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The reactions of [M(PPRJ{S,C=C{C(O)Meg},}] [M = Pd (la), Pt (1b)] with AgCIO, and PPh or with
[Au(PPhs)(OCMe)]CIO, afford heterodinuclear{ M(PPhs)2}{ M'(PPh)}{ S;C=C{ C(O)Me} 2}]CIO4 [M = Pd,

M' = Ag (2a), M = Pt, M = Ag (2b), Au (4)] or trinuclear [ M(PPh)2}{ M'(PPh)}{ S;,C=C{ C(O)Me} 3} I-
(ClOg)2 [M = Pd, M = Ag (38), M = Pt, M = Ag (3b), Au (5)] 1,1-ethylenedithiolato complexes, depending
on the molar ratio of the reagents. We have recently reported that, in the absence of adg¢ideR®hactions of
[P{S,C=C{C(O)Me&} ,}L,] [L = PPh (1b), L, = 1,5-cyclooctadiene (cod)L€)] with AgClO,4 produce the
heterotetranuclear derivativelHtL,} 2Ag{ S;,C=C{ C(O)Me&} 5} 2} 1(ClO4)2 [L = PP (6a), L, = cod ©b)], which

have been used now as efficient transmetallating agents toward gold, platinum, mercury, nickel, copper, or cadmium
metal centers to give new types of 1,1-ethylenedithiolato compleXd2t(HPh).} 2Au{ S,C=C{ C(O)Me} 2} 2]-
(ClOg)2 (7), [(PtL2).M{SC=C{C(O)Mé}3}2](ClO4)2 [L> = cod, M = Pt 8), L = PPk, M = Hg (9)],

[{ Pt(PPR)2} of S;C=C{ C(Me)=0} 2} 2Ni](ClO.)2 (10), and [ Pt(PPR)2} o S;SC=C{ C(Me)}=C} 2} o M(OCIO3)2} ] [M

= Cu (11), Cd (12)]. The crystal structures of two different solvates7odnd that ofl1 have been determined.

All of these display two{ Pt(PPh),}{ S;,C=C{C(O)Me},;} moieties but, whereas it they bridge two gold(l)
centers through the sulfur atoms,lith they chelate the copper(ll) center through the oxygen atoms. The last one
is the first example of such a coordination mode for the 2,2-diacetyl-1,1-ethylenedithiolato ligand.

Introduction with bridging or chelating 1,1-ethylenedithiolato ligarids!®
L ) _ including clusterg®24 are known. The only reported hetero-

1,1-Ethylenedithiolato metal complexes are being extensively g y Tep
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minescence in solutiof;®2 which make them excellent candi- 8%; \'7\/9‘%2?1'3 F\{/\'/Géoss\lN%g?ng)b ﬁ‘o%hggefggffgggy 1121??71-339
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metallic complexes that are assumed to contain bridging 1,1- Table 1. Crystallographic Data

ethylenedithiolato ligands are a few of the general formula
M[Ag o{ S;C=C(CN)CQEt},] (M = Co, Ni, Cu, Cd, Hg, Pdy
and some trinuclear 1,1-dicyano-2,2-ethylenedithiolatmrt)
complexes {Ni(mnt)}{MLp},] [M = Ag, L, = (PRy)2, R =
Ph, GH7;; M = Cu, L, = (PPh)2, (PPh)3(CsHeO), (PPh)-
(CsHsN)].26-27 Their proposed structures are based on a variety
of techniques, but only the crystal structure ¢N[(mnt).}-
{Ag(PPh),} 5] has been reportetd:2” Although a few dithiolene
complexes of the type{ M(PPh)2} o S;C=CCHC(O)R] [M
= Pd, Pt;n = 1, R = {(175-CsHa)2Fe@®>-CsHs)}; n =2, R=
{ (y®>-CsHy)2F€r 128 have been described, they are mononuclear
or homodinuclear derivatives of ferrocenyl-substituted dithiolene
ligands.

2,2-Diacetyl-1,1-ethylenedithiolato complexes are very scarce,
and the great majority are mononuclear. Apart from some
recently reported by Eisenb&gnd by us®3lonly a few others
with Mn(11), Co(ll), Ni(ll), Cu(ll), Zn(Il), and Cd(Il) have been
described on the basis of only their elemental anal§s¥ge
report here the use of 2,2-diacetyl-1,1-ethylenedithiolato com-
plexes of palladium and platinum as ligands to prepare di-
[MAg, MAu (M = Pd, Pt)], tri- [PdAg, PtAg, PtAw, PtM
(M = Ni, Pt, Cd, Hg)], and tetranuclear @A, PbtAuy)
complexes. The REu complex is the first oxygen-coordinated
2,2-diacetyl-1,1-ethylenedithiolato complex to be structurally
characterized.

Experimental Section

Infrared spectra were recorded in the range of 468@0 cnT* on
a Perkin-Elmer 16F PC FTIR spectrophotometer using Nujol mulls

Vicente et al.
7a 7b 11
formula Q30H73AU2C|20- C90H34AU2C|2- C34H7zc|2AU-
O1PsPES, O14PsPKSy O1PsPES,

fw 3096.76 2496.71 2050.16
space group  P2i/c P1 P1
a(d) 12.058(2) 12.1896(10) 12.2246(10)
b (A) 19.540(3) 12.3262(10) 13.1026(10)
c(A) 22.836(4) 15.5870(12) 13.6811(10)
a (deg) 90 78.878(3) 71.672(10)
S (deg) 92.964(10) 77.180(3) 88.366(10)
y (deg) 90 74.962(3) 77.556(10)
V (A3) 5373.0 2182.5 2029.5
Z 2 1 1
peaca(g cm®)  1.914 1.900 1.677
u (mmY) 6.01 6.84 4.01
T(°C) —-110 —-130 —100
Ru(F?)? 0.066 0.061 0.138
R(F)® 0.038 0.026 0.059
S 1.03 1.00 0.75
Ap (e A3) 1.22 1.49 3.8

AawWR2(F?) = [Y{W(F? — FAA/S{w(F,2)?]°° for all of the
reflections;w! = 0°Fy2 + (aP)? + bP, whereP = [F,? + 2F?)/3 and
aandb are constants adjusted by the progrdmR1(F) =3 ||Fo| — |Fdl|/

Y |Fol for reflections withF > 4oF. ¢ S= [S{W(Fs?> — FAZ/(n — p)]°5,
wheren is the number of reflections arlis the number of refined
parameters.

versity of Gdtingen, Germany). Hydrogen atoms were included using
a riding model or with rigid methyl groups. (Special features of
refinement: in7-2Me,CO, the acetone and the anion are disordered
over two positions.)

