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A series of rhenium(I) surfactant complexes, fac-[Re(CO)3(N-N)(L)]PF6 (N-N ) diimine,
L ) pyridyl ligand), with various azo- and stilbene-containing ligands have been synthesized
and their photophysical properties studied. The X-ray crystal structure of the complex fac-
[Re(CO)3(bpy)(L)]PF6 (bpy ) 2,2′-bipyridine, L ) 4-(4′-octadecyloxyphenylstyryl)pyridine)
has been determined. The photoinduced isomerization processes of these complexes and their
free ligands have been studied by electronic absorption and 1H NMR spectroscopy, and their
quantum yields determined.

Introduction

The reversible trans-cis photoisomerization of azoben-
zene, stilbene, and their derivatives is of great interest
for applications in optical data storage systems.1-3 The
photoinduced trans-cis isomerization process in sev-
eral media has been studied.4 Despite numerous re-
ports on the photochemical and photophysical studies
of photoisomerizable organic compounds and polymers,
only a limited number of investigations on the inorganic/
organometallic counterparts with photoisomerizable
ligands were reported.5-11 Photoinduced isomerization
can be achieved by direct irradiation or sensitization via
inter- or intramolecular energy transfer processes.

Rhenium(I) tricarbonyl diimine complexes are well
known for their rich photophysical and photochemical
properties.12 These complexes, with low-lying MLCT
excited states and fairly long lifetimes, have been widely
used as photosensitizers for a variety of reactions,
including photoisomerization. Early work by Wrighton
and co-workers13 demonstrated the intermolecular en-
ergy transfer from the triplet excited states of the Re(I)
complexes to trans-stilbene at a diffusion-controlled
rate. The spectroscopic trans-stilbene triplet was pro-
duced which decayed to the characteristic photostation-
ary ratio of cis- and trans-stilbene.13 Later on, intramo-
lecular energy transfer processes from the 3MLCT state
to the azo- or stilbene-containing ligands coordinated
to the Re(I) metal center have also been systematically
studied.7a,8,9,12 It was thought that the connection of the
photoisomerizable moiety to the Re(I) photosensitizer
would shorten the energy transfer pathway and mini-
mize the influence of diffusion.

With our continuous interests in the design of Re(I)
tricarbonyl diimine complexes possessing photochro-
mic behavior8,14a and second-order nonlinear optical
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properties,14b,c,d a series of Re(I) surfactant complexes
with azo- and stilbene-containing ligands have been
synthesized and their photophysical properties studied.
The photoisomerization properties of these complexes
have been studied by electronic absorption and 1H NMR
spectroscopy, and their quantum yields determined. The
X-ray crystal structure of one of the complexes, fac-[Re-
(CO)3(bpy)(L)]PF6 (bpy ) 2,2′-bipyridine, L ) 4-(4′-octa-
decyloxyphenylstyryl)pyridine), has also been deter-
mined.

Experimental Section

Materials. Pyridine-2-carboxaldehyde (99%, Aldrich)
was distilled before use. Re(CO)5Cl (98%, Strem) was
used as received. 4,5-Diazafluoren-9-one,15 4-(4′-octa-
decyloxyphenylazo)aniline,16 4-octadecyloxy-4′-stilben-
amine,17 4-(4′-aminostyryl)pyridine,18 and trans-4-meth-
yl-4′-(2-(4-hydroxyphenyl)vinyl)-2,2′-bipyridine19 were
prepared by literature methods. trans-4-(4′-Octadecyl-
oxyphenylazo)pyridine (L5), trans-4-(4′-octadecyloxy-
styryl)pyridine (L6), [ClRe(CO)3(L5)] (5), and [ClRe-
(CO)3(L6)] (6) were prepared as described previously.14d

All solvents for synthesis were of analytical grade and
were used without further purification.

Physical Measurements and Instrumentation.
The UV-vis spectra were obtained on a Hewlett-
Packard 8452A diode array spectrophotometer, IR spec-
tra as Nujol mulls on a Bio-Rad FTS-7 Fourier trans-
form infrared spectrophotometer (4000-400 cm-1), and
steady-state excitation and emission spectra on a Spex
Fluorolog-2 111 spectrofluorometer with or without
Corning filters. Low-temperature (77 K) spectra were
recorded using an optical Dewar sample holder. 1H
NMR spectra were recorded on a Bruker DPX-300 NMR
spectrometer with chemical shifts reported relative to
tetramethylsilane (Me4Si). Positive-ion fast-atom bom-
bardment (FAB) and electron-impact (EI) mass spectra
were recorded on a Finnigan MAT95 mass spectrometer.
Elemental analyses were performed on a Carlo Erba
1106 elemental analyzer at the Institute of Chemistry,
Chinese Academy of Sciences in Beijing.

Chemical actinometry was employed for the photo-
chemical quantum yield determination. Incident light
intensities were taken from the average values mea-
sured just before and after each photolysis experiment
using ferrioxalate actinometry.20 The time of irradiation
was chosen to monitor 20% or less of the photolysis
reaction in order to minimize any effects arising from
secondary photolysis.

Syntheses. The structures of Re(I) complexes for
photoisomerization studies are given in Scheme 1.

