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The reactions of [Tl,{ S,C=C{C(O)Me},}], with [MCI,(NCPh),] and CNR (1:1:2) give complexes [M{#7*S,C=
C{C(O)Me},} (CNR),] [R = 'Bu, M = Pd (1a), Pt (1b); R = CsHsMe-2,6 (Xy), M = Pd (2a), Pt (2b)]. Compound
1b reacts with AgCIO;4 (1:1) to give [{ Pt(CNBU).} 2AG{ 1217%(S,S')-{ S:C=C{ C(O)Me} 2} 5} 1(CIO,), (3). The reactions
of 1 or 2 with diethylamine give mixed isocyanide carbene complexes [M{#?-S,C=C{C(O)Me}.}(CNR)-
{C(NEL)(NHR)}] [R = 'Bu, M = Pd (4a), Pt (4b); R = Xy, M = Pd (5a), Pt (5b)] regardless of the molar ratio
of the reagents. The same complexes react with an excess of ammonia to give [M{ %?-(S,S')-S,C=C{ C(O)Me} ;} -
(CNBU){ C(NHZ)(NHBU)}] [M = Pd (6a), Pt (6b)] or [M{#%-(S,S")-S,C=C{ C(O)Me} 2} { C(NH2)(NHXy)} ;] [M = Pd
(7a), Pt (7b)] probably depending on steric factors. The crystal structures of 2b, 4a, and 4b have been determined.
Compounds 4a and 4b are isostructural. They all display distorted square planar metal environments and chelating
planar E,Z-2,2-diacetyl-1,1-ethylenedithiolato ligands that coordinate through the sulfur atoms.

Introduction cesses! The 1,1-ethylenedithiolato ligands have also been
used to stabilize unusually high oxidation stéte'$ or to
facilitate the syntheses of clustéfs?! Most 1,1-ethylene-
dithiolato complexes are mononucléa&rt?-1422-27 glthough
some polynuclear complex&s® including cluster$18.19.3237
are known.

2,2-Diacetyl-1,1-ethylenedithiolato complexes are very
scarce and, until very recently, only a few derivatives

Although 1,2-ethylenedithiolato metal complexes have
been much more intensively studigtan their isomers with
1,1-ethylenedithiolato ligands, the latter have recently at-
tracted much attention mainly because of the interesting
photophysical propertiés® derived from their extensive
electronic delocalization (pustpull ethylenes). Most studies
focus on their solvatochromic behavior and room-temperature
luminescence in solutidn'® and on their possible application
as catalysts in light-to-chemical-energy conversion pro-
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1,1-Ethylenedithiolato Pd(ll) and Pt(ll) Complexes

containing Mn(ll), Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(ll),
were described and only characterized by their elemental

analyses. We have described a family of 2,2-diacetyl-1,1-

ethylenedithiolato complexes of TI(I), Au(l), Au(lI1Bp4°Pd-
(11, and Pt(II}*#?including mononuclear, heterodinuclear
[MM' (M = Pd, Pt; M = Ag, Au)] trinuclear [MM, (M =
Pd, Pt, M = Ag; M = Pt, M = Au; M = Ni, Pt, Cd, Hg,
M’ = Pt)] and tetranuclear [M', (M = Pd, Pt, M = Ag;
M = Pt, M' = Au)] derivatives. Among other 1,1-ethylene-

anhydrous MgSQ) concentration, and addition of £1.47 [Tl,-
{S,C=C{C(O)Mé€};}] was prepared as previously reportéd.
AgCIO, (Aldrich), 'BuNC, XyNC (Xy = CgHsMe,-2,6), NHE%
(Fluka), and NH (Carburos Meticos) were obtained from
commercial sources and used without further purification.

Caution! Perchlorato complexes are potentially explosive.
Preparations on a larger scale than that described here should be
avoided.

[M{n?(S,S)-S,C=C{C(O)Me},} (CNR);] [R ='Bu, M = Pd
(1a), Pt (1b); R= Xy, M = Pd (2a), Pt (2b)].To a suspension of

dithiolato complexes of platinum(ll), Eisenberg has described 11,1 s,c=c{c(0)Me 5}, (ca. 0.4 mmol) in ChCl, (40 mL) were

[P{ S;,C=C{ C(O)Me} 5} (dbbpy)F’ (dbbpy = di-tert-butyl-

successively added the equimolar amount of [MCPh)] and

bipyridine) and shown it to possess solvatochromic and 2 equiv of the appropriate isocyanide. The reaction mixture was
luminescent properties, as do many platinum complexes stirred fa 3 h and then filtered through Celite. The yellow solution

containing diimine and dithiolato ligand%#34> We report
here Pd(Il) and Pt(ll) 1,1-ethylenedithiolato complexes that
are the first containing isocyanide and carbene ligands.

Experimental Section

Elemental analyses, melting points, molar conductivities in
acetone solutions, and infraré#t, and'3C NMR spectra in CDGl
were obtained as described elsew&rgans[MCl,(NCPh)] (M
= Pd, Pt) were prepared by refluxing the corresponding Ml
PhCN fa 4 h followed by filtration of the hot solution through
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was concentrated (3 mL) and,Bx (40 mL) added to precipitate a
yellow solid, which was recrystallized from G8l, and EtO and
suction dried.

Compound 1a.Yield: 75%. Anal. Calcd for GH24N-.O,PdS:
C, 43.05; H, 5.42; N, 6.28; S, 14.34. Found: C, 42.94; H, 5.45 N,
6.23; S, 14.20. Mp: 152C (dec).Ay (71 cn? mol™): 0. IR
(cm™Y): »(CN) 2204 (br);»(CO, G=C) 1643, 1626H NMR: ¢
1.53 (s, 18 H!Bu), 2.39 (s, 6 H, Me).

