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Abstract

The reactions of the unsaturated cluster anion [Re3(�-H)4(CO)10]− (1) with 1,2-, 1,3- and 1,4-diazines (used as solvents)
have been investigated. The reaction with 1,2-diazine at room temperature gives quantitatively the anion [Re3(�-H)2(�-�2-
N2C4H4)(CO)10]− (3), containing a diazine bridging through the two N atoms, characterised by single crystal X-ray analysis.
The orthometallated isomer [Re3(�-H)3(�-�2-N2C4H3)(CO)10]− (4) was obtained by refluxing3 in toluene. The reaction
of [NEt4]1 in molten 1,4-diazine (60◦C) affords the anion [Re3(�-H)3(�-�2-N2C4H3)(CO)10]− (5), containing orthomet-
allated pyrazine. The slow reaction of [NEt4]1 with 1,3-diazine at room temperature gives two orthometallated isomers6,
corresponding to the metallation of carbon C2 (6a) and C6 (6b), respectively (6b/6a ratio ca. 1.2). Differently from what
previously found for the analogous cluster anion containing orthometallated pyridine, the metallation reaction of diazines
showed little reversibility, and poor conversion of5 and 6 to the starting anion1 was observed after several days under
100 atm of H2. Competition experiments, performed by dissolving [NEt4]1 in equimolar mixtures of pyridine/pyrazine or
pyridine/pyrimidine, showed that the anion with metallated pyridine was the kinetically preferred product and that at longer
times it slowly converted to the derivatives with metallated diazines (5 or 6).
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The study of the reactivity of the six-member aro-
matic nitrogen heterocycles (azines) with transition
metal clusters is an active area of research, due to
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the possibility of understanding and then optimising
the catalytic hydrodenitrification processes[1–4]. It is
known in fact that stable organometallic compounds
can provide good models of the reactive intermediates
in both homogeneous and heterogeneous catalytic pro-
cesses. A particular interest is devoted to systems able
to activate C–H bonds of organic ligands co-ordinated
on metal clusters and several examples of these com-
plexes have been described[5–18].2

2 For studies concerning the activation of C–H bonds of nitrogen
heterocycles by triosmium and trirutenium clusters see[13–16].
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Scheme 1.

In a previous paper[19] some of us reported
that the unsaturated anion [Re3(�-H)4(CO)10]− (1,
46 valence electrons (v.e.s)) reacts with pyridine
(Eq. (1)) at room temperature giving the anion
[Re3(�-H)3(�-�2-NC5H4)(CO)10]− (2) containing an
orthometallated pyridine molecule bridging a cluster
edge.

[Re3(�-H)4(CO)10]
− + NC5H5

→ [Re3(�-H)3(�-�2-NC5H4)(CO)10]
− + H2 (1)

A multi-step mechanism was proposed (see
Scheme 1) in which, at first, pyridine addition on1
gives the saturated (48 v.e.s) intermediateI1. Fast H2
reductive elimination affords the coordinatively and
electronically unsaturated intermediateI2, which is
able to activate the C�–H bond of the pyridine ligand,
giving the anion2. Studies on using partially deuter-
ated isotopomers[20] demonstrated the reversibility
of the metallation reaction. Then in the presence of
L ligands like CO, the competition between C–H

Scheme 2.

oxidative addition and CO coordination onI2 was
observed, leading to a mixture of the anion2 and of
[Re3(�-H)2(CO)11(NC5H4)]−.

In this work we have studied the reaction of1
with other nitrogen heterocycles, i.e. the three diazines
shown in Scheme 2, with the aim of investigating
new competition pathways of the intermediateI2 be-
tween: (i) C–H oxidative addition andintramolecular
(in the case of pyridazine) orintermolecular(in the
case of pyrazine and pyrimidine) nitrogen coordina-
tion; (ii) oxidative addition of two differentorthoC–H
bonds in the case of pyrimidine. Moreover, the com-
petition between activation of pyridine and pyrimidine
(or pyrazine) has been investigated.

