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Diastereoisomers of a heteroleptic ruthenium complex,
[Ru(bpy),L]%* (bpy = 2, 2-bipyridine, L = 5-(4-nitrophenyl)-1-
phenyl-3-(2-pyridyl)-2-pyrazoline) have been isolated. Two
isomers have quite similar redox potentials and show MLCT
absorptions in the region of 400 to 500 nm with similar absorp-
tion maxima at room temperature. By contrast, quite different
emission maxima and lifetimes are observed at 77 K.

Because of their unique photophysical and photochemical
properties, ruthenium(ll) polypyridyl complexes have been
extensively studied! and widely used in a number of photosen-
sitization and photocatalytic processes. As a part of our study
to develop novel Ru(ll) complexes as efficient photosensitizers,
we have prepared a series of N,N'-type bidentate ligands, 3-(2-
pyridyl)-2-pyrazoline derivatives 12 and their Ru(ll) complexes
[Ru(bpy),(1)]%* 2, where bpy = 2,2"-bipyridine. Interestingly, in
each of these complexes, two kinds of emissions were found to
exist. Although the phenomenon of dual emission has been
reported for several Ru(l1) polypyridyl complexes so far,? it
seems rather dubious whether this is the case. Because each
complex 2 may exist as a mixture of four stereoisomers owing
to the presence of two chira centers, i.e., metal (A/A) and lig-
and (R/S). Therefore it is also plausible that the observed two
kinds of emissions come from two diastereoisomers (= two
enantiomeric pairs) of 2, respectively.* The effect of stereoiso-
merizm on physical properties of the Ru(ll) polypyridyl com-
plexes has become of interest in recent years.> However, for
simple mononuclear Ru(ll) complexes, only a few examples
have been known to show such a stereochemical effect.*6 In
this study, we separated the diasterecisomers of a complex 2
and examined structure and physical properties of each isomer.
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Pyridylpyrazolines 1 were prepared from the correspon-
ding chalcones according to the reported method” with a dlight
modification. Heteroleptic Ru(ll) complexes 2 were obtained
from Ru(bpy),Cl, and 1 equivalent of 1, and isolated as the per-
chlorate salts in a usual manner. The results of NMR analysis
indicated that each of the obtained complexes 2 is the mixture
of stereoisomers as anticipated. For a complex 2 ( X = NO, ),

recrystallization of the mixture sample from ethanol—acetonitrile
gave one diastereocisomer 2a.2 And from the mother liquor,
another diastereoisomer 2b® was obtained. Their *H NMR spec-
traafford clear evidence for the separation of isomers.®

Figure 1. ORTEP drawing of isomer 2a (hydrogen
atoms and anions are omitted for clarity.).

The crystal structure of diastereoisomer 2a is depicted in
Figure 1,° which reveals that 2a is the racemate composed of
the (A\)-(9 and (A)-(R) isomers. The ruthenium center has a
distorted octahedral configuration with bond angles 77.5(9)° for
N(5)-Ru—N(6), 78.4(3)° for N(1)-Ru—-N(2) and 79.7° for
N(3)-Ru-N(4), respectively. The average bond length of
Ru-N(5) and R-N(6) is about 2.06 A which is almost same as
that of [Ru(bpy)s]?>*.1* The 1-phenyl group is twisted out of
pyrazoline plane with an angle of 82.71° to make two planes
almost perpendicular. This may be caused by steric repulsion
between the 1-phenyl group of 1 and two bpy ligands.

Table 1 summarizes the electrochemical data for Ru com-
plexes2 ( X =NO, ) and [Ru(bpy),]?* aswell asthose for ligands.
There are no significant differences in the electrochemica proper-
ties between the diasterecisomers 2a and 2b. Oxidation potentials
of the complexes 2a,b are dightly positive-shifted as compared
with that of [Ru(bpy),]?*. This may be due to the presence of lig-
and 1 having an electron-withdrawing substituent, i.e., nitro
group. On the other hand, the first reduction potentials of the
complexes 2a,b are dmost same as that of [Ru(bpy),]?*. Thisfact
is in accord with the more negative reduction potential of 1 than
that of bpy and suggests the first reductions of the complexes 2a,b
are attributed to the reduction process at the bpy ligand.