Compound 1b.Yield: 78%. Anal. Calcd for GH24N,O,PtS:
C, 35.88; H, 4.52; N, 5.23; S, 11.97. Found: C, 35.87; H, 4.62; N,
5.43; S, 11.77. Mp: 184C (dec).Ay (7! cn? mol1): 0. IR
(cm™Y): »(CN) 2211, 2190p(CO, CG=C) 1649, 1636*H NMR:
0 1.54 (s, 18 H!Bu), 2.39 (s, 6 H, Me).

Compound 2a.Yield: 75%. Anal. Calcd for GH,4N,O,PdS:
C, 53.09; H, 4.46; N, 5.16; S, 11.81. Found: C, 52.77; H, 4.47; N,
5.15; S, 11.58. Mp: 168C. Ay (21 cnm? mol™1): 0. IR (cnT?):
v(CN) 2168;»(CO, CG=C) 1660, 16201H NMR: 6 2.40 [s, 6 H,
C(OMg], 2.43 [s, 12 H, Me (Xy)], 7.137.31 (m, 6 H, GHy).

Compound 2b.Yield: 77%. Anal. Calcd for @H,4N,O,PtS:
C, 45.63; H, 3.83; N, 4.43; S, 10.15. Found: C, 45.44; H, 3.69; N,
4.36; S, 9.69. Mp: 278C. Ay (271 cn? mol™Y): 0. IR (cnm?):
v(CN) 2193, 2160y(CO, G=C) 1680, 1619'H NMR: 6 2.42 [s,
18 H, Me{Xy + C(O)Me&}], 7.16—7.30 (m, 6 H, GH3). Crystals
of 2b suitable for an X-ray diffraction study grew from GEl,
and diethyl ether by the liquid diffusion method.

[{ Pt(CN'Bu)2} 2AGA p? 9 *(S,S)-{ S;C=C{ C(O)Me} 2} 2} (CIO )2
(3). To a solution oflb (557.0 mg, 1.04 mmol) in acetone (60
mL) was added solid AgCI9(215.8 mg, 1.04 mmol), and the
reaction mixture was stirred for 1.5 h. The resulting suspension
was concentrated (3 mL) and Bt (80 mL) added to complete
precipitation of3 as a white solid that was filtered, washed with
Et,O (5 mL), and suction dried. Yield: 735 mg, 95%. Anal. Calcd
for CsoHasAQ2ClILN4O1PLS,: C, 25.87; H, 3.26; N, 3.77; S, 8.63.
Found: C, 25.67; H, 3.23; N, 3.93; S, 8.73. Mp: 132 (dec).
Am (7t cm? mol1): 225. IR (cnmh): »(CN) 2236, 2219y(CO,
C=C) 1700, 1637, 15363(CIlO), 1087;5(0CIO), 623.1H NMR:
0 1.59 (s, 36 H!BUNC), 2.48 (s, 12 H, Me).

M{n?*(S,S)-S,C=C{C(O)Me} } (CNR){ C(NEtz)(NHR)}] [R
='Bu, M = Pd (4a), Pt (4b); R= Xy, M = Pd (5a), Pt (5b)].To
a solution of the appropriatg M{7?-(SS)-S,C=C{ C(O)Me} ,}-
(CNRY),] complex (ca. 0.20 mmol) in C¥l, (30 mL) was added
the equimolar amount of NHEtThe solution was stirred for 15 h
and concentrated to 2 mL. 8 (40 mL) was added to precipitate
a cream solid, which was filtered, washed with@t5 mL), and
suction dried.
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Compound 4a.Yield: 98%. Anal. Calcd for GH3sN30,PdS:
C, 46.19; H, 6.78; N, 8.08; S, 12.33. Found: C, 46.11; H, 7.08; N,
8.19; S, 11.83. Mp: 135C (dec).Am (21 cn? mol1): 0. IR
(cm™1): »(NH) 3359;»(CN) 2190;»(CO, G=C) 1663, 1606, 1526.
IH NMR (200 MHz, 25°C): ¢ 1.15 (“t", ABXs, 3 H, CH2Me, 4y
=7 Hz), 1.31 (t", ABX3, 3 H, CHMe, Jyy = 7 Hz), 1.47 (s, 9 H,
Bu), 1.70 (s, 9 H!Bu), 2.35 [s, 3 H, C(QY¢], 2.45 [s, 3 H, C(O)-
Mg], 3.02 (m,ABX3, 1 H, CH,), 3.28 (m,ABX3, 1 H, CH,), 4.09
(m, ABX3, 1 H, CHy), 4.82 (m,ABX3, 1 H, CHp), 5.67 (s, 1 H,
NH). IH NMR (+50 °C): 1.22 (m, ABX3, 6 H, CH:Me), 1.42 (s,
9 H,Bu), 1.70 (s, 9 H'Bu), 2.38 [s, 6 H, C(QYle], 3.00 (m,ABXs3,
1H, CH), 3.27 (m,ABX3, 1 H, CH,), 4.13 (m,ABX3, 1 H, CH,),
4.74 (M,ABX3, 1 H, CH,) 5.66 (s, 1 H, NH)2H NMR (=50 °C):
1.15 (“t", ABX3, 3 H, CHMe, Jyy = 7 Hz), 1.30 (“t", ABX3, 3 H,
CH,Me, JHH = 7 Hz), 1.50 (s, 9 H'Bu), 1.71 (s, 9 H!Bu), 2.35
[s, 3 H, C(OMg], 2.53 [s, 3 H, C(OMeg], 3.10 (m,ABX3z, 1 H,
CHy), 3.30 (m,ABX3, 1 H, CH,), 3.97 (m,ABX3, 1 H, CH,), 4.96
(m, ABX3, 1 H, CH), 5.70 (s, 1 H, NH). Crystals ofa suitable
for an X-ray diffraction study grew from C}€l, and E$O by the
liquid diffusion method.