2. Experimental

All reactions were performed under N2 using the
Schlenk technique in solvents deoxygenated and
dried by standard methods[21]. Pyridine, pyrimi-
dine and pyridazine were purchased from Aldrich®

and were distilled over KOH just before the reac-
tion, whilst pyrazine (Aldrich®) was used as re-
ceived. [NEt4][Re3(�-H)4(CO)10] was prepared from
[NEt4][Re3(�3-H)(�-H)3(CO)9] [22,23]. IR: Bruker
Vector 22 FT,1H NMR: Bruker AC200 and DRX300
spectrometers.

2.1. Synthesis of [NEt4][Re3(µ-H)2(µ-η2-N2C4H4)
(CO)10] ([NEt4]3)

A sample of [NEt4]1 (47.5 mg, 0.049 mmol) was
dissolved at room temperature in freshly distilled pyri-
dazine (2.1 ml, 29.3 mmol). After 3 h addition of de-
oxygenated water (40 ml) afforded a green precipitate
which was separated, washed with water, dried under
vacuum and crystallised with CH2Cl2/Et2O (33 mg,
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Table 1
IR and 1H NMR data for the complexes described in this work

ν(CO)a (cm−1) Chemical shiftδ (ppm)

H2 H3 H4 H5 H6 Ha
b Hb

b Hc
b

2 2095w, 2016m, 1996vs, 1940m, 1900m,br 8.15 6.50 6.94 7.50 −12.48 −13.48 −15.15
3 2033w, 2002vs, 1957m, 1933vs, 1909s 8.67 7.07 7.07 8.67 −9.64 −12.89
4 2093w, 2019m, 1998vs, 1945w, 1915m,brc 7.61 d 6.77 t 8.24 dd −12.54 −13.29 −15.24
5 2094w, 2020m, 1997vs, 1942w, 1912m,br 8.33 dd 7.66 dd 8.05 ddd −12.70 −13.56 −15.30
6a 2094w, 2019m, 1998vs, 1942w, 1910m,br 8.27 dde 6.62 te 8.20 dde −12.63 −13.67 −15.17
6b 2094w, 2019m, 1998vs, 1942w, 1910m,br 8.49 df 7.65 df 7.36 ddf −12.75 −13.62 −15.34
7ag 7.77 dd 6.01 t 7.74 dd −9.84 −11.28 −12.38
7bg 8.12 7.19 6.91 −9.77 −11.48 −12.49

a Measured in CH2Cl2 at room temperature.
b Ha indicates the hydride bridging the Re–Re edge bridged by the metallated diazine, Hb the hydride bridging the lateral edge bound

to the Re atom bearing the N atom, and Hc the hydride bridging the third lateral edge.
c Measured in toluene.
d J3,6 = 1.5 Hz, J5,6 = 3.2 Hz from computer simulation for a AMX spin system.
eJ4,5 = 5.7 Hz, J4,6 = 2.5 Hz, J5,6 = 5.1 Hz from computer simulation for a ABX spin system.
f J2,5 = 1.2 Hz, J4,5 = 5.2 Hz from computer simulation for a AMX spin system.
g δ values of the protons of the terminally coordinated pyrimidine: 6.97, 8.70, 8.95 and 9.21 ppm in both the species.

0.032 mmol, isolated yields 52.8%). Slow diffusion of
Et2O into a concentrated CH2Cl2 solution of 3 pro-
vided crystals suitable for X-ray analysis. Spectro-
scopic data: seeTable 1.

2.2. Reaction of [NEt4]3 in toluene under reflux

A sample of [NEt4]3 (ca. 5 mg, 4.6�mol), sus-
pended in freshly distilled toluene (2 ml), was re-
fluxed for 2 h, affording an orange solution.1H NMR
analysis showed some unreacted3, the novel deriva-
tive 4 and an unattributed resonance atδ −12.64
(relative integrated hydridic intensities 1:6.6:1.8).
Attempts to complete the conversion of3 into 4
with longer refluxing times (up to 6 h) led to a
brown oily residue, insoluble in any common organic
solvent.

