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trans-bis(carbene) complex. A moderately stable tram- 
bis(carbene) complex crrP)Os[=C(pC&-CHJ,1, (4) can 
be prepared by treating (TTP)OS==C(P-C~H~-CH~)~ (1) 
with additional N2C(p-C&4-CH&.1g A signal at 305 ppm 
in the 13C NMR spectrum of 4 is clearly diagnostic of the 
carbene ligand. However, the bis(carbene) complex 4 is 
always contaminated with the monmbene complex 1 and 
has not yet been isolated in pure form. The olefin-forming 
step may involve attack of a diazo reagent at the least 
hindered carbene ligand of the bis(carbene) complex or 
may involve direct coupling between two biskarbene) 
complexes in a binuclear process. Evidence for the binu- 
clear mechanism was established by monitoring a 701 
mixture of 41. Over the period of days, the bis(carbene) 
complex 4 decomposes to produce tetratolylolefin and the 
mono(carbene) complex 1 (eq 2). Binuclear pathways for 
(TTP)Os[=C(P-CsH4-CH3)212 - 

4 
(TTP)OS=C(P-C&-CH~)~ + 

1 
(p-C&-CHJ 2C-\/ (P-C&-CH3) 2 (2) 

(19) Analytical data for (TTP)Os(-C(p-C,,H4-CH,)1)1: 'H NMR 

8 H, carbene-aryl), 3.12 (d, 8 H, carbene-aryl), 2.42 (e, 12 H, CH3, 1.68 
(e, 12 H, carbene-CHS) ppm; '% NMR (c&) 305.5 ppm (e, 0 8 4 ) .  

(C&) 8.63 (8,8 H, &H), 7.99 (d, 8 H, aryl), 7.33 (d, 8 H, aryl), 5.97 (d, 

the formation of olefine from carbene complexea have been 
proposed for a number of metal complexes.%aJO Alter- 
native processes such as oxidative pathways involving 
radical cations21 cannot be d e d  out at this time. Further 
work is in progrees to addma the mechanistic issuea of ow 
osmium-catalyzed processes. 
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(20) (a) Casey, C. P.; Anderson, R. L. J. Chem. Soc., Chem. Commun. 
1976,895. (b) Schrock, R. R.; Sharp, P. R. J. Am. Chem. Soc. 1918,100, 
2389. (c) Merrifield, J. H.; Lm, G.-Y.; Kiel, W. A.; Gladysz, J. A. J. Am. 
Chem. SOC. 1988,106,5811. (d) Berry, D. H.; Koloski, T. S.; Carroll, P. 
J. Organometallic8 1990,9,2952. (e) S i u n i c ,  J. L.; Pinhae, A. R. Znorg. 
Chem. 1989,28,2400. (0 Mastere, C.; van der Woude, C.; van Doom, J. 
A. J. Am. Chem. Soc. 1979, 101, 1633. (9) Roger, C.; Bodner, G. S.; 
Hatton, W. G.; Gladysz, J. A. Organometollics 1991,10, 3266. 

(21) (a) Trahanoveky, W. S.; Robbh, M. D.; Smick, D. J. Am. Chem. 
Soc. 1971, Srs, 2086. (b) Saw&, Y.; Iehiguro, K.; Kimura, M. Tetrahedron 
Lett. 1984,25,1367. (e) Creary, X.; Wang, Y.-X.; Gill, W. Tetrahedron 
Lett. 1991,32, 729. 

Transition-Metal Complexes with Sulfur Ligands. 
Formation of the Highly Stable Binuclear Nickel 

89.+ Unexpected 
Carbene Complex 

[NI(S,C)], from Nlckel( I I )  Salts, Diamine-Dithiolate Ligands, and C, 
Components (s,c2- = 

l,3-Imldazolldine-l,3-dlylbls( 2-benzenethlolate) (2-)) 
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Summary: In quest of model compounds for CO de- 
hydrogenases the interaction of nickel amine-thiolate 
complexes with CO and other C, sources was investi- 
gated, and a new type of nickel-carbene complex, [NC 
(S,C)], (2), was obtained. 2 contains two [Ni(S,C)] 
fragments whose extreme stability is traced back to the 
tridenticity of the carbene ligand and the nickel-thiolate 
bonds. 2 is stable toward concentrated H2S04 and boiling 
HCI but reacts rapMly with nucleophiles to give mononu 
clear [NiL(S,C)] complexes (L = PMe,, PPh3, CN-). 