Absorption and emission spectra of the complexes are
shown in Figure 2 and their data including emission lifetimes
are summarized in Table 2. In absorption spectra, each
diastereoisomer shows an apparently single MLCT transition
with a similar absorption maximum. Although electrochemical
data suggest that first reduction of 2a,b takes place at the bpy
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Table 1. Electrochemical data for Ru(Il) complexes as well as
those for ligands (E,»/V vs Fc/Fc*)a

Compound Oxidation Reduction ABv2?
1 2 3 eV
1(X=NOy) -2.34
bpy -2.22c
2ad 093 -1.73  -1.98 2.67
2bd 0.93 -1.74  -1.99 2.66
2 (mixture)d 0.93 -1.74 -1.99 2.67
[Ru(bpy)3])2+ 0.87 -1.74  -194 -219 261

aThe cyclic voltammetry was conducted with glassy C, Pt and Ag/Ag* as
working, counter and reference electrodes respectively under N2 atmosphere
at room temperature. The concentration of a sample solution was kept at 1.0
X 1073 mol dm=3 in CH3CN with 1.0 X 107! mol dm=3 of TBAP. Scan rate =
100 mV/s. bAE1/2 = e[ E1/2(0x)- E1/2(red 1)] SReference 14. dReduction of
NO; group was also observed.
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Figure 2. Absorption and emission spectra of Ru(II)
complexes 2 (X =NOy ),
Table 2. Photochemical data for Ru(Il) complexes
Absorptiona Emissionb
Complex T
)\-max/ nm (8/104M cm ) )\-max/ nm / Us
2a 441 (2.5) 645,709  3.3°
2b 441 (2.5) 583,633  6.8°
583 5.9°
2 (mixture) 441 (2.5) 644 2.9°
707 2.7°
[Ru(bpy)s]2+ 450 ( 1.6) 587,630 5.2°

aMeasured in CH3CN at room temperature. b Measured in EtOH—MeOH

(4 :1, v/v) at 77 K with excitation at 450 nm. The concentration of a sample

solution was 1.0 X 10-5 mol dm3. CMeasured at the 650 nm emission.
Measured at the 580 nm emission. € Measured at the 700 nm emission.

ligand in the ground state, it seems rather difficult to resolve
these MLCT transitions to the particular ligands because of the
small difference in the reduction potentials between 1 and bpy.
No emission was observed for both isomers 2a and 2b at
the room temperature. However complexes 2a, b show moder-
ate emissions with quite different emission maxima in
ethanol-methanol (4:1, in v/v) glasses at 77 K. |somer 2a has
emission maxima with longer wavelength (645 and 709 nm)

941

than those of isomer 2b (583 and 633 nm). The results of life-
time measurements also indicate the difference between 2a and
2b. The values of emission maxima and lifetime for isomer 2b
are close to those for [Ru(bpy),]%* respectively, whereas emis-
sion properties of isomer 2a are similar to those of a homoleptic
ruthenium complex of 1, [Ru(1);]%*, which has two emission
maxima at 655 and 719 nm with an emission lifetime of 1.84 ps
in the case of X = H.12 These facts imply that isomers 2a and
2b have different ligand-based emitting states to each other.
However an alternative explanation would be also possible.
Thus, in the complexes 2a,b, the interaction between ligands
through space, so-called interligand coupling, especially due to
the existence of 1-phenyl group on 1 seems to be strong enough
to affect energy levels.® Consequently the difference in the
mode of the interligand interaction between 2a and 2b may
cause the different emission properties even if both isomers
have the same ligand-based emitted states. Anyhow, for further
clarification of emission behavior, more detailed information on
the structure and physical properties of the complexes is
required. Work isin progress along thisline.

References and Notes

# Present address: Department of Physics and Materid Science, City
University of Hong Kong, Tat Chee Ave., Kowloon, Hong Kong,
China.