Ligand Syntheses. 9-(4-Octadecyloxy-4′-azoben-
zenamino)-4,5-diazafluorene (L1). L1 was synthe-
sized by modification of a literature method.21 A mixture
of 4-(4′-octadecyloxyphenylazo)aniline (0.77 g, 1.65 mmol),

4,5-diazafluoren-9-one (0.28 g, 1.54 mmol), and 4-tolu-
enesulfonic acid (0.013 g, 0.068 mmol) was dissolved in
20 mL of toluene. The mixture was heated to reflux in
an oil bath for 24 h, during which a Dean-Stark
apparatus was used to drive the reaction. Most of the
solvent was then removed under reduced pressure, and
the precipitate formed was filtered. The crude product
was purified by recrystallization twice from toluene to
give the desired product as a pale yellow solid. Yield:
0.72 g, 74%. Mp: 155 °C. 1H NMR (300 MHz, CDCl3,
relative to Me4Si): δ 8.83 (dd, 1H, J1 ) 5.0 Hz, J2 ) 1.5
Hz, pyridyl H ortho to N), 8.66 (dd, 1H, J1 ) 4.8 Hz, J2
) 1.5 Hz, pyridyl H ortho to N), 8.26 (dd, 1H, J1 ) 7.6
Hz, J2 ) 1.5 Hz, pyridyl H para to N), 8.01 (d, 2H, J )
8.6 Hz, aryl H), 7.94 (d, 2H, J ) 8.9 Hz, aryl H), 7.41
(dd, 1H, J1 ) 7.6 Hz, J2 ) 5.0 Hz, pyridyl H meta to N),
7.13 (d, 2H, J ) 8.6 Hz, aryl H), 7.04 (m, 4H, pyridyl
and aryl H), 4.06 (t, 2H, J ) 6.5 Hz, -OCH2-), 1.84
(m, 2H, -CH2-), 1.49 (m, 2H, -CH2-), 1.26 (m, 28H,
-(CH2)14-), 0.88 (t, 3H, J ) 6.6 Hz, -CH3). UV-vis in
CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1 cm-1): 316 (1.72), 362
(3.11), 440 sh (0.83). EI-MS m/z: 629 (M+). Anal. Calcd
for C41H51N5O: C, 78.18; H, 8.16; N, 11.12. Found: C,
78.57; H, 8.21; N, 11.10.

9-(4-Octadecyloxy-4′-stilbenamino)-4,5-diazaflu-
orene (L2). L2 was synthesized as described for L1

(15) Henderson, L. J., Jr.; Fronczek, F. R.; Cherry, W. R. J. Am.
Chem. Soc. 1984, 106, 5876.
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Mater. 1998, 10, 1921.
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D. W. Polyhedron 1993, 12, 45.

(18) Peesapati, V.; Rao, U. N.; Pethrick, R. A. J. Indian Chem. Soc.
1991, 68, 389.

(19) Amoroso, A. J.; Das, A.; McCleverty, J. A.; Ward, M. D.;
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(c) Murov, S. L. Handbook of Photochemistry; Marcel Dekker: New
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Scheme 1. Structures of Azo- and
Stilbene-Containing Surfactant Re(I) Complexes
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except that 4-octadecyloxy-4′-stilbenamine was used
instead of 4-(4′-octadecyloxyphenylazo)aniline. Yield:
0.70 g, 72%. Mp: 173 °C. 1H NMR (300 MHz, CDCl3,
relative to Me4Si): δ 8.81 (d, 1H, J ) 4.9 Hz, pyridyl H
ortho to N), 8.66 (d, 1H, J ) 4.1 Hz, pyridyl H ortho to
N), 8.26 (d, 1H, J ) 7.0 Hz, pyridyl H para to N), 7.58
(d, 2H, J ) 8.3 Hz, aryl H), 7.47 (d, 2H, J ) 8.6 Hz,
aryl H), 7.40 (dd, 1H, J1 ) 7.6 Hz, J2 ) 5.0 Hz, pyridyl
H meta to N), 7.12 (d, 1H, J ) 16.3 Hz, -CHdCH-),
7.05 (m, 3H, vinyl and pyridyl H), 7.00 (d, 2H, J ) 8.1
Hz, aryl H), 6.91 (d, 2H, J ) 8.6 Hz, aryl H), 3.99 (t,
2H, J ) 6.5 Hz, -OCH2-), 1.80 (m, 2H, -CH2-), 1.47
(m, 2H, -CH2-), 1.26 (m, 28H, -(CH2)14-), 0.88 (t, 3H,
J ) 6.5 Hz, -CH3). UV-vis in CH2Cl2, λ/nm (ε × 10-4/
dm3 mol-1 cm-1): 314 (3.75), 330 (3.36), 444 (0.44). EI-
MS m/z: 628 (M+). Anal. Calcd for C43H53N3O: C, 82.25;
H, 8.51; N, 6.69. Found: C, 81.90; H, 8.22; N, 6.77.

N-(4-Octadecyloxy-4′-azo)pyridine-2-carbaldi-
mine (L3). L3 was synthesized by modification of a
literature method22 by the condensation of pyridine-2-
carboxaldehyde (0.128 g, 1.2 mmol) with 4-(4′-octade-
cyloxyphenylazo)aniline (0.465 g, 1 mmol) for 12 h in
refluxing ethanol (100 mL) in the presence of a catalytic
amount of glacial acetic acid (0.5 mL). The precipitate
formed on cooling was recrystallized from ethanol to give
the desired product as a green-yellow solid. Yield: 0.45
g, 81%. 1H NMR (300 MHz, CDCl3, relative to Me4Si):
δ 8.74 (d, 1H, J ) 4.8 Hz, pyridyl H at 6-position), 8.67
(s, 1H, -CHdN-), 8.23 (d, 1H, J ) 7.9 Hz, pyridyl H
at 3-position), 7.96 (d, 2H, J ) 8.6 Hz, aryl H), 7.92 (d,
2H, J ) 9.0 Hz, aryl H), 7.84 (td, 1H, J1 ) 7.7 Hz, J2 )
1.5 Hz, pyridyl H at 4-position), 7.42-7.38 (m, 3H,
pyridyl H at 5-position and aryl H), 7.01 (d, 2H, J ) 9.0
Hz, aryl H), 4.05 (t, 2H, J ) 6.5 Hz, -OCH2-), 1.83 (m,
2H, -CH2-), 1.48 (m, 2H, -CH2-), 1.26 (s, 28H,
-(CH2)14-), 0.88 (t, 3H, J ) 6.6 Hz, -CH3). UV-vis
in CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1 cm-1): 288 (0.88),
378 (3.39). EI-MS m/z: 555 (M+). Anal. Calcd for
C36H50N4O: C, 77.94; H, 9.08; N, 10.10. Found: C,
77.95; H, 9.38; N, 10.13.