[PtCly(cod)] (cod= 1,5-cyclooctadiene® [AuClI(tht)] (tht = tet-

between polyethylene sheets. Conductivities were measured with arahydrothiophene¥; [TI{S,C=C{C(O)Mg};}],*® and CuC¥ were

Philips PW9501 conductimeter. Melting points were determined on a

prepared as previously reported. NiGH,O (Fluka), AgCIQ (Aldrich),

Reichert apparatus and are uncorrected. C, H, N, and S analyses wer&dCh, and HgC} (Probus) were obtained from commercial sources

carried out with a Carlo Erba 1106 microanalyZerand®P{*H} NMR
spectra were measured in CR@F acetoneds on a Varian Unity 300
spectrometer. Chemical shifts are given in ppm and referred to TMS
(*H) or to HPOy (31P).

and used without further purification. M,C=C{C(O)Me},} L]
[L =PPh, M = Pd (1a), Pt (1b); L, = cod, M= Pt (1d)] and [(PtL)--
AgA S,C=C{C(O)Mg} 2} 2}1(ClO4): [L = PPRy (6d), cod @h)] have been
reported recently by u¥.

Magnetic measurements were performed on polycrystalline samples Warning: Perchlorate salts of metal complexes with organic ligands

of complexeslOand11in the temperature range 0of-300 K with an
applied magnetic fieldfol T using a Quantum Design MPMS-XL-5
susceptometer equipped with a SQUID sensor. For both of the
compounds, a sample holder correction (obtained by a previous

are potentially explosive and should be prepared only in small amounts.
[{M(PPhg)H{ Ag(PPhe){ S;C=C{ C(O)Me} 2}]CIO4 [M = Pd (2a),

Pt (2b)]. To a solution ofla (149.6 mg, 0.19 mmol) otb (96.8 mg,

0.11 mmol) in acetone (25 mL) were added equimolar amounts of

measurement in the same conditions) and a diamagnetic correctionagClO, and PPh The solution was stirred fob h and concentrated

(obtained from Pascal’s tables) were applied.
X-ray Structure Determinations. The numerical data are presented

under vacuum (2 mL), and diethyl ether (40 mL) was added to
precipitate2aor 2b as a pale yellow solid, which was filtered, washed

in Table 1. Crystals were mounted on glass fibers and transferred to with diethyl ether (2< 5 mL), and dried by suction. Data f@a follow.

the cold gas stream of the diffractometer (Siemens or Bruker Smart
CCD). Data were recorded with Mod<radiation ¢ = 0.710 73 A) in
w-scan mode (with the exception @2MeCO in w and ¢ scans).
Absorption corrections were applied on the basis of multiple scans
(SADABS). Structures were solved by direct methods and refined
anisotropically onF? (program SHELXL-97, Sheldrick, G. M. Uni-

(24) Coucouvanis, D.; Swenson, D.; Baenziger, N. C.; Pedelty, R.; Caffery,
M. L.; Kanodia, S.Inorg. Chem.1989 28, 2829.

(25) Singh, N.; Gupta, SPolyhedron1999 18, 1265.

(26) Caffery, M. L.; Coucouvanis, OJ. Inorg. Nucl. Chem1975 37, 2081.

(27) Coucouvanis, D.; Baenziger, N. C.; Johnson, Slidrg. Chem1974
13, 1191.

(28) Buchweitz, J.; Gompper, R.; Polborn, K.; Robl, C.; Sailer, M.-T.;
Weigand, W.Chem. Ber1994 127, 23.

(29) Huertas, S.; Hissler, M.; McGarrah, J. E.; Lachicotte, R. J.; Eisenberg,
R. Inorg. Chem 2001, 40, 1183.

(30) Vicente, J.; Chicote, M. T.; Gonzalez-Herrero, P.; Jones, P. G
Humphrey, M. G.; Cifuentes, M. P.; Samoc, M.; Luther-Davies, B.
Inorg. Chem.1999 38, 5018.

(31) Vicente, J.; Chicote, M. T.; Huertas, S.; Bautista, D.; Jones, P. G.;
Fischer, A. K.Inorg. Chem.2001, 40, 2051.

(32) Malik, W. U.; Bembi, R.; Bharddwaj, V. KJ. Indian Chem. Soc.
1984 65, 379.

Yield: 201 mg, 83%. Anal. Calcd for gHs:AgCIOsPsPdS: C, 56.53;
H, 4.03; S, 5.03. Found: C, 56.39; H, 4.09; S, 4.80. Mp: iC@Qlec.
An (@71 cnm? mol™): 125. IR (cnT!): 1680 s, 1608 s, 1092 s, 621 s.
IH NMR (CDCl): ¢ 2.11 (s, 6H, Me), 7.177.63 (m, 45H, PPj).
31P{1H} NMR (CDCls, 20 °C): 6 11.82 (s, br), 17.34 (s, br), 22.57
(d), 24.22 (s), 30.17 (s)3*P{*H} NMR (=60 °C): ¢ 8.53 [dd,
2J(109Ag3P) = 717.6 Hz, 2J(1Ag3P) = 626.4 Hz], 18.43 [dd,
2J(1°Ag3P) = 793.6 Hz 2J(**7Ag®'P) = 712.5 Hz], 30.69 (s). Data for
2b follow. Yield: 130 mg, 88%. Anal. Calcd for §gHs1AgCIOgPs-
PtS: C, 52.85; H, 3.77; S, 4.70. Found: C, 52.61; H, 3.94; S, 4.71.
Mp: 160°C. Am (7t cn? mol™): 106. IR (cnTl): 1674 s, 1626 s,
1091 s, 621 stH NMR (CDCl): ¢ 2.14 (s, 6H, Me), 7.177.49 (m,
45H, PPh). 31P{'H} NMR (CDCls, 20°C): ¢ 10-13 (s, br), 17.02 [s
with 195Pt satellites J(*9P£P) = 3118 Hz].3'P{*H} NMR (—60 °C):

0 8.62 [dd,2J(*®°Ag®'P) = 710.7 Hz,2)(**’Ag®'P) = 638.3 Hz], 15.41

(33) McDermott, J. X.; White, F. J.; Whitesides, G. M.Am. Chem. Soc.
1976 98, 6521.