1 a) A. Juris, V. Bazani, F. Barigelletti, S. Campagna, P. Belser,
and A. von Zelewsky, Coord. Chem. Rev., 84, 85 (1988). b) V.
Balzani, A. Juris, M. Venturi, S. Campagna, and S. Serroni,
Chem. Rev., 96, 759 (1996).

2 Known pyridylpyrazoline derivatives: a) Y. Toi, M. Kawai, K.
Isagawa, T. Maruyama, and Y. Fushizaki, Nippon Kagaku Zasshi,
86, 1322 (1965). b)Y. Toi, M. Kawai, K. Isagawa, and Y.
Fushizaki, Nippon Kagaku Zasshi, 88, 1095 (1967). c) L. Sziics,
Chem. Zvesti, 23, 677 (1969).

3 a A.T. Cocks and R. D. Wright, Chem. Phys. Lett., 85, 369
(1982). b) T. E. Keyes, C. O’'Connor, and J. G. Vos, Chem.
Commun., 1998, 889, and references cited therein.

4 Martin et a. reported the same phenomenon on Ru(Il) complexes
with similar ligands. However diastereoisomers have not been
separated: C. Marzin, F. Budde, P. J. Steel, and D. Lerner,
New J. Chem., 11, 33 (1987).

5 a) F. R. Keene, Coord. Chem. Rev., 166, 121 (1997). b) F. R.
Keene, Chem. Soc. Rev., 27, 185 (1998).

6 For example: @) R. A. Krause and C. J. Ballhausen, Acta Chem.
Scand., Ser. A, A31, 535 (1977). b) S. Wolfgang, T. C. Strekas,
H. D. Gafney. R. A. Krause, and K. Krause, Inorg. Chem., 23,
2650 (1984). c) J. A. Treadway, P. Chen, T. J. Rutherford, F. R.
Keene, and T. J. Meyer, J. Phys. Chem,, A, 101, 6824 (1997).

E. G. Buryakovskaya, S. V. Tsukerman, and V. F. Lavrushkin,
Russ. J. Phys. Chem., 43, 477 (1969).

8 Anal. Calcd for CyyH3,NgO,Cl,Ru 2a: C, 50.21; H, 3.37; N,
11.71% Found: C, 50.23; H, 3.29; N, 11.60%. Calcd for
CyoH3oNgO10Cl,RU 2b-1/2H,0: C, 49.74; H, 3.44; N, 11.60%.
Found: C, 49.79; H, 3.31; N, 11.54%.

9 For example, chemical shifts of pyrazoline ring protons(CD;CN).
2a: 0 3.82 (dd, J=13.3, 17.5 Hz, 1H), 4.37 (dd, J = 11.0, 17.9 Hz,
1H), 5.16 (dd, J = 11.2, 13.3 Hz, 1H). 2b: 4 3.42 (dd, J = 11.1,
18.3 Hz, 1H), 4.51 (dd, J = 12.0, 18.3 Hz, 1H), 5.30 (dd, J = 11.1,
12.0 Hz, 1H).

10 Selected crystal data for 2a: C,oH3,NgO,,Cl,RuU, M,, = 956.72,
Monoclinic, P2,, a = 13.736(2), b = 14. 378(3) c'=10. 268&2) A,
B = 100.45(2)°, V = 1994.3(7) A3, Z=2, D, =159 g/

298 K, Mo Ka, R=0.044, R, = 0.035 for 4070 reflectlonSW|th I
> o3(l).

11 D. P. Rillema, D. S. Jones, and H. A. Levy, J. Chem. Soc., Chem.
Commun., 1979, 849.

12 We could not obtain a homoleptic complex, [Ru(1)]?* (X = NO,)
because of itsinstability.

13 F. Barigelletti, P. Belser, A. von Zelewsky, A. Juris, and V.
Balzani, J. Phys. Chem., 89, 3680 (1985).

14 P. Belser and A. von Zelewsky, Helv. Chim. Acta, 63, 1675
(1980).