N-(4-Octadecyloxy-4′-styryl)pyridine-2-carbaldi-
mine (L4). L4 was synthesized as described for L3
except that 4-octadecyloxy-4′-stilbenamine was used
instead of 4-(4′-octadecyloxyphenylazo)aniline. Yield:
0.39 g, 71%. 1H NMR (300 MHz, C6D6, relative to
Me4Si): δ 8.87 (s, 1H, -CHdN-), 8.51 (d, 1H, J ) 4.8
Hz, pyridyl H at 6-position), 8.33 (d, 1H, J ) 7.8 Hz,
pyridyl H at 3-position), 7.37-7.31 (m, 4H, aryl H), 7.25
(d, 2H, J ) 8.4 Hz, aryl H), 7.11-7.01 (m, 2H, pyridyl
H at 4-position and -CHdCH-), 6.97-6.90 (m, 3H,
-CHdCH- and aryl H), 6.64 (m, 1H, pyridyl H at
5-position), 3.71 (t, 2H, J ) 6.4 Hz, -OCH2-), 1.68 (m,
2H, -CH2-), 1.36-1.42 (m, 30H, -(CH2)15-), 0.92 (m,
3H, -CH3). UV-vis in CH2Cl2, λ/nm (ε × 10-4/dm3

mol-1 cm-1): 304 (2.04), 366 (2.43). EI-MS m/z: 552
(M+). Anal. Calcd for C38H52N2O: C, 82.56; H, 9.48; N,
5.07. Found: C, 82.36; H, 9.69; N, 4.82.

4-(4′-(N-Octadecylamide)styryl)pyridine (L7). A
mixture of stearic acid (0.30 g, 1.03 mmol) and thionyl
chloride (0.7 g, 5.88 mmol) was heated to reflux for 2 h,
after which the excess thionyl chloride was removed
under reduced pressure. Into the oil-like stearoyl chloride-

containing flask was added 4-(4′-aminostyryl)pyridine
(0.2 g, 1.02 mmol) in dry benzene (10 mL), and the
mixture was heated to reflux for 24 h. After cooling,
most of the solvent was removed under reduced pres-
sure. The green-yellow precipitate formed was filtered
and redissolved in chloroform and washed with 5%
aqueous sodium hydroxide. After evaporation of solvent,
the crude product was purified by recrystallization twice
from benzene to give the desired product as a pale
yellow solid. Yield: 0.35 g, 74%. Mp: 162 °C. 1H NMR
(300 MHz, CDCl3, relative to Me4Si): δ 8.56 (d, 2H, J
) 4.9 Hz, pyridyl H), 7.57 (d, 2H, J ) 8.6 Hz, aryl H),
7.50 (d, 2H, J ) 8.7 Hz, aryl H), 7.36 (d, 2H, J ) 5.9
Hz, pyridyl H), 7.26 (d, 1H, J ) 16.3 Hz, -CHdCH-),
7.22 (s, 1H, amide), 6.95 (d, 1H, J ) 16.3 Hz, -CHd
CH-), 2.37 (t, 2H, J ) 7.5 Hz, -CH2-), 1.74 (m,
2H, -CH2-), 1.25 (m, 28H, -(CH2)14-), 0.88 (t, 3H,
J ) 6.7 Hz, -CH3). EI-MS m/z: 462 (M+). Anal. Calcd
for C31H46N2O‚1/4H2O: C, 79.69; H, 10.03; N, 5.99.
Found: C, 79.91; H, 10.04; N, 5.81.

trans-4-Methyl-4′-(2-(4-octadecyloxylphenyl)vi-
nyl)-2,2′-bipyridine (L8). A mixture of trans-4-methyl-
4′-(2-(4-hydroxyphenyl)vinyl)-2,2′-bipyridine19 (0.52 g,
1.8 mmol), 1-bromooctadecane (0.52 g, 1.6 mmol), and
K2CO3 (0.5 g, 3.6 mmol) was stirred in N,N-dimethyl-
formamide (DMF) (10 mL) at ambient temperature for
3 days. Then DMF was removed by distillation under
reduced pressure. The residue was redissolved in chlo-
roform (15 mL) and washed with water (3 × 15 mL).
The organic layer was separated and dried over anhy-
drous magnesium sulfate. Filtration and subsequent
removal of the solvent by rotary evaporation of the
organic solvent yielded the crude product, which was
purified by column chromatography on silica gel using
chloroform as eluent to afford the desired product.
Yield: 0.80 g, 93%. 1H NMR (300 MHz, CDCl3, relative
to Me4Si): δ 8.61 (d, 1H, J ) 5.0 Hz, pyridyl H at 6′-
position), 8.57 (d, 1H, J ) 4.8 Hz, pyridyl H at 6-posi-
tion), 8.48 (s, 1H, pyridyl H at 3′-position), 8.25 (s, 1H,
pyridyl H at 3-position), 7.49 (d, 2H, J ) 8.6 Hz, aryl
H), 7.41 (d, 1H, J ) 16.3 Hz, -CHdCH-), 7.35 (dd, 1H,
J1 ) 5.0 Hz, J2 ) 1.5 Hz, pyridyl H at 5′-position), 7.15
(d, 1H, J ) 4.0 Hz, pyridyl H at 5-position), 6.98 (d, 1H,
J ) 16.3 Hz, -CHdCH-), 6.91 (d, 2H, J ) 8.6 Hz, aryl
H), 3.99 (t, 2H, J ) 6.5 Hz, -OCH2-), 2.45 (s, 3H, bpy-
CH3), 1.80 (m, 2H, -CH2-), 1.46 (m, 2H, -CH2-), 1.26
(m, 28H, -(CH2)14-), 0.88 (t, 3H, J ) 6.6 Hz, -CH3).
UV-vis in CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1 cm-1): 288
(2.21), 334 (3.45). EI-MS m/z: 540 (M+). Anal. Calcd for
C37H52N2O‚1/4H2O: C, 81.49; H, 9.70; N, 5.14. Found:
C, 81.37; H, 9.66; N, 4.91.

