tirst 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
symimetry requirement. A view of the second modification of
1 is given in Fig. [(a). Table 5 contains selected bond dis-
tances and bond angles. The crystal structure of this modi-
fication consists of four discrete [PtCl,(cis-dppen) | mole-
cules per unit cell. The disturbance of the coplanarity of the
coordination plane and the ethene bridge is revealed in
Fig. 1(b). The shortest intermolecular contact between
Pt( 1b) and the hydrogen atom attached to C( 13a) 0f 2.833 A
produces a slight inclination of a coordination plane away
from a second molecule. This contact is the only intermole-
cular approach below 3.0 A 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( 1), P(1). P(2). CI(1), and CI(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 m bonding interaction throughout the
coordination plane and the ethene bridge produces a shorter
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Fig. 1. (a) View of [ PtCl,( 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 S
Selected bond distances (A) and bond angles (°) for [PtCl;(cis-dppen) |
(b

Pt(1)-P(1) 22167(12)
Pt( 1)-P(2) 2.2189(12)
Pt(1)-CI(1) 2.3633(12)
Pt(1)-CI(2) 2.3667(12)
P(1)-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)-Cl(1) 176.37(4)
P(2)-Pt(1)-CI(1) 90.63(5)
P(1)-Pt(1)-Cl(2) 91.44(5)
P(2)-Pt(1)-Cl(2) 175.78(5)
CI(1)-Pt(1)-CI(2) 91.03(5)
C(11)-P(1)-C(21) 105.1(2)
C(ID-P(1)-C(1) 102.9(2)
C2DH-P(1)=C(1) 106.0(2)
C(iD)-P(1)-Pt(1) 115.9(2)
C2DH-P(1)-Pt(1) 117.6(2)
C()-P(1}-P(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)—C(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 aliphatic double bond length of 1.317(7) A versus
1.337(6) A [24]. The same effect has already been observed
in the first modification of 1 [1]. Owing to the packing

distortion shown in Fig. 1(b), all corresponding P-Pt—Cl
angles significantly differ (see Table 5), where these angles
are equal as a consequence of crystallographic constraints in
the first modification. However, all other analogous bond
lengths and bond angles of the coordination planes are not
significantly different in the two modifications. The small
deviations between both modifications are in agreement with
the recently given quantification of crystal packing effects
[4]. The change from complete to partial coplanarities in
these modifications retains the presence of m bonding inter-
actions { 1,3,25].

Although several X-ray structures of Pt(Il) complexes
containing 2,2'-bipyridine or 1,10-phenanthroline are known
[26], the two X-ray structures of [Pt(cis-dppen)-
(bipy) 1 (PFg), (2) and [ Pt{cis-dppen) (phen) ] (BF,), (3)
are the first examples of square-planar structures together
with phosphines. A view of the cation of 2 is given in
Fig. 2(a). Table 6 contains selected bond distances and bond
angles. The crystal structure of 2 consists of a discrete
[ Pt(cis-dppen) (bipy) ]** cation, two (PFg) ™ anions, and
1.8 molecules of CH,Cl, per asymmetric unit. The square-
planar coordination of the Pt atom is distorted. Fig. 2(b)
reveals that the deformation in 2 resembles the twist config-
uration of trans-dipyridine complexes [26e]. The platinum,
the phosphorus atoms and the ethene bridge are nearly copla-
nar; the deviations from a least-squares plane through the
following atoms are as follows: Pt(1), —0.026;P(1),0.031;

Fig. 2. (a) View of [Pt(cis-dppen) (bipy) | (PF,), (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.
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Table 6

Selected bond distances

(hipy) | (PF,); (2)

(A) and bond angles (*)

for [ Pticis-dppen)-

1-N¢I)
)-N(2)

Cell
C(ahy
C(02)
P12)-C(31)
C41)
o)
N(1-C(1}
N(1)-C(5)
N(2)-C(10)
N(2)-C(6)
Ci)-C(2y
Ci2)-C(3)
Ci3)-C14)
Ci4)-C(SH
C(5)-C(6)
C(6)-C(T
Ci7)-C(8)
C(8)-C(9)
Ct9)-C(10y
Co1-C02)