(34) Uson, R.; Laguna, J.; Vicente, J. Organomet. Chenml977, 131,
471.

(35) Jolly, W. L.Synthetic Inorganic Chemistri?rentice Hall: New York,
1960; pp 142-143.
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[dd, 23(*°°Ag3'P) = 720.8 Hz 2J(*°/Ag®'P) = 626.4 Hz], 16.88 [s with evaporation of the solution used to study the NMR spectifa oficlinic

19pt satellites J(OPEP) = 3123 Hz]. crystals of 7:2Me,CO grew in an attempt to crystallizé. Both
[{M(PPhs)2} { Ag(PPhg)} o S;C=C{ C(O)Me} 2} ](ClO4), [M = Pd modifications were studied by X-ray diffraction methods.

(3a), Pt (3b)] To a solution ofla (162.4 mg, 0.20 mmol) otb (110 [{ Pt(cod)} .Pt{ S,C=C{ C(O)Me} 5} ;](ClO4), (8). To a suspension

mg, 0.12 mmol) in acetone (25 mL) was added 2 equiv of both AGCIO  of 6b (177.4 mg, 0.13 mmol) in acetone (40 mL) was added PtCl

and PPh The solution was stirred for 23¢) or 5 3b) h in the dark (34.5 mg, 0.13 mmol). The resulting orange suspension was stirred for

and concentrated under vacuum (2 mL), and diethyl ether (40 mL) 22 h, the solvent was removed under vacuum, and the residue was
was added to precipitatéa or 3b as a pale yellow solid, which was  extracted with dichloromethane (2 25 mL). The combined extracts
filtered, washed with diethyl ether (2 5 mL), and dried by suction.  ere filtered through Celite, the solution was concentrated (3 mL) under
Data for3a follow. Yield: 296 mg, 85%. Anal. Calcd for fHssAg2- vacuum, and diethyl ether (40 mL) was added to precipitate an orange
Cl20:0P/PdS: C, 53.71; H, 3.81; S, 3.68. Found: C, 53.65; H, 3.83; solid, which was filtered, washed with diethyl ether (5 mL), and dried
S, 3.63. Mp: 105C dec.Ay (7 cn? mol™): 243. IR (cn?): 1675 by suction. Yield: 143 mg, 82%. Anal. Calcd fopdEizeClo01PESs:

s, 1633 s, 1091 s, 62241 NMR (CDCl): 6 2.00 (s, 6H, Me), 7.18 C, 24.95; H, 2.69; S, 9.49. Found: C, 24.24; H, 2.87; S, 9.03. Mp:
7.45 (m, 60H, PPJ. 3'P{*H} NMR (CDCl;, 20 °C): 6 10.7 (s, br), 168°C. Ay (@1 cn? mol-2): 171. IR (cnl): 1680-1638 s br, 1096
16.1 (s, br), 30.05 (sj*P{*H} NMR (=60 °C): ¢ 12.50 [dd,23(*** vs, 621 s3H NMR (CDCl): 6 2.16-2.80 [m, 28H, Met+ CHy(cod)],

AgP'P) = 737.8 Hz,2J(1Ag?'P) = 640.6 Hz], 30.45 (s). Data f@b 5.62 [s, 8H, CH (cod)].

follow. Yield: 187 mg, 85%. Anal. Calcd for@466A92C|2010P4PtSZ [{ Pt(PPh;)z}zHg{SzC=C{ C(())lvle}2}2](C|()2)2 (9) Solid chb
C 51.11; H, 3'63'5' 3.50. Fgu'nd. C, 50'66'1".|' 3.61; S, 4.00. Mp: (568 mg, 0.10 mmol) was added to a suspensiofa(217.5 mg,
146°C dec. Ay (@ * e mol™): 247. IR (cm): 1674's, 1626'S, 6 19 mmol) in dichloromethane (30 mL). While being stirred, the
1099 s, 622 s:H NMR (CDCL, 20°C): 6 2.11 (s, 6H, Me), 7.26 suspension changed to pale yellow, intense yellow, and finally orange.
7.50 (m, 60H, PPY). *H NMR (—60 (3:1)' ?2'14 (s, 3H, Me), 2'027 (S' After 18 h, the suspension was filtered, the orange solution was
3H, Me), 7.15-7.53 (m, GO.H’QPPQ' P{. H} '\llyR l(CD_CI3' 20°C). concentrated (3 mL), and diethyl ether (40 mL) was added to precipitate
0 10.65 (s, br), 15.70 [s with*Pt satellites )(*PE'P) = 3163 Hz]. a yellow solid, which was filtered and suction dried. Yield: 175 mg,
P{H} NMR (~60°C): 012.21 [dd J(AG*P) = 738 6 HZ (V™ gg04 Anal. Calcd for GH7,CLHgOLPPLS: C, 46.13; H, 3.32; S
Ag3P) = 624.4 Hz], 16.07 [s witl#5Pt satellites J(19P#P) = 3165 5.86. Found: C. 45.88 H 3.23' S. 5.53 Mp"l‘ZtS déc /’\M (QL1 '
ol 86. Found: C, 45.88; H, 3.23; S, 5.53. Mp: .
[{PUPPR)H{AU(PPh)}{ SC=C{C(O)Me} 1]CI0. (4). Undera o/ ) (CDCk) 6 225 (5, 120, Me). 1 38747 (. 60, PR
nitrogen atmosphere, [AuCI(PBh(128.6 mg, 0.26 mmol) and AgCIO SIP[1H} NMR: o 16.18 (s with Pt satelliteslop = 3183 Hz).‘