Syntheses of Re(I) Complexes. Re(I) complexes
1-4 and 8 were prepared by modification of a literature
procedure for Re(I) tricarbonyl diimine complexes.13a,23

A mixture of Re(CO)5Cl (54.3 mg, 0.15 mmol) and L
(0.15 mmol) in benzene (8 mL) was heated to reflux
under N2 for 2 h. After removal of the solvent, the
residue was triply recrystallized from CH2Cl2/n-hexane.
Complex 7 were synthesized as in complexes 5 and 6,14d

from the reaction of [(CH3CN)Re(CO)3(bpy)]OTf and the
substituted pyridyl ligand L7.

(22) Johnson, D. W.; Mayer, H. K.; Minard, J. P.; Banatida, J.;
Miller, C. Inorg. Chim. Acta 1988, 144, 167.

(23) (a) Caspar, J. V.; Meyer, T. J. J. Phys. Chem. 1983, 87, 952. (b)
Dominey, R. N.; Hauser, B.; Hubbard, J.; Dunham, J. Inorg. Chem.
1991, 30, 4754.
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[ClRe(CO)3(L1)] (1): yellow-brown solid. Yield: 85%.
Mp: 186 °C. 1H NMR (300 MHz, CD2Cl2, relative to Me4-
Si): δ 8.86 (dd, 1H, J1 ) 5.4 Hz, J2 ) 0.9 Hz, pyridyl H
ortho to N), 8.72 (dd, 1H, J1) 4.2 Hz, J2 ) 2.3 Hz,
pyridyl H ortho to N), 8.47 (dd, 1H, J1 ) 7.7 Hz, J2 )
1.0 Hz, pyridyl H para to N), 8.06 (d, 2H, J ) 8.6 Hz,
aryl H), 7.96 (d, 2H, J ) 9.0 Hz, aryl H), 7.72 (dd, 1H,
J1 ) 7.7 Hz, J2 ) 5.5 Hz, pyridyl H meta to N), 7.32-
7.31 (m, 2H, pyridyl H), 7.22 (d, 2H, J ) 8.7 Hz, aryl
H), 7.06 (d, 2H, J ) 9.0 Hz, aryl H), 4.08 (t, 2H, J ) 6.6
Hz, -OCH2-), 1.85 (m, 2H, -CH2-), 1.51 (m, 2H,
-CH2-), 1.29 (m, 28H, -(CH2)14-), 0.90 (t, 3H, J ) 6.7
Hz, -CH3). UV-vis in CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1

cm-1): 324 (2.54), 362 (3.13), 436 (1.06). UV-vis in LB
film, λ/nm: 322, 356, 430 sh. IR in Nujol, ν/cm-1: 2041
(s) ν(CO), 1923 (vs) ν(CO), 1864 (s) ν(CO). Positive FAB-
MS m/z: 936 (M+), 901 ({M - Cl}+). Anal. Calcd for
C44H51ClN5O4Re: C, 56.49; H, 5.49; N, 7.49. Found: C,
56.63; H, 5.47; N, 7.48.

[ClRe(CO)3(L2)] (2): brown solid. Yield: 80%. Mp:
174 °C. 1H NMR (300 MHz, CDCl3, relative to Me4Si):
δ 8.85 (dd, 1H, J1 ) 5.4 Hz, J2 ) 0.9 Hz, pyridyl H ortho
to N), 8.72 (dd, 1H, J1 ) 5.1 Hz, J2 ) 1.3 Hz, pyridyl H
ortho to N), 8.41 (dd, 1H, J1 ) 7.7 Hz, J2 ) 0.8 Hz,
pyridyl H para to N), 7.69-7.61 (m, 3H, pyridyl and aryl
H), 7.48 (d, 2H, J ) 8.7 Hz, aryl H), 7.36-7.29 (m, 2H,
pyridyl H), 7.16 (d, 1H, J ) 16.3 Hz, -CHdCH-), 7.08-
6.99 (m, 3H, aryl and vinyl H), 6.92 (d, 2H, J ) 8.7 Hz,
aryl H), 3.99 (t, 2H, J ) 6.6 Hz, -OCH2-), 1.81 (m, 2H,
-CH2-), 1.47 (m, 2H, -CH2-), 1.26 (m, 28H, -(CH2)14-
), 0.88 (t, 3H, J ) 6.7 Hz, -CH3). UV-vis in CH2Cl2,
λ/nm (ε × 10-4/dm3 mol-1 cm-1): 324 (4.54), 488 (0.76).
IR in Nujol, ν/cm-1: 2028 (s) ν(CO), 1921 (vs) ν(CO),
1895 (s) ν(CO). Positive FAB-MS m/z: 934 (M+), 899
({M - Cl}+). Anal. Calcd for C46H53ClN3O4Re: C, 59.18;
H, 5.72; N, 4.50. Found: C, 58.96; H, 5.64; N, 4.36.

[ClRe(CO)3(L3)] (3): yellow-green solid. Yield: 86%.
1H NMR (300 MHz, CDCl3, relative to Me4Si): δ 9.11
(d, 1H, J ) 4.9 Hz, pyridyl H at 6-position), 8.87 (s, 1H,
-CHdN-), 8.13 (m, 1H, pyridyl H at 4-position), 8.03
(m, 3H, pyridyl H at 3-position and aryl H), 7.94 (d, 2H,
J ) 8.9 Hz, aryl H), 7.67 (m, 3H, pyridyl H at 5-position
and aryl H), 7.02 (d, 2H, J ) 9.0 Hz, aryl H), 4.06 (t,
2H, J ) 6.5 Hz, -OCH2-), 1.83 (m, 2H, -CH2-), 1.49
(m, 2H, -CH2-), 1.26 (m, 28H, -(CH2)14-), 0.88 (t, 3H,
J ) 6.6 Hz, -CH3). UV-vis in CH2Cl2, λ/nm (ε × 10-4/
dm3 mol-1 cm-1): 292 (1.08), 378 (2.25), 430 sh (1.24).
IR in Nujol, ν/cm-1: 2023 (s) ν(CO), 1915 (s) ν(CO), 1899
(s) ν(CO). Positive FAB-MS m/z: 861 (M+), 825 ({M -
Cl}+). Anal. Calcd for C39H50ClN4O4Re: C, 54.44; H,
5.86; N, 6.51. Found: C, 54.32; H, 5.87; N, 6.54.