NlZ) Pr( 1)-N¢ )
Ni2)-Pt(1)-P{2
MI) Pt(1)-P(2

N(2)-Pt( 1) P(l)
N(1| Pu 1)-P(1)
=P 1y=P(1)
C(Zl) P1H-C(02)
C(21 )——P( 1-=Cill)
C02)-P(H-C(11)
C20)-P(hy-Puc iy
C(()Z) P(l) ptl)
CIh-PC1)-PuCl)
Con-P2)-C(4H
Con-P(2)-C(3h
C(41)-P(2)y-C(31)
Can-P(2)-Pu 1)
C41)-P2)-Puty
C3)-P(2)-Pu( 1)
C(h=-N(H-C(5)
C(I)-N(h=Pt 1)
C(5)-N(hH-Pt
C(10)-N(2}-C(6)
CIO)=-N(2)-Pu( 1)
C(6)-N(2)-Pt( 1)
N(-C(1)-C(2)
Cey-C(2)-C(3
C(H-C(3)-Cr2)
C(3)-C(4)-C(5)
N(DH-C(5H-C(H
N(1=C(5)-C(6)
C(H-C(3)-C(6)
N(2)-C(6)-C(7)
N(2)-C(6)-C(5)
C(7)-Cio)-C(5)
C(8)-C(7)-C(6)
C(7)-Ci8)-C(9)
C8)=C(9)-C 10
N(2)-C(10)-C(9)
Ci02)-Ce01)-P(2)
Co-Ct02)-P¢1)

21118)
2.109¢8)
2.258(3)
2.243(3)
BOT(LI2)
7860 13)
BOGCLT)
RITINR D]
80613
BOSC12)
RRIEREY
367014
2420014
3540
37
392
Yy
372
A8(2)
38(2)
3002
372
39(2)
3202

79.4i 3)
97.3¢2)
173.2(3)
176.4¢3)
99.0(3)
845401
104.0¢06)
110.306)
105.0(5)
112.604)
109.3¢4)
IT48¢4)
104.9(6)
106.7(5)
106.2(6)
109.6(4)
5.7¢4)
113104
118.7(9)
128.4(8)
112907y
118.1(9)
127.2(7)
HA.5(7)
124.9010)
FES.2¢1 1)
1219011
119.0¢11)
120.3(010)
174D
122.3010)
1220011
115.5(9)
122.5¢11)
1184013
121.8¢13)
116.8(12)
1228011
HB.2(K)
118.2(8)
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P(2).0.023: C(01). —0.004:C(02), —0.024 A, This plane
includes an angle of 11.2° with the least-squares plane
through bipy. However, the two six-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
2419 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). In solution
the two phosphorus atoms of cis-dppen in 2 are equivalent
[ 1]. This strongly suggests that. as in the second crystal
modification of 1, the deviations from an ideal square-planar
coordination in 2 are produced by a packing effect of ( PF,,)
Nevertheless. also in this case the remaining w bonding inter-
action throughout the nearly coplanar five-membered ring
containing cis-dppen produces a slightly reduced aliphatic
double bond length of 1.32(2) A. Distances and angles in
the bipy ligand are normal [ 26a|. Owing to the strong trans
influence of phosphaorus the mean value of the Pt—N distances
of 2.110(6) A in 6 is slightly longer than the corresponding
values in | Py(bipy)] €2.029(7) A). [Pt(CN).(bipy)]
(2.0001) A). | Pt(bipy). 17" (2.025(4), 2.028(5) A). and
[PICL(hipy) | (2.001(6) A) [?.Ga,d,c.OI. The N-Pt-N
angle of 79.4(3)7 in 2 is in the usual range. Also the mean
Pt—P bond length of 2.251(2) A is typical for a Pt-P bond
rrans to N-containing heterocycles | 27]. The P-Pt-P chelate
angle is strongly influenced by the coordination of bipy. since
its value of 87.08(5)7 in 1 is reduced to 84.54(1)" in 2,