(53.6 mg, 0.26 mmol) were reacted in acetone (25 mL) for 0.5 h, the _ _ . o
suspension was filtered to remove AgCl, and the solution was added [{PYPPhe)2} o SZC_C{C(IME)_O} 2} NiJ(CIO 4), (10). Solid NiCl
dropwise to a suspension &b (232 mg, 0.26 mmol) in acetone (40 6H,0 (14.6 m%’ 0%6 mmo) W";S added t0 a Suﬁﬁ)e?)gmuag h
mL). After being stirred for 2.5 h the reaction mixture was filtered M9: 0-06 mmol) in dichloromethane (30 mL). While being stirred, the
through Celite, and the solution was concentrated (3 mL) under vacuum. suspension changed from pale yellow to bright yellow and then finally

: y L : to greenish yellow. Nineteen hours later, the suspension was filtered
Diethyl ether (40 mL) was added to tdte: ale yell lid, X

Akd r (40 ml) was a Preciplisias a pas ys low sot through anhydrous MgSQand the solution was concentrated to 3 mL.

which was recrystallized from acetone and diethyl ether, dried by " . i : .
suction, and then dried in an oven at8Dfor 1 h. Yield: 346.3 mg, Diethyl ether (40 mL) was added to give a greenish-yellow solid, which

92%. Anal. Calcd for GHs;AUCIOPPLS: C, 49.55: H, 3.54: S, 4.41. was recrystallized from dichloromethane and diethyl ether and then

Found: C, 49.39; H, 3.63; S, 4.18. Mp: 20@ dec.Ay (Q~* cr? suction dried. Yield: 99 mg, 80.7%. Anal. Calcd fogs872CI,NiO1Ps-
mol-Y): 140. IR (cnrl): 1687 s, 1634 s, 1087 s, 621 %1 NMR ~ PbSe C,49.33; H, 3.55, S, 6.27. Found: C, 49.06; H, 3.87; S, 6.99.
(acetoness): o 2.19 (s, 6H, Me), 7.237.74 (m, 45H, PP}. 31P{H} Mp: 90°C dec.Ay (@~ en? mol™): 179. IR (cm*): 1608 w, 1092
NMR (acetonede): o 16.76 [s with®Pt satellitesJ(9PEP) = 3170 S 622 s'H NMR (CDCh): 6 2.36 (s, br, 12H, Me), 7.067.60 (m,
Hz], 34.61 (s, AUPPY). 60H, PPh). 31P{*H} NMR (CDCl): 6 20.38 (s with Pt satelliteslpp:

[{ Pt(PPhy)2} { Au(PPhs)} o S;C=C{C(O)Me} 2} [(CIO )2 (5). [AUCH- = 3131 Hz).
(PPh)] (383.2 mg, 0.77 mmol) and AgCl((160.6 mg, 0.77 mmol) [{ Pt(PPhg)2} A S;C=C{ C(Me)=O0} 2} o{ Cu(OClO3z)2}] (11). Solid

were reacted in acetone (35 mL) under a nitrogen atmosphere for 0.5CUCI (13.3 mg, 0.13 mmol) was added to a suspensioBadfl48.6

h. The suspension was filtered to remove AgCl, and the solution was Mg, 0.07 mmol) in dichloromethane (25 mL) under anatmosphere.

added dropwise to a suspensioribf(344 mg, 0.39 mmol) in acetone ~ While the resulting suspension was stirred for 24 h, it turned more

(40 mL). After being stirred for 3 h, the reaction mixture was filtered Pale and greenish. It was filtered through Celite, the solution was

through Celite, and the solution was concentrated (3 mL) under vacuum. concentrated (3 mL), and diethyl ether (40 mL) was added to give a

Diethyl ether (40 mL) was added to precipitate a white solid, which green solid, which was filtered, recrystallized from dichloromethane

was recrysta"ized from acetone and d|ethy| ether’ dried by Suction’ and dlethyl ether, and then suction dried. It was then further dried in

and then dried in an oven at 8@ for 2 h. Yield: 780 mg, 99%. Anal. ~ an oven at 60°C overnight. Yield: 105 mg, 76%. Anal. Calcd for

Calcd for GgHesAUCLO1PPtS: C, 46.58; H, 3.31; S, 3.19. Found:  CeaH7Cl.CUOLP/PLS,: C, 49.21; H, 3.54; S, 6.25. Found: C, 48.92;

C, 46.43; H, 3.37; S, 4.56. Mp: 17&. Ay (Q* cn? mol-%): 240. H, 3.56; S, 6.29. Mp: 196C dec.Am (Q* cn? mol™?): 388. IR

IR (cm™Y): 1674 s, 1650 s, 1087 s, 621%1 NMR (acetonedg): o (em™): 1583 vs, 1093 vs, 622 s, 537 s, 518 s, 507 5, 49H MR

2.23 (s, 6H, Me), 7.227.75 (m, 45H, PPY). 3'P{'H} NMR (acetone- (CDCk): 6 2.17 (s, 12H, Me), 7.087.80 (m, 60H, PPy). *P{*H}

de): 0 15.97 [s with?9%Pt satellites,J(A*5P£¥P) = 3195 Hz], 34.24 (s, NMR (CDCly): 6 18.73 [s (br) with Pt satellites]pps = 3049 Hz].

br, AuPPh), 45.20 [s, Au(PP§,']. Single crystals ofL1 were grown from dichloromethane/diethyl ether.
[{ Pt(PPhs)2} 2Au{ S;,C=C{ C(O)Me} 2} 2](CIO 4); (7). Solid [AuCI- [{ Pt(PPhg)2} of S;C=C{ C(Me)=0} 2} o{ Cd(OClO3)2}] (12). Solid

(tht)] (51.3 mg, 0.16 mmol) was added to a suspensiofieof179.0 CdCk (10.9 mg, 0.06 mmol) was added to a suspensiofanf130.6

mg, 0.08 mmol) in dichloromethane (15 mL), and the mixture was mg, 0.06 mmol) in acetone (30 mL), and the reaction mixture was stirred

stirred for 17 h. The resulting suspension was filtered, the yellow for 18 h. The color of the suspension turned to pale yellow. The solvent

solution was concentrated (2 mL), and diethyl ether (40 mL) was added was removed under vacuum, and the residue was extracted in

to give a white solid, which was filtered, dried by suction, and dichloromethane (3< 40 mL). The combined extracts were filtered

recrystallized from acetone and diethyl ether. Yield: 147 mg, 76.2%. through anhydrous MgSOThe solution was concentrated (1 mL), and

Anal. Calcd for G4H72AUCl,01.P,PES,: C, 42.38; H, 3.05; S, 5.39. diethyl ether (40 mL) was added to precipitate a yellow solid, which

Found: C, 42.37; H, 3.28; S, 5.56. Mp: 226 dec.Ay (Q7* cn? was filtered and dried first by suction and then in an oven &t@6or

mol™): 247. IR (cnl): 1685s, 1673 s, 1533 s, 1093 s, 622 s, 5655, 15 min. Yield: 110 mg, 87%. Anal. Calcd forg72CdCLO1Ps-

534 s, 515 sH NMR (CDCly): 6 2.67 (s, 12H, Me), 7.267.48 (m, PtSs: C, 48.06; H, 3.46; S, 6.11. Found: C, 48.30; H, 3.79; S, 7.68.