2.3. Reaction of [NEt4]1 in molten pyrazine

A mixture of [NEt4]1 (10.3 mg, 10.6�mol) and
pyrazine (64.6 mg, 0.806 mmol) was heated at 60◦C
for 1.5 h, then was cooled to room temperature and
treated with H2O, giving an orange oil, that was
dissolved in CH2Cl2. Addition of n-hexane gave
an orange–yellow precipitate, constituted only by

[NEt4]5 on the bases of the1H NMR analysis (4.7 mg,
4.5�mol, isolated yields 42.4%). The spectroscopic
data are reported inTable 1.

2.4. Reaction of [NEt4]1 in pyrimidine

A sample of [NEt4]1 (11.7 mg, 12.0�mol) was dis-
solved at room temperature in freshly distilled pyrim-
idine (ca. 0.5 ml, 6.3 mmol) into an NMR tube.1H
NMR spectra were acquired until the completion of
the reaction (ca. 90 h). Addition of H2O afforded a
cream precipitate of [NEt4]6 which was filtered and
crystallised from CH2Cl2/n-hexane (6.0 mg, 5.6�mol,
isolated yields 47%). Spectroscopic data are reported
in Table 1.

2.5. Reaction of [NEt4]1 in pyrimidine at 85◦C

A sample of [NEt4]1 (10.4 mg, 10.7�mol) in pyrim-
idine (0.7 ml) was heated at 85◦C for 2 h and then
evaporated to dryness. The residue was dissolved in
CH2Cl2; addition of Et2O afforded an oily precipi-
tate, that was dissolved in CD2Cl2. 1H NMR showed
a number of hydridic signals, the most intense being
those of7a and7b (ca. 35% of the overall integrated
hydridic intensity);6a and 6b were ca. 5 and 10%,
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respectively, the other many weak resonances being
unattributed.

2.6. Competitions between pyridine and pyrazine
and between pyridine and pyrimidine

A sample of [NEt4]1 (8.4 mg, 8.6�mol) was dis-
solved in a mixture of pyridine (280�l, 3.45 mmol),
pyrimidine (272�l, 3.45 mmol) and acetone-d6 (50�l)
directly into a NMR tube. Another sample of [NEt4]1
(8.9 mg, 9.1�mol) was dissolved in a mixture of pyri-
dine (290�l, 3.66 mmol) and acetone-d6 (50�l) con-
taining pyrazine (292.2 mg, 3.66 mmol). The progress
of both reactions at room temperature was monitored
by 1H NMR for about 2 weeks.

2.7. X-ray diffraction structural analysis

Crystal data for [NEt4]3: C22H26N3O10Re3, Mr =
1051.06, monoclinic, space groupP21/c (No. 14),
a = 8.278(1), b = 32.136(7), c = 11.868(2)Å,
β = 106.34(1)◦, V = 3029.6(9)Å3, Z = 4, T =
295(2)K, graphite-monochromated Mo K� radiation
(λ = 0.71073 Å),ρcalcd = 2.304 g cm−3, F(000) =
1936, green crystal 0.20 mm× 0.12 mm× 0.12 mm,
�(Mo K�) = 12.008 mm−1, absorption correction
with ψ scans of three suitable reflections[24], min-
imum/maximum transmission factors 0.196/0.327,
Enraf-Nonius CAD-4 diffractometer,ω scans,
maximum time per reflection 70 s, scan range
(1.00 + 0.35 tanθ)◦, 3.1 ≤ θ ≤ 24.9◦, index ranges
h = −9 → 9, k = 0 → 38, l = 0 → 14, 5278 reflec-
tions of which 2703 withI > 2σ(I), intensity decay
23%, solution by direct methods (SIR97[25]) and
subsequent Fourier synthesis, Anisotropic full-matrix
least-squares onF2 using reflections withI > 2σ(I)
(SHELX97[26]), hydrogen atoms placed in idealised
position [27], data/parameters 2703/344,S(F2) =
1.078,R(F) = 0.0386,wR(F2) = 0.0652, weighting
schemew = 1/[σ2(F2

