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A Fischer Carbene within an Arduengo Carbene**

Javier Ruiz,* Lucia Garcia, Bernabé F. Perandones, and Marilin Vivanco

The chemistry of N-heterocyclic carbenes (NHCs) has been
an intense area of research in the last several years.'! The
pioneering work by Arduengo et al.”! and Herrmann® on free
ligand isolation and catalytic applications of NHC metal
complexes, respectively, has significantly contributed to the
development of this field. There is currently a widespread
interest in developing new strategies for NHC ligand design
involving the replacement of the carbon atom backbone with
heteroatoms.!! Apart from the well-known triazol-2-yli-
denes,” NHCs containing boron® 4 and phosphorus*! as
heteroatoms in the N-heterocyclic skeleton have been
described. However, NHCs featuring a metal atom within
the heterocyclic framework, derived from the standard
imidazole cycle, are still unknown.[*”! Replacement of the
carbon atom at C4 of an Arduengo carbene (Scheme 1, A)
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Scheme 1. Arduengo carbene (A), and unprecedented carbene complex
within an NHC skeleton (B) and heterometallic dicarbene derivatives
(€). [M], [M']=transition-metal complexes.

with a metal atom belonging to a transition-metal complex
would lead to the generation of a carbene complex within the
NHC skeleton (B), which, upon coordination of a new
metallic center would give unprecedented heterometallic
dicarbene derivatives (C).”! This goal has been achieved as
part of this study. Herein, we describe the first synthesis of an
Arduengo carbene complex featuring a metal atom within the
heterocyclic skeleton, which has been accomplished through
an experimental approach implying transformation of an
acyclic diaminocarbene complex into a NHC.
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The treatment of a solution of the cationic diaminocar-
bene complex fac-[Mn{C(NHPh)(NHMe)}(CO),(bipy)]* 1"
in dichloromethane with a stoichiometric amount of [AuCl-
(PPh;)], in the presence of an excess of KOH, afforded the
heterometallic Mn"Au' neutral complex 3a, which was
isolated as a black solid (Scheme2). The reaction was
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Scheme 2. Formation of 3a and 3 b through the proposed intermedia-
tes I and Il

monitored by IR spectroscopy, thus allowing observation of
the formamidinyl complex 2 as a reaction intermediate. In an
independent experiment we have proved that complex 2 does
not react with [AuCl(PPh;)] unless KOH is present. Com-
pound 3a was quantitatively transformed into its isomer 3b,
corresponding to the location of the NMe and NPh groups in
interchanged positions, by heating a solution of the complex
in THF at reflux for 20 minutes. The phosphorus spectrum of
both isomers showed a singlet signal near to 0 =40 ppm,
which is typical for the [Au(PPh;)]* fragment bonded to
nucleophilic carbenes.®™ This observation suggested that,
apart from substitution of the remaining N—H proton in 2 by
the isolobal [Au(PPh;)]" fragment (intermediate I,
Scheme 2),l! a translocation process of the Mn' and Au'
ions occurred (intermediate IT), thus leading to the nitrogen
atom being bonded to manganese and the carbene carbon
atom being bonded to gold. The soft acid character of the Au'
ion, which prefers to bind a soft carbon atom instead of a hard
nitrogen atom, could be the driving force for this trans-
formation.

In the v(CO) region of the IR spectra of 3a and 3b is
revealed a pattern of bands characteristic for cis-dicarbonyl
complexes, consisting of two strong bands at much lower
frequencies than the starting complex 1. This fact, together
with the presence of a v(C=0) band at 1580 cm™', supports
the existence of a carbamoyl group in the complex, very likely
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resulting from a nucleophilic attack of the imine residue of
intermediate II to a vicinal carbonyl ligand. In addition, the
"H NMR spectra shows a singlet signal for the methyl group at
0=2.72 (3a) and 3.42 ppm (3b)."!l Furthermore, the *C{'H}
NMR spectrum of 3b clearly shows four low-field signals
corresponding to carbamoyl (6 =250.5 ppm), carbonyl (6 =
227.7 and 226.0 ppm), and carbene (6 =208.0 ppm) carbon
atoms. Note that intermediates I and II allow a reasonable
explanation for the formation of isomer 3a as a kinetic
product, although they were not detected during the course of
the reaction. Fortunately, crystals of 3a suitable for X-ray
diffraction were grown by slow diffusion of hexane into a
dichloromethane solution of the complex (Figure 1).1%