60H, PPh). 3'P{H} NMR (CDCLk): ¢ 9.78 (s with Pt satelliteslpp: Mp: 97 °C dec.Ay (Rt cnm? mol™1): 272. IR (cnt?): 1626 s, 1092

= 3306 Hz). Monoclinic crystals of7-6CDCk grew by the slow vs, 622 s.'H NMR (CDCL): ¢ 2.18 (s, 12H, Me), 7.227.43 (m,
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o \M/PPhS (CI04)2 Mo Pty
— /\ ~PPh, 3a Pd Ag s L
Me s” MPPh, b Pt Ag _ [ oM (CIOY)2
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o) MPPhy 5 Pt Au
- \ 8 Pt cod
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i) [AUCI(tht)] - AgCl - tht
60H, PPR). 3'P{'H} NMR (CDCl): ¢ 17.98 (s with Pt satellites, Me
Jope= 3076 Hz). S 0 S
Results and Discussion <s _Me S
The syntheses of complexes [M(RRHS,C=C{ C(O)Mg} 5} - 0

Lo] [M = Pd (@a), Pt (Lb)] from [TI{S,C=C{C(O)M¢e};}],%°

[MCI>(NCPh)] (M = Pd, Pt), and PRhhave been recently  (PPR)2}Aux{ S;C=C{C(O)Mg} 2} 2](ClO,), (7). Similarly, het-
reported by us! These complexes can be used as sulfur-donor erotrinuclear complexes, namelyHt(cot} .P{ S,C=C{ C(O)-
ligands toward Ag(l) and Au(l) centers. Thus, the reactions in Me}2}2](ClO4), (8) and [ Pt(PPR)2} ;HY{ S;,C=C{ C(O)M¢g} 2} ;]-
acetone betweerda or 1b and AgCIQ and PPBb produce (ClOy)2 (9), are obtained along with AgCI from the reaction of
heterodinucleagfM(PPh).} { Ag(PPh)}{ S;,C=C{ C(O)M€} 5} ]- 6b with PtCL or of 6awith HgCl,, respectively (Scheme 2). A
ClO4 [M = Pd @a), Pt 2b)] or trinuclear [ M(PPhy)2}{Ag- different family of heterotrinuclear complexes can be obtained
(PPh)} o S,C=C{C(O)Me} ;}]CIO, [M = Pd @a), Pt 3Bb)] by reactingéa with NiCl,-6H,0, CuCl, or CdCJ. Thus, in the
complexes depending on the molar ratio of the reagents, 1:1:1first case, the compleX Pt(PPh)2} o S;C=C{ C(Me)=0} 2} 2Ni]-

or 1:2:2, respectively (Scheme 1). Similarly, the homologous (ClO4), (10) (Scheme 3) is obtained. The related reaction
PtAu or PtAy complexes{Pt(PPh),;} { Au(PPh)}{ S,C=C{ C- between6a and CuCl is rather different; the hexacoordinated
(O)Me}2}]CIO4 (4) or [{Pt(PPR)2}H{ Au(PPhy)}. {S;C=C{C- copper(ll) species {Pt(PPh)2} o S;C=C{ C(Me)=0} 2} o Cu-
(O)Me} 2} CIO4 (5) can be obtained by the slow addition of an  (OCIOs)2}] (11) results after a disproportionation process and
acetone solution of [Au(PRF{OCMe)]CIO, [obtained by the coordination of two perchlorato anions and both oxygen
reacting in acetone under nitrogen equimolar amounts of [AuCI- atoms of two 2,2-diacetyl-1,1-ethylenedithiolato ligands of
(PPh)] and AgCIQ, and then filtering off the precipitated AgCl  complexl1b. Copper(0) is removed along with AgCI by filtration
(see the Experimental Section)] to another containing 1 or 0.5 through Celite. The reaction with CdCgives [ Pt(PPh),} »-
equiv, respectively, ofilb in the same solvent. Complexds {SC=C{C(Me)=0} 5} { Cd(OCIG);}] (12). Although we could
and5 can also be obtained by reacti@g or 3b, respectively, not get an appropriate sulfur analysis for complex(Anal.

with an equimolar amount of [AuCI(tht)]. In these reactions, Calcd: S, 6.11. Found: S, 7.50.64 in different samples), the
the precipitation of AgCl and displacement of the labile tht satisfactory values for C and H as well as the spectroscopic
ligand take place, resulting in the substitution of silver by gold data (see the following paragraphs) suggest that the compound
(Scheme 1). Complexed—5 have been obtained in good to is pure and that the problem is due to the analytical procedure.
excellent yields (7599%). They are stable in the solid state, Crystal Structures of Complexes.The crystal structures
and the photostability of the silver complexes is remarkable. In (Table 1) of 7-6CDCk (monoclinic, Figure 1 and Table 2;
solution, they are also stable, with the exception of the gold henceforth7a), 7-2Me,CO (triclinic, Table 2; hencefortfb),
derivatives4 and 5 which decompose in dichloromethane to and11 (Figure 2 and Table 3) have been measured, and all of

give mixtures containing [Au(PRJ3]CIO4 and [AuCI(PPh)] these were found to exhibit crystallographic inversion symmetry.

