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A series of protic N-heterocyclic carbene ligand precursors
based on theophylline or adenine has been prepared, and the
reactivity and coordination chemistry of these proligands
towards iridium(III) centers has been investigated. Complex
formation appears to be highly dependent on the proligand

structure. In one case, a particularly stable complex is formed
that enables fully reversible protonation/deprotonation of the
coordinated NHC moiety. The acidity constant of the proto-
nated complex was consequently determined.

Introduction

One of the reasons for the ongoing interest for N-Heterocyclic
Carbenes (NHCs)[1] as ligands towards metal complexes is the
intriguing possibility that such complexes can spontaneously
form in vivo under given circumstances and that they can
consequently play a role in cell metabolism.[2] Indeed, proteins
(through amino acids such as histidine) and nucleic acids
(through nucleobases such as adenine or guanine) contain
imidazole or purine heterocycles that can be transformed into
NHC complexes by reaction with suitable metal centers. Such

transformations might involve tautomerization of the hetero-
cycle to the generally disfavored carbene form, which becomes
stabilized by coordination to the metal center (Scheme 1,
reaction a)).[3] Alternatively, oxidative addition/reductive elimi-
nation sequences involving the procarbenic C� H (usually C-2 in
imidazoles and C-8 in purines) can be exploited (Scheme 1,
reaction b)).[4] Finally, sigma bond metathesis or concerted
metalation deprotonation (CMD) pathways, assisted by free
bases or basic ligands at metal and followed by protonation of
the resulting anionic NHC[5] may also take place (Scheme 1,
reaction c)); the first step of this last sequence is particularly
well established in the context of catalytic reactions leading to
the direct arylation of these heterocycles at the procarbenic
carbon.[6] Through these pathways, a peculiar class of NHC
ligands bound to metal centers is formed, the so-called “protic”
NHCs, in which at least one of the substituents at the wingtip
nitrogen atoms of the NHC is a hydrogen.[7]

Several protic NHC ligands of this kind have already been
reported, though mostly starting from simple model hetero-
cycles such as imidazole or benzimidazole rather than from
histidine, purines or other suitable N-heterocyclic biocom-
pounds such as those belonging to the xanthine family.[8]
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Scheme 1. Mechanistic pathways leading to metal complexes with protic
NHCs from free heterocyclic precursors.

www.eurjic.org

Research Article
doi.org/10.1002/ejic.202200484

Eur. J. Inorg. Chem. 2022, e202200484 (1 of 7) © 2022 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH

Wiley VCH Dienstag, 29.11.2022

2234 / 272578 [S. 61/67] 1

http://orcid.org/0000-0002-7762-8280
www.organometallics.it
https://doi.org/10.1002/ejic.202200484
https://chemistry-europe.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1099-0682c.CIRCC
https://chemistry-europe.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1099-0682c.CIRCC
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejic.202200484&domain=pdf&date_stamp=2022-10-27


Furthermore, the peculiar properties of these ligands, i. e. the
possibility of being reversibly deprotonated,[9] their capability to
form hydrogen bonds with substrates,[10] and to act coopera-
tively with the metal center in stoichiometric and catalytic
reactions[11] have been envisaged but very scarcely exploited up
to now. This is at odds with the extensive studies that have
been conducted using some N-heterocyclic biocompounds, in
particular purines or xanthines such as theophylline, theobro-
mine or caffeine, as N-donor ligands[12] or as more conventional
NHC ligands, produced upon alkylation at both nitrogen atoms
in the five membered ring and subsequent deprotonation.[13]

In this work, we would like to contribute to filling this gap
and consequently to investigate on the preparation of potential
bi- and tridentate ligands containing protic NHCs deriving from
theophylline or adenine and on their coordination chemistry
with Cp*Ir(III) centers. The properties of the resulting robust
chelate complexes, which derive from the reversible ligand
deprotonation, will be quantitatively investigated, as they may
potentially lead to a peculiar behavior of these compounds in
molecular recognition, sensing, catalysis, and biomedicine.[14,15]

Results and Discussion

We have begun our investigation by synthesizing a small library
of precursors of protic NHCs starting from theophylline
(Scheme 2). Precursor 1 was previously reported in the
literature,[8k] whereas precursors 2–4 are novel compounds.