A view of the cation 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 [Pt cis-dppen)-
{phen)|” " cation. two (BF,) "~ anions, and one molecule of
CH,Cl, perasymmetric unit. Fig. 3(b) reveals that the defor-
mation of 3 corresponds to the bow conformation of rrans-
dipyridine complexcs. where 3 is the first cxample of
complexes with phen showing this deformation | 26e]. It is
well known that square-planar d° complexes of bipy or phen
exhibit intermolecular attractive interactions between mole-
cules stacked within a chain comparable with the packing in
high-temperature superconductors [ 26a.d.f.g]. Although the
Pt---Pt distance of 8.779(1) A in 3 is 100 long tor any sig-
nificant metal-metal interaction ( < 3.5 A), the nearly copla-
nar alignment of the phen groups in 3 (Fig. 3(b)) is
indicative of a retained attractive interaction between the phen
ligands. Owing to the steric bulk of ¢is-dppen this leads to
the shortest intermolecular contact of 3.160 A between
Pt(1b) and the proton attached to Ct44a) and a bowing of
the molecule. This bowing produces a successive inclination
of the least-squares planes through Pt(1), P(1), P(2).
C(01).C(02). through Pt( ). P(1).P(2),N(1),N(2),and
through phen of 3.5 and 8.4 respectively. In contrast to that
in I and 2. the double bond length ot 1.34(2) Ain 3is normal.
which could be the consequence of an enhanced back dona-
tion of 7 electron density to phen in agreement with its attrac-
tive alignment. However. no significant change in the usual
distances and angles of the phen ligand could be observed
[26b]. The mean value of the Pe-N distances of 2.109(8) A
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(b)

Fig. 3. ta) View of | Pt{cis-dppen) (pheni | ( BE, ), (3). showing the atomic

numbering: ( b) packing plot showing the bow deformation, and the shortest
intermolecular contact approach.

in3issimilarin | (C.Fs),Pt(p-PPh-)Pt(phen) | (2.131(4)
A). but longer than in [Pt(phen),]”' (2.033(6) A)
[ 26b.f]. again reflecting the strong trans influence of phos-
phorus. The N-Pt-N angle of 79.0(5)7 is comparable with
the same parameter in 2 and also in the usual range. The mean
Pt—P bond length of 2.250(3) A is nearly identical with the
same value in 2 and again typical for a Pt—P bond rrans to N-
containing heterocycles [27]. As in 2 the P-Pt-P chelate
angle of 84.88( 14)%1n 3 is reduced owing 10 the coordination
of the aromatic heterocycle.

In the syntheses of the complexes 4-9 (see Scheme 1) the
reactions of [ MCI, (cis-dppen) | (M =Ni, Pd, Pt) with anhy-
drous Na,S. Na,S -9H,0 or S,CPCy, has been investigated.
The use of anhydrous Na,S leads to 4. 6. and 7. whereas
Na.S-9H,0 produces 8. It is well known that different sulfide
donating reactants are responsible for variations in reaction
pathways [9.12¢.15a.b.28|. The main reason is the occur-
rence of different species such as S, SH . H.S.and S.°

Tuble 7

Selected bond distances (A) and bond angles

{(phen) J(BF;). (3)

151

(°) for |Pt(cis-dppen)-

Puly=Nol)
Puly-N(2)
PPty
)~Pi2)
Peh-Coll)
Pe1-Ci2h
Pi1H-C(02)
P(2)-Ci31)
Pi2)-Ci4l)
P(2)-Ci0)
Noh-Coh)
N ~-C(5)
N(2)-C(10)
N(2)-C(6)
Ceh-C{2)
Ce2-Ci3)
Ce3)-Cied)
Ceh-Ci5)
hH-Ci5
(5)-C(6)

(6)-Ci7)

(7)-Ci(8)

(7)-Ci52y
(8=l

(0)-Ce10)
(51)-C(52)
Con-Ce02)

c
c
c
c
¢
¢
c
(ﬂ

NCT)=Pti1)=-N(2)
Ni =Pt h-Peh)
Nie2)-Pu h)~P(1)
Nely-Prol-P(2)
N2 =P 1hH-P(2)
P =Pu 1)y -Pr2)
Cilh-PH-Cr02)
Cith=-Pehy-Ci2h
Coo2)-Pe1y-C21y
Colh-Peh-Puty
CoOo2-Pr-Pri 1y
C2h-Peh-Puely
Ceob-P2)y-Cidhy
CObh-P2)-C(31y
C41)-P2)-Ci31)
Ceol=Pe2)y-Pucly
Codli-P{2)-Pue )y
C3N=-P(2y-Pu
Ceh-=N()-C(5)
Ceh=Nth-Pu 1y
CiS)=Nch-Puely
COHB=N(2)-C16)
COI-N(2)-Pu 1)
Cto)-N(2)-Puc 1)
N -Ce1)-Ci2)
CeAa-C2)-Co 1y
Ci2)=C2-Cid)
Ci3)-C)=Ci51)
Cis)-Cth-Ci3y
Ciosh-Cihy-Ce3)
N{ 1 -Ci5)-Cih)
N(H=C(5)-C(6)
Cied)-Ci5-Ce6)
N(2)-C(6)-C(5)