(by 3P NMR). Those of complexeda, 1b, 6a-Me,CO, and6a-2EL,O were
We have recently reported that, in the absence of addeg PPh previously reported!

the reaction oflb or 1c (Scheme 2) with AgCIQ gives the Complex7 results from the coordination to Au(l) of both

tetranuclear BAg, derivatives6a or 6b, respectively’! Both sulfur atoms of the metalloligand compléb, and its crystal

complexes are efficient transmetallating reagents. Tausacts structures show tetranucleap®t, dications, perchlorate anions,
in dichloromethane with [AuClI(tht)] (1:2) to give AgCl an{ift- and solvent molecules. Upon coordinationlafto gold, some
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Figure 1. Structure of the cation of compleXa in the crystal.
Ellipsoids represent 50% probability levels. Solvent and H atoms
omitted for clarity. Only the shorter AtrPt contacts are included as
dashed lines.

Scheme 3

S
>[Pt] (ClOy)2

S 10

- AgCI | + NiCly6H,0

_ -
S—Ag-/—$
\_—d \| oo
[p{] | 6a
+ CdCl, +2CuCl
-2 AgCl -Cu-2AgCl

Me M
( = - 12 cd
S Me S
(@]
[Pt] = P{PPhg),

of the main features of its crystal structtrare preserved in
those of7, such as the&,E conformation of the 2,2-diacetyl-
1,1-ethylenedithiolato ligand, the nearly planapCECS,

skeleton [mean deviations of the six atoms S(1), S(2), C(1),

C(2), C(3), and C(5) are 0.058) and 0.03 Tb) A], and the
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Table 2. Selected Bond and Interatomic Distances (A) and Bond
Angles (deg) for Complex

7a 7b

monoclinic triclinic
Pt-P(1) 2.2773(12) 2.2876(9)
Pt+P(2) 2.2963(12) 2.2896(8)
Pt-S(2) 2.3717(12) 2.3704(7)
P+S(1) 2.3810(12) 2.3562(8)
Au—S(1) 2.3154(12) 2.3202(8)
Au—S(2)#1 2.3403(12) 2.3136(7)
Aus--Au#l 2.9477(5) 3.0347(3)
Au---Pt#1 3.2235(5) 3.334(3)
Au---Pt 3.4861(5) 3.5014(3)
S(1)-C(1) 1.802(4) 1.792(3)
S(2-C(1) 1.796(5) 1.805(3)
C(1)-C(2) 1.342(6) 1.325(4)
C(2)-C(3) 1.498(7) 1.519(4)
C(2)—-C(5) 1.522(7) 1.503(4)
C(3)-0(1) 1.209(6) 1.196(4)
C(3)-C(4) 1.480(8) 1.485(5)
C(5)-0(2) 1.193(6) 1.214(4)
P(1)-Pt—P(2) 98.95(4) 100.17(3)
P(1)-Pt-S(2) 169.51(4) 170.73(3)
P(2)-Pt—-S(2) 91.31(4) 89.08(3)
P(1)-Pt-S(1) 94.71(4) 95.52(3)
P(2)-Pt—-S(1) 164.38(4) 159.39(3)
S(2-Pt=S(1) 75.43(4) 75.63(3)
S(1)-Au—S(2)#1 176.44(4) 175.20(3)
C(2)-C(1)-S(2) 128.6(4) 126.5(2)
C(2-C(1)-S(1) 122.8(4) 125.6(2)
S(2-C(1)-S(2) 107.8(2) 107.35(16)
C(1)-C(2-C(3) 127.9(5) 120.0(3)
C(1)-C(2)-C(5) 119.8(4) 118.8(3)
C(3)-C(2)-C(5) 112.2(4) 121.3(3)

narrow S(1)-Pt-S(2) angle [74.43(4)7d) and 75.63(3) (7b)]
imposed by the chelating ligand. The environment of the
platinum atom deviates from planarity appreciably mor& in
[mean deviations of the five atoms S(1), S(2), Pt, P(1), and P(2)
are 0.095 Ta) and 0.141 Tb) A] than in 1b (0.061 A). The
Pt=S and G=C bond distances i@ show only small variations
with respect to the corresponding valueslin. The olefinic
C(1) and C(2) atoms are in distorted but perfectly planar trigonal
environments showing narrow SEAE(1)—S(2) angles [107.8-
(2)° (7a) and 107.35(16) (7b)]. The gold atoms in7 are in
distorted linear environments {Au—S; 176.44(4) (7a) and
175.20(3) (7b)], display short aurophilic contacts [AuAu;
2.9477(5) {a) and 3.0347(3) 1b) A],3¢-54 and also weak

(36) Vicente, J.; Chicote, M. T.; Lagunas, M. [Borg. Chem.1993 32,
3748.

(37) Angermaier, K.; Schmidbaur, H. Chem. Soc., Dalton Tran$995
559.

(38) Jones, P. GGold Bull. 1981, 14, 102.

(39) Jones, P. GGold Bull. 1981, 14, 159.

(40) Jones, P. GGold Bull. 1983 16, 114.

(41) Jones, P. GGold Bull. 1986 19, 46.

(42) Schmidbaur, H.; Graf, W.; Mier, G. Angew. Chem., Int. Ed. Engl.
1988 27, 417.

(43) Schmidbaur, HGold Bull. (Genea) 199Q 23, 11.

(44) Scherbaum, F.; Grohmann, A.; Huber, B.;"#eun, C.; Schmidbaur,
H. Angew. Chem., Int. Ed. Endl988 27, 1544.

(45) Vicente, J.; Chicote, M. T.; Gofitez-Herrero, P.; Jones, P. G.Chem.
Soc., Chem. Commut995 745.

(46) Vicente, J.; Chicote, M. T.; Guerrero, R.; Jones, PJGAm. Chem.
Soc.1996 118 699.

(47) Vicente, J.; Chicote, M.-T.; Abrisqueta, M.-D.; Guerrero, R.; Jones,
P. G.Angew. Chem., Int. Ed. Endl997, 36, 1203.

(48) Vicente, J.; Chicote, M. T.; Gonea-Herrero, P.; Gmwald, C.; Jones,
P. G.Organometallics1997 16, 3381.

(49) Vicente, J.; Chicote, M. T.; Lagunas, M. C.; Jones, P. G.; Ahrens, B.

Inorg. Chem.1997, 36, 4938.

Vicente, J.; Chicote, M. T.; Abrisqueta, M. D.; Jones, P. G.

Organometallics1997 16, 5628.

(50)
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Figure 2. Structure of complexX 1 in the crystal. Ellipsoids represent 50% probability levels. H atoms omitted for clarity.

