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A series of 1,2,3-triazol-5-ylidene (tzZNHC) complexes of a (p- system to compare the reactivity of N-bonded and C-bonded aryl
cymene)ruthenium system was synthesized. The reactivity of groups in the tzZNHC ligand toward ortho metalation at the metal
the N-bonded and C-bonded aryl groups in the tzNHC ligand s centre. »10

wwas found to be significantly different with respect to M M M M
intramolecular aromatic C-H bond activation. R‘NJ\N’R R\NJ\N’R R~N )W Ry )ﬁ’R
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N-Heterocyclic carbenes (NHCs) have emerged as an extremely R R
useful class of ligands for use in transition metal complexes.' The A B c D
majority of NHC ligands are imidazol-2-ylidenes A or 1,2,4- Fig. 1 Normal NHC (A and B) and mesoionic NHC ligands (C and D)

triazol-5-ylidenes B (Fig. 1), which are classified as normal
NHCs. In contrast, since Crabtree first described an NHC
complex in which the imidazolium moiety was coordinated at the
C4 position (C),? alternative NHC ligands (mesoionic NHCs)
have been reported.’ In this category, following the first
20 description of the 1,2,3-triazol-5-ylidene ligand (tzNHC, D) and
its complex by Albrecht et al.,* several research groups have
reported the synthesis of transition metal complexes bearing the
tzNHC ligand, as well as their application to catalytic
transformations.® Our research group has reported the synthesis
»s of palladium and copper complexes bearing the tzZNHC ligand
and their application to catalytic organic reactions.® In these
studies, the tzZNHC complexes showed higher catalytic activity
than the corresponding imidazole NHC system in organic
reactions. It is known that the electron donating ability of the
30 tzZNHC ligand toward the metal fragment is higher than that of the
normal imidazol-2-ylidene ligand,* and its electronic properties
affect its catalytic activity in transition-metal-catalyzed organic
reactions. Although the catalytic merit and electronic properties
of the 1,2,3-triazol-5-ylidene ligand have been examined, an
investigation of the character of the two environmentally different
substituents (N- and C-bonded) of the NHC ligand, derived from
its unsymmetrical ligand structure, has yet to be developed. To
obtain information about this point, we turned our attention to an
examination of the intramolecular aromatic C-H bond activation
40 (ortho metalation) of a 1,2,3-triazol-5-ylidene ligand bearing two
aryl substituents. The report for ortho metallation of tzNHC
ligand has scarcely been studied.”® In case of palladium
complexes, it has been described that N-bonded aryl group of
tzNHC ligand is prefer to undergo a ortho metalation.® However
45 research about this point had yet to be studied in detail.
In this communication, we report the synthesis of a series of
1,2,3-triazol-5-ylidene complexes of a (p-cymene)ruthenium(Il)

@

To prepare the ruthenium complexes bearing the 1,2,3-triazol-
S-ylidene ligands, transmetalation from the corresponding in situ

ss generated silver carbene complexes was effected using Ag,O and
tetramethylammonium ~ chloride.'"  Treatment of phenyl-
substituted triazolium salt 1a with 0.6 equiv of silver oxide and
tetramethylammonium chloride, followed by reaction with 0.5
equiv of [(p-cymene)RuCly],, led to the formation of (p-
cymene)RuCl(tzNHC) complex 2a, in which the N-bonded
phenyl group of the tzZNHC ligand was metalated at the ortho
position by ruthenium (Scheme 1).'? This complex was obtained
as a single product; the ruthenium complex that would result from
metalation of the C-bonded phenyl ring was not formed." In the
65 case of the reaction in THF under reflux conditions, formation of
complex 2a was also confirmed by '"H NMR, and the complex 2a
was not converted to C-bonded phenyl metalated product. This
result indicated that ruthenium metal activation of the aromatic
C-H bond in the N-bonded phenyl ring occurred more easily than

70 that of the C-bonded phenyl ring. In the reaction using triazolium

salt 1b bearing an o-tolyl group at the 1-position instead of a

phenyl group, selective formation of the corresponding ruthenium

complex 2b also proceeded, with C-H bond activation of the o-

tolyl group. These complexes were characterized by 'H and "*C
s NMR analysis. By "H NMR, the two isopropyl methyl groups of
the p-cymene ligand were observed as two doublet signals at 0.73
and 0.82 ppm for 1a and 0.73 and 0.80 ppm for 1b, indicating
unsymmetrical molecular structures. The '*C NMR spectra
showed characteristic signals for the carbene carbons at 166.3
(1a) and 167.6 ppm (1b),"* and the ruthenium-bonded phenyl
carbons were observed at 173.0 (1a) and 174.2 ppm (1b).

The structures of complexes 2a and 2b were also confirmed by
X-ray analysis (Fig. 2), which revealed the existence of covalent
bonds between the ruthenium metal and the N-bonded aryl
ss substituents of the tzZNHC ligands at the ortho position. The Ru-
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C(carbene) bond distances of 2a and 2b were 2.037(3) and
2.025(4) A, respectively. These bond distances were within the
normal range for previously reported 1,2,3-triazol-5-ylidene
ruthenium(Il) complexes. The Ru-C(7'-aryl) bond distances in

s 2a (2.080(2) A) and 2b (2.068(4) A) were similar in value to the
corresponding  imidazol-2-ylidene  (p-cymene)  ruthenium
complex involving an ortho-metalated phenyl group in the
ligand."
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1a(R=H) 2a (R = H): 53% yield
1b (R = Me) 2b (R = Me): 40% yield

10 Scheme 1 Synthesis of ruthenium complexes involving C-H bond
activation of the N-bonded aryl group in the tzZNHC ligand.