Nucleophilic substitution by theophylline on 2-bromometh-
yl- or 2,6-bis(bromomethyl)-pyridine yields the literature-known
precursor 1 as well as the novel di-NHC precursor 2 (Scheme 3,
reactions a and b). Theophylline invariably attacks the electro-
philic substrate with the nitrogen atom in position 7 of the
heterocycle, which is more nucleophilic and less sterically
encumbered (no methyl group in beta position). Similarly,

Ullmann-type coupling of theophylline with 2-bromopyridine
yields precursor 3 (Scheme 3 reaction c); despite the mecha-
nistic differences between these two reactions, arylation takes
place also in this case at position 7 of the ring, which is again
dictated by steric and electronic factors. The analogous reaction
with 2,6-dibromopyridine instead does not furnish the corre-
sponding di-NHC precursor. Apparently, reaction of the second
C� Br bond with theophylline is disfavored, whereas a compet-
itive reaction with dimethylamine takes place, that is inevitably
present in the reaction system due to slight decomposition of
DMF solvent under reaction conditions. The reaction conse-
quently yields precursor 4 (Scheme 3, reaction d) that was
included in the screening. Other solvents not undergoing
decomposition with amine formation, such as N-meth-
ylpyrrolidinone, were tested as alternative solvents, but the
second C� N coupling reaction did not proceed in these cases.
All precursors were purified and characterized spectroscopically
and exhibited the expected spectral features (see the Support-
ing Information for details).

We then turned to the use of these proligands for the
preparation of iridium(III) complexes, upon reaction with the
conventional precursor [(IrCp*(μ-Cl)Cl]2. Reaction of this precur-
sor with proligand 1 was already reported by the group of
Hahn[13] and yielded complex 1-Ir (Scheme 4), in which the
xanthine moiety turns into an anionic NHC ligand. We were
able to reproduce Hahn’s results in this respect, obtaining the
expected complex.

Andrea Biffis graduated in Chemistry (honors)
at the University of Padova (with Prof.
Benedetto Corain) and received his PhD in
1998 from the University of Düsseldorf,
Germany (with Prof. Günter Wulff). After a
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Scheme 2. Theophylline-based proligands employed in this work.

Scheme 3. Preparation of the theophylline-based proligands 1–4.
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We then attempted the same reaction with proligands 2–4,
with mixed results. Reaction of proligand 2 was severely
hampered by its rather poor solubility in all nonaqueous
solvents, and despite several attempts with alternative solvents
(N,N-dimethylformamide) and higher reaction temperatures (up
to 150 °C) the reaction invariably resulted in the recovery of the
starting proligand. On the other hand, proligand 3 promptly
yielded the corresponding Ir(III) complex 3-Ir in high yield and
shorter reaction times compared to proligand 1, whereas proli-
gand 4 turned out to be soluble but completely unreactive and
was recovered intact after reaction. We speculate that the
presence of the dimethylamino group in 6-position hampers
the reactivity of proligand 4 because it inhibits the coordination
of the Ir precursor to the pyridine nitrogen through both
electronic and steric effects. Remarkably, these reactions do not
proceed in the absence of sodium acetate, which points
towards a CMD mechanism for complex formation and justifies
the fact that no protonation of the anionic NHC ligand to the
corresponding protic NHC is observed.

The newly synthesized complex 3-Ir was spectroscopically
characterized by multinuclear NMR and exhibited the expected
features, such as the disappearance of the signal of the
procarbenic hydrogen in position 8 of the xanthine ring and the
extensive downfield shift experienced by the signals of the
pyridine hydrogens. In the 13C spectrum of the complex, C-8,
which is coordinated to Ir, is significantly deshielded and
resonates at 173.9 ppm, which is a chemical shift fully
comparable to that recorded in conventional, neutral NHC
ligands derived from N,N’-difunctionalized theophyllinium
cations.[13] This observation lends support to the interpretation
of this anionic azolate ligand as a carbene ligand, in which the
anionic charge is largely found on the unsubstituted nitrogen
atom and on the ligand backbone, rather than on C-8 (see also
below).

The complex was recrystallized by diffusion of diethyl ether
vapors into a chloroform solution and its crystal structure was
determined (Figure 1). Selected bond lengths and angles are

listed in the figure caption and crystallographic data are shown
in Table S1 in the Supporting Information.

