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trans-bis(carbene) complex. A moderately stable trans-
bis(carbene) complex (TTP)Os[=C(p-C¢H,-CHy),), (4) can
be prepared by treating (TTP)Os=C(p-CsH,-CH,), (1)
with additional N,C(p-C¢H,-CH,);.'° 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 monocarbene 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 bis(carbene)
complexes in a binuclear process. Evidence for the binu-
clear mechanism was established by monitoring a 70:1
mixture of 4:1. 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(57'CsH4'CH3)2]2 -
('ITP)OS=C(ip'C6H4'CH3)2 +
(p-CeH-CH,),C=C(p-CcH,-CHj), (2)

(19) Analytical data for (T'TP)Os(==C(p-C¢H,-CHy))2 'H NMR
(CeD¢) 8.63 (s, 8 H, 8-H), 7.99 (d, 8 H, aryl), 7.33 (d, 8 H, aryl), 6.97 (d,
8 H, carbene-aryl), 3.12 (d, 8 H, carbene-aryl), 2.42 (s, 12 H, CHjy), 1.68
(s, 12 H, carbene-CH,) ppm; 3C NMR (C¢Dg) 305.5 ppm (s, Os=C).

the formation of olefins from carbene complexes have been
proposed for a number of metal complexes.?#20 Alter-
native processes such as oxidative pathways involving
radical cations® cannot be ruled out at this time. Further
work is in progress to address the mechanistic issues of our
osmium-catalyzed processes.
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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, [Ni-
(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 H,SO, and boiling
HCI but reacts rapidly with nucleophiles to give mononu-
clear [NiL(S,C)] complexes (L = PMe,, PPh;, 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 C, compounds
as CO,, CO, or CH, species.! CODH’s contain nickel

tPart 88: Sellmann, D.; Soglowek, W.; Knoch, F.; Ritter, G.;
Dengler, J. Inorg. Chem., submitted for publication.

(1) (a) Ragsdale, S. 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,;
Ragsdale, S. W,; Der Vartanian, D. V.; Ljungdahl, L. G.; Scott, R. A.
Inorg. Chem. 1987, 26, 2477.

centers surrounded by sulfur and nitrogen donors and
catalyze the CO,/CO conversion as well as acetyl-CoA
synthesis from CH;, CO, and CoA.?

For these reasons we investigated the reaction of [Ni-
(N.H,S,)] (1; N,H,S,%" = 1,2-ethanediamine-N,N -bis(2-
benzenethiolate)(2-))? with CO. 1 does not react with CO

H.N '—‘/N,H
@S/Nl‘sﬁ
[Ni(N,H,S,)]

gas. When recrystallized from DMF, however, it unex-
pectedly yielded the red carbene dithiolate complex [Ni-
(S;C)]1DMF (2-DMF; S,C?* = 1,3-imidazolidine-1,3-diyl-
bis(2-benzenethiolate)(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 H;O and dimeri-
zation of the resulting fragments. Systematic experiments

(2) (a) Ragadale, S. W.; Wood, H. G. Proc. Natl. Acad. Sci. U.S.A.
1984, 81, 6261. (b) Ragsdale, S. W.; Ljungdahl, L. G.; DerVartanian, D.
V. Biochem. Biophys. Res. Commun. 1988, 115, 658.

(3) (a) Corbin, J. L.; Work, D. E. Can. J. Chem. 1974, 52, 1054. (b)
Sellmann, D.; Képpler, O. Z. Naturforsch. 1987, 42B, 1291.
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Figure 1. Molecular structure of [Ni(S,C)],>DMF (2.DMF) (H
atoms and DMF omitted, 50% thermal ellipsoids). Selected
distances (pm) and angles (deg): Nil-S1 = 214.6 (2), Ni1-82 =
2179 (2), Ni1-Cl1 = 186.3 (5), Ni1-S2a = 224.5 (2), S1-C10 = 174.2
(7), C15-N1 = 141.7 (10), N1-C1 = 134.9 (10), N1-C16 = 148.3
(7), C16-C26 = 150.6 (14); S1-Ni1-82 = 177.2 (1), S1-Nil1-C1
= 91.9 (2), S2-Ni1-C1 = 90.9 (2), S1-Ni1-S2a = 92.9 (1), S2-
Nil-S2a = 84.3 (1), Ni1-C1-N1 = 127.9 (5), N1-C1-N2 = 107.6
(5), Ni1l-C1-N2 = 124.6 (6).