Table 3. Selected Bond Distances (A) and Angles (deg) for Table 4. C—H---O Hydrogen Bonds
Complex11® system G-H-+-0 HO(A) C—H--0 (deg)
Pt-P(2) 2.280(2) S(BC() 1.718(8)
Pt-P(1) 2299(2) S(2yC(1) 1738(9) Ll (o 2 2 o 1
Pt—S(1) 2.328(2) O(1yC(3) 1.262(9) C(93)-H(93)+-O(12p* 210 173
Pt-S(2) 2.360(2) O(2}C(5) 1.270(9) C(92)-H(92)--O(13p 541 127
Cu-0(1) 1.892(6) C(13C(2) 1.429(10) b C(66)-H(66Y--O(1) 5 56 126
Cu-0(2) 1.917(6) C(2-C(5) 1.437(12) C(6)-H(Ba)--O(2) 251 169
Cu-0(3) 2.715(9) C(2}C(3) 1.475(12) n C(34)-H(34y-O(5y 549 141
Eg;:ﬁ::g% giiéggg g&i:}}gg)):g gg?gg #C—H are from phenyl groups and O from ligands unless otherwise
P(1)-Pt-S(2) 94.23(8) C(2¥C(1)-S(1) 123.0(7) stated.? Solvent C-H. ¢ Perchlorate oxygert.Ligand C—H.
S(1)-Pt-S(2) 73.14(8) C(2}C(1)-S(2) 129.2(6)
0O(1)-Cu—0(2) 90.0(3) S(LyC(1)-S(2) 107.8(4) 6a, and7. The coordination of the metalloligarih to Cu(ll)
8%—23—88; gg-i% gggg%—gg ﬁ%gg% through the CO groups induces the lengthening of both the CO
i - - : bonds [1.262(9), 1.270(9) AL(); 1.223(7), 1.213(7) Axb)]

OE#-Cu-0@) 180 CEre@-CcE  1197(7) and the C(13-C(2) bonds [1.429(10) A1) and 1.349(7) A

a Symmetry transformations used to generate equivalent atoms: (#1)(1b)] and the shortening of the-SC [1.718(8), 1.738(9) Aj(1);
% -y+1-z+1 1.757(6), 1.783(6) A1b)] bonds. The C(2}C(O) bond lengths

) ) in 11 and1b cannot be compared meaningfully because of their
Pt--Au [3.2235(5) {4) and 3.334(3)Tb) A] interactions. We  pigh standard deviations. However, the mean valua 1d1.456
regard the longer contacts of 3.4861(3p) and 3.5014(3) A &]is significantly shorter than that for complex@s, 6a, and
(7b) from the gold to the second platinum atom as less 7 11 501 A]. All of the above-mentioned changes suggest an
important, and we have not included such a contact explicitly glectronic delocalization over the,SC—C—(CO), bonds, as
in Figure 1 or in Schemes 2 or 3. The-8u bond distances in indicated in Scheme 3. Ih1, the weakening of the €C bond
7[2.3154(12), 2.3403(12) Arg); 2.32136(7), 2.3202(8) A7p)] allows the planar fragments=€CS, [mean deviation<0.001
are shorter than the-SAg distances found in the crystal struc- A] and G,C=C [mean deviation 0.008 A] to form an angle of
ture of the homologous silver comple@a®! [2.4265(11), 24.0°, while the P(1)-Pt—P(2) and G=CS; planes subtend to
2.4591(11) A 6a-Me;CO); 2.4116(9), 2.4337(9) A66:2E%0)], an angle of 7.0 Both acetyl groups are rotated (by 29dnd
in agreement with the recent assignment of a smaller covalentl5.80) out of the GC=C plane.

radius for gold than for S,”\’er'{? As in the case of6a, the All three of the structures display-€H:+-O contacts that
coordination plane of platinum ifi is perpendicular (within - ight reasonably be interpreted as hydrogen bonds; the corre-
7°) to the SAu; plane. sponding dimensions (excluding those involving disordered

The crystal structure df1 (Figure 2) shows the copper atom  groups) are presented in Table 4. The shortest involve the well-
in a distorted octahedral environment of oxygen atoms from ordered deuteriochloroform solvent molecules7ef
two mutually trans monocoordinated perchlorato ligands  NMR Spectra. In theH NMR spectra of complexeéb and

[Cu—0(3) 2.715(9) A] and two molecules of complék. This 8, the resonances of the methylene protons of the cod ligand
requires that the 2,2-diacetyl-1,1-ethylenedithiolato ligands adopt overlap with those of the methyl protons of the dithiolene ligand,
the E,E conformation, in contrast with that in complexéb, which cannot be inequivocally assigned. For all of the other

complexes these protons give a unique resonance (broad in the
(51) Vicente, J.; Chicote, M. T.; Saura-Llamas, I.; Lagunas, M. C.;Remi case 0fL0) in the range of 2.062.80 ppm. The equivalence of
de Arellano, M. C.; Gondaz-Herrero, P.; Abrisqueta, M. D.; Guerrero,  the methyl groups could be related to BrE conformation of

R. In Metal Clusters in Chemistrraunstein, P., Oro, L. A., Raithby, L . . . .
P. R., Eds.; John Wiley-VCH: Weinheim, Germany, 1999; Vol. 1.p the 1,1-ethylenedithiolato ligands in solution (as confirmed for

493, 11 by its crystal structure) or, if the ligands adopt tBeZ
(52) Vicente, J.; Chicote, M. T.; Abrisqueta, M. D.; Jones, P. G.; Humphrey, conformation (see the crystal structureslof 6a, and7),3! to
M. G.; Cifuentes, M. P.; Samoc, M.; Luther-Davies, Grganome- the free rotation of the acetyl groups around theGbond in
tallics 200Q 19, 2968. . . . 31 1301
(53) Vicente, J.; Chicote, M. T.; Guerrero, R.; Saura-Llamas, I. M.; Jones, Solution. Th|5_ was confirmed fotb® by its *3C{*H} NMR
P. G.; Rarfmez de Arellano, M. CChem—Eur. J. 2001, 7, 638. spectrum, which shows one resonance for each of the Me, C(O),
(54) Vickery, J. C.; Olmstead, M. M.; Fung, E. Y.; Balch, A. Angew. and C=C nuclei.