Compound 3-Ir crystallizes in the P21/c monoclinic space
group with four molecules per unit cell (Z=4). The complex
displays the typical half-sandwich “three-legged piano-stool”
geometry. In this pseudo-octahedral geometry, the metal binds
a Cp* ligand (Ir1 to Cp* centroid distance 1.821 Å), a chloride
anion (Ir1� Cl1 2.396 Å) and the chelating N� C ligand deriving
from 3 (Ir1� C11 1.987 Å and Ir1� N1 2.083 Å). Concerning the
anionic NHC moiety, it is interesting to remark that the two
C� N distances in the imidazole ring are significantly different:
the one with the unsubstituted N being shorter (1.334 vs.
1,388 Å). This observation has been already made in the past in
other metal complexes with anionic NHCs of the same kind and
found to be dependent on the obviously different character of
the two nitrogen atoms, while the metal-bound carbon
maintains its carbene character; this is supported by theoretical
calculation demonstrating that no excess anionic charge is
present on the carbene atom, whereas the charge is rather
concentrated on the unsubstituted nitrogen.[5]

Both NMR characterization and structural analysis confirm
that the xanthine-derived ligand in complex 3-Ir is formally an
LX type ligand and exhibits a free nitrogen with basic character
that is not protonated during the synthesis, as expected in view
to the basic conditions employed. We then verified the
possibility to protonate this nitrogen generating the corre-
sponding protic NHC ligand (Scheme 5). Treatment of a chloro-

Scheme 4. Strategy for the preparation of Ir(III) complexes described in this
work.

Figure 1. Asymmetric unit and unit cell of compound 3-Ir. Anisotropic
displacement ellipsoids for the non-H atoms are displayed at the 50%
probability level. Color code: Ir dark blue, Cl green, O red, N light blue, C
grey. H-atoms are omitted for clarity. Selected bond distances and angles [Å
and deg]: Cp� Ir1 1.821(10), C11� Ir1 1.997(4), Cl1� Ir1 2.3965(12), N1� Ir1
2.083(4), Cl1� Ir1� N1 85.68(10), N1� Ir1� C11 77.32(15), Cl1� Ir1� C11 90.48(12),
Cp� Ir1� Cl1 124.28(3), Cp� Ir1� N1 132.63(9), Cp� Ir1� C11 130.51(12).

Scheme 5. Reversible protonation of complex 3-Ir.
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form solution of complex 3-Ir with an ethereal HBF4 solution
causes the immediate precipitation of a solid that turned out to
be the protonated complex 3H� Ir.

The NMR spectroscopic features of the complex change
significantly upon protonation. First of all, the signal of the
imidazolic N� H is recorded as a broad singlet at 11.60 ppm. The
signals of the pyridine hydrogen become significantly de-
shielded upon protonation, whereas the signals of the Cp* ring
are largely unaffected. The signal of C-8 in the 13C NMR
spectrum also remains largely unaffected by protonation and
resonates at 174.7 ppm compared to 173.9 ppm in the unproto-
nated complex 3-Ir. Again, this supports the interpretation of
the theophylline moiety acting through C-8 as a carbene ligand
in both cases.

The crystal structure of 3H� Ir was also determined (Fig-
ure 2). In the crystal structure of compound 3H� Ir two cationic
complexes, two BF4

� anions and solvent molecules are present.
The two metal complexes are crystallographically independent
but very similar. The metal atom is tetrahedrally coordinated
considering the centroid of the Cp* ring, the chloride, the
carbene atom of the theophylline and the nitrogen atom of the
pyridine moiety. The compound is chiral but, in the crystals,
both enantiomers are present, being P-1 a centrosymmetric
space group. The theophylline and the pyridine systems are
almost coplanar, the dihedral angle is 11.16° and 10.93° in the
two cations. The protonation on the imidazole unit allows
hydrogen bonds with the chlorine atom between the two
cationic molecules (the distances N···Cl are 3.150 and 3.157 Å
and the N� H···Cl angles are 144.86 and 145.60°); moreover, a
π···π stacking interaction can be observed between the ligands
with a distance from centroid to centroid of the imidazole rings
of 3.546 Å, leading to the formation of dimers.

Concerning the NHC moiety, the differences with the
deprotonated complex 3-Ir are significant. The two N� C bond
distances in the imidazole ring are now as expected much more
similar (1.357 and 1.369 Å for the alkylated and protonated
nitrogen, respectively) and the NCN bond angle also reduces
from 110.94 to 105.45°.

