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Abstract

Treatment of cyclic diaminocarbene tungsten complexes (CO)5W�CNRCH2CH2N
¸¹¹¹¹¹¹¹º

H [R=Ph, Et] with acylating agents resulted
in the formation of isocyanide complexes via the cleavage of C–N bond. Crystal structure of (CO)5WCN(CH2)2N(Ph)COPh 2a
was determined. © 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

The diaminocarbene species known as a ‘bottle-
able carbene’ has received much attention recently
[1–5]. Such carbenes can be considered typical nucle-
ophilic ligands which allow them to become a good
p-donor towards various metal and non-metal ions
[5–8]. In the structural analysis, the distance of C(car-

bene)–N appears to be intermediate between typical
single-bond and double-bond lengths (Scheme 1), in-
dicating the resonance stabilization by the better
donor nitrogen atoms. It is also known that
aminocarbene complexes with primary or secondary
amine moieties can react with acylating agents in
various fashions. For example, aminocarbene
(CO)5Cr�C(NH2)R can be converted to 2-azaallenyl

complexes via the reaction of NH2 group with acyl
chloride [9], whereas the N-acylated product was ob-
tained when (CO)5Cr�C(NHR)Ar reacted with acetic
anhydride in the presence of base [10]. In the previ-
ous work, we were able to prepare the stable di-
aminocarbene group 6 metal complexes 1 with
secondary amine moiety in the molecule [11]. Here
we report the reaction of cyclic diaminocarbene com-
plexes with acylating agents to yield the correspond-
ing isocyanide species.

2. Results and discussion

Instead of granting the N-acylated carbene product,
treatment of diaminocarbene 1a with benzoyl chloride
in the presence of pyridine at reflux for 12 h resulted in
the formation of the isocyanide complex 2a (Scheme 2).

Scheme 1.
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Scheme 2.

Scheme 3.

complexes. Both reactions of 1b with benzoyl chloride
and 1b with acetic anhydride provide the corresponding
isocyanide complexes 2b and 2c, respectively [14]. Other
acylating agents such as acetyl bromide or acetyl chloride
provide the same result whereas di-tert-butyl dicarbonate
(t-BuOCO)2O does not react with diaminocarbene com-
plexes at all. In the previous study, we have found that the
deprotonation of 1a or 1b with sodium hydride accompa-
nied with alkylation yielded the N-alkylated carbene
complexes [11]. However, deprotonation of 1a by n-
butyllithium followed by the treatment of benzoyl chlo-
ride at r.t. resulted in the recovery of the starting material,
whereas the isocyanide product 2a was obtained when the
reaction was carried out at refluxing temperature.

It is reported by Dötz and coworkers that the N-acy-
lated aminocarbene complexes can be obtained effec-
tively by the treatment of carbene complexes with
acylating agents in the presence of dimethylaminopy-
ridine(DMAP) as the catalyst [10]. However, attempts to
prepare the N-acylated diaminocarbene of 1 under Dötz
conditions or even under refluxing THF solution failed
and the starting material was recovered. This result
indicates that the reactivity of diaminocarbene complexes
is quite different from a simple aminocarbene species such
as (CO)5CrC(NHR)Ar.

Formation of the isocyanide complex is presumably via
the ring-opening of the cyclic carbene to form an
isocyanide intermediate 3 followed by the acylation of
secondary amine to yield the product (Scheme 3). The
first step involves the cleavage of C–N bond, which is the
reversed process of the addition of amine to isocyanide
moiety, a known approach to prepare diaminocarbenes
[11]. Unfortunately, it is not possible to detect the
intermediate 3 via monitoring the sample of 1 by NMR
spectrometer even at higher temperature indicating that
the carbene species is thermodynamically more stable
than the isocyanide form. However, the amine moiety of
3 is once acylated, the nitrogen atom becomes less
nucleophilic and is not able to form the carbene species.
In this investigation, the available data indicates that the
stable class of diaminocarbene complex can undergo the
cleavage of C–N bond thermally to form the isocyanide
functionality.
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Complex 2a was characterized by both spectral and X-ray
crystal structural analyses. The infrared spectrum for 2a
showed a characteristic band at 2176 cm−1, which is
consistent with the coordinated isocyanide stretching
absorption, and metal-carbonyl stretching frequencies at
2069, 1947 cm−1. The 13C-NMR chemical shift at d 144.6
is typical for the coordinated isocyanide which provides
another information of the structure proposed. Neverthe-
less, the structure of 2a was further confirmed by
single-crystal X-ray diffraction and the ORTEP plot is
presented in Fig. 1 [12].