o ) + (0.025P)2 + 15P ], where
P = (F2

o + 2F2
c )/3, maximum/minimum residual

electron density 1.060/−0.939 Å3. CCDC 196631
contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK; fax: +44-1223-336033; e-mail: de-
posit@ccdc.cam.ac.uk).

3. Results and discussion

3.1. Reaction of1 with 1,2-diazine

When the [NEt4]+ salt of the unsaturated an-
ion [Re3(�-H)4(CO)10]− (1) was dissolved in pyri-
dazine, at room temperature, the solution colour
rapidly changed from bright yellow to deep green.
IR monitoring showed after ca. 3 h the quantita-
tive formation of the novel saturated cluster anion
[Re3(�-H)2(�-�2-N2C4H4)(CO)10]− (3, Eq. (2),
Scheme 3).

[Re3(�-H)4(CO)10]
− + N2C4H4

→ [Re3(�-H)2(�-�2-N2C4H4)(CO)10]
− + H2 (2)

The formulation of3, based on the spectroscopic
data (IR and1H NMR, seeTable 1), was confirmed by
a single-crystal X-ray analysis (see further). The pres-
ence of two hydridic resonances indicates that one of
the hydrides (Ha, responsible for the lowest field sig-
nal, on the bases of the previous empirical “additivity
rules” [28–30]) is co-ordinated on the same Re–Re
bond bridged by the�-pyridazine group, as in the solid
state (vide infra).

At low temperatures each of the two aromatic res-
onances separated into two signals, indicating the

Scheme 3.

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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occurrence of a fluxional process (likely the hopping
of the lateral hydride) that generates a mirror plane
perpendicular to the plane of the cluster. This process
is currently under investigation and will be described
elsewhere.

The formation of3 most likely occurs through in-
termediatesI1 andI2 analogous to those proposed for
the reaction of1 with pyridine in Scheme 1: in the
present case intramolecular coordination of the second
nitrogen ligand inI2 is favoured over C–H activation.

However, it was possible to obtain the orthometal-
lated isomer of3, namely [Re3(�-H)3(�-�2-N2C4H3)-
(CO)10]− (4), by using the thermal activation method
described by Deeming et al.[17]. The novel species
(Scheme 3, Eq. (3)) was identified by its hydridic
resonances (three signals in ratio 1:1:1, atδ values
very close to those exhibited by other related or-
thometallated derivatives, seeTable 1). Moreover, the
aromatic resonances are almost identical to those re-
ported for the orthometallated 1,2-diazine moiety in

Fig. 1. ORTEP drawing of the [Re3(�-H)2(�-�2-N2C4H4)(CO)10]− anion (3) with partial labeling scheme. Displacement ellipsoids are
drawn at the 30% probability level. Hydrogen atoms are given arbitrary radii. Relevant bond lengths (Å): Re(1)–Re(2) 3.1153(10),
Re(1)–Re(3) 2.9812(10), Re(2)–Re(3) 3.1817(10), Re(1)–N(1) 2.180(11), Re(2)–N(2) 2.162(12).

Os3(�-H)(�-�2-N2C4H3)(CO)10 [17].

[Re3(�-H)2(�-�2-N2C4H4)(CO)10]
−

→ [Re3(�-H)3(�-�2-N2C4H3)(CO)10]
− (3)

As observed in the case of the above Os cluster
[17], the thermal conversion of3 into 4 was not a se-
lective process and at long times extensive decompo-
sition took place, hampering the complete conversion
of 3 or the possible attainment of an equilibrium ratio.