Compound 4b.Yield: 96%. Anal. Calcd for GoH3sN3OPtS:
C, 39.58; H, 6.26; N, 7.13; S, 9.75. Found: C, 39.46; H, 5.80; N,
6.90; S, 10.23. Mp: 142C (dec).Am (21 cn? mol1): 0. IR
(cm™1): »(NH) 3376,1(CN) 2182;»(CO, G=C) 1666, 1608, 1530.
IH NMR (200 MHz, 25°C): ¢ 1.17 (“t", ABXs, 3 H, CHbMe, Jun
=7 Hz), 1.29 (“t", ABX3, 3 H, CHbMe, Jyy = 7 Hz), 1.46 (s, 9 H,
Bu), 1.72 (s, 9 H!BuU), 2.32 [s, 3 H,C(QY€], 2.47 [s, 3 H,C(O)-
Mg, 3.04 (m,ABX3, 1 H, CH,), 3.31 (m,ABX3, 1 H, CH,), 4.13
(m, ABX3, 1 H, CH,), 4.92 (m,ABX3, 1 H, CH,), 5.77 (s, 1 H,
NH, Jpy = 86 Hz).'H NMR (+50 °C): 1.28 (“t", ABXz, 6 H,
CHyMe), 1.45 (s, 9 H!Bu), 1.72 (s, 9 H!Bu), 2.37 [s, 6 H, C(O)-
Mg], 3.00 (m,ABX3, 4 H, CH,), 5.77 (s, 1 H, NH, gy = 88 Hz).
IH NMR (=50 °C): 1.17 (“t", ABX3, 3 H, CH:Me), 1.28 (“t",
ABX3, 3 H, CHbMe), 1.48 (s, 9 H!Bu), 1.72 (s, 9 H'BuU), 2.34 [s,
3 H,C(OMg], 2.54 [s, 3 H, C(OMg], 3.05 (m,ABX3, 1 H, CH),
3.32 (m,ABX3, 1 H, CH), 3.95 (m,ABX3, 1 H, CH,), 5.06 (m,
ABX3, 1 H, CH,), 5.79 (s, 1 H, NHJpyy = 84 Hz). Crystals ofib
suitable for an X-ray diffraction study grew from GEl, and E;O
by the liquid diffusion method.

Compound 5a.Yield: 94%. Anal. Calcd for GgH3sN30,PdS:
C,54.58; H, 5.73; N, 6.82; S, 10.41. Found: C, 54.77; H, 5.76; N,
6.90; S, 10.02. Mp: 158C (dec).Am (271 cn? mol1): 0. IR
(cm™1): »(NH) 3249,»(CN) 2165,»(CO, C=C) 1678, 1597, 1530.
IH NMR (200 MHz, 25°C): 6 1.33 (“t", ABX3, 3 H, CH:Me, Juy
=7 Hz), 1.43 ("t", ABX3, 3 H, CHbMe, Jyy = 7 Hz), 2.11 [s, 3 H,
C(O)Mg], 2.25 [s, 6 H, Me (Xy)], 2.29 [s, 6 H, Me (Xy)], 2.42 [s,
3 H, C(OMg€], 2.94 (m,ABX3, 1 H, CH,), 3.57 (m,ABX3, 1 H,
CHy), 4.14 (m,ABX3, 1 H, CH,), 4.69 (m,ABX3, 1 H, CH,), 6.90
(m, 1 H, NH), 7.08-7.43 (m, 6 H, GH3). 'H NMR (+ 50 °C):
1.29-1.48 (m, ABX3, 6 H, CHMe), 2.26 [s, 6 H, Me (Xy)], 2.27
[s, br, 6 H, C(OMg], 2.29 [s, 6 H, Me (Xy)], 2.96 (mABX3, 1 H,
CHy), 3.51 (m,ABX3, 1 H, CH,), 4.21 (m,ABX3, 1 H, CH,), 4.65
(m, ABX3, 1 H, CH,), 7.08-7.43 (m, 7 H, GH3z + NH). IH NMR
(—=50°C): 1.31-1.42 (m, ABX3, 6 H, CH:Me), 2.06 [s, 3 H, C(O)-
Mg], 2.21 [s, 3 H, Me (Xy)], 2.25 [s, 9 H, Me (Xy)], 2.40 [s, 3 H,
C(OMg], 2.87 (m,ABX3, 1 H, CH,), 3.55 (m,ABX3, 2 H, CH),
4.05 (M,ABX3, 1 H, CH), 4.72 (m,ABX3, 1 H, CHy), 6.88 [,
0.5 H, NH], 7.13-7.40 (m, 6 H, GH3), 7.97 (s, br, 0.5 H, NH).