Nickel complexes with thiolate and amine ligands are 
of interest as model compounds for the active sites of CO 
dehydrogenases (CODH) if they react with C1 compounds 
as COP, CO, or CH3 species.' CODH's contain nickel 

'Part 88: Sellmann, D.; Soglowek, W.; Knoch, F.; Ritter, G.; 
Dengler, J. Znorg. Chem., submitted for publication. 

(1) (a) Ragadale, 5. W.; Wood, H. G.; Morton, T. A.; Ljungdahl, L. G.; 
Der Vartanian, D. V. In The Bioinorganic Chemistry of Nickel; Lan- 
caster, J. R., Jr., Ed.; Verlag Chemie: Weinheim, Germany, 1988, Chapter 
14. (b) Cramer, S. P.; Eidness, M. K.; Pan, W. H.; Morton, T. A.; 
Ragadale, S. W.; Der Vartanian, D. V.; Ljungdahl, L. G.; Scott, R. A. 
Inorg. Chem. 1987,26, 2477. 
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centers surrounded by sulfur and nitrogen donors and 
catalyze the CO2/CO conversion as well as acetyl-coA 
synthesis from CH3, CO, and COA.~ 

For these reasons we investigated the reaction of [Ni- 
(N,H.&)] (1; N2H2S2" = 1,2-ethanediamine-N,"-bis(2- 
benzenethi~late)@-))~ with CO. 1 does not react with CO 

[Ni(N2H2S2)I 

gas. When recrystallized from DMF, however, it unex- 
pectedly yielded the red carbene dithiolate complex [Ni- 
(S2C)I2.DMF (bDMF, S2C2- = 1,3-imidazolidine-l,3-diyl- 
bis(2-ben~enethiolate)(2-)) in minimum amounts. 2 is the 
formal product of CO insertion from DMF into the Ni-N 
bonds of 1, followed by elimination of H20 and dimeri- 
zation of the resulting fragments. Systematic experiments 

(2) (a) Ragedale, S. W.; Wood, H. G. h o c .  Natl. Acad. Sci. U.S.A. 
1984,81,6261. (b) Ragedale, S. W.; Ljungdahl, L. G.; DerVartanian, D. 
V. Biochem. Biophye. Res. Commun. 1983,115,658. 

(3) (a) Corbin, J. L.; Work, D. E. Can. J.  Chem. 1974,52, 1054. (b) 
Sellmaun, D.; K&ppler, 0. 2. Naturforsch. 1987,42B, 1291. 
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Ni(I1)-carbene ~omplexes;~ the C(carbene)-N distances 
(134.9 (10) and 135.2 (8) pm) are considerably shorter than 
the Nl-Cl5 (141.7 (10) pm) and N1416 (148.3 (7) pm) 
distances and indicate double-bond character of the C- 
(carbenel-N bonds. Carbene C and N atoms are each 
surrounded in a trigonal-planar fashion by their neighbor 
atoms, resulting in absolutely planar five-membered CNa2 
rings. 

2 is diamagnetic, ie stable toward air and temperatures 
up to 300 OC, and diesolves only in donor solvents such as 
pyridine, DMF, and DMSO. The NMR spectra of these 
solutions and, in particular, the number of 13C signale 
indicate that 2 dissociates into two [Ni(S2C)] fragments, 
which possess at least C, symmetry. The large high-field 
shift of the W(carbene) signal at 184.9 ppm indicates 
nucleophilic character of the carbene C atom, because 
carbene 13C shifts are normally found in the range of 
250-220 ppm and for electrophilic carbenes even up to 350 
ppm!J2 

Cleavage of 2 into [Ni(S2C)] fragments in solution, in- 
dicated by NMR spectroscopic evidence, could be exper- 
imentally verified. When reacted with nucleophiles L = 
PMe, and CN- at room temperature or L = PPh3 in boiling 
THF, 2 yielded the derivatives [NiL(S2C)] (3) according 
to eq 2.9 The neutral complexes 3a and 3b, as well as the 
monoanionic 3c, precipitated as [NMe4]3c, were isolated 
and completely characterized; X-ray structure analyses of 
3a and 3b will be reported in a forthcoming paper. 