Chem., Int. Ed. Engl1997 36, 1179. . . . .
(55) Bayler, A.; Schier, A.; Bowmaker, G. A.; Schmidbaur JHAm. Chem. Coordination oflato silver in complexea and 3a does

S0c.1996 118 7006. not produce any significant shifting of tR&{*H} NMR singlet
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resonance of the Pd(PPRhmoiety [29.71 (a), 30.17 @a), and
30.45 @a) ppm]. In complexlb and those that contain it as a
ligand, the PRIPPh), resonance is observed at room temper-
ature as a singlet witf?3Pt satellites. In most cases, theand
J(*9Pt—31P) values (in the ranges of 15:700.38 ppm and
3049-3195 Hz) are similar to those dfb [6 19.15 ppm;
J(*Pt—281P) = 3041 Hz]. When the chemical shift of the
resonance due to the fPPh), moiety is compared for the
pairs of complexe¢2a and2b; 3a and3b), which differ only

in the metal & (Pd), b (Pt)], an appreciable low-field shift is

Inorganic Chemistry, Vol. 40, No. 24, 2006199

coincidence occurs. Thiagp values suggest that the complexes
of 3 be dicoordinated at silver. In the gold complexeand5,
the Me protons are isochronous as are ¥renuclei.

IR Spectra. The IR spectra, measured in the solid state, show
several bands (see the Experimental Section) in the-164960
cm! region that cannot be unequivocally assigned(©=0)
or »(C=C) stretching modes because these have proved to be
coupled in other carbonyl-containing pusbull ethylenes$® The
bands at higher frequencies (over 1600 &mlargely reflect
the strength of the €0 bond?® and their lowering in energy

observed for the palladium complexes, as we had previously could be attributed to conjugation within theCS=C{ C(O)Me} »

observed in the pair of complexéa and1b3! and had related
to the greater strength of the-Pt with respect to the PPd
bonds. While for complegathis resonance)(18.78 ppm) and
the J(*1°*Pt—31P) coupling constant (3068 Hz) are included in
the above-mentioned ranges, its homologous gold complex
gives lowerd (9.78 ppm) and highed(**Pt—31P) (3306 Hz)

ligand or to coordination of the carbonyl oxygen atoms to a
metal center. In the 18661600 cnt! region, the spectra of
complexesl0—12 have the same appearance, showing only one
strong absorption band close to 1600 @pwhile in those of

1b, 1c, 6a and 7—9, several other intense bands are also
observed at higher frequencies. On the basis of the analogy of

values. This is especially surprising, taking into account that their IR spectra and on the crystal structurel@f we assume
no appreciable modification of these parameters occurs whenthat, also in complexe&0 and 12, the 1,1-ethylenedithiolato

silver in 2b [0 17.02 ppm;J(*%5Pt—31P) = 3118 HZz] or3b [0
15.70 ppm;J(*9Pt—381P) = 3163 Hz] is replaced by gold to
give 4 [0 16.76 ppm;J(*¥5Pt—31P) = 3170 Hz] or5 [6 15.97
ppm; J(19Pt—31P) = 3195 Hz], respectively. Because all of the
phosphorus nuclei of are isochronous, the different AuPt
contacts in the solid state are not preserved in solution.

In the room-temperature spectra of comple2esd3, broad
resonances are observed for the’¥®Ph units, suggesting that,

ligands coordinate to Ni or Cd, respectively, through the
carbonyl oxygen atom, which accounts for the shift to a lower
energy in the carbonyl frequency. Similarly, on the basis of the
crystal structures of complexdd, 6a, and7 and the analogy

of their IR spectra with those &and9, we assume that, in all

of them, the 1,1-ethylenedithiolato ligands act as sulfur donors.
It is reasonable to assume that,dnthe geometry around the
central platinum atom is square planar. However, the geometry

in solution, intermolecular interchange processes occur, as wearound the mercury atom in compléxould be tetrahedral or

have previously observed in other AgRRlomplexes® In the
low-temperature spectra @a and 2b, these resonances split

square planar because both geometries are found in some related
diorganodithiocarbamate complex&s3

into three pairs of doublets. Because each pair of doublets arises The bands at ca. 1500 ¢y which in the spectra of—9

from 31P—107Ag and3P—19%Ag spin—spin coupling, we assume
that three complexes are present in the CD&illutions of
complexeaand2b at low temperature®¥ When the influence
of the coordination number on tligye values for [Ag(PAg)nX]
complexes are taken into accodh® the most abundant species
in the low-temperature solution @aor 2b [(2a) ¢ 15.66 ppm,
Jdagp = 626, 717 Hz; 2b) 6 15.41 ppmJage = 626, 721 Hz]

could be tentatively assigned #C=C), are absent in those of
10—-12. The spectra of complex&s-12 show intense perchlo-
rate bands at around 1100 and 620 énThe broadening or
splitting of the higher-energy band in the spectra8af3b, or

12 is indicative of the symmetry descent caused on the
perchlorato group upon its interaction (AgDCIOs) or coor-
dination (Cd-OCIG;) in the solid state. On the basis of this,

could be a dicoordinated complex. The second most abundantcomplexes3 and12 are probably tricoordinated and octahedral,

complex, with similalagp values, could also be a dicoordinated
complex [Ra) 6 12.66 ppmJage = 608, 694 Hz; 2b) 6 12.13

respectively, in the solid state. In fact,-8 are the usual
coordination numbers foundin cadmium perchlorato compléxés.

ppm, Jage = 638, 711 Hz] while the scarcest one seems to be Surprisingly, no splitting is observed in the spectrumidf

a tricoordinated complex 28) 6 8.53 ppm,Jage = 409, 468
Hz; (2b) 0 8.62 ppm,Jage = 413, 471 Hz]. Because PPIs

despite its crystal structure showing weakly coordinating QCIO
ligands.

coordinated in the three species, the second ligand in the Magnetic MeasurementsThe copper compleg1 presents
dicoordinated complexes could be an S-donor atom or,CIO  a constant value of 0.37 emu K miélfor the Curie constant in
In the tricoordinated complex, the other two ligands could be the temperature range of-300 K. This value is in good

both S-donor atoms, one S-donor atom and £t CIO, acting
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