[ClRe(CO)3(L4)] (4): yellow-green solid. Yield: 87%.
1H NMR (300 MHz, CDCl3, relative to Me4Si): δ 9.09
(d, 1H, J ) 5.1 Hz, pyridyl H at 6-position), 8.80 (s, 1H,
-CHdN-), 8.10 (t, 1H, J ) 7.1 Hz, pyridyl H at
4-position), 8.00 (d, 1H, J ) 7.5 Hz, pyridyl H at
3-position), 7.62 (m, 3H, pyridyl H at 5-position and aryl
H), 7.52 (d, 2H, J ) 8.5 Hz, aryl H), 7.48 (d, 2H, J ) 8.7
Hz, aryl H), 7.14 (d, 1H, J ) 16.3 Hz, -CHdCH-), 6.99
(d, 1H, J ) 16.3 Hz, -CHdCH-), 6.91 (d, 2H, J ) 8.6
Hz, aryl H), 3.99 (t, 2H, J ) 6.6 Hz, -OCH2-), 1.80 (m,
2H, -CH2-), 1.47 (m, 2H, -CH2-), 1.26 (m, 28H,
-(CH2)14-), 0.88 (t, 3H, J ) 6.5 Hz, -CH3). UV-vis in
CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1 cm-1): 308 (2.95), 430

(1.66). IR in Nujol, ν/cm-1: 2017 (s) ν(CO), 1913 (s)
ν(CO), 1885 (s) ν(CO). Positive FAB-MS m/z: 858 (M+),
823 ({M - Cl}+). Anal. Calcd for C41H52ClN2O4Re: C,
57.36; H, 6.11; N, 3.26. Found: C, 57.72; H, 6.13; N,
3.37.

[Re(CO)3(bpy)(L7)]PF6 (7): yellow crystalline solid.
Yield: 82%. Mp: 111 °C. 1H NMR (300 MHz, CDCl3,
relative to Me4Si): δ 9.09 (d, 2H, J ) 5.4 Hz, 6,6′-H of
bpy), 8.45 (d, 2H, J ) 8.2 Hz, 3,3′-H of bpy), 8.23 (t, 2H,
J ) 7.6 Hz, 4,4′-H of bpy), 7.97 (d, 2H, J ) 6.5 Hz,
pyridyl H ortho to N), 7.73 (t, 2H, J ) 6.6 Hz, pyridyl H
meta to N), 7.52-7.47 (m, 3H, 5,5′-H of bpy and amido
H), 7.28 (s, 4H, aryl H of L7), 7.14 (d, 1H, J ) 16.3 Hz,
-CHdCH-), 6.65 (d, 1H, J ) 16.2 Hz, -CHdCH-),
2.37 (t, 2H, J ) 7.5 Hz, -CH2-), 1.71 (m, 2H, -CH2-),
1.24 (m, 28H, -(CH2)14-), 0.88 (t, 3H, J ) 6.5 Hz,
-CH3). UV-vis in CH2Cl2, λ/nm (ε × 10-4/dm3 mol-1

cm-1): 322 (2.54), 370 (4.65). UV-vis in LB film, λ/nm:
324, 366. IR in Nujol, ν/cm-1: 2031 (s) ν(CO), 1937 (s)
ν(CO), 1899 (s) ν(CO). Positive FAB-MS m/z: 890 (M)+,
427 ({M - L7}+). Anal. Calcd for C44H54F6N4O4Re: C,
51.11; H, 5.26; N, 5.42. Found: C, 51.07; H, 5.17; N,
5.28.

[ClRe(CO)3(L8)] (8): yellow solid. Yield: 84%. Mp:
155 °C. 1H NMR (300 MHz, CDCl3, relative to Me4Si):
δ 8.82-8.79 (m, 2H, pyridyl H at 6,6′-position), 8.12 (s,
1H, pyridyl H at 3′-position), 8.07 (s, 1H, pyridyl H at
3-position), 7.58 (d, 2H, J ) 8.7 Hz, aryl H), 7.44 (d,
1H, J ) 16.3 Hz, -CHdCH-), 7.34 (d, 1H, J ) 6.8 Hz,
pyridyl H at 5′-position), 7.22 (d, 1H, J ) 5.6 Hz, pyridyl
H at 5-position), 6.97 (d, 2H, J ) 8.7 Hz, aryl H), 6.87
(d, 1H, J ) 16.2 Hz, -CHdCH-), 4.02 (t, 2H, J ) 6.6
Hz, -OCH2-), 2.48 (s, 3H, bpy-CH3), 1.82 (m, 2H,
-CH2-), 1.46 (m, 2H, -CH2-), 1.26 (m, 28H, -(CH2)14-),
0.88 (t, 3H, J ) 6.6 Hz, -CH3). UV-vis in CH2Cl2, λ/nm
(ε × 10-4/dm3 mol-1 cm-1): 297 (2.46), 367 (2.75), 400
sh (2.43). IR in Nujol, ν/cm-1: 2021 (s) ν(CO), 1916 (vs)
ν(CO), 1874 (vs) ν(CO). Positive FAB-MS m/z: 847 (M+),
812 ({M - Cl}+). Anal. Calcd for C40H52ClN2O4Re: C,
56.75; H, 6.19; N, 3.31. Found: C, 56.44; H, 6.12; N,
3.08.