with different C, 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 1.4

DMF

NiCl + 'NjHyS;"H; + CHOEt);  —omer

[Ni(’S,C"); DMF (1)
2

+ other products

Crystals of 2-DMF obtained in this reaction were
characterized by an X-ray structure determination (Figure
1).5 2 exhibits crystallographic C; symmetry. The nickel
atoms are each surrounded by one carbene C atom and
three thiolate S atoms; the [Ni(S,C)] 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 £30 pm but the nonbridging thiolate donors
S1 and Sla only +1 pm. Ni-S distances within one [Ni-
(S;C)] 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 215-225 pm,
which is typical of diamagnetic Ni(II)-thiolate complexes.®
The Ni-C1 distance (186.3 (5) pm) is characteristic of

(4) All operations were carried out under nitrogen by using the
Schlenk technique. Solvents were dried and distilled under nitrogen
before use. NyH,S,-H, was prepared as described in the literature.®
[Ni(S;C)}»DMF (2): A solution of N,H;S,-H; (2.76 g, 10.0 mmol) and
10 mL of CH(OEt); in 30 mL of DMF was heated under reflux. NiCl,
(1.29 g, 10.0 mmol) in 10 mL of DMF was added dropwise, and the
mixture was heated for another 3 h. The resulting deep red reaction
mixture was cooled to room temperature, and the precipitated red-brown
microcrystalline 22DMF was collected, washed with 20 mL of MeOH and
10 mL of Et;0, and dried under vacuum; yield 3.22 g (47%). Anal. Caled
for CsgHg NsNi, 08, (M, = 769.33): C, 52.20; H, 4.12; N, 9.22; 8, 16.89.
Found: C, 52.09; H, 4.05; N, 9.01; S, 16,71. MS (FD): m/z 686 (M* -
DMF). NMR (pyridine-d;, 5 [ppm]): 'H NMR (270 MHz), 7.1-7.9 (m,
8 H, C¢H)), 3.9 (s, 4 H, C,H,); >C{'H} NMR (67.94 MHz), 184.9 (carbene
C), 143.2, 138.3, 132.1, 125.4, 125.0, 119.56 (C¢H,), 52.2 (C.H,).

(6) Crystal data for CgHg NgNi,08, (2-DMF): space group C2/c,
Nicolet R3m/V diffractometer, T' = 200 K, Mo Ka radiation, graphite
monochromator, w-scan, 3° < 24 < 54°, the structure was solved by direct
methods (SHELXTL-PLUS), 5643 reflections measured, 3418 independent
and 2846 with F > 6¢(F), non-hydrogen atoms were refined with aniso-
tropic thermal parameters, R = 6.9%, R, = 5.6%, @ = 2338.1 (4) pm, b
= 976.5 (4) pm, ¢ = 1613.5 (4) pm, 8 = 120.98 (1)°, V = 3159 (2) X 10°
pm?, Z = 4, Further details of the X-ray crystal structure analysis have
been deposited and can be obtained from the Fachinformationszentrum
Karlsruhe, Gesellschaft fiir wissenschaftliche-technische Information
mbH, W-7514 Eggenstein-Leopoldshafen 2, Germany, by citing the de-
position number (CSD 320387), the authors, and the reference.

(6) Sellmann, D.; Funfgelder, S.; P6hlmann, G.; Knoch, F.; Moll, M.
Inorg. Chem. 1990, 29, 4772.
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Ni(II)-carbene complexes;’ the C(carbene)-N distances
(134.9 (10) and 135.2 (8) pm) are considerably shorter than
the N1-C15 (141.7 (10) pm) and N1-C16 (148.3 (7) pm)
distances and indicate double-bond character of the C-
(carbene)-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 CN,S,
rings.