Compound 5b.Yield: 89%. Anal. Calcd for GgH3sN3O,PtS:
C, 47.72; H, 5.01; N, 5.96; S, 9.10. Found: C, 47.87; H, 5.04; N,
6.17; S, 8.77. Mp: 236C (dec).Aw (71 cn? mol™?): 2. IR
(cm™b): »(NH) 3263,7(CN) 2155;»(CO, G=C) 1680, 1601, 1530.
IH NMR (200 MHz, 25°C): ¢ 1.34 (“t", ABX3, 3 H, CH:Me, Jun
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=7 Hz), 1.42 (“t", ABX3, 3 H, CHMe, Iy = 7 Hz), 2.06 [s, 3 H,
C(OMg], 2.20 [s, 6 H, Me (Xy)], 2.26 [s, 3 H, Me (Xy)], 2.28 [s,
3 H, Me (Xy)], 2.40 [s, 3 H, C(OY¢], 3.59 (m,ABX3, 2 H, CH),
4.19 (m,ABX3, 1 H, CHp), 4.78 (m,ABX3, 1 H, CH), 6.85 [t”,
0.5 H, NH,Jyy = 9 Hz), 7.06-7.23 (m, 6 H, GH3), 7.46 (s, 0.5
H, NH). IH NMR (+55°C): 1.34-1.47 (m, ABXs, 6 H, CH:Me),
2.22 [s, 6 H, Me (Xy)], 2.27 [s, br, 6 H, C(O)Me], 2.29 [s, 6 H,
Me (Xy)], 3.52 (m, br,ABX3, 2 H, CH,), 4.29 (m, br,ABXs, 1 H,
CHy), 4.73 (m, br,ABX3, 1 H CH;], 6.92—7.40 (m, 7 H, NH+
CsHg). *H NMR (=50 °C): 1.21-1.44 (m, ABX3, 6 H, CH,Me),
2.02 [s, 3 H, C(OWe], 2.21 [s, 9 H, Me (Xy)], 2.27 [s, 3 H, Me
(Xy)], 2.41 [s, 3 H, C(OM€g], 3.55 (m,ABX3, 2 H, CH,), 4.10 (m,
ABX3, 1 H, CH,), 4.79 (m,ABX3, 1 H, CH,), 6.84 ['t", 0.5 H, NH,
Jwe = 9 Hz], 7.10-7.40 (m, 6 H, GH3), 7.92 (s, 0.5 H, NH).
M{5?(S,S)-S,C=C{ C(O)Me} 2} (CN'Bu){ C(NH2)(NH'Bu)}]
[M = Pd (6a), Pt (6b)]. NH; was bubbled through a solution of
1a (250 mg, 0.56 mmol) otb (286.0 mg, 0.53 mmol) in THF (60
mL) for 1 h. The resulting solution was stirred for 15 h and
concentrated under vacuum (3 mL), and@{60 mL) was added
to precipitate a cream solid that was filtered, washed witOER
x 10 mL), and suction dried. Compourtd is hygroscopic and
must be filtered and dried under nitrogen.

Compound 6a.Yield: 235 mg, 91%. Anal. Calcd for H,N30--
PdS: C, 41.42; H, 5.87; N, 9.06; S, 13.82. Found: C, 41.13; H,
5.91; N, 9.34; S, 13.56. Mp: 14%C (dec).An (271 cm? mol™1):

0. IR (cnT1): »(NH) 3430, 3205y(CN) 2200;»(CO, G=C) 1684,
1616.1H NMR (de-DMSO): ¢ 1.44 (s, 9 H,1Bu), 1.45 (s, 9 H,
Bu), 1.50 (s, 9 H!Bu), 1.52 (s, 9 H!Bu), 2.07 [s, 6 H, C(QYl¢],
2.22 [s, 6 H, C(OMe€], 7.10 (s, 1 H, NH), 7.21 (s, 1 H, NH), 8.01
(s, 2 H, NH), 8.16 (s, 2 H, NH).

Compound 6b.Yield: 275 mg, 94%. Anal. Calcd for H,7Nz0,-

PtS: C, 34.78; H, 4.92; N, 7.60; S, 11.60. Found: C, 35.19; H,
5.05; N, 7.63; S, 11.50. Mp: 159 (dec).Ay (1 cm? mol1):
0. IR (cnT1): »(NH) 3401,3315, 3269, 3228(CN) 2183;»(CO,
C=C) 1681, 1627, 1588H NMR (ds—DMSO): 6 1.26 (s, 9 H,
Bu), 1.42 (s, 9 H!Bu), 1.45 (s, 9 H!Bu), 1.53 (s, 9 H!Bu), 2.14
[s, 3 H, C(OMg€g], 2.16 [s, 3 H, C(OM€g], 2.21 [s, 6 H, C(OM€g],
7.27 (s, 1 H, NH), 7.38 (s, 1 H, NH), 7.89 (s, 2 H, MH8.09 (s,
2 H, NHy).

M{n?(S,S)-S:C=C{C(O)Me} 2}{ C(NH2)(NHXy)},] [M =Pd
(7a), Pt (7b)]. NH3 was bubbled through a solution @& (227.0
mg, 0.51 mmol) o2b (422.8 mg, 0.67 mmol) in THF (60 mL) for
1 h. A precipitate immediately formed. The suspension was stirred
for 15 h and filtered and the cream solid washed witfOE{3 x
10 mL) and suction dried.

Compound 7a. Yield: 245.0 mg, 83%. Anal. Calcd for
CoH3oN4O,PdS: C, 49.96; H, 5.24; N, 9.71; S, 11.11. Found: C,
49.93; H, 5.29; N, 9.74; S, 11.03. Mp: 18T (dec).Ay (”71
cm? mol3): 0. IR (cnTY): »(NH) 3380, 3273, 3182y(CO, C=
C) 1690, 1635, 15572H NMR (ds-DMSO): ¢ 2.10 [s, 12 H, Me
(Xy)], 2.24 [s, 6 H, C(OMg], 6.77 (s, 2 H, NH), 7.13 (m, 6 H,
CeH3), 7.81 (s, 2 H, NH), 9.48 (s, 2 H, NH)13C{'H} NMR: ¢
17.72 [s, Me (Xy)], 31.80 [s, C(QJe], 127.69 (s,p-CH, Xy),
128.26 (sm-CH, Xy), 134.02 (sjpso-C, Xy), 135.45 (sp-C, Xy),
139.51 [s,C=S)], 195.33 [s, CG=CS;], 196.89 (s, PEN,), 198.38
(s, CO). BC-DEPT1H} NMR: ¢ 21.26 [s, Me (Xy)], 35.34 [s,
C(O)Mg], 131.28 (s,p-CH, Xy), 131.83 (sm-CH, Xy).