Crystal Structure Determination. Crystals of
complex 6 were obtained by slow diffusion of diethyl
ether vapor into their dichloromethane solution. A
yellow crystal of dimensions 0.40 × 0.30 × 0.05 mm
mounted on a glass fiber was used for data collection
at 28 °C on a MAR diffractometer with a 300 mm image
plate detector using graphite-monochromatized Mo-KR
radiation (λ ) 0.71073 Å). Data collection was made
with a 2° oscillation step of æ, 600 s exposure time, and
scanner distance at 120 mm; 100 images were collected.
The images were interpreted and intensities integrated
using the program DENZO.24 The structure was solved
by direct methods employing the SHELXS-97 program25

on a PC. The Re and C atoms were located using the
direct method. The other non-hydrogen atoms were
found by Fourier synthesis after full-matrix least-
squares refinement using the program SHELXL-9725 on

(24) Otwinowski, Z.; Minor, W. Processing of X-ray Diffraction Data
Collected in Oscillation Mode, Methods in Enzymology, Volume 276:
Macromolecular Crystallography; Carter, C. W., Sweet, R. M., Jr., Eds.;
Academic Press: New York, 1997; Part A, p 307.

(25) SHELXS97, Sheldrick, G. M. SHELX97: Programs for Crystal
Structure Analysis (release 97-2); University of Goetingen: Germany,
1997.
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a PC. One crystallographic asymmetric unit consists of
one molecule. In the final stage of least-squares refine-
ment, all non-hydrogen atoms were refined anisotropi-
cally. The positions of H atoms generated by the
program SHELXL-97 are calculated on the basis of a
riding mode with thermal parameters equal to 1.2 times
that of the attached C atoms and were included in the
calculation of the final R-indices.26 Crystal and structure
determination data are summarized in Table 1.

Results and Discussion

Syntheses and Characterization. All the Re(I)
complexes were synthesized by modification of a litera-
ture procedure and characterized by 1H NMR, IR, and
positive-ion FAB-MS and gave satisfactory elemental
analyses. These complexes all show three intense IR
absorption bands at ca. 1900-2100 cm-1, typical of the
tricarbonyl Re(I) moiety in the facial arrangement.13b

1H NMR spectroscopy showed that the stilbene-contain-

ing complexes are in trans-configuration, in which the
coupling constant of the two olefinic hydrogens is 16 Hz,
typical of that for trans-alkenes. The trans-configuration
of the stilbene unit in complex 6 was further confirmed
by X-ray crystallography.

Crystal Structure. The perspective drawing of the
complex cation of 6 is shown in Figure 1. Selected bond
distances and angles for complex 6 are given in Table
2. The coordination geometry at the Re atom is distorted
octahedral with the three carbonyl ligands arranged in
a facial fashion, which is similar to that found in other
related rhenium(I) systems.14 The hydrophobic aliphatic
chain is running along an axis that is almost perpen-
dicular to the plane containing the Re atom and the
bipyridine unit.

Electronic Absorption and Emission Spectros-
copy. The electronic absorption spectral and photo-
physical data of complexes 1-8 are shown in Table 3.
The electronic absorption spectra of these complexes in
dichloromethane all show an absorption band/shoulder
at ca. 370-488 nm at 298 K. With reference to previous
work on a related system,12 this absorption band is
tentatively assigned as the dπ(Re) f π*(diimine) metal-
to-ligand charge transfer (MLCT) transition. In view of
the large extinction coefficient on the order of 104 dm3

mol-1 cm-1, which is much larger by an order of
magnitude from the 103 dm3 mol-1 cm-1 commonly
observed for rhenium(I) diimine MLCT transition, as
well as the presence of a similar low energy absorption
band in the free ligand, it is likely that the lowest energy
absorption band in complexes 1-8 would consist of an
admixture of intraligand (IL) π f π*(L) and MLCT
character. The higher energy absorption band at ca.
292-324 nm is ascribed to the π f π* intraligand (IL)
transition, which also occurs in the free ligands.

Upon excitation at λ > 350 nm in degassed dichlo-
romethane solution at ambient temperature, complexes
1 and 5-7 were found to emit weakly (Φlum(CH2Cl2) <
10-3), with the emission maxima centered at ca. 530-
580 nm (Figure 2), while no emission was detected for
complexes 3 and 4. On the other hand, complex 2
showed a relatively stronger emission (Φlum(CH2Cl2) ≈
2 × 10-3). With reference to previous work on related
Re(I) tricarbonyl diimine systems,12 emissions in fluid
solution are suggestive of an origin of a triplet MLCT
state. The relatively weaker or lack of emission intensity
of complexes 1 and 3-7 with respect to that of 2 may
be attributed to the presence of an efficient energy
transfer quenching pathway from the 3MLCT state to
the 3IL state of the azo or styrylpyridine moiety, which
are well-known triplet state energy acceptors. Such an
energy transfer process is less facile for complex 2, since
it has a lower-lying 3MLCT state which will be less
efficient in transferring its excited state energy to
the stilbene acceptor (ET(4-methoxystilbene) ) 48.3
kcal mol-1),27 resulting in a stronger emission quantum
yield. Similar findings have been reported in related
systems.8 The emission energies of the complexes in 77
K glass are found to be blue-shifted with respect to that
in fluid solution, attributed to the well-known rigido-
chromic effect, typical of this class of compounds.12a,13

In addition, a less intense vibronic-structured band
attributed to 3IL emission was observed, which over-

(26) Since the structure refinements are against F2, R-indices based
on F2 are larger than (more than double) those based on F. For
comparison with older refinements based on F and an OMIT threshold,
a conventional index R1 based on observed F values larger than 4σ-
(Fo) is also given (corresponding to Intensity g 2σ(I)). wR2 ) {∑[w(Fo

2

- Fc
2)2]/∑[w(Fo

2)2]}1/2, R1 ) ∑||Fo| - |Fc||/∑|Fo|, The goodness of fit is
always based on F2: GooF ) S ) {∑[w(Fo

2 - Fc
2)2]/(n - p)}1/2, where

n is the number of reflections and p is the total number of parameters
refined. The weighting scheme is w ) 1/[σ2(Fo

2) + (aP)2 + bP], where
P is [2Fc

2 + Max(F0
2, 0)]/3. (27) Görner, H. J. Phys. Chem. 1989, 93, 1826.