2 is diamagnetic, is stable toward air and temperatures
up to 300 °C, and dissolves only in donor solvents such as
pyridine, DMF, and DMSO. The NMR spectra of these
solutions and, in particular, the number of *C signals
indicate that 2 dissociates into two [Ni(S,C)] fragments,
which possess at least C, symmetry. The large high-field
shift of the *C(carbene) signal at 184.9 ppm indicates
nucleophilic character of the carbene C atom, because
carbene °C shifts are normally found in the range of
250~220 ppm and for electrophilic carbenes even up to 350
ppm.&12

Cleavage of 2 into [Ni(S,C)] 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 = PPh; in boiling
THF, 2 yielded the derivatives [NiL(S,C)] (3) according
toeq 2. The neutral complexes 3a and 3b, as well as the
monoanionic 3¢, precipitated as [NMe,]3c, were isolated
and completely characterized; X-ray structure analyses of
3a and 3b will be reported in a forthcoming paper.

(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.; Nishiwaki,
K.; Wada, M. J. Chem. Soc., Chem. Commun. 1982, 1178.

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

(9) [Ni(PMe;)(S,C)] (3a): PMe; (2.0 mL, 20.00 mmol) was added to
a suspension of [Ni(S,C)]»DMF (1.50 g, 1.98 mmol) in 30 mL of THF and
stirred for 2 h. The resulting deep red solution was 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 Et,0 and dried
under vacuum; yield 1.63 g (97%). Anal. Caled for C,gH, NoNiPS, (M,
= 419.16): C, 51.58; 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): 8pcy 950 cm™,
NMR (DMSO0-dg, 5 [ppm]): 'H NMR (270 MHz), 7.5-6.8 (m, 8 H, C¢H),
4.3 (s,4 H, C,H,), 1.3 (d, 9 H, P(CHy)5; *C{'H} NMR (67.94 MHz), 187.0
(d, 2J(3'P*C) = 108.7 Hz, carbene C), 140.9, 133.6, 130.1, 123.0, 122.6,
117.5 (CH,), 49.9 (C;H)), 11.1 (d, WJ(*'PC) = 40.7 Hz, P(CHj)s); *'P{H}
NMR (109.38 MHz, relative to HPO,), -16.0 (s, P(CHg)s). [Ni-
(PPh3)(8,C)] (3b): PPh; (1.4 g, 5.30 mmol) was added to a suspension
of [Ni(S;C)]DMF (367 mg, 0.48 mmol) in 50 mL of THF. The mixture
was heated under reflux for 1 day, resulting in a red solution. It was
cooled to room temperature, filtered, and layered with 20 mL of Et,0.
Red needles and dark green cubes precipitated, which were collected,
washed with 5 mL of MeOH and 10 mL of Et;0, and dried under vacuum.
Red needles and dark green cubes proved to be spectroscopically iden-
tical; yield 240 mg (41%). Anal. Caled for CysHyNoNiPS,; (M, = 605.44):
C, 65.47; H, 4.49; N, 4.63; S, 10.58. Found for green cubes: C, 65.64; H,
4.48; N, 4.45; S, 10.48. Found for red needles: C, 66.00; H, 4.57; N, 4.43;
S, 10.39. MS (FD): m/z 605 (M*). NMR (DMSO-dg, 5 [ppm]): 'H NMR
(270 MHz), 7.5-7.3 (m, 15 H, P(C¢H;);), 7.6-6.8 (m, 8 H, CeH)), 4.4 (s,
4 H, C,H,); *C{*H} NMR (67.94 MHz) (due to low solubility of 4, the
13C(carbene) signal could not be observed), 141.0, 133.6, 130.0, 123.3,
122.8, 117.6 (CgH,), 133.8, 129.7, 128.4, 128.3 (P(CgH,)g), 50.1 (C;H,);
31p(!H} NMR (109.38 relative to HyPO,), 24.8 (s, 1 P, P(C¢Hp)a).
[NMe,][Ni(CN)(S;C)] (3¢c): NaCN (340 mg, 0.70 mmol) in 5 mL of H;O
was added to a suspension of [Ni(S,C)}»DMF (527 mg, 0.70 mmol) in 25
mL of THF, and the mixture was stirred for 2 h. When stirring was
stopped, the THF and H,;0 phase separated; the THF phase was re-
moved, filtered, layered with a solution of NMe,Cl (154 mg, 1.4 mmol)
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
10 mL of Et,0, and dried under vacuum; yield 438 mg (71%). Anal.
Caled for CooHyNNiS, (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* - NMe,). IR (KBr): vcn = 2110 em™'. NMR (DMSO-d, § [ppm]):
1H NMR (270 MHz), 7.4-6.8 (m, 8 H, C.H)), 4.2 (s, 4 H, C;H,), 3.1 (s, 12
H, N(CHy),); *C{*H} NMR (687.94 MHz) 186.8 (carbene C), 140.4, 136.2,
129.8, 122.1, 121.8, 117.4 (CgH,), 138.4 (CN), 54.3 (N(CH,),), 49.9 (C,;H,).
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3 3a:L=PMe,
3b: L = PPhs (T = 65°C)
3e:L=CN