3.2. Description of the structure of anion3

The crystal structure of compound [NEt4][Re3-
(�-H)2(�-�2-N2C4H4)(CO)10] ([NEt4]3) consists of
the packing of discrete cluster anions and [NEt4]+
cations in the ratio 1:1, separated by normal van
der Waals contacts. The molecular structure of3 is
illustrated in Fig. 1. Anion 3 contains a triangular
metal core with two longer edges [Re(1)–Re(2) and
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Re(2)–Re(3)], bridged by one hydrido ligand each,
and one shorter edge [Re(1)–Re(3)], in correspon-
dence with a direct metal–metal interaction. With
reference to the parent cluster [Re3(�-H)2(CO)12]−
[31], two axial carbonyl ligands on two adjacent
rhenium atoms are actually replaced by a bridg-
ing �-pyridazine-�N1:�N2 ligand. Bond lengths for
the direct Re(1)–Re(3) interaction (2.981(1) Å) and
for the hydrido-bridged Re(2)–Re(3) interaction
(3.182(1) Å) compares well with the values observed
in the parent compound (3.035(7) and 3.177(7) Å, re-
spectively). The bond length of the Re(1)–Re(2) edge
(3.115(1) Å), which is additionally bridged by the pyri-
dazine ligand, is similar to those found for analogous
Re(�-H)(�-�2-X)Re interactions (see for example
the value of 3.116(1) Å in the orthometallated pyri-
dine derivative [Re3(�-H)3(�-�2-NC5H4)(CO)10]− 2
[19]).

The geometry about each rhenium atom is best de-
scribed as distorted octahedral, taking into account
both the hydrido ligands and the direct Re(1)–Re(3)
bond. All hydrido ligands were indirectly located on
the basis of the stereochemistry of the other ligands
and by use of potential energy calculations[27]. As
expected, hydride H(1) lies opposite the�-pyridazine
ligand, 0.87 Å below the metal plane. Hydride H(2),
which in the parent compound lies in the triangular
plane, is here distinctly above it (0.28 Å). This can
be ascribed to the steric repulsion between the ax-
ial carbonyl ligand CO(34) and the pyridazine ring,
which causes a tilting of the local metal octahedra: as
a result, the equatorial carbonyl ligands CO(32) and
CO(33) are pushed below the Re3 triangular plane
and the Re(3)–H(2) vector, which tends to be directly
trans to CO(32), is pushed above. In accord with the
presence of this repulsive interaction, the pyridazine
ligand shows a distinct outward folding around the
Re(1)–Re(2) axis, the dihedral angle between the Re3
plane and the pyridazine least-squares plane being
101.5(5)◦.

The mean Re–N bond length in3 (2.171(12) Å)
can not be compared with other Re–pyridazine
bond lengths, however it falls in the range ob-
served for analogous complexes in which sp2 ni-
trogen atoms are involved in a�-�2 bridge be-
tween two rhenium atoms (see for example the val-
ues of 2.168(3), 2.178(9), and 2.18(2) Å found in
[Re3(�-H)3(�-�2-pz)(CO)9(Hpz)]− (Hpz = pyrazole)

[32], [Re3(�-H)3{�-�2-C(H)=N(p-Tol)}(CO)10]−
[33], and [Re3(�-H)3(�-�2-NC5H4)(CO)10]− [19],
respectively). The pyridazine ring is perfectly pla-
nar, the maximum deviation from the least-squares
plane being 0.012(12) Å. The carbonyl ligands are
linear, with Re–C–O angles between 174.4(16) and
179.5(16)◦.

3.3. Reaction of1 with 1,4-diazine

The reaction was performed at 60◦C in molten
pyrazine (mp 53◦C). After ca. 1.5 h spectroscopic
analyses revealed the selective formation of the novel
saturated anion5, containing an orthometallated
pyrazine (Eq. (4), Scheme 3), characterised by1H
NMR (seeTable 1).