Table 1. Crystal and Structure Determination
Data for Complex 6

formula [C44H55N3O4Re]+PF6
-

fw 1021.08
T, K 301
a, Å 21.386(2)
b, Å 9.110(1)
c, Å 23.719(2)
R, deg 90
â, deg 100.21(2)
γ, deg 90
V, Å3 4547.9(8)
cryst syst monoclinic
space group P21/a
Z 4
F(000) 2064
Dcalcd, g cm-3 1.491
abs coeff, mm-1 2.775
cryst dimens, mm 0.40 × 0.30 × 0.05
λ, Å (graphite

monochromated,
Mo-KR)

0.71073

θ range for data
collection, deg

0.87 to 25.60

oscillation, deg 2
no. of images collected 100
distance, mm 120
exposure time, s 600
index range h, -25 to 25; k, -10 to 10;

l, -28 to 28
no. of data collected 30264
no. of unique data 8122 [Rint ) 0.531]a

completeness to θ ) 25.60°, % 95.1
refin. method full-matrix least-squares on F2

no. of data/restraints/
params

8122/ 0/ 527

goodness-of-fit on F2 1.062
final R indices (I > 2σ(I)) R1 ) 0.0448, wR2 ) 0.1275
R indices (all data) R1 ) 0.0616, wR2 ) 0.1405
residual extrema in

final diff map, e Å-3
0.921 and -1.609

a Rint ) ∑|F2 - F2(mean)|/∑[F2].
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lapped with the more intense 3MLCT band (Figure 2).
Complex 8 was found to be nonemissive in solution but
emissive in frozen glasses upon excitation. The emission
spectrum of complex 8 in 77 K glasses shows vibronic
structures with vibrational progressional spacings of ca.
1260 cm-1, typical of the ring C-H deformation vibra-

tions in the ground state. With reference to the studies
of Schmehl and co-workers on the structurally related
Re(I) complex [(CO)3(CH3CN)Re(mstyb)]PF6 (mstyb )
trans-4-styryl-4′-methyl-2,2′-bipyridine)7b where the low-
temperature emission was assigned as derived from an
3IL origin, the emission observed in complex 8 in 77 K
glass is also believed to originate from an 3IL excited
state.

Figure 1. Perspective drawing of the complex cation of 6 with atomic numbering scheme. Hydrogen atoms have been
omitted for clarity. Thermal ellipsoids are shown at the 30% probability level.

Table 2. Selected Bond Distances (Å) and Angles
(deg) for Complex 6

Distances
Re(1)sN(1) 2.177(4) Re(1)sN(2) 2.176(6)
Re(1)sN(3) 2.219(4) Re(1)sC(1) 1.928(7)
Re(1)sC(2) 1.927(7) Re(1)sC(3) 1.905(9)
O(1)sC(1) 1.148(7) O(2)sC(2) 1.143(8)
O(3)sC(3) 1.170(9) C(19)sC(20) 1.320(8)

Angles
N(1)sRe(1)sN(2) 75.02(18) N(1)sRe(1)sN(3) 85.20(15)
N(1)sRe(1)sC(1) 173.7(2) N(1)sRe(1)sC(2) 94.7(2)
N(1)sRe(1)sC(3) 99.4(2) N(2)sRe(1)sN(3) 82.45(18)
N(2)-Re(1)sC(1) 98.6(2) N(2)sRe(1)sC(2) 93.8(3)
N(2)sRe(1)sC(3) 174.4(2) N(3)sRe(1)sC(1) 93.7(2)
N(3)sRe(1)sC(2) 176.2(3) N(3)sRe(1)sC(3) 96.9(2)
C(1)sRe(1)sC(2) 85.9(3) C(1)sRe(1)sC(3) 86.9(3)
C(2)sRe(1)sC(3) 86.9(3) C(16)sC(19)sC(20) 124.4(5)
C(19)sC(20)sC(21) 128.9(5)

Table 3. Photophysical Data for Rhenium(I)
Tricarbonyl Diimine Complexes 1-8

complex
medium

(T/K)
absorption λ/nm

(ε × 10-4/dm3 mol-1 cm-1)
emission

λ/nm (τ0/µs)

1 CH2Cl2 (298) 324 (2.54), 362 (3.13),
436 (1.06)

576 (<0.10)

glass (77) 526a

LB film 322, 356, 430 sh b
2 CH2Cl2 (298) 324 (4.54), 488 (0.76) 615 (<0.10)

glass (77) 536a

3 CH2Cl2 (298) 292 (1.08), 378 (2.25),
430 sh (1.24)

b

4 CH2Cl2 (298) 308 (3.10), 430 (1.66) b
5 CH2Cl2 (298) 322 (1.16), 396 (3.36) 554 (<0.10)

glass (77) 492a

LB film 324, 388 b
6 CH2Cl2 (298) 320 (1.86), 370 (2.92) 540 (<0.10)

glass (77) 492a

LB film 324, 366 530
7 CH2Cl2 (298) 322 (2.54), 370 (4.65) 536 (<0.10)

glass (77) 494a

LB film 324, 366 b
8 CH2Cl2 (298) 297 (2.46), 367 (2.75),

400 sh (2.43)
b

glass (77) 622, 675a

a In ethanol/methanol (4:1, v/v) glass. b Too weak to be mea-
sured.

Figure 2. Emission spectra of complex 6 in glass state
(- - -), LB film (‚‚‚), and CH2Cl2 (s).

Figure 3. Photoinduced switching of complex 3 between
the two photostationary states in degassed CH2Cl2. The
inset shows the change of the absorbance of complex 3 at
378 nm upon irradiation at λ ) 450 and 365 nm each for
3 min.
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Photoisomerization Reactivity

Electronic Absorption Studies. For the azo-
containing complexes 1 and 3 and their free ligands L1
and L3, reversible electronic absorption spectral changes
in degassed dichloromethane solution were observed
upon alternate irradiation at 365 and 450 nm. Figure 3
shows the electronic absorption changes of complex 3
upon the alternate irradiation at λ ) 365 and 450 nm.
Two clean and well-defined isosbestic points at 325 and
478 nm were observed. The spectral changes are sug-
gested to be associated with the trans-cis isomerization
of the -NdN- moiety. According to Rau’s classifica-
tion,28 these azo-containing compounds, 1, L1, 3, and
L3, are “azobenzene type” in nature and thus are
expected to undergo efficient photoisomerization. On the
other hand, both complex 5 and its free ligand L5
showed no obvious electronic absorption changes at-
tributable to the formation of cis-isomers after irradia-
tion. It is likely that L5 with an electron-donating
alkoxy substituent on the phenylazopyridine is a poorer
energy acceptor, leading to the inefficient photoisomer-
ization reactions of both L5 and 5.