The retention of the [Ni(S;C)] core in the course of
cleavage reactions according to eq 2 demonstrates 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™'? and “Arduengo”
carbenes!! or in Lappert-type carbene complexes.'?
Furthermore, the carbene donor is part of a tridentate
ligand, and the Ni center in the [Ni(S,C)] fragment is
coordinated by two thiolate donors. These donors can act,
via their lone pairs, as r-donors to the nickel center, in-
creasing the electron density at the nickel and as a con-
sequence thereof also the x-back-bonding from nickel to
the carbene ligand. The w-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.; Jasim, 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.; Miller,
d. C. dJ. Organomet. Chem. 1985, 296, 173.

within the [Ni(S,C)] fragments, 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 this 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-
ands,!® 2 is stable even toward concentrated H,SO,,
aqueous HCI, or solutions of gaseous HCl in boiling THF.

The present work has shown that highly stable Ni(II)
carbene complexes can formed by reaction of C, sources,
thiolate amine ligands, and Ni(II) salts. The question as
to whether analogous reactions occur in the course of
CO,/CO conversion or CH, formation in CO de-
hydrogenases still remains open. Further investigations
have shown that palladium and platinum form analogous
complexes.
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Summary: New 1,3,2-diazagermines 2, formed by reac-
tion of 4-amino-1-azabutadienes 1 and diethyl- or di-
phenylgermanium dichloride, react with dimethyl acety-
lenedicarboxylate to yield novel 1,5,2-diazagermocines 3
in quantitative yield; the crystal structure of 3a has been
determined. The behavior of 3 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

t Departamento de Quimica Organometélica.

t Permanent address: Department of Chemistry, Nankai Univ-
ersity, People’s Republic of China.

$ Departamento de Quimica Fisica y Analitica.

(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.

Table 1. 1,5,2-Diazagermocines 3 Prepared from 1

compd® R! R? R? R* R® mp,°C
3a 4-MeCgH, Ph Me Ph Et 126-128°
3b 4-MeC¢gH, Ph Me Ph Ph 158-160°
3c Ph Ph Me c-CiHy, Et 125-127
3d 4-MeC¢H, Ph Cl1 Ph Et il
3e c- CeHu H H 4- MeOC3H4 Ph ¢

3f Bu H H 4MeCiH, Ph ¢

%For isolated compounds 3a-d yields from 1 >85% 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.; Moreauy, 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, 92, 325. (c) Cainelli, 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) Burns, S. A.; Corriu,
R. J. P.; Huynh, V.; Moreau, J. J. E. J. Organomet. Chem. 1987, 333, 281.
) Cgléréu, R. J. P,; Moreau, J. J. E.; Vernhet, C. Tetrahedron Lett. 1987,
28, 2963.
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