Compound 7b.Yield: 410 mg, 92%. Anal. Calcd for £gHzdN4O»-
PtS: C, 43.30 H, 4.54; N, 8.42; S, 9.63. Found: C, 43.70; H,
4.79; N, 8.36; S, 9.27. Mp: 20%C (dec).Am (R~ cm? mol™1):

0. IR (cmr1): »(NH) 3392, 3265, 317%(CO, CG=C) 1686, 1606,
1550.H NMR (de-DMSO): 6 2.09 [s, 12 H, Me (Xy)], 2.24 [s, 6
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Table 1. Crystal Data for Compound®b, 4a, and4b

2b 4da 4b
formula G4H24N20-PtS C20H35N302Pd$ CooH3sN30.PtS
cryst habit yellow tablet yellow tablet yellow tablet
cryst size (mr) 0.20x 0.20x 0.11 0.32x 0.21x 0.15 0.16x 0.15x 0.10
cryst syst triclinic monoclinic monoclinic
space group P1 P2i/c P2i/c
a(Ah) 9.5174(6) 12.3951(8) 12.3844(8)
b (A) 11.3869(6) 8.6027(6) 8.6170(6)
c(R) 12.1696(8) 22.6438(16) 22.6190(14)
o (deg) 70.409(3) 90 90
p (deg) 76.920(3) 99.750(3) 99.858(3)
y (deg) 74.938(3) 90 90
V (A3) 1185.71(12) 2379.7(3) 2378.2(3)
z 2 4 4
pcalcd (Mg m~3) 1.769 1.452 1.700
M, 631.66 520.03 608.72
2R 0.71073 0.71073 0.71073
T(K) 143(2) 143(2) 143(2)
F(000) 616 1080 1208
« Mo Ko (mm~2) 6.1 0.98 6.1
6 range (deg) 1.830 1.7-30 1.7-30

abs corr

face indexing

face indexing

face indexing

reflns coll 19060 49246 48996
indep reflns 6876 6960 6958
Rint 0.050 0.053 0.063
transm 0.567/0.269 0.872/0.793 0.527/0.336
data/restraints/params 6876/78/286 6960/0/267 6958/0/267
R1[l > 20(1)] 0.0211 0.0210 0.0210
wR2 (all refins) 0.0427 0.0509 0.0437
maxAple A3 0.82 0.49 0.97
SF?) 1.00 1.05 1.00
H, C(OM€], 6.85 (s, 2 H, NH), 7.12 (m, 6 H, GHy), 7.68 (s, 2 H, ~ Scheme 1
Me
NH2)| 936 (S. 2 H, NH) . . . + [MClz(NCPh)z] STI S _ [e) S
X-ray Structure Determinations. Numerical data are presented ( = =
in Table 1. Crystals were mounted on glass fibers and transferred STI S Me Y S
to the cold gas stream of the diffractometer (Bruker SMART 1000 *2CNR
CCD). Data were recorded with ModKradiation ¢ = 0.71073A) ,,Pt(CEN‘BU)z
in w- and ¢-scan mode. Absorption corrections were based on Me C//,NR gt ’ L
indexed faces. Structures were refined anisotropically Fénh o= S\M/ +AgCIO, 1 ‘ > /g— -
(program SHELXL-97, G. M. Sheldrick, University of @mgen, Me 7% 2| S ,9’—34 (CI0y),
Germany). Hydrogen atoms were included using a riding model or 0 \\\NR
with rigid methyl groups. Special features of refinement include (‘BUN=C),P (3

Lo . . R = 'Bu, M = Pd (1a), Pt (1b)
the following: For4§ and 4b (which are isostructural), the NH R =Xy, M = Pd (2a), Pt 2b)
hydrogens were refined freely; the methyl groups at C(4) were

’ + NH3
poorly resolved and may be rotationally disordered. The latter + NHE,
applies also to C(17) of compourb. \C/N"'2
Me t
Results and Discussion o NHX NH Bu
Me

. Me = AR . M = Pd (6a), Pt (6b)

Synthesis.Complexes [M#?-S,C=C{ C(O)M€} 5} (CNRY),] Y 0 / “NH,
[R ='Bu, M = Pd (1a), Pt (lb); R = Xy, M = Pd Qa), Pt NEt2 Me \ /NHz
(2b)] were obtained, together with TICI, by reacting in €H °
Cly [Tl S;C=C{ C(O)Mg} 2} ]*° with the appropriate [MG}
(NCPh)] complex and RNC in a 1:1:2 molar ratio (see
Scheme 1). They could also be obtained in similar yields by ligands to give carbene complexes is well documefftet.
reacting the polymeric species [Ig,C=C{C(O)M€}}]x The isocyanide complexdsand?2 reacted with diethylamine
with RNC (1:2)#* CompoundLb can act as a ligand toward Or ammonia to give carbene complex¢s7 in excellent
AgCIlO, to give the tetranuclear compleft(CNBu)} A2~ yields (Scheme 1). When NHEwas used, complexes
{u2*(SS)-{S,C=C{C(O)Mé} 5} 2}](ClO) (3), as we have  [M{n*>S,.C=C{C(O)M¢} 2} (CNRY C(NEL)(NHR)}] [R =
shown for other [M#2-S,C=C{ C(O)Me€} ;} L,] derivatives — :
(M = Pd, Pt, L= PPh; M = Pt, L, = cod)*! The reaction (48) 18332”287”%: i%.S;SBonatl, F.; Calogero, S.; Valle, &.Organomet. Chem.

was carried out in acetone, and diethyl ether was used to(49) Lee, K. M.; Lee, C. K; Lin, I. J. BAngew. Chem., Int. Ed. Engl.
1997, 36, 1850.
precipitate the complex in almost quantitative yield. The (50) Zhang, 5. W.: Ishii, R. Takahashi, Srganometallics1997, 16, 20.

nucleophilic attack of NKRs_, (n > 1) species on isocyanide  (51) Parks, J. E.; Balch, A. L1. Organomet. Chemi974 71, 453.