[Re3(�-H)4(CO)10]
− + N2C4H4

→ [Re3(�-H)3(�-�2-N2C4H3)(CO)10]
− + H2

(4)

In contrast to the case of pyridine[20], the oxidative
addition of pyrazine was substantially irreversible, the
amount of1 not exceeding 5% after 7 days under
100 atm of H2.

3.4. Reaction of1 with 1,3-diazine

Upon stirring the anion1 in freshly distilled pyrim-
idine at room temperature for a few days, we obtained
roughly equimolar amounts of two isomeric forms of
the orthometallated derivative6 (Scheme 3), arising
from the activation of the two differentorthopositions
of pyrimidine (C2 and C6, seeScheme 2). The reac-
tion followed a clean first order path up to more than
three half-life periods (Fig. 2), with a rate about one
order of magnitude smaller than in the case of pyri-
dine (2.0× 10−5 s−1 versus 2.1× 10−4 s−1). The two
isomers have been clearly distinguished on the basis
of their different coupling pattern in the aromatic re-
gion of the1H NMR spectra (Table 1).

1H NMR monitoring, in non-deuterated pyrimi-
dine solution (Fig. 2), showed that at longer times
the isomer6b was slightly dominant (ratio 1.24 at
complete conversion). This might be the result of a
small kinetic preference for6b, possibly attributable
to a lower donor power of the C2–H bond (inortho to
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Fig. 2. Time course of the reaction of1 in pyrimidine solution
at 300 K: 1 (�), 6a (�) and 6b (�). The line represents the
concentrations of1 calculated on using the first-order kinetic
constant (kobs = 2.0 × 10−5 s−1) obtained from the least-squares
fit of the experimental data.

two N atoms) with respect to the C6–H bond, in the
agostic interaction preceding the oxidative addition.
Alternatively, the rate of formation of the two isomers
might be substantially identical, and a successive
slow conversion of6a into 6b should account for the
trend observed at longer times. It was impossible to
establish with certainty if this6a → 6b conversion
does occur (and to estimate a possible equilibrium
ratio), since in a separate experiment we observed
that pyrimidine solutions containing mixtures of6a
and 6b slowly gave rise to the formation of two
novel species7a and 7b (Fig. 3). These compounds
have been tentatively formulated as two isomers of
the [Re3(�-H)3(�-�2-N2C4H3)(pymd)(CO)9]− anion
(seeScheme 4), on the bases of their hydridicδ values
(seeTable 1), quite similar to those of the previously
known derivative [Re3(�-H)3(�-�2-NC5H4)(py)-
(CO)9]−, containing a pyridine terminally coordi-
nated on the vertex of the cluster[19]. The two
isomers 7a and 7b have been obtained in higher
amounts by heating1 in pyrimidine at 85◦C for
2 h, thus allowing their complete NMR character-
isation. The splitting pattern of the aromatic pro-
tons, similar to those of6a and 6b respectively

Fig. 3. Time course of the concentrations of6a (�), 6b (�), 7a
(�) and 7b (�), starting from a 2:3 mixture of6a and 6b, in
pyrimidine solution at room temperature.

(see Table 1), suggests the formulations shown in
Scheme 4.

The data ofFig. 3(pyrimidine solution) seem to in-
dicate that the formation of7 occurred at the expenses
of the only isomer6a. However, the formulations of
7a and 7b shown inScheme 4support the idea that
they arose from6a and6b, respectively. This hypoth-
esis implies a slow6a → 6b transformation preceding
the formation of7b, to account for the constancy of
the amount of6b.

In CD2Cl2 no evidence of6a → 6b conversion
was obtained, after 7 days at room temperature, in a
reaction mixture analogous to that ofFig. 3. More-
over, in the same solvent under 100 atm of H2 we
observed the formation of only a small amount of1
(ca. 15% after 5 days), at the expenses of both6a
and6b.

Scheme 4.