We have verified that protonation of 3-Ir was reversible.
Indeed, treatment of 3H� Ir with one equivalent of tBuONa
restored complex 3-Ir. Once we proved the stability of both
complexes 3-Ir and 3H� Ir, as well as the reversibility of the
protonation process, we were ready to study the protonation in
more quantitative terms, with the aim to extract information
such as the acidity constant of complex 3H� Ir. In order to
determine this parameter, we chose the approach of perform-
ing a spectroscopic titration of 3-Ir with controlled additions of
HBF4. Initially, we wanted to perform the spectroscopic titration
in water-rich acetonitrile� water mixture, in order to determine
the acidity constant of the complex more directly and precisely.
However, we had to realize that upon addition of excess water
the UV-Vis spectrum of 3-Ir changed significantly, even without
acid addition, and was not further modified by subsequent
additions of acid. We attribute this behavior to the dissociation
of the chlorido ligand, which is favored by a water-rich
environment, with formation of a monocationic Ir complex
completing its coordination sphere with a molecule or water or
acetonitrile. This complex, being already monocationic, is not
easily protonated by the acid, since it would become dicationic.
On the basis of the above, we decided to perform the
spectroscopic titration in pure acetonitrile. The experimental
setup was to start with a solution of complex 3-Ir in acetonitrile
and then to add well defined portions of an HBF4 solution in
acetonitrile, recording the UV-Vis spectrum of the solution after
each addition and accounting also for the resulting dilution.
The sequence of the obtained UV-Vis spectra is reported in
Figure 3. It can be appreciated that there is a smooth transition

Figure 2. Molecular structure of the two cationic complexes in 3H� Ir,
evidencing the formation of dimers. Ellipsoids are depicted at their 30%
probability level. Anions and hydrogen atoms are omitted for clarity
excepting the hydrogen atom on the imidazole moieties. Selected bond
distances and angles [Å and deg]: Cp� Ir1 1.838(10), C1� Ir1 1.998(16), Cl1� Ir1
2.424(4), Ir1� N1 2.110(13), C23� Ir2 1.847(11), C23� Ir2 1.987(15), Cl2� Ir2
2.427(4), Ir2� N6 2.116(13); C1� Ir1� N1 75.6(5), C1� Ir1� Cp 131.3(6), N1� Ir1� Cp
131.0(6), C1� Ir1� Cl1 94.3(5), N1� Ir1� Cl1 87.9(4), Cp� Ir1� Cl1 121.9(5),
C23� Ir2� N6 76.2(6), C23� Ir2� Cp 130.8(6), N6� Ir2� Cp 129.9(6), C23� Ir2� Cl2
94.6(5), N6� Ir2� Cl2 88.3(4), Cp� Ir2� Cl2 122.6(5).

Figure 3. UV-Vis titration of complex 3-Ir with HBF4·Et2O. (0.0425 eq. H+ per
addition): blue spectrum before acid addition, red spectrum after addition of
0.93 eq. H+).
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from the UV-Vis spectrum of complex 3-Ir (blue spectrum in
Figure 3) to the spectrum of complex 3H� Ir (red spectrum).
Furthermore, the two isosbestic points suggest indeed the
presence of an equilibrium between the two species.

These data were fitted through a proper model (see the
Supporting Information for details) which allowed to determine
the acidity constant for complex 3H� Ir (pKa=7.6�0.2), as well
as its actual purity (which resulted to be slightly less than
100%, i. e. 93.6�0.4%) and the molar absorptivities of the two
complexes at different wavelengths (which are reported in
Table 1).

The possibility to perform reversible protonation/deproto-
nation reactions was evaluated also with complex 1-Ir Treat-
ment of a chloroform solution of this complex with a HBF4

solution did not actually produce the formation of a precipitate.
Solvent evaporation resulted in the formation of an oil that
indeed exhibited spectroscopic features compatible with a
complete protonation of the free nitrogen, hence with
formation of a 1H� Ir complex. However, when this oil was
treated with diethyl ether to remove residual acid and promote
its solidification, the solid that was generated exhibited a
different NMR spectrum, in which all complex signals were split
in two, pointing to the formation of dimers. Unfortunately, we
have been up to now unable to grow crystals of this compound,
hence we do not know the exact structure of these dimers.
Without this information, it is also not possible for the moment
to conduct spectroscopic titrations with this compound.

Given the successful synthesis of complexes 3-Ir/3H� Ir and
their recorded stability, we considered to investigate the
coordination chemistry of other ligand precursors with similar
structure but derived from simple xanthine or adenine as the
protic NHC precursors. Reaction of xanthine with 2-bromopyr-
idine was however prevented by the very low solubility of this
heterocycle in all the considered reaction solvents. Reaction of
adenine with 2-bromopyridine using reaction conditions similar
to those employed for the preparation of 3 yielded instead the
arylation product 5 in good yields (Scheme 6), in which stereo-
electronic factors favored arylation at position 9 of the ring.