R ='Bu, M = Pd, 4a), Pt (4b) NHXV
R =Xy, M=Pd (5a), Pt (5b) M = Pd (7a), Pt (7b)
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Figure 1. Structure of comple®b in the crystal. Ellipsoids represent 50%

probability levels. Selected bond lengths (A) and angles (deg):CPt0)
1.957(2), Pt C(20) 1.959(2), PtS(1) 2.3022(5), PtS(2) 2.3139(5), S(1)

C(1) 1.7536(19), S()C(1) 1.766(2), O(LyC(3) 1.219(2), O(2yC(5)

1.201(3), N(1)-C(10) 1.152(3), N(1}C(11) 1.401(3), N(2rC(20) 1.151-
(3), N(2)-C(21) 1.393(3), C(10}Pt—C(20) 94.93(9), C(16}Pt=S(1)
93.14(6), C(20y Pt—S(2) 96.73(6), S(}yPt—S(2) 75.210(18), C(1)S(1)y

Pt 89.55(7), C(1)S(2)—Pt 88.88(6), C(10yN(1)—C(11) 175.3(2), C(20}

N(2)—C(21) 178.4(2), C(2yC(1)-S(1) 128.93(16), C(HC(1)—S(2)
124.72(15), S(yC(1)-S(2) 106.34(10), C(}C(2)—C(3) 127.23(18),
C(1)—C(2)—C(5) 119.15(18), C(3)yC(2)—C(5) 113.59(17), O(H)yC(3)—

C(2) 119.0(2), O(1)C(3)—C(4) 119.0(2), C(2yC(3)—C(4) 122.03(18),
O(2)—C(5)—C(6) 119.8(2), O(2rC(5)—C(2) 122.31(18), C(6)C(5)—C(2)

117.9(2), N(1)-C(10)—Pt 173.94(19), N(2yC(20)—Pt 178.66(19).

Bu, M = Pd @a), Pt @b); R = Xy, M = Pd (a), Pt b)),

resulting from the attack of only one of the isocyanide

Vicente et al.

Figure 2. Structure of compleXb in the crystal. Ellipsoids represent 50%
probability levels. Selected bond lengths (A) and angles (deg):CP16)
1.936(2), P+ C(7) 2.053(2), Pt S(2) 2.3208(5), PtS(1) 2.3331(5), S(b)
C(1) 1.748(2), S(2yC(1) 1.758(2), N(1)C(7) 1.345(3), N(1)-C(10) 1.465-
(3), N(1)—C(8) 1.481(2), N(2rC(7) 1.334(3), N(2C(12) 1.492(3), N(3y
C(16) 1.148(3), N(3)C(17) 1.463(3), C(1yC(2) 1.381(3), C(16yPt—
C(7) 88.31(8), C(/Pt—S(2) 98.20(5), C(16yPt—S(1) 98.88(6), S(2)
Pt—S(1) 74.427(18), C(¥)S(1)—Pt 89.26(7), C(1)yS(2)-Pt 89.41(7),
C(7)-N(1)—C(10) 122.93(17), C(AN(1)—C(8) 122.45(17), C(16)N(1)—
C(8) 113.93(16), C(AN(2)—C(12) 130.54(18), C(16)N(3)—C(17) 172.7-
(2), C(2)-C(1)—S(1) 124.71(16), C(2C(1)—S(2) 128.48(16), S(HC(1)—
S(2) 106.81(11), C(£)C(2)—C(5) 125.78(19), C(1}C(2)—C(3) 119.07(18),
C(5)—C(2)—C(3) 115.13(18), N(2yC(7)—N(1) 116.06(18), N(2yC(7)—
Pt 124.37(15), N(£yC(7)—Pt 119.55(14), N(£rC(8)—C(9) 113.29(18),
N(1)—C(10)-C(11) 112.32(18). Selected bond lengths (A) and angles (deg)
for the isostructuradlas Pd—C(16) 1.9783(12), PdC(7) 2.0679(11), P¢
S(2) 2.3112(3), PdS(1) 2.3216(3), S(H)C(1) 1.7450(12), S(C(1)
1.7560(12), N(1)}C(7) 1.3394(15), N(1yC(10) 1.4717(15), N(yC(8)
1.4767(15), N(2Y C(7) 1.3342(15), N(2yC(12) 1.4918(15), N(3)C(16)
1.1502(16), N(3yC(17) 1.4648(15), O(})C(3) 1.2159(16), O(2)C(5)
1.2330(16), C(1}C(2) 1.3796(15), C(16)Pd—C(7) 88.27(5), C(7yPd—

ligands, could be obtained. The same complexes resulteds(2) 98.08(3), C(16YPd—S(1) 98.65(3), S(2}Pd—S(1) 74.741(11), C(B
even in the presence of a large excess of amine, regardles§(1)—-Pd 89.12(4), C(£yS(2)-Pd 89.19(4), C(7yN(1)—C(10) 122.93(10),

of the nature of the isocyanide. However, when JNkhs

C(7)-N(1)-C(8) 122.26(10), C(18)N(1)—C(8) 114.16(9), C(AN(2)—
C(12) 129.54(10), C(16)N(3)—C(17) 173.95(12), C(AC(1)-S(1) 124.91-

bubbled through solutions of the same complexes in THF, (9), C(2)-C(1)-S(2) 128.22(9), S(BC(1)-S(2) 106.87(6), C(HC(2)—
different results were obtained, depending on the isocyanide.C(5) 126.09(11), C(1)C(2)-C(3) 119.00(10), C(5)C(2)-C(3) 114.89(10),

Thus, while complexe$aandlb, containingBuNC, reacted

with ammonia to give mixed isocyanigearbene complexes

N(2)—C(7)~N(1) 116.59(10), N(2)C(7)—Pd 124.75(9), N(1-C(7)-Pd
118.64(8), N(1}-C(8)—C(9) 113.31(10), N(3yC(16)-Pd 174.49(11).