As expected, the tungsten atom is in an octahedral
environment, since it is bound to an isocyanide and five
carbonyl ligands. The W-ligands distances are similar to
those reported for analogous (CO)5WCNR species [13].
All bond distances and bond angles are in normal ranges
as illustrated in Fig. 1. The distance of tungsten to
isocyanide ligand [W-C6 2.120(6) Å] is similar to that of
CH3C[CH2NCW(CO)5]3 [2.08(2) Å] ([13]a). The distance
of carbonyl ligand trans to isocyanide [W-C3 2.001(8)]
appears to be shorter than those cis to it. The distance of
C6-N1 [1.136(8) Å] is attributed to the C�N in the
coordinated isocyanide.

Conversion of diaminocarbene to the isocyanide com-
plex appears to be a trend in such tungsten carbene

Fig. 1. ORTEP Plot of 2a. W-C6 2.120(6), W-C1 2.028(9), W-C2
2.027(8), W-C3 2.001(8), W-C4 2.041(9), W-C5 2.031(8), W-C6-N1
177.8(5), C1-W-C6 90.0(3), C6-W-C3 179.3(3).
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b=113.56(2)°, V=2168.4(8) Å3, Z=4, DCalcd=1.759 g cm−3,
F(000)=1100, m(Mo–Ka) 54.763 cm−1, crystal size 0.15×
0.35×0.50. T=298 K, CAD 4 diffractometer, 3811 unique
reflections [2693 observed, I\2.0s(I)], Rf=0.029, Rw=0.030.
GoF=1.48.

[13] (a) F.E. Hahn, M. Tamm, J. Organomet. Chem. 410 (1991) C9.
(b) W.P. Fehlhammer, G. Zinner, G. Beck, J. Fuchs, J.
Organomet. Chem. 379 (1989) 277. (c) M. Fritz, D. Rieger, E.
Bär, G. Beck, J. Fuchs, G. Holzmann, W.P. Fehlhammer, Inorg.
Chim. Acta, 198 (1992) 513.

[14] 2b: IR(CH2Cl2) 2171 cm−1 (nC�N), 2069, 1946 cm−1 (nCO), 1641
cm−1 (nN–CO); 1H-NMR (200 MHz, CDCl3) d 7.5–7.23 (m, 5
H), 4.05 (t, J=6.0 Hz, 2H), 3.73 (t, J=6.0 Hz, 2H), 3.40 (q,
J=6.6 Hz, 2H), 1.17 (t, J=6.6 Hz, 3H); 13C-NMR d 195.7,
194.1(JP–W=67 Hz), 170.8, 144.1 (W–CN–), 133.4, 129.6,
128.6, 126.0, 45.9, 44.9, 42.2, 14.3. 2c: IR(CH2Cl2) 2173 cm−1

(nC�N), 2065, 1944 cm−1 (nCO), 1640 cm−1 (nN–Co); 1H-NMR
(200 MHz,CDC13) d 3.92 (t, J=6.0 Hz, 2 H), 3.60 (t, J=6.0
Hz, 2H), 3.46 (q, J=6.6 Hz, 2H), 2.10 (s, 3H), 1.51 (t, J=6.6
Hz, 3H).

.