C23 

Figure 1. Molecular structure of [Ni(S2C)I2.DMF (GDMF) (H 
ahma and DMF omitted, 50% thermal ellipsoids). Selected 
dietancee (pm) and auglee (deg): Nil-SI = 214.6 (2), Nil-52 = 
217.9 (2), N i l 4 1  = 186.3 (5), Nil-S2a = 224.5 (2), Sl-ClO = 174.2 
(7), C15-Nl = 141.7 (lo), N 1 4 1  = 134.9 (lo), N1416 = 148.3 
(7), C16426 = 150.6 (14); Sl-Nil-S2 = 177.2 (l), S1-Nil41 
= 91.9 (2), S2-Nil41 = 90.9 (2), S1-Nil-Sh 5 92.9 (l), S2- 
Nil*% = 84.3 (l), Nil41-N1 = 127.9 (5), Nl-Cl-N2 = 107.6 
(S), Nil-Cl-N2 = 124.6 (6). 

with different C1 sources showed that 2 forms in equally 
small amounts also from 1 and formic acid but in prepa- 
rative yields in the one-pot synthesis according to eq L4 

DMP 
N U a  + 'NaH2$'-Ha + CH(0Eth [Ni('$C')Ia.DMF (1) 

2 

+ other products 

Crystals of 2.DMF obtained in this reaction were 
characterized by an X-ray structure determination (Figure 
l)! 2 exhibits crystallographic Ci symmetry. The nickel 
atoms are each surrounded by one carbene C atom and 
three thiolate S atoms; the [Ni(S2C)] fragments are linked 
by two thiolate bridges. Nickel and bridging thiolate atoms 
form a plane from which the carbene C atoms C1 and Cla 
both deviate i30 pm but the nonbridging thiolate donors 
S1 and Sla only &1 pm. Ni-S distances within one [Ni- 
(S2C)] fragment (214.6 (2) and 217.9 (2) pm) are distinctly 
shorter than the bridging Ni-S distances (224.5 (2) pm); 
all Ni-S distances, however, lie in the range 216225 pm, 
which is typical of diamagnetic Ni(II)-thiolate complexes! 
The Ni-Cl distance (186.3 (5 )  pm) is characteristic of 

(4) All operatiom were carried out under nitrogen by using the 
Schlenk technique. Solvents were dried and distilled under nitrogen 
before use. NzH&Iz-Hz wan prepared an described in the l i terat~re .~ 
[Ni(SpC)]p.DMF (2): A solution of NzH&Iz-Hz (2.76 g, 10.0 mmol) and 
10 mL of CH(OEt)* in 30 mL of DMF was heated under reflux. NiClz 
(1.29 g, 10.0 m o l )  in 10 mL of DMF was added dropwise, and the 
mixture was heated for another 3 h. The resulting deep red reaction 
mixture wae umled to mom temperature, and the precipitated red-brown 

10 mL of&O, and dried under vacuum; yield 3.22 g (47%). AnaL Calcd 
for CSSHSiN&Y10S4 (M, = 759.33): C, 52.20; H, 4.12; N, 9.22; S, 16.89. 
Found C, 52.09, H, 4.06; N, 9.01; S, 16.71. MS (FD): m/z 686 (M+ - 
DMF). NMR (pyridine-ds, 6 pm]): 'H NMFt (270 MHz), 7.1-7.9 (m, 
8 H, Cd,), 3.9 (8,4 H, C&); I$C('H] NMR (67.94 MHz), 184.9 (carbene 

(5) Crystal data for CSSHsiN$Ji20S4 (2aDMF): space group C2/c, 
Nicolet R3m/V diffractometer, T = 200 K, Mo Ka radiation, graphite 
monochromator, oga~n, 3' < 28 < a', the structure wan solved by direct 
methodn (~HELXTLPLUS), 5643 reflections measured, 3418 independent 
and 2846 with F > 6rQ, non-hydrogen a t o m  were refined with aniso- 
tropic thermal parameters, R = 6.996, R, = 5.6%, a = 2338.1 (4) pm, b 
= 976.5 (4) pm, c = 1613.5 (4) pm, 4 = 120.98 (1)O, V = 3159 (2) X 10s 
pms, 2 = 4. Further detaila of the X-ray crystal structure analysis have 
bean d e p i t e d  and can be obtained from the Fachinformatiomzentrum 
Karlenrhe, Gesellechaft ftir wiesenschaftliche-thniihe Information 
mbH, W-7514 Eggenatein-Leopoldn 2, Germany, by citing the de- 
position number (CSD 320387), the authors, and the reference. 