JA03012)
JI501HD
245(3)
25404
T83014)
82(2)
S1(2)
B3813)
B0(2)
7902
.29(2)
3702y
33(2)

e e e e e e e bl S B B B

79.0(53)
7.0 3)
175.9(4)
177.2(3)
99.2(4)
84.88(14)
103.2(7)
11.5¢7)
105.007)
113.3(5)
109.5(5)
113.4(5)
107.2(8)
103.6(7)
106.3(7)
109.1(6)
112.7(5)
117.003)
IS 14y
1294011
112.3(9)
120.3¢12)
127.1¢11)
112.6(9)
125(2)
118(2)
118(2)
118.6(13)
119.2013)
122.1(13)
121.6013)
117.6014)
120.8(13)
118.0¢13)

(continued)
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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) 117.4(14)
C(8)-C(7)-C(52) 124(2)
C(6)-C(7)-C(52) 119(2)
C(9)-C(8)-C(T) 118.8(13)
C(8)-C(9)-C(10) 120.9(14)
N(2)-C(10)-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)
C01)-C(02)-P(1) H17.0012)

[29]. In the case of S,CPCy; 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,CPClys; in situ. The first step
of a splitting reaction in phosphoniodithioformate complexes
leading to CS, and the corresponding phosphines is known
[14c.e,l6c], where subsequent coordination of CS, forms
complexes such as 9. For an explanation of the sulfide bridge
in 5 a further splitting of CS., is necessary. It seems likely that
as a consequence of a nucleophilic attack on 1r-bonded CS,
[18g], CS, acts as a source of CS. Similar to the production
of S, units fom CS, [ 18a], CS could form the required sulfide
ions.

The '""Pt{'H} and *'P{‘H} NMR parameters of com-
pounds 4-10 are summarized in Table 8. | Pt,(.,-S),(cis-
dppen),] (4) is the first example of a Pt(Il) dimer with a
Pt,S, ring and a chelating diphosphine [8,12a,b]. The
'"*Pt{'H} and *'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 | 30]. The spectraof 4, 5, and 8
have been successfully simulated using the program INSIM.
S(Pt) of —4336 in 4 is similar to the same parameter in
thiolato-bridged dimers [13a]. *J(Pt,Pt) of 86 Hz is small
compared with the value of 476 Hz in | Pt:S,(PMe,Ph),]* ™",
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 [ 17¢]. 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 | 31].
o(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 *J(Pt,P) parameters of 4 are in the usual range
for sulfur-bridged di- and trinuclear Pt(1I) complexes
[12a,13a,17c].

[Pty (p2-S) (Wo-S,CPCyy) (cis-dppen), ] (BE,), (8) 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 I. The 8(Pt) and */(Pt,Pt) values of —4367

Table 8
"Spt{'H} and *'P{'H} NMR data for 4-10 *

Compound  8(Pt) J(PLPt)  8(P) "J(PLP) ‘J(PtP)
4 —-4336 86 49.1 2965 50
5 —4367ddd 97 50.1 3257

48.7 2909

389 45
6 62.1
7 60.7
8 —4556" 67 48.5 2706 57
9 3.6d¢

0.45d ¢
10 58.5 2264

*J values in Hz. d = doublet, ddd = doublet of doublets of doublets. Spectra
were run at 298 K. The following solvents were used: CH,Cl, (4-7, 9),
EtOH/DMEF (vol./vol. = 1:4) (8), DMSO (10).

" 195pi{'H} spectrum in DMF.