Reaction of 5 with Ir provided a product in good yields,
which was however not the expected one. Indeed, the proli-

gand was not deprotonated at C-8 and acted instead
apparently as an L2-type ligand with two nitrogen atoms
towards the Ir center, presumably forming complex 5-Ir
(Scheme 6). Such a behavior was already observed with similar
proligands by the group of Hahn.[8n] They were however able to
switch the coordination mode of the proligand by heating up
the reaction mixture. This procedure unfortunately was not
successful in our case.

Finally, the catalytic performance of complexes 1-Ir and 3-Ir
was preliminarily evaluated. A standard test reaction, such as
the transfer hydrogenation of acetophenone (Scheme 7) was
selected. Only the unprotonated complexes 1-Ir and 3-Ir were
considered, given the employed strongly basic reaction con-
ditions. Complex 3-Ir was able to reach 62% yield in 1-
phenylethanol after 30 hours reaction time and 99% yield after
95 hours (TOF 2 h� 1 at 50% conversion). On the other hand,
complex 1-Ir was less efficient and was able to convert
acetophenone only partially (40% reaction yield after 90 hours).
Thus, complex 3-Ir appears markedly superior as catalyst,
though its performance is currently far below that of the best
iridium based catalysts for this reaction.[16]

Conclusion

We have successfully prepared complexes of iridium(III) with
chelating ligands bearing a protic NHC moiety derived from
theophylline and a pyridyl group as side arm. Ligands with a
direct bond between the xanthine moiety and the pyridine
group appear to afford more stable complexes that can
reversibly undergo protonation at N9. Work is now in progress
to expand this synthetic strategy and especially to further
evaluate the properties of the resulting Ir complexes in catalysis
and medicine field.

Experimental Section
Synthesis of ligand 3. A 10 ml pressure tube was filled with
theophylline (913.8 mg, 5.07 mmol), CuBr (39.4 mg, 0.27 mmol),
sodium ascorbate (109.0 mg, 0.55 mmol), KOH (501.4 mg,
8.93 mmol), 3,4,7,8-tetramethyl-1,10 phenanthroline (117.5 mg,
0.49 mmol). Three argon-vacuum cycles were carried out with the
aid of a silicone septum before, finally, a solution of 2-bromopyr-
idine (750 μL, 7.55 mmol), in 10 mL di DMF/H2O 4:1 was injected
and the sealed tube was left under stirring at 120°C for 3 days. The
resulting brown solid was taken up in a little chloroform and
filtered on a glass frit. The brown solution is evaporated under
reduced pressure to a brown oil which can be purified by extraction
using ethyl acetate/hexane (2/1) The ligand can also be purified by

Table 1. Estimated molar absorptivities of complexes 3-Ir and 3H� Ir at
various wavelengths in acetonitrile.

λ [nm] ɛ 3-Ir ɛ 3H� Ir

236 12170�50 27990�80
256 21170�90 12260�80
277 19960�90 10780�70

Scheme 6. Synthesis of proligand 5 and complex 5-Ir.

Scheme 7. Transfer hydrogenation of acetophenone catalyzed by complexes
1-Ir and 5-Ir.
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column chromatography on silica using ethyl acetate/hexane (2/1)
as eluent. The product, which appears as a white solid, was used
without further purification. Yield 849 mg (77%).Yield 134 mg
(51%). 1H NMR (CDCl3): δ 3.47 (s, 3H, CH3), 3.69 (s, 3H, CH3), 7.41 (m,
1H, m-CH pyr), 7.92 (td, 1H, p-CH pyr), 8.07 (d, 1H, m-CH pyr), 8.48
(s, 1H, theophylline), 8.53 (d, 1H, o-CH pyr). 13C NMR (CDCl3): δ 29.5
(CH3), 31.0 (CH3), 106.8 (NC(CO)) 119.5 (pyr), 124.5 (pyr), 139.7 (pyr),
142.9 (NCHN), 148.5 (pyr), 149.5 (pyr), 151.7 (CO), 152.3 (NCN), 155.5
(CO). Elemental analysis (%) calc for C12H11N5O2: C 56.03; H 4.31; N
27.22. Found: C 55.93; H 4.25; N 26.47.