(6) Sellmann, D.; Fiinfgelder, 5.; Pbhlmann, G.; Knoch, F.; Moll, M. 
Inorg. Chem. 1990,29,4772. 

microcry~tdlh 2 9 M F  WBB collected, waehed with 20 mL of MeOH and 

C), 143.2, 138.3, 132.1, 125.4, 125.0: 119.5 (CEH~), 52.2 (CzH4). 

(7) (a) Dean, W. K.; Charles, R. S.; Van Der Veer, D. G. Inorg. Chem. 
1977,16,3328. (b) Miki, K.; Taniguchi, H.; Kai, Y.; Kasai, N.; Niehiwaki, 
K.; Wada, M. J.  Chem. Soc., Chem. Commun. 1982, 1178. 

(8) (a) Fischer, E. 0. Adu. Organomet. Chem. 1976, 14, 1. (b) Dbtz, 
K. H.; Fischer, H.; Hofmann, P.; Kreieeel, F. R.; Schubert, U.; Webs, K. 
Transition Metal Carbene Complexes; Verlag Chemie: Weinheim, 
Germany, 1983. (c) Gallop, M. A.; Roper, W. R. Adu. Organomet. Chem. 
1986,25, 121. 

(9) [Ni(PMe3)(SzC)] (3a): PMe3 (2.0 mL, 20.00 mmol) wan added to 
a suspension of [Ni(SzC)]rDMF (1.50 g, 1.98 "01) in 30 mL of THF and 
stirred for 2 h. The resulting deep red solution waa filtered and layered 
with 30 mL of MeOH. Red needles precipitated, which were collected 
after 3 days, washed with 5 mL of MeOH and 10 mL of EhO and dried 
under vacuum; yield 1.63 g (97%). Anal. Calcd for C18Hz1NzNiPSz (M, 
= 419.16): C, 51.68; H, 5.05; N, 6.68; S,15.30. Found C, 51.10; H, 5.12; 
N, 6.30; S, 15.58. MS (FD): m / z  419 (M'). IR (KBr): &H 950 cm-'. 
NMR (DMSO-dE, 6 [ppm]): 'H NMR (270 MHz), 7.5-6.8 (m, 8 H, C a d ,  

(d, zJ(81P13C) = 108.7 Hz, carbene C), 140.9, 133.6, 130.1, 123.0, 122.6, 

NMR (109.38 MHz, relative to H3P04), -16.0 (8, P(CH3)3). [Ni- 
(PPh8)(SzC)] (3b): PPh3 (1.4 g, 5.30 mmol) waa added to a suspension 
of [Ni(SzC)]z.DMF (367 mg, 0.48 "01) in 50 mL of THF. The mixture 
wan heated under reflux for 1 day, resulting in a red solution. It wan 
cooled to room temperature, filtered, and layered with 20 mL of EaO. 
Red needlee and dark green cubes precipitated, which were collected, 
washed with 5 mL of MeOH and 10 mL of EaO, and dried under vacuum. 
Red needlee and dark green cubes proved to be spectroscopically iden- 
tical; yield 240 mg (41%). Anal. Calcd for C.&nNzNiPSz (M, = 605.44): 
C, 65.47; H, 4.49; N, 4.63; S,10.58. Found for green cubes C, 65.W; H, 
4.48, N, 4.46,9,10.48. Found for red needles: C, 66.00; H, 4.57; N, 4.43; 