For the stilbene-containing complexes, 2, 4, and 6-8,
only complexes 6-8 showed reversible electronic ab-
sorption spectral changes upon alternate irradiation at
λ ) 365 and 254 nm. The intense absorption band
centered at ca. 350-380 nm decreases in intensity upon
irradiation at λ ) 365 nm and recovers upon irradiation
at λ ) 254 nm. These changes are attributed to the
trans-cis isomerization of the -CHdCH- moiety. Their
corresponding free ligands, L6, L7, and L8, also showed

similar electronic absorption changes upon irradiation
at the different wavelengths. The lack of photoisomer-
ization in complexes 2 and 4 may be attributed to the
presence of an effective thermal back-reaction as well
as an inefficient intramolecular energy transfer path-
way from the 3MLCT to the 3IL state, as is reflected by
the intense emission observed for complexes 2 and 4.

It is also worthy to note that photoisomerization of
complex 8 occurred even upon irradiation into the pre-
dominantly MLCT band at λ ) 480 nm, while no pho-
toisomerization was observed for the free ligand L8
upon irradiation at such a low-energy region. It was pro-
posed that the presence of an efficient photosensitiza-
tion pathway, i.e., intramolecular energy transfer from
the 3MLCT state to the 3IL, would be responsible for
such observations. It is clear that introduction of the
Re metal center made it possible to apply visible light
for the photoisomerization of stilbene-containing com-
pounds.

LB films of the azo- or stilbene-containing complexes,
1, 5, and 7, were also subjected to photoisomerization
studies; however, no obvious electronic absorption change
was observed. It is well known that the cross-sectional
area of the cis-isomer is much larger than that of the
trans-isomer; thus free volume is necessary for the
molecules to isomerize. In our systems, the LB films
obtained show close-packed arrangements in the solid
phase with not much free volume, and as a result it is
not surprising to find that the photoisomerization
process is prohibited in LB films.

1H NMR Studies. The photoisomerization process of
the stilbene-containing complexes could be monitored
by 1H NMR spectroscopy due to the fact that the
chemical shifts and coupling constants of the protons,

(28) Rau, H. In Photochemisty and Photophysics; Rebek, J. F., Ed.;
Boca Raton, FL, 1990; Vol. II, Chaper 4.

Figure 4. 1H NMR spectral changes of complex 6 in CDCl3 at 298 K during the course of irradiation at λ ) 365 nm.
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especially the olefinic protons, in the two configurations
are fairly different. Generally, the chemical shift in
trans-alkenes is downfield relative to that of cis-alkenes,
with a coupling constant of 16 Hz for the trans-form and
12 Hz for the cis-form. The 1H NMR spectral changes
during the course of the photoinduced isomerization
reaction are illustrated in Figure 4. A dependence of the
yield of the cis-isomer formed of complexes 6-8 on the
irradiation time is shown in Figure 5. Upon irradiation
at λ ) 365 nm, the amount of cis-isomer formed in-
creased gradually, with a concomitant decrease in the
amount of trans-isomer until a photostationary state
was reached. For example, for complex 6, a photosta-
tionary state of 69 ( 2% cis-isomer and 31 ( 2% trans-
isomer was achieved upon irradiation of the pure trans-
isomer (Figure 5).

Quantum Yield Studies. To obtain a quantitative
measure of the photoinduced isomerization processes of
the rhenium(I) diimine complexes, the photochemical
quantum yield for the trans-cis isomerization process

of the complexes was determined using chemical acti-
nometry. Incident light intensities were taken from the
average values measured just before and after each
photolysis experiment using potassium ferrioxalate
actinometry.20 In the present study, stilbene-containing
complexes were chosen instead of azo-containing com-
plexes, as the photoisomerization process of stilbene-
containing complexes could be readily monitored by 1H
NMR spectroscopy. A control experiment to correct for
the presence of any thermal trans-cis isomerization was
performed in each case, in which an equal amount of
the compound was dissolved in the same amount of
deuterated chloroform and placed in the dark. A real-
time monitoring of the thermal control by 1H NMR
spectroscopy was performed in each case, from which
no observable cis-isomer was formed in the absence of
light. The quantum yields of the photochemical reac-
tions are summarized in Table 4. The slightly lower
quantum yields of the complexes relative to that of their
corresponding free ligands may be a result of the
involvement of the larger steric bulk associated with the
metal complexes.

Conclusion

A series of Re(I) tricarbonyl diimine complexes with
various azo- and stilbene-containing ligands have been
designed and successfully synthesized. Upon alternate
irradiation at different wavelengths, the complexes with
photoisomerizable ligands would undergo reversible
photoisomerization, which could be readily monitored
by electronic absorption and 1H NMR spectroscopy.
Although the photochemical reaction quantum yields
of the complexes are slightly lower than that of the
free ligands, the introduction of the Re(I) metal center
presents an efficient photosensitization pathway, i.e.,
intramolecular energy transfer from the 3MLCT state
to the 3IL, and thus made it possible to apply visible
light for the photoisomerization of this kind of com-
pound.
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Figure 5. Plots of the percentage yield of the cis-isomer
formed against the time of irradiation at λ ) 365 nm.

Table 4. Quantum Yields for the
Photoisomerization Process of Complexes 6-8 and

Their Corresponding Free Ligands upon
Excitation at λ ) 365 nm

compound
quantum yield,

φtrans-cis

cis-isomer formed (%)
in photostationary state

6 0.49 69
7 0.43 72
8 0.42 73
L6 0.50 81
L7 0.48 83
L8 0.48 89
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