Fig. 2 ORTEP drawings of 2a (left) and 2b (right) with thermal
15 ellipsoids drawn at 50% probability level. Hydrogen atoms and solvents
are omitted for clarity.

We next investigated the reaction of 1-(2,6-xylyl)-4-phenyl-
triazol-5-ylidene for which aromatic intramolecular C-H bond
activation of the aryl moiety at the ortho position by the

20 ruthenium complex was not possible (Scheme 2). The reaction of
in situ generated silver tzZNHC, derived from the corresponding
triazolium salt 1le¢, with [(p-cymene)RuCl,], resulted in the
formation of tzZNHC ruthenium complex 3¢ in 80% yield. In spite
of the presence of aromatic C-H bonds at the ortho positions of

2s the C-bonded phenyl group of this tzZNHC ligand, metalation of
these positions did not occur under the same reaction conditions
that produced complex 2 in Scheme 1. This noteworthy result
indicated that the reactivity of the N-bonded and C-bonded aryl
groups of the tzZNHC ligands was considerably different, and the

30 C-bonded aryl group was less likely to undergo metalation than
the imidazole NHC ligand.” To abstract the hydrogen atom from
the phenyl ring and the chloride ligand from complex 3¢ and
synthesize the tzZNHC complex ortho-metalated at the C-bonded
phenyl ring, the reaction of 3¢ with base was carried out (Scheme

35 2). Upon treatment of 3¢ with K,CO; in THF under reflux
conditions for 6 h, ortho-metalated complex 4¢ was obtained in
75% yield. "H NMR signals for the isopropyl methyl protons of
4c¢ were observed as two doublets at 0.51 and 0.92 ppm, whereas
those of 3¢ were observed as one doublet at 1.16 ppm. The

a0 carbene carbon of 3¢ was observed at 162.4 ppm by °C NMR. In
contrast, *C NMR measurement of 4¢ showed two characteristic
low field signals at 178.4 and 180.8 ppm. The structures of 3¢
and 4¢ were also confirmed by X-ray analysis (Fig. 3). The Ru-
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C(carbene) bond distance in 4¢ (2.0225(19) A) was similar in
45 value to 2a and 2b, whereas the Ru-C(carbene) bond distance in
3¢ (2.102(6) A) was longer than in the complexes involving
ortho-metalated structures (2a, 2b, and 4c¢). In the case of 4¢, the
bond distance for Ru-C(n'-phenyl) (2.0860(17) A) was almost
the same as that in complex 2.
so  As described above, when the reaction site in the N-bonded
aryl group of the tzZNHC ligand was protected, ortho metalation
of the C-bonded phenyl group could be controlled. The difference
between the ortho-metalation reactivity in the N- and C-bonded
aryl groups probably derived from two factors: (i) N-bonded aryl
substituents are probably more electron-rich than C-bonded ones
and its affect the position selective ortho metalation. (ii) For
steric reasons, the C-bonded phenyl ring would appear to be
oriented perpendicular to the triazole ring due to the steric
repulsions with methyl group at the 3-position. This precludes the
6 C-bonded phenyl ring from approaching the ruthenium metal
with the orientation needed for C-H bond activation to occur.
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Scheme 2 Synthesis of ruthenium complex bearing 1-(2,6-xylyl)-4-
phenyl-triazol-5-ylidene 3¢, and reaction of 3¢ with K,COs.

65

i \3
N3
Fig. 3 ORTEP drawings of 3¢ (left) and 4c¢ (right) with thermal ellipsoids

drawn at 50% probability level. Hydrogen atoms and solvents are omitted
for clarity.

70  Replacement of the 2,6-xylyl group with a benzyl group in the
tzZNHC ligand resulted in the formation of the corresponding
ruthenium complex 3d in 97% yield, which was not ortho-
metalated at the C-bonded phenyl group (Scheme 3).
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Scheme 3 Synthesis of ruthenium complex bearing 1-benzyl-4-phenyl-
triazol-5-ylidene 3d.

In summary, the preparation of ruthenium(II) complexes bearing
1,2,3-triazol-5-ylidene ligands was achieved. This system was
used to demonstrate the unique properties of the 1,2,3-triazol-5-
ylidene ligands derived from their unsymmetrical structures. It
was confirmed that the reactivity of the N-bonded and C-bonded
aryl groups of the tzNHC ligand toward intramolecular aromatic
C-H bond activation (ortho metalation) was significantly
different. These results offer important and useful information
about the coordination chemistry of triazole NHC complexes and
their use as catalysts. Further investigation in this area is
currently ongoing in our laboratory.
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(p-cymene)ruthenium complex bearing 1,2,3-triazol-5-ylidene (tzZNHC) ligand involving position
selective intramolecular aromatic C-H bond activation were synthesized. As a result, it was found
that the reactivity between N-bonded and C-bonded aryl group in tzZNHC ligand for the C-H bond

activation is significantly different.
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