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The stereoselective synthesis of a highly luminescent neutral Ir(III) complex comprising two bidentate
chiral, cyclometalating phenylpyridine derivatives, and one acetylacetonate as ligands is described. The
final complex and some intermediates were characterized by X-ray structural analysis, NMR-, CD-, and
CPL-spectroscopy.

Current interest in stereoselective synthesis and in emissive
metal complexes has motivated the synthesis of chiral luminescent
materials. Before, we reported the fabrication of C3-symmetric
complexes of Ru(II) and Ir(III), and C2-symmetric species of Pt(II),
with chiral enantiopure bipyridine- or cyclometalating phenylpyr-
idine-derivatives [1]. Two types of chiral pinene-phenylpyridine li-
gands have been synthesized as precursors for the tripod ligands,
having the pinene moiety annellated in 4,5-position (HLI) or in
5,6-position (HLII) (Scheme 1) [2]. As reported recently, HLI yields
with IrCl3 � 3H2O a HEXOL-type tetranuclear species Ir4Cl6L

I
6, which

shows an interesting stereochemistry [3]. In the present communi-
cation, we report on the fabrication of a dinuclear complex Ir2Cl2L

II
4

and derivatives thereof. Of special interest is the stereoselective
synthesis of a mononuclear molecular complex IrðLIIÞ2(acac), which
has interesting properties, especially with regard to its lumines-
cence behavior.

As shown in Scheme 2, the reaction of iridium trichloride hy-
drate with enantiopure 2-phenyl-5,6-pinenepyridine derivative
(�)-HLII, in a refluxing mixture of 2-ethoxyethanol and water, leads
to the formation of a red precipitate. Flash chromatography on a
short silica column gives complex 1 IrðLIIÞ2ðl� ClÞ2 as a red pow-
der. Reaction of complex 1 with 2,4-pentanedione (Hacac) and so-
dium carbonate in refluxing 2-ethoxylethanol under inert gas

atmosphere, followed by chromatography, gives the mononuclear
molecular complex 2, IrðLIIÞ2(acac). Attempts to crystallize complex
1 from various solvents resulted finally in the formation of a solvol-
ysis product of 1, namely IrðLIIÞ2(CH3CN)Cl. The molecular struc-
ture of the latter was determined by X-ray crystallography.
Crystals of 2 were obtained from CH2Cl2/n-hexane.

Fig. 1 illustrates the aromatic region of the 1H NMR spectra of
complexes 1 and 2. These spectra, as well as the 13C NMR spectra,
show the presence of two sets of magnetically non-equivalent
cyclometalating ligands in complex 1, while one set of magneti-
cally equivalent cyclometalating ligands in complex 2. Comparison
of the NMR spectra of dissolved crystals from complex 1 and the
powder obtained from chromatography, an additional signal
attributed to CH3CN appears. Therefore, the l-chloro bridge was
broken by CH3CN during the process of crystallization, yielding
the acetonitrile coordinated complexes shown in Fig. 2.

TheORTEPplots [4] in Fig. 2 show that there are two independent
mononuclear molecules of the complex per asymmetric unit. It
shows that the formation of complex 1 is completely regioselective,
i.e. only C,C-cis-N,N-trans isomers are obtained. Metal atoms Ir1 and
Ir2 have K- and D- configuration, respectively. It has already been
reported that in the formation of [Ir(phpy)2(l-Cl)]2, structuralmod-
els suggest that interligandsteric interactions in themeso formfavor
formationof the racemate [5]. In the formationof complex1, the two
diastereoisomers ½V�IrðLIIÞ2ðl� ClÞ�2 and ½D� IrðLIIÞ2ðl� ClÞ�2,
which can be designated as pseudoenantiomers, occur in a 1:1 ratio,
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causing the appearance of the two sets of magnetically non-equiva-
lent cyclometalating ligands in the NMR spectra.

The X-ray structure [6] in Fig. 3 shows clearly that in complex 2,
the metal center Ir1 atom has D- configuration and thus it explains
the difference between the NMR spectra of complex 1 and 2. Dur-
ing the reaction of complex 1 with 2,4-pentanedione (Hacac), only
D� IrðLIIÞ2(acac) is stereoselectively formed.

Neither the chiral didentate ligand nor complex 1 show detecti-
ble CD activities in the range 250–600 nm, whereas upon forma-
tion of the mononuclear IrðLIIÞ2(acac), a strong Cotton effect is
observed in the 250–400 nm region. The absence of signals in the
CD spectrum of complex 1 is undoubtedly due to the opposite con-

figuration of the two Ir-centers. Fig. 4 shows the CD spectrum of
complex 2 in CH2Cl2 at RT.