368 T. Beringhelli et al. / Journal of Molecular Catalysis A: Chemical 204–205 (2003) 361–369

Fig. 4. Time course of the two competition reactions performed on dissolving1 in equimolar mixtures of (i) pyridine and pyrazine (open
symbols linked by a line) or (ii) pyridine and pyrimidine (filled symbols, without connecting line):1 (� and �), 2 (� and �) 5 (�)
and 6 (�, 6a + 6b). Plot (a) refers to the initial times and (b) depicts the overall reaction course.

3.5. Competition for C–H activation between
pyridine, pyrazine and pyrimidine

A sample of [NEt4]1 was dissolved in an equimo-
lar mixture of pyridine and pyrazine and the progress
of the reaction was monitored by1H NMR at room
temperature. The spectra showed the fast disappear-
ance of1 to give mainly the orthometallated pyridine
derivative2 (�, open circle, inFig. 4), accompanied
by a much smaller amount of5 (�, open square in the
Fig. 4), arising from activation of the C–H bond of
pyrazine (ratio5/2 about 0.04 at ca. 50% of conver-
sion of1). The concentration of2 attained a maximum
after ca. 10 h, when the reactant1 was almost com-
pletely disappeared and then slowly decreased, to give
5 (Fig. 4b). The same reaction course was observed
in a similar competition experiment between pyridine
and pyrimidine (shown inFig. 4 with analogous, but
filled symbols): initially 1 afforded mainly2, with a
rate similar to that observed in the previous experi-
ment, and at longer times2 slowly converted into6a
and 6b, arising from pyrimidine activation. In both
cases, several minor unidentified hydridic by-products
were formed (their overall final amount correspond-
ing to ca. 30% of the overall integrated hydridic
intensity).

4. Conclusions

Different types of competition have been tested in
this work. The preferred formation of3 rather than
4 in the reaction of1 with 1,2-diazine shows that in
the intermediate analogous toI2 of Scheme 1the in-
tramolecularcoordination of the second pyridinic ni-
trogen is favoured overortho C–H activation. This is
likely attributable to a lower activation barrier, nitro-
gen coordination requiring much smaller rearrange-
ments than orthometallation. This is confirmed by the
3 → 4 conversion observed at higher temperatures.

In the same key intermediateI2 the intramolecu-
lar ortho C–H activation is favoured with respect to
the intermolecularcoordination of a second nitrogen
atom. Indeed, in no cases did we observe disubstituted
[Re3(�-H)2(CO)10(azine)2]− derivatives: such species
are probably present when the azine itself is the sol-
vent, as weakly stabilised forms ofI2, but the second
azine is easily displaced by C–H addition.

In the case of 1,3-diazine a slight preference for
the activation of the C6–H bond has been observed,
as reported also in the two previous cases in which
pyrimidine orthometallation was described, i.e. in the
clusters [M3(�-H)(�-�2-N2C5H3)(CO)10] (M = Ru
[18] or Os[17]).
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The formation of the orthometallated derivatives of
1,3 and 1,4 diazines was much slower than in the case
of pyridine, as shown by the comparison of the kinetic
constants for the disappearance of1 (see further) and
by the competition experiments ofFig. 4. This is likely
due the slower formation of intermediateI1, due to
the lower basicity of diazines with respect to pyridine
(pKa 0.65 for pyrazine and 1.23 for pyrimidine versus
5.23 for pyridine).

A second major difference in the behaviour of
these diazines with respect to pyridine concerns the
reversibility of the oxidative addition, that in pyri-
dine is much easier than in 1,3 or 1,4 diazines. This
difference can be attributed to the fact that theor-
tho positions of pyrazine and pyrimidine are more
electron-deficient than theortho position of pyridine,
due to the presence of the second nitrogen atom. The
interesting consequence of these points is that the
competition between pyridine and diazines affords
the anion2 (containing orthometallated pyridine) as
the kinetic product, and anions5 or 6 (containing
orthometallated diazines) as the thermodynamically
favoured products (due to the irreversibility of their
formation).
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