Synthesis of complex 3-Ir. [IrCp*(μ-Cl)Cl]2 (105.8 mg, 0.1328 mmol),
proligand 3 (66.9 mg, 0.260 mmol) and sodium acetate trihydrate
(133.3 mg, 0.979 mmol) were placed in a Schlenk tube. The tube
was disareated with three argon-vacuum cycles, and then 4 ml
CHCl3:CH3CN 1 :1 were added. The resulting orange solution was
then heated under stirring at 80 °C for 16 hours. The resulting red
solution is filtered on Celite, and the solid residue is washed with
5 ml CHCl3. The combined filtrates are evaporated to dryness,
producing an orange solid which is recrystallized by vapour
diffusion of Et2O in a chloroform solution, yielding a yellow solid.
Yield 132 mg (82%). 1H NMR (CDCl3): δ 1.83 (s, 15H, Cp*). 3.47 (s,
3H, CH3), 3.76 (s, 3H, CH3) 7.10 (m, 1H, m-CH pyr), 7.85 (m, 1H, p-CH
pyr), 8.45 (d, J=5.8 Hz, 1H, m-CH pyr), 9.62 (d, J=8.6 Hz, 1H, o-CH
pyr). 13C NMR (CDCl3): δ 8.5 (Cp*), 28.8 (CH3), 31.9 (CH3), 94.4 (Cp*),
107.1 (NC(CO)), 116.3 (pyr), 124.6 (pyr), 142.6 (pyr), 144.8 (pyr), 149.7
(pyr), 152.1 (CO), 152.7 (NCN), 153.4 (CO), 173.9 (C� Ir). Elemental
analysis (%) calc for C22H25N5O2IrCl: C 42.68; H 4.07; N 11.31. Found:
C 42.59; H 3.78; N 11.10. ESI-MS (CH3CN, m/z): 584.2 [M� Cl]+, 641.9
[M+Na]+, 657.9 [M+K]+, 1260.8 [2 M+Na]+.

Synthesis of complex 3H� Ir. A solution was prepared by diluting
300 μl HBF4·Et2O with dry CHCl3 up to a total volume of 10 ml
(2.2 mM HBF4 solution). Complex 3-Ir (41.0 mg, 0.066 mmol) was
placed in a vial and dissolved in 0.5 ml dry CHCl3. 0.5 ml
(1.312 mmol, 120 eq.) of the HBF4 solution were then added to the
solution of the complex. A yellow solid separated immediately. The
solid was isolated by filtration and recrystallized from CH3CN:Et2O.
Yield 30.9 mg (75%). 1H NMR (CD3CN): δ 1.85 (s, 15H, Cp*). 3.42 (s,
3H, CH3), 3.70 (s, 3H, CH3) 7.54 (m, 1H, m-CH pyr), 8.21 (m, 1H, p-CH
pyr), 8.62 (m, 1H, m-CH pyr), 9.77 (m, 1H, o-CH pyr), 11.60 (s, 1H,
NH). 13C NMR (CD3CN): δ 9.4 (Cp*), 29.8 (CH3), 32.9 (CH3), 95.4 (Cp*),
117.1 (NC(CO)), 125.5 (pyr), 143.5 (pyr), 145.5 (pyr), 150.6 (pyr),
152.90 (CO), 153.5 (NCN), 154.2 (CO), 174.7 (C� Ir). Elemental analysis
calc for C22H26N5O2IrClBF4: C 37.38; H 3.71; N 9.91. Found: C 37.00; H
3.68; N 9.23. ESI-MS (CH3CN, m/z): 584.2 [M� HCl� BF4]

+, 619.9
[M� BF4]

+, 1238.3 [2M� HBF4� BF4]
+.

Deprotonation of complex 3H� Ir. To a suspension of complex
3H� Ir (30.9 mg, 0.049 mmol) in dry CHCl3 (1 ml) was added a
suspension of t-BuONa (5.1 mg, 0.05 mmol, 1 eq) in dry CHCl3
(0.4 mL). The reaction mixture was stirred at room temperature for
3 hours, after which it was filtered over Celite. The solvent was
evaporated to dryness yielding a yellow-orange solid which
analyzed as complex 3-Ir.

Deposition Numbers 2173460 (for 3-Ir) and 2170918 (for 3H� Ir)
contain the supplementary crystallographic data for this paper.
These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karls-
ruhe Access Structures service www.ccdc.cam.ac.uk/structures.
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