Figure 1. ORTEP drawing of the complex 3a, shown with 50% thermal
ellipsoids. Hydrogen atoms of the bipy ligand and phenyl groups are
omitted for clarity. Selected interatomic bond lengths [A] and angles
[°: Mn1-N2 2.075(15), N2-C3 1.286(20), C3-N4 1.396(20), N4—C5
1.447(20), C5-Mn1 1.967(20), C5-O7 1.260(20), C3-Aul 2.054(20),
Aul-P1 2.278(5); Mn1-N2-C3 114.7(13), N2-C3-N4 115.5(17), C3-N4-
C5117.8(15), N4-C5-Mn1 110.7(12), C5-Mn1-N2 81.1(7), C3-Aul-P1
176.5(6).

The X-ray crystal structure shows that the new diazaman-
gana-heterocycle species formed features a carbamoyl frag-
ment. The short C3—N2 (1.28(2) A) and C3-N4 (1.39(2) A)
bond lengths, together with the planar geometry around N2
and N4 nitrogen atoms, indicate strong electronic delocaliza-
tion within the N2-C3-N4 skeleton. Several resonance struc-
tures for the bond description in the metalaheterocycle can be
drawn (Scheme 3). No doubt the formamidinyl form (a)
should make an important contribution, but the carbene
forms (b) and (¢) must also be considered. In fact, the Mn1—
C5 (1.96(2) A) bond length is slightly shorter than that usually
found for Mn—C single bonds (2.12 A),"¥ and the C5-O7
distance (1.26(2) A) is lengthened from that typically encoun-
tered in acyl complexes or in amide molecules (1.21 A),l>!
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Scheme 3. Resonance structures for complex 3a. [Mn]=[Mn(CO),
(bipy)]-
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therefore supporting some contribution by the carbene-like
form of the carbamoyl fragment.

In accordance with the above interpretation, 3a and 3b
can be alkylated at the carbamoyl oxygen atom in a similar
manner as acyl complexes are transformed into Fischer
carbenes.™ This transformation is achieved by treatment
with methyl triflate, thus yielding the cationic complexes 4a
and 4b, respectively (Scheme 4).! The reaction proceeds
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Scheme 4. Formation of the mixed Fischer/Arduengo carbene com-
plexes 4a and 4b. 3a, 4a: R'=Ph, R”=Me; 3b, 4b: R'=Me, R*=Ph.
[Mn] =[Mn(CO),(bipy)].

readily with a strong change in the color of the solution from
black to red and, after appropriate work-up, compounds 4a
and 4b were isolated as air-sensitive red solids. In the v(CO)
region of the IR spectra of 4a and 4b is revealed two strong
bands at higher frequencies than their neutral precursors. The
most significant signals in the *C{'H} NMR spectra are those
corresponding to the manganese-bonded and gold-bonded
carbene carbon atoms (around ¢ =278 and 213 ppm, respec-
tively). The structure of 4a was unambiguously established by
single-crystal X-ray analysis (Figure 2),!? thus allowing a
comparison with its neutral precursor 3a.

Figure 2. ORTEP drawing of the cationic complex 4a, shown with 50%
thermal ellipsoids. Hydrogen atoms of the bipy ligand and phenyl
groups are omitted for clarity. Selected interatomic bond lengths [A]
and angles [°: Mn1-N2 2.049(7), N2-C3 1.292(11), C3-N4 1.387(11),
N4-C5 1.355(12), C5-Mn1 1.925(10), C5-07 1.343(10), C3-Aul
2.066(9), Aul-P1 2.220(3); Mn1-N2-C3 115.4(6), N2-C3-N4 113.9(8),
C3-N4-C5 116.0(8), N4-C5-Mn1 115.8(6), C5-Mn1-N2 78.0(4), C3-Aul-
P1171.8(21), N4-C5-O7 108.6(8), C5-O7-C8 119.9(8), Mn1-C5-0O7
135.6(8).

The methoxy substituent of 4a displays an anti-disposition
with respect to the bridging N—Ph group, which is very likely
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due to steric reasons. The Mn1—C5 bond length (1.92(1) A) is
slightly shortened with respect to the corresponding distance
in 3a, and is in the range of those usually found in Fischer
carbenes of Mn''""! The difference between the C3—N2 and
C3—N4 bond lengths is slightly smaller in 4a (0.09 A) than in
3a (0.11 A. However, this difference is still more pronounced
than that usually found in unsymmetrically substituted
NHCs,"™ naturally owing to the special electronic influence
of the metal atom within the heterocycle, which forces a
stronger m-donation from N2 than from N4 to the carbene
carbon atom C3.