6a and6b, their homologues with XyNC gave bis(carbene) Chart1

complexesraand7b. The isolation of complexe8 needed
concentration of the THF solutions and addition of@&t
whereas complexes precipitated in THF. Complega is

very hygroscopic and needs to be handled and stored under
a nitrogen atmosphere. The reactions leading to complexes
4—7 seem to depend on steric factors because complexes

with two carbene ligand§ C(NR;)(NHR")} only form for
the smaller R (H< Et) and R (Xy < 'Bu) sustituents.
Crystal Structures of Complexes.The crystal structures
of 2b (Figure 1),4a, and the isostructurdlb (Figure 2) have
been determined, and they all display one chela#ig

2,2-diacetyl-1,1-ethylenedithiolato ligand coordinated through
the sulfur atoms. We have found the same conformation and

¢io,

M
S e o) Q O ) S
A NPT AN
P == M == IPt]
g . JIN ./
S 0g0 S
|
Me Clo, Me

[Pt] = Pt(PPhg)z; M = Cu, Cd

coordination mode in most other 2,2-diacetyl-1,1-ethylene- coordination through sulfur and oxygen atoms in complexes

dithiolato complexes studied by &%**?Exceptions are the

(52) Bonatti, F.; Minghetti, GJ. Organomet. Chenl973 59, 403.

(53) Minghetti, G.; Baratto, L.; Bonatti, RKl. Organomet. Chenl975
102 397.

(54) McCleverty, J. A.; Da Mota, M. M. MJ. Chem. Soc., Dalton Trans.
1973 2571.
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[{ Pt(PPR)2} 2Ni{u*-(0,0),17*(SS)-S,C=C{ C(O)Me} 2} -
(ClOq)2 and [ Pt(PPR)2} of M(OCIOs)2}{ u*-(0,0),5*-(SS)-
S,C=C{C(O)Mg},};] (M = Cu, Cd) (see Chart 1) and the
E,E conformation found for the dithiolene ligand in the
crystal structure of the REu complext? Two XyNC ligands
(2b) or one'BUuNC and one C(NE}(NH'Bu) ligands #a



1,1-Ethylenedithiolato Pd(ll) and Pt(ll) Complexes

and4b) complete a distorted square planar environment for Scheme 2

the metal. The mean deviation for the S(1)S(2)MC(10)C-
(20) plane in2b or S(1)S(2)MC(7)C(16) irda and 4b is
0.104, 0.023, or 0.020 A, respectively, and the S(1)MS(2)
angle [75.210(8)(2b), 74.741(11) (4a), 74.427(18) (4b)]

is narrow, reflecting the small bite of the chelating ligand
which is essentially planar [mean deviation for the S(1)
S(2)-C(1)—C(2)—C(3)—C(5) plane 0.0172b), 0.005 ¢a),
and 0.006 4b) A]. Both acetyl groups are rotated out of the
C(1)-C(2)—-C(3)—C(5) plane 2b, 57.5, 10.7; 4a, 46.3,
22.5; 4b, 46.7, 21.9) although in2b one of them only
slightly. The olefinic C(1) and C(2) atoms are in distorted
trigonal perfectly planar environments showing narrow S(1)
C(1)—S(2) angles [106.34(16)106.87(6)]. The C(1)-C(2)
bond distancep, 1.366(3) A:4a, 1.3796 (15) A4b, 1.381-

(3) A] are similar or slightly longer than in most 2,2-diacetyl-
1,1-ethylenedithiolato complexes of palladium, platirftz,

or gold™ [in the range 1.342(6)1.374(6) A] but shorter than

in [{Pt(PPR)2} o{ Cu(OCIQ;)2}{u*-(0,0),n*(SS)-SC=
C{C(O)Mé} 5} 5}] [1.429(10) A]. The M-S bond distances

N'Bu NXy
Me C/// Me C///
e} S 0 S,
—( M —( M
Me s” \_._NHBu Me s” . — NHXy
c c=
© I © |
NEt, NEt,

M = Pd (4a), Pt (4b) M = Pd (5a), Pt (5b)

N'Bu NHXy
Me C/// Me (l:
o= S\M/ o= S\M/ < NH,
Me s7 Ng-NHz e 57 NezNH;
°© [l © |
NH'Bu NHXy

M = Pd (6a), Pt (6b) M = Pd (7a), Pt (7b)

resonances for the four inequivalent methylenic protons. In
the'H NMR spectrum oftb at 50°C, only one pseudotriplet
(1.28 ppm) and one pseudoquartet (3.00 ppm) are observed,
indicating free rotation around the-NEt, bond. The NH

found in these complexes suggest a slight decrease of transesonance in complexdsis not affected by the temperature

influence in the series C(NB{NH'Bu) > '‘BuNC > XyNC.
The Garvens—N bond distances in complexds [1.3394-
(15) and 1.3342(15) A] andb [1.345(3) and 1.334(3) A]
are not significantly different.
NMR Spectra. The'H NMR spectra of complexes—3
and7 show one single resonance for all thel6Z, 7) or 12
(3) acetyl protons, indicating either &)E or Z,Z conforma-
tion of the dithiolene ligands or, most likely, the fast rotation
of the acetyl groups around the-€C(O)Me bond. In théH
NMR spectrum of2b a chance superposition of the reso-

change. As mentioned, the{e.ns-N bond distances are not
significantly different in the solid state, which implies that
the different behavior of the NEtcould be due to a
combination of steric and electronic effects. The greater
inductive effectt| of two Et groups than that of an hydrogen
and a'Bu group favors a greater £&£8—C bond order than
that of a'BuHN—C bond.