4.3 ( ~ , 4  H, C6i,), 1.3 (d, 9 H, P(CH3)3; 'V('H) NMR (67.94 MHz), 187.0 

117.6 (Cm, 49.9 (CZHJ, 11:l (d, 1J(3iPiV) 40.7 Hz, P(CH3)d; 3'P('H) 

s. 10.39. h%4 m): m/z 605 (M+). NMR "0-d~. 6 rDDm1): 'H 
- 7  -- - -  
(270 MHzc?:6-;i3 (m, 15 H, P(C$I,),), 7.6-6.8 6, a"H, C&), 4.4 (8, 
4 H, C&); l8C{'H] NMR (67.94 MHz) (due to low solubility of 4, the 
W(carbene) signal could not be observed), 141.0, 133.6, 130.0, 123.3, 

31P(1H) NMR (109.38 relative to HBPO~), 24.8 (e, 1 P, P(CEH&). 
[NMe,][Ni(CN)(&C)] (3c): NaCN (340 mg, 0.70 mmol) in 5 mL of HzO 
wan added to a suspension of [Ni(SZC)jz.DMF (527 mg, 0.70 "01) in 25 
mL of THF, and the  mixture was stirred for 2 h. When stirring was 
stopped, the THF and Hz0 phase separated, the THF phase was re- 
moved, filtered, layered with a solution of NMe4Cl (154 mg, 1.4 "01) 
in 5 mL of MeOH, and kept at -30 'C for 3 days. The precipitated orange 
needles of 5 were collected, washed at -30 'C with 3 mL of MeOH and 

122.8, 117.6 (CEH~), 133.8, 129.7, 128.4, 128.3 (P(C,H,)d, 50.1 (CzH4); 

10 mL of EaO, and dried under vacuum; yield 438 mg (71%). Anal. 
Calcd for CpHllN4NiSZ (M, = 443.16): C, 54.21; H, 5.46; N, 12.64; S, 
14.47. Found: C, 53.86; H, 5.48; N, 12.49; S, 14.60. MS (FD): m/z 369 
(M+ - NMe4). IR (KBr): YCN = 2110 cm-'. NMR (DMSO-de, 6 [ppm]): 
'H NMFt (270 MHz) ,  7.4-6.8 (m, 8 H, Cad) ,  4.2 (s,4 H, Cad), 3.1 (8, 12 
H, N(CH,),); i3C{'HJ NMR (67.94 MHz) 186.8 (carbene C), 140.4, 136.2, 
129.8,122.1, 121.8, 117.4 (CEH~), 138.4 (CN), 54.3 (N(CH3)4), 49.9 (CzH,). 
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3a:L=PMe3 
3b: L = PPh3 (T = 65T) 
3 c : L = C N '  

The retention of the [Ni(S,C)] core in the course of 
cleavage reactions according to eq 2 demonstrata the high 
stability of the Ni-C(carbene) bond. It can be attributed 
to several facts. The carbene C atom carries two N sub- 
stituents, as in the case of "Wanzlick"lo and "Arduengo" 
carbenes" or in Lappert-type carbene complexes.12 
Furthermore, the carbene donor is part of a tridentate 
ligand, and the Ni center in the [Ni(S2C)] fragment is 
coordinated by two thiolate donors. These donors can act, 
via their lone pairs, as *-donors to the nickel center, in- 
creasing the electron density at the nickel and as a con- 
sequence thereof also the *-back-bonding from nickel to 
the carbene ligand. The *-donor bonds from thiolate 
donors to nickel and the resulting double-bond character 
of the Ni-S bonds are indicated by the Ni-S distances 

(10) (a) Wanzlick, H.-W. Angew. Chem. 1962,74,129. (b) Cetinkaya, 
E.; Hitchcock, P. B.; Jaaim, H. A.; Lappert, M. F.; Spyropoulos, K. J. 
Chem. SOC., Perkin Trans. 1 1992,561. 

(11) Arduengo, A. J.; Harlow, R. L.; Kline, M. J. Am. Chem. Soc. 1991, 
113, 361. 

(12) (a) Lappert, M. F.; Dye, P. L. J.  Chem. Soc., Dalton Trans. 1977, 
2172. (b) Lappert, M. F. J. Organomet. Chem. 1975, 100, 139. (c) 
Coleman, A. W.; Hitchcock, P. B.; Lappert, M. F.; Maskell, R. K.; MUer, 
J. C. J. Organomet. Chem. 1985,296,173. 

within the [Ni(S2C)] fragmenta, which are relatively short 
when compared with the Ni-S distances in the thiolate 
bridges. 