In summary, we have found an experimental approach to
transform acyclic diaminocarbene complexes into N-hetero-
cyclic carbenes containing a transition-metal atom within the
heterocyclic skeleton. In this way, an unprecedented bonding
arrangement for carbene complexes, consisting of the place-
ment of a Fischer carbene as part of an Arduengo carbene
backbone, was achieved. Studies aimed at generating other
metal-containing NHC ligands are currently in progress.

Received: December 15, 2010
Published online: February 24, 2011

Keywords: carbene ligands - Fischer carbenes - gold -
manganese - N-heterocyclic carbenes

[1] For recent reviews, see: a) M. Melaimi, M. Soleilhavoup, G.
Bertrand, Angew. Chem. 2010, 122, 8992-9032; Angew. Chem.
Int. Ed. 2010, 49, 8810-8849; b) S. Diaz-Gonzélez, N. Marion,
S. P. Nolan, Chem. Rev. 2009, 109, 3612-3676; c) P. de Frémont,
N. Marion, S. P. Nolan, Coord. Chem. Rev. 2009, 253, 862—892;
d) F. E. Hahn, M. C. Jahnke, Angew. Chem. 2008, 120, 3166—
3216; Angew. Chem. Int. Ed. 2008, 47, 3122 -3172.

[2] A.J. Arduengo III, R. L. Harlow, M. Kline, J. Am. Chem. Soc.
1991, 113, 361 -363.

[3] W. A. Herrmann, Angew. Chem. 2002, 114, 1342-1363; Angew.
Chem. Int. Ed. 2002, 41, 1290-1309.

[4] a) T. D. Forster, K. E. Krahulic, H. M. Tuononen, R. McDonald,

M. Parvez, R. Roesler, Angew. Chem. 2006, 118, 6504 -6507,

Angew. Chem. Int. Ed. 2006, 45, 6356-6359; b) A. Kausamo,

H. M. Tuononen, K. E. Krahulic, R. Roesler, Inorg. Chem. 2008,

47, 1145-1154; c¢) K. E. Krahulic, H. M. Tuononen, M. Parvez,

R. Roesler, J. Am. Chem. Soc. 2009, 131, 5858-5865; d) K. E.

Krahulic, G. D. Enright, M. Parvez, R. Roesler, J. Am. Chem.

Soc. 2005, 127, 4142-4143; e) C. Priasang, B. Donnadieu, G.

Bertrand, J. Am. Chem. Soc. 2005, 127, 10182-10183; f) E.

Despagnet-Ayoub, R. H. Grubbs, J. Am. Chem. Soc. 2004, 126,

10198-10199; g) Y. Ishida, B. Donnadieu, G. Bertrand, Proc.

Natl. Acad. Sci. USA 2006, 103, 13585-13588.

a) D. Enders, K. Breuer, G. Raabe, J. Runsink, J. H. Teles, J.-P.

Melder, K. Ebel, S. Brode, Angew. Chem. 1995, 107, 1119-1122;

Angew. Chem. Int. Ed. Engl. 1995, 34,1021 -1023; b) D. Enders,

U. Kallfass, Angew. Chem. 2002, 114,1822—1824; Angew. Chem.

Int. Ed. 2002, 41, 1743-1745; ¢) D. Enders, O. Niemeier, T.

Balensiefer, Angew. Chem. 2006, 118, 1491-1495; Angew.

Chem. Int. Ed. 2006, 45, 1463-1467; d) G. Guisado-Barrios, J.

Bouffard, B. Donnadieu, G. Bertrand, Angew. Chem. 2010, 122,

4869 -4872; Angew. Chem. Int. Ed. 2010, 49, 4759 -4762.

5

—_

[6] Rhodium and molybdenum complexes of diaminocarbenes
containing a 1,1'-disubstituted ferrocene moiety in its backbone
have been described: a) D. M. Khramov, E. L. Rosen, V. M.
Lynch, C. W. Bielawski, Angew. Chem. 2008, 120, 2299-2302;

Angew. Chem. Int. Ed. 2008, 47,2267-2270; b) U. Siemeling, C.

Fiérber, C. Bruhn, Chem. Commun. 2009, 98 —100.