“J(PP)+°J(PP)=18

and 97 Hz in 5 are comparable with 4. Structure B in
Scheme | 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
frans to the sulfide bridge. The signal at 50.1 with
'J(Pt,P) =3257 Hz corresponds to the phosphine groups
trans to S,CPCys,, indicating that S,CPCy, exerts a slightly
lower frans influence than sulfide. The phosphoniodi-
thioformate shows a *'P{'H} resonance at 38.9 with
*J(Pt.P) =45 Hz, where the latter value is smaller than
the corresponding parameters of 79 and 75Hz in
[Pt(CeX5)2(S,CPCy;)(CO)] (X=F, Cl) [14c]. The
"*C{'H} NMR spectrum of 5 in CH,Cl, 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
'H NMR spectrum in CH,Cl,-d” 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 S,CPCy, { 14c].

[M3(p3-S),(cis-dppen) ;] X, (M=Ni, X~ =PF,” (6);
M=Pd, X™ =BF,” (7); M=Pt, X~ =Cl" (8)) are novel
trinclear complexes of structure C in Scheme 1. The analo-
gous compounds containing dppe are known [ 17a,b]. The
single *'P{'H} 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 *'P{'"H} NMR signal at 60.7. In the case of 8 the
"*Pt{'H} and *'P{'H} NMR parameters are also consistent
with structure C. The 8(Pt) and %J(Pt,Pt) values of — 4556
and 67 Hz are comparable with 4 and 5. 8(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 8, suggesting that a
triply bridging sulfide exerts a stronger ¢rans 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 'J(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 */(Pt,P) value of 57 Hz in 8 is in line
with previous results [ 17c].

Although numerous attempts including metathesis reac-
tions with BPh,” 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 [Ag,Pd,(s-S)4(cis-dppen),] (BF,),
(11) containing two silver-bridged [Pd,S-(cis-dppen), |
subunits corresponding to structure A in Scheme | 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
[ AgoPty(3-S)4(PPhy) 1 (BF,), [ 34] containing the same
structure type as 11, nor in [Pt;(+-S)-(dppe)- 17" [17a]
with a chelating diphosphine and is independent of the kind
of d* metal, Pd(II) or Pt(Il). 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, § and 8 such as low
J(Pt,Pt) values or relative rrans influences of double versus
triply bridging sulfides, stem from a special impact of cis-
dppen on the actual geometries of these complexes.

[Ni(CS,), (cis-dppen) ] (BF,), (9) of structure D in
Scheme 1 is a rare example of a S-bonded CS, complex
[ 18a.b,c.g]. The two *'P{'H} NMR resonances at .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),](BE,), [3]. The
*J(PP),,.+ J(P,P) , value of 18 Hz in 9 is in the typical
range of comparable Ni(1I) complexes [35]. The ''C{'H}
NMR spectrum in CH,Cl, shows the carbon atoms of the CS,
groups at 145.7 and all other carbon atoms in the region
129.9-132.8, where the resonance of S-bonded CS, is shifted
towards higher field compared with w-bonded CS, [ 18c].
The IR band at 1656 cm ~ ' is characteristic for S-bonded CS,
[18g].

Similar to the recently described production of | Pt.Cl-
(dppa).] [2]. the novel Pt(IV) compound [PtCl(cis-
dppen),|Cl, (10) can be obtained by chlorine oxidation from
the corresponding Pt(1l) complex. The *'P{'H} NMR para-
meters of 10 are in agreement with structure (¢ ) in Scheme 1.
d(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 stability as Pt(1V)
becomes more electron poor [ 19¢].

4. Discussion

In the X-ray structures of 1 and 3 the molecular geometries
are influenced by intermolecular C-H---Pt contact
approaches of 2.833 and 3.160 A, 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®) systems and also
in 1 and 3 the structural evidence does not point to the pres-
ence of a hydrogen-bonded system. Since also the square-
planar ML, 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 1 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-
[ PtCl,(benzoquinoline ) (PEt,) | is tilted by 10.5° in just
this way [37]. It seems likely that the nature of these
C-H---M(d?) 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) A is not significant, this effect has now been
observed in numerous comparable cases | 1-3,25]. Together
with the obvious complete or partial coplanarities in these
molecules, it is indicative of 7 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 1s capable of stabilizing metallic fragments by =
bonding. Thus the actual geometries of ¢is-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 [Pt,(p,-S),(cis-
dppen), | (4) and [Pty(p,-S) ( pa-S.CPCys) (cis-dppen), |-
(BF,), (5). 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 from the author on request.
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