Formation of S+Ni *-donor bonds is expected to reduce 
the Lewis basicity of the thiolate S atoms, and thie ex- 
plains, at least partly, the complete inertness of 2 toward 
protonic acids. While metal thiolate complexes usually 
react with protonic acids to decoordinate the thiolate lig- 
a n d ~ , ~ ~  2 is stable even toward concentrated H2S04, 
aqueous HCl, or solutions of gaseous HC1 in boiling THF. 

The present work has shown that highly stable Ni(I1) 
carbene complexes can formed by reaction of C1 sources, 
thiolate amine ligands, and Ni(1I) salta. The question as 
to whether analogous reactions occur in the course of 
C02/C0 conversion or CH4 formation in CO de- 
hydrogenases still remains open. Further investigations 
have shown that palladium and platinum form analogous 
complexes. 
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(13) (a) Sellmann, D.; ReieSer, W. 2. Natwforsch. 1984,39E, 1268. (b) 
Sellmann, D.; Reiaeer, W. J.  Organomet. Chem. 1986,294,333. 
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Jose Barluenga, *.+ Miguel Alfred0 Ballesteros,t Jian-She Kong,t*s 

Summary: New 1,3,2diazagermines 2, formed by reac- 
tion of 4-amino-l-azabutadienes 1 and diethyl- or di- 
phenylgermanium dichloride, react with dimethyl acety- 
lenedicarboxylate to yield novel l ,5,2diazagermoclnes 8 
in quantitative yield; the crystal structure of 3a has been 
determined. The behavior of 8 toward hydrolysis and 
heating is also reported. 

The chemistry of organosilicon compounds has been 
widely developed over the last few decades,' and the silicon 
amides in particular represent very useful species in or- 
ganic synthesis.2 For instance, we have been able to 

+ Departamento de Qu'unica OrganomeMica. * Permanent address: Department of Chemistry, Nankai Univ- 
ersity, People's Republic-of China. 

t Departamento de Quimica Fiaica y Analhica. 
(1) (a) Colvin, E. W. Silicon in Organic Synthesis; Butterworths: 

London, 1981. (b) Weber, W. P. Silicon Reagents for Organic Synthesis; 
Springer: New York, 1983. (c) Colvin, E. W. In Silicon Reagents in 
Organic Synthesis; Katritzky, A. R., Meth-Cohn, O., Rees, C. W., Eds.; 
Academic Press: London, 1988. 

02~6-7333/92/23~1-23~8~03.00/0 

Table I. 1.62-DiazaPermocines 3 Preuared from 1 
~~ ~~ 

compd" R' R2 R3 R4 Rs mp,OC 
3a 4-MeC6H4 Ph Me Ph  Et 126-12Bb 
3b 4-MeCBH4 Ph Me Ph  Ph 16&160b 
3c Ph Ph Me c-C8Hl1 Et 125-127b 
3d 4-MeC6H4 Ph C1 Ph E t  oil 
3e c-C6Hl1 H H 4-MeOC6H4 Ph  c 
3f Bu H H 4-MeC6H4 Ph c 

For isolated compounds 3a-d yields from 1 >95% according to 
NMR spectra of the crude reaction mixtures. *Recrystallized from 
hexane-dichloromethane. Not isolated (see text). 

successfully exploit the reactivity of the nitrogen-silicon 
bond of 1,3,2-diazasilines toward esters of acetylenedi- 

(2) For instance, see: (a) Corriu, R. J. P.; Morenu, J. J. E.; Pataud-Sat, 
M. J. Org. Chem. 1990,55,2878. (b) Shanzer, A. Angew. Chem., Int. Ed. 
Engl. 1980,19,327; Angew. Chem. 1980, S2,325. (c) Cninslli, G.; Pan- 
unzio, M. J. Am. Chem. SOC. 1988,110,6879. (d) Colvin, E. W.; McGarry, 
D.; Nugent, M. J. Tetrahedron 1988,44,4157. (e) Burnr, 5. A.; Corriu, 
R. J. P.; Huynh, V.; Moreau, J. J. E. J. Orgonomet. Chem. 1987,333,281. 
(0 Corriu, R. J. P.; Moreau, J. J. E.; Vemhet, C. Tetrahedron Lett. 1987, 
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