A molybdenum-containing four-membered metalla—amidinato

complex has been reported: H. Brunner, W. Meier, J. Wachter, L.

Bernal, E. Raabe, J. Organomet. Chem. 1989, 362, 95-103.

For polymetallic species featuring NHC-based connectors, see:

a) P L. Arnold, S. T. Liddle, Organometallics 2006, 25, 1485—

1491; b) J. Ruiz, B. F. Perandones, J. Am. Chem. Soc. 2007, 129,

9298-9299; c¢) A. Zanardi, J. A. Mata, E. Peris, Organometallics

2009, 28, 4335-4339; d) A. Zanardi, J. A. Mata, E. Peris, J. Am.

Chem. Soc. 2009, 131, 14531-14537; e) Y. Wang, Y. Xie, M. Y.

Abraham, P. Wei, H. F. Schaeler III, P.v. R. Schleyer, G. H.

Robinson, J. Am. Chem. Soc. 2010, 132, 14370-14372.

[9] J. Ruiz, B. F. Perandones, Organometallics 2009, 28, 830-836.
[10] For the reactivity of NHC ligands involving deprotonation of N—
H groups, see: a) F. E. Hahn, M. Tamm, J. Organomet. Chem.
1993, 456, C11-C14;b) F. E. Hahn, V. Langenhahn, N. Meier, T.
Liigger, W. P. Fehlhammer, Chem. Eur. J. 2003, 9, 704-712;
c) F. E. Hahn, V. Langenhahn, T. Pape, Chem. Commun. 2005,
5390-5392; d) F. E. Hahn, A. R. Naziruddin, A. Hepp, T. Pape,
Organometallics 2010, 29, 5283 —5288.

Complex 3a was fluxional at room temperature, as revealed by

the presence of four groups of signals for the hydrogen atoms of

the bipy ligand in the '"H NMR spectrum. These signals are split
up at low temperature (see the Supporting Information). Most
probably the fluxional process involves reversible transfer of the

N—Ph group from the carbamoyl moiety to the vicinal carbonyl

ligand, thus rendering equivalent both halves of the bipy ligand.

[12] CCDC 740746 (3a) and 804379 (4a) contain the suplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data request/cif.

[13] D. Lafrance, J. L. Davis, R. Dhawan, B. A. Arndtsen, Organo-
metallics 2001, 20, 1128 -1136.

[14] F.J. Garcia-Alonso, A. Llamazares, V. Riera, M. Vivanco, M. R.
Diaz, S. Garcia-Granda, J. Chem. Soc. Chem. Commun. 1991,
1058 —1060.

[15] For a recent review on Fischer carbenes, see: K. H. Détz, J.
Stendel, Jr., Chem. Rev. 2009, 109, 3227 -3274.

[16] For related derivatization reactions by O functionalization of
NHCs incorporating an enolate backbone, see: a) V. César, N.
Lugan, G. Lavigne, J. Am. Chem. Soc. 2008, 130, 1128611287,
b) L. Benhamou, V. César, H. Gornitzka, N. Lugan, G. Lavigne,
Chem. Commun. 2009, 4720-4722; c) V. César, N. Lugan, G.
Lavigne, Chem. Eur. J. 2010, 16,11432-11442; d) L. Benhamou,
N. Vujkovic, V. César, H. Gornitzka, N. Lugan, G. Lavigne,
Organometallics 2010, 29, 2616 -2630.

[17] a) M. F. Semmelhack, A. Lindenschmidt, D. Ho, Organometal-
lics 2001, 20, 4114-4117; b) Y. Li, S. Kim, C. Kang, J. Ko, S. O.
Kang, P.J. Carroll, Organometallics 1998, 17, 1109-1115; c) A.
Rabier, N. Lugan, R. Mathieu, G. L. Geoffroy, Organometallics
1994, 13, 4676-4678; d) U. Schubert, Organometallics 1982, 1,
1085-1088.

[18] For examples, see: a) G. C. Vougioukalakis, R.H. Grubbs,
Chem. Eur. J. 2008, 14, 7545-7556; b) F. E. Hahn, M. Paus, D.
Le Van, T. Liigger, Angew. Chem. 2003, 115, 5402 —-5405; Angew.
Chem. Int. Ed. 2003, 42, 5243-5246; c) A. O. Larsen, W. Leu,
C. N. Oberhuber, J. E. Campbell, A. H. Hoveyda, J. Am. Chem.
Soc. 2004, 126, 11130-11131.