Complex 2 exhibits intense emission spectra similar to the achi-
ral analogous [7], displaying a maxima around 507 nm and a shoul-
der around 542 nm. The luminescence quantum yield, /, was
determined using the following equation:

/ ¼ Qx

Qr
¼ ArðkrÞ

AxðkxÞ �
IrðkrÞ
IxðkxÞ �

n2
x

n2
r
� Dx

Dr
ð1Þ

Scheme 1. Chiral pinene-phenylpyridine ligands and their numbering scheme for
NMR in the cyclometalated complexes.

Scheme 2. Synthesis of complexes 1 and 2.

Fig. 2. X-ray structures of the two independent molecules from complex 1, with thermal ellipsoids at the 30% probability level. Configurations, selected bond lengths (Å) and
bond angles (�) are: (left) K-configuration; Ir1–C1, 1.995(9); Ir1–C19, 2.040(10); Ir1–N2, 2.092(9); Ir1–N1, 2.095(7); Ir1–N3, 2.141(8); Ir1–Cl1, 2.491(2); C1–Ir1–N1, 80.5(3);
C19–Ir1–N2, 79.8(3); N3–Ir1–Cl1, 85.42(18); C1–Ir1–C19, 87.8(4); N2–Ir1–N1, 168.3(3); (right) D-configuration; Ir2–C41, 1.980(8); Ir2–C59, 2.044(11); Ir2–N5, 2.098(7);
Ir2–N4, 2.099(8); Ir2–N6, 2.140(7); Ir2–Cl2, 2.503(2); C41–Ir2–N5, 81.4(3); C59–Ir2–N4, 78.9(4); N6–Ir2–Cl2, 84.02(19); C41–Ir2–C59, 88.6(4); N5–Ir2–N4, 167.5(3).

Fig. 1. Aromatic region of the 1H NMR spectra of complexes 1 (a) and 2 (b)
(500 MHz, CD2Cl2(

*), RT).

ht
tp

://
do

c.
re

ro
.c

h

2



where the subscript r and x denote reference and sample, respec-
tively; A is the absorbance at the exciting wavelength, I is the inten-
sity of the excitation light at the same wavelength, n is the
refractive index of the solution (n = 1.343 in CH3CN and n = 1.424
in CH2Cl2), and D is the measured integrated luminescence
intensity.

The luminescence quantum yield of complex 2 was determined
to be 6.1% by reference to the [Ru(bpy)3]2+ complex (absolute
quantum yield: 6.2% [8]) in deoxygenated CH2Cl2 and CH3CN solu-
tions at concentrations of 1.3 � 10�5 and 3.6–6.7 � 10�6 M at
295 K, respectively. The luminescence quantum yield was deter-
mined at excitation wavelengths at which (i) the Lambert–Beer
law is obeyed and (ii) the absorption of the reference closely
matches that of the sample.

The circularly polarized luminescence (DI) and total lumines-
cence (I) spectra measured for complex 2 in CH2Cl2 solution (at
295 K) are shown in Fig. 5. The degree of circularly polarized lumi-
nescence is given by the luminescence dissymmetry ratio:

glum ¼ DI
1
2 I

¼ IL � IR
1
2 ðIL � IRÞ

ð2Þ

where IL and IR refer, respectively, to the intensity of left and right
circularly polarized emissions. The total luminescence of complex
2 is remarkably high, while as is usual for most chiral organic chro-
mophores and transition metal complexes [9], the glum obtained for
complex 2 is small: +0.0019 ± 0.0004 as determined at the maxi-
mum emission wavelength. Although the glum values are very small
(a value equal to �0.002 corresponding to light that is only 0.2% cir-
cularly polarized) and the signals here are weak [1], they are
measurable.
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Fig. 3. X-ray molecular structure of complex 2, with thermal ellipsoids at the 50% probability level [Symmetry code (i) x � y,�y, 5/3 � z]. Configuration, selected bond lengths
(Å) and bond angles (�) are: D-configuration; C1–Ir1, 1.972(6); N1–Ir1, 2.089(5); O1–Ir1, 2.168(4); Ir1–C1a, 1.972(6); Ir1–N1a, 2.089(5); Ir1–O1a, 2.168(4); C1–Ir1–N1a,
81.6(2); C1a–Ir1–N1, 81.6(2); O1a–Ir1–O1, 87.7(2); C1–Ir1–C1a, 92.3(3); N1–Ir1–N1a, 171.5(3).

Fig. 4. CD spectrum of complex 2 (298 K, in CH2Cl2).

Fig. 5. Circularly polarized luminescence (upper curve) and total luminescence
(lower curve) spectra of complex 2 in CH2Cl2 at 295 K, upon excitation at 350 nm.
The continuous line in the CPL plot is presented to show the luminescence spectral
line shape.
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Appendix A. Supplementary material

CCDC 282956 and 282957 contain the supplementary crystallo-
graphic 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. Supplementary data associ-
ated with this article can be found, in the online version, at
doi:10.1016/j.ica.2008.10.011.
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