In contrast, in complexésand6, the rotation is restricted
around the &NHR moiety (Scheme 2). Thus, the room-
temperature spectrum &b shows the presence of bokh

nances of the methyl groups of both the dithiolene and the and E isomers (in 1:1 molar ratio) due to the restricted

XyNC ligands occur giving rise to a unique singlet of 18

rotation around the ENHXy bond. Two resonances are

protons at 2.42 ppm. This coincidence does not occur in theobserved for each, the Me protons of the Xy group of the

spectra of the remaining [M5,C=C{C(O)Me} o} (CNR)]

carbene ligand (singlets of similar intensity at 2.26 and 2.28

complexes, which display separate resonances for the acetyppm) and the NH proton (a pseudotriplet at 6.85 ppm and a

(1a, b, 2.39 ppm;2a, 2.40 ppm) and isocyanide methyl
protons {a, 1.53 ppm;lb, 1.54 ppm;2a, 2.43 ppm). The
same applies to complewhich shows two singlets at 2.48
[C(O)Me] and 1.59 'Bu) ppm.

The multiple character of the-€N bonds in the carbene
ligands of complexed—7 may induce the existence &
and E isomers. Room-temperaturtH NMR spectra of
complexesta and4b show resonances due to two inequiva-
lent ABX3 systems corresponding to the ethyl groups, two
singlets da, 1.47, 1.70 ppm#b, 1.46, 1.72 ppm) for the
methyl protons of théBu groups in the isocyanide and
carbene ligands and a singlet due to the NH protan §.67
ppm; 4b, 5.77 ppm) indicating fast rotation around the
BuNH—C bond and slow rotation around the®+C bond

singlet at 7.46 ppm). However, while two resonances are
observed for the Et groups of tzeandE isomers, only one

is observed for the C(O)Me and Me (XyNC) groups. The
low-temperature spectrum &b (=50 °C) is similar to that

at room temperature, with the exception of the superposition
of the Me resonance of the XyNC ligand with that of the
carbene of one of the isomers. When the temperature is raised
to 55°C, free rotation around the-NHXy occurs, and only

two resonances due to the Xy groups are observed. The two
resonances assigned to the NH group inZtaandE isomers
disappear, and the unique expected resonance appears
included in the multiplet due to the arylic protons. The same
situation is observed for the homologous compexwith

the difference that th& andE isomers are only observed at

and suggesting a greater bond order in the latter. In Schemdow temperature, suggesting a lower activation energy for
2 is represented a limiting resonance form describing this the rotation about the €NHXy bond. Similarly, in thetH
bonding situation. The acetyl protons are observed as twoNMR spectra of complexe8a and6b, four resonances are

singlets éa, 2.35, 2.45 ppméb, 2.32, 2.47 ppm) indicating,
most likely, the restricted rotation of thg C(O)Me} , moiety
around the &C bond. At 50°C, the spectrum ofa shows

observed for théBu groups of the isocyanide and carbene
ligands 6a, 1.44, 1.45, 1.50, 1.58b, 1.26, 1.42, 1.45, 1.53
ppm), proving the presence of bothand E isomers in

still inequivalent Et groups with a broad resonance for their solution (Scheme 2). The different carbon donor ligands,
Me protons at 1.20 ppm and considerably broadened carbene and isocyanide, render the methyl protons of the
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dithiolene ligand inequivalent, which should appear as four isocyanide ligands is evidenced by one band in the 2150
singlets, two for each of the isomers. However, only two 2220 cni! region while the carbene complexes show the
[6a 2.07,2.22 ppm, 1:1 ratio] or thre6lj: 2.14,2.16,2.21  v(NH) bands in the 34363179 cn1?! region. Complex3
ppm, 1:1:2 ratio] resonances are observed due to accidentashows two bands at 1087 and 623 éncorresponding to
coincidence of one or both pairs of signals. ThHd'Bu and the perchlorato anion.

NH, protons give four resonances in the region-812 ppm. Molar conductivities in acetone of the neutral complexes
The equivalence of both NHbrotons in each isomer suggests 1—-2 and4—7 are in the range 82 Q™! cm? mol~! while
that free rotation of the Nigroup occurs around the-NH that of the dicationi@ is 225Q~1 cn? mol~?, in agreement
bond (Scheme 2). with its 2:1 electrolytic naturé?

In the*H NMR spectra of the bis(carbene) complexes
and7b, the presence of three singlets (1:1:1) corresponding
to NH protons and only one singlet for the methyl (Xy)
protons proves the restricted rotation of the Ngtoup
around the &N bond and the free rotation of the NHXy
group (Scheme 2). Supporting Information Available: Tables of crystal data,

IR Spectra. The IR spectra, measured in the solid state, structure solution and refinement, atomic coordinates, bond lengths
show several bands in the 1700450 cm?® region that and angles, and anisotropic thermal parameters for comg@axes
cannot be unequivocally assigned (C=0) or v(C=C) 4a, and4b. This material is available free of charge via the Internet
stretching modes since these have proved to be coupled irgt http://pubs.acs.org
other carbonyl-containing pustpull ethylene$.The spectra  |c343758
of the carbene complexds-7 show alsov(C=N) bands in
the same region. In complexes—5, the presence of (55) Geary, W. JCoord. Chem. Re 1971, 7, 81.
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