[7

—

8

—_

[11

—

www.angewandte.org

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angew. Chem. Int. Ed. 201, 50, 30103012


http://dx.doi.org/10.1002/ange.201000165
http://dx.doi.org/10.1002/anie.201000165
http://dx.doi.org/10.1002/anie.201000165
http://dx.doi.org/10.1002/ange.200703883
http://dx.doi.org/10.1002/ange.200703883
http://dx.doi.org/10.1002/anie.200703883
http://dx.doi.org/10.1021/ja00001a054
http://dx.doi.org/10.1021/ja00001a054
http://dx.doi.org/10.1002/1521-3757(20020415)114:8%3C1342::AID-ANGE1342%3E3.0.CO;2-A
http://dx.doi.org/10.1002/1521-3773(20020415)41:8%3C1290::AID-ANIE1290%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/1521-3773(20020415)41:8%3C1290::AID-ANIE1290%3E3.0.CO;2-Y
http://dx.doi.org/10.1002/ange.200601229
http://dx.doi.org/10.1002/anie.200601229
http://dx.doi.org/10.1021/ic7020929
http://dx.doi.org/10.1021/ic7020929
http://dx.doi.org/10.1021/ja9001234
http://dx.doi.org/10.1021/ja050129e
http://dx.doi.org/10.1021/ja050129e
http://dx.doi.org/10.1021/ja052987g
http://dx.doi.org/10.1021/ja047892d
http://dx.doi.org/10.1021/ja047892d
http://dx.doi.org/10.1073/pnas.0604761103
http://dx.doi.org/10.1073/pnas.0604761103
http://dx.doi.org/10.1002/ange.19951070926
http://dx.doi.org/10.1002/anie.199510211
http://dx.doi.org/10.1002/1521-3757(20020517)114:10%3C1822::AID-ANGE1822%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-3773(20020517)41:10%3C1743::AID-ANIE1743%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1521-3773(20020517)41:10%3C1743::AID-ANIE1743%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/ange.200503885
http://dx.doi.org/10.1002/anie.200503885
http://dx.doi.org/10.1002/anie.200503885
http://dx.doi.org/10.1002/ange.201001864
http://dx.doi.org/10.1002/ange.201001864
http://dx.doi.org/10.1002/ange.200704978
http://dx.doi.org/10.1002/anie.200704978
http://dx.doi.org/10.1039/b813809e
http://dx.doi.org/10.1016/0022-328X(89)85283-0
http://dx.doi.org/10.1021/om050895u
http://dx.doi.org/10.1021/om050895u
http://dx.doi.org/10.1021/ja073144n
http://dx.doi.org/10.1021/ja073144n
http://dx.doi.org/10.1021/om900358r
http://dx.doi.org/10.1021/om900358r
http://dx.doi.org/10.1021/ja906028g
http://dx.doi.org/10.1021/ja906028g
http://dx.doi.org/10.1021/ja106631r
http://dx.doi.org/10.1021/om800888r
http://dx.doi.org/10.1016/0022-328X(93)80442-E
http://dx.doi.org/10.1016/0022-328X(93)80442-E
http://dx.doi.org/10.1002/chem.200390079
http://dx.doi.org/10.1039/b510996e
http://dx.doi.org/10.1039/b510996e
http://dx.doi.org/10.1021/om100388w
http://dx.doi.org/10.1021/om000745d
http://dx.doi.org/10.1021/om000745d
http://dx.doi.org/10.1039/c39910001058
http://dx.doi.org/10.1039/c39910001058
http://dx.doi.org/10.1021/cr900034e
http://dx.doi.org/10.1039/b907908d
http://dx.doi.org/10.1021/om1003607
http://dx.doi.org/10.1021/om010507y
http://dx.doi.org/10.1021/om010507y
http://dx.doi.org/10.1021/om00024a010
http://dx.doi.org/10.1021/om00024a010
http://dx.doi.org/10.1021/om00068a017
http://dx.doi.org/10.1021/om00068a017
http://dx.doi.org/10.1002/chem.200800470
http://dx.doi.org/10.1002/ange.200352349
http://dx.doi.org/10.1002/anie.200352349
http://dx.doi.org/10.1002/anie.200352349
http://dx.doi.org/10.1021/ja046245j
http://dx.doi.org/10.1021/ja046245j
http://www.angewandte.org

