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The one-pot synthesis of soluble, neutral, luminescent
rectangular supramolecules in high yields by solvothermal
methods and fine tuning of the molecular architecture in
one dimension from ~7 Å to a nanometer scale, ~21 Å,
have been achieved.

Metallomacromolecules possessing interesting inclusion, light
harvesting and molecular recognition properties form a hot
subject of current research in chemistry and materials science.1,2

In recent years many workers have reported the synthesis,
characterization and applications of luminescent molecular
squares based on Re(CO)3 corners with pyridine-based ligands
as bridges.3,4 Compared to a molecular square a rectangle may
have advantages in host–guest chemistry and in molecular
recognition leading to altered chemical selectivity and/or
enhanced binding of planar aromatic guest species. However
only a few reports appeared on Re() containing rectangles from
the schools of Hupp 5 and Sullivan 6 and from this laboratory.7

Though the presence of lengthy alkyl chains may expand
the applications of macromolecules, the synthesis of Re()
supramolecules bearing lengthy alkoxy bridges are hitherto
unknown. Keeping the above aspects in mind, work has been
initiated in this laboratory on the synthesis of neutral molecular
rectangles from Re2(CO)10. A facile solvothermal approach
for the synthesis of metallomacromolecules possessing long
hydrophobic chains is reported in this communication. This
strategy leads to the high-yield formation of the self-assembled
products.

When Re2(CO)10 is treated with nitrogen-containing ligands,
pyrazine (pz), trans-1,2-bis(4-pyridyl)ethylene (bpe) and 1,4-bis-
[2-(4-pyridyl)ethenyl]benzene (bpeb) in the presence of higher
aliphatic alcohols, using solvothermal methods, the alkoxy
bridged molecular rectangles [{(CO)3Re(µ-OR)2Re(CO)3}2-
(µ-L)2] (1–3) are obtained‡ (Scheme 1). Rectangles 1–3 have
been spectroscopically characterized. The more hydrophobic
nature of the rectangles containing an octyl group compared
to those carrying a butyl group enhanced the solubility in less
polar solvents.

X-Ray quality crystals were obtained by solvothermal means
and an X-ray diffraction study was carried out for 3a.§ The
ORTEP diagram of 3a (Fig. 1) revealed a rectangular archi-
tecture, where two planar bpeb ligands are coordinated to four
rhenium atoms, which are connected by four butoxy bridges
thereby forming a molecular rectangle. Each rhenium atom
occupies the corner of the rectangle and is bonded to one nitro-
gen atom of the pyridyl group of the bpeb ligand, two butoxy
groups and three carbonyl groups. In each bridging ligand
(bpeb), the two pyridyl groups and the central aromatic ring are
oriented in the same plane.

† Permanent address: Department of Chemistry, Vivekananda College,
Tiruvedakan West, 625 217, Madurai, India.

The IR spectra of 1–3 show a gradual shift in the carbonyl
stretching frequencies, when the ligand is changed from bpeb
(bpe) to pz.8,9 This indicates that among the three ligands used,
the coordinating ability of bpeb and bpe is comparable to but
stronger than pz. Electronic absorption spectral studies of 1–3
revealed the existence of two types of bands, one in the UV
and the other in the visible region. In a broad way we can assign
the higher energy features to the ligand (π–π*) based transition,
and the lower energy absorption to the metal-to-ligand (bridg-
ing) charge transfer (MLCT) transition.10 The higher energy
absorption (π–π*) is always intense, about four fold stronger
than the MLCT transition. A red shift of 61 nm (from 398 nm
to 459 nm) is seen in the MLCT absorption maxima of these
compounds on changing the ligand from bpe to pz. The obser-
vation that the more easily reducible ligands yield complexes
exhibiting lower energy absorption, is in agreement with the
results of Wrighton and others.10 With the molecular squares,
a change of ligand from bpe to pz shifts the lower energy λmax

from 358 nm to 396 nm.11 Thus the alkoxy bridges facilitate

Scheme 1
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Fig. 1 ORTEP 16 diagram of [{(CO)3Re(µ-OC4H9)2Re(CO)3}2(µ-bpeb)2] (3a). Selected bond distances (Å) and angles (�): Re(1)–N(1) 2.219(4),
Re(1)–O(7) 2.154(3), Re(1)–O(8) 2.161(3), Re(1)–C(1) 1.923(5), Re(1)–C(2) 1.905(6), Re(1)–C(3) 1.912(6), O(7)–C(27) 1.447(6), O(8)–C(31) 1.451(6);
O(7)–Re(1)–N(1) 82.36(14), O(8)–Re(1)–N(1) 83.29(13), Re(1)–O(7)–Re(2) 104.06(14), Re(1)–O(8)–Re(2) 103.49(14), O(7)–Re(1)–O(8) 74.68(13),
O(7)–Re(2)–O(8) 74.53(13), C(27)–O(7)–Re(1) 118.1(3), C(27)–O(7)–Re(2) 123.3(3), C(31)–O(8)–Re(1) 117.0(3), C(31)–O(8)–Re(2) 118.2(3).

Re → L charge transfer. It is interesting to note that the
(MLCT) bands of 1a and 1b are highly sensitive to a change in
the polarity of the solvent and exhibit solvatochromism, having
a shift in λmax to the tune of 100 nm when the solvent is varied
from DMSO to CCl4. Excitation of the complexes near the
MLCT absorption wavelength results in moderate emission in
the range 440 to 490 nm in CH3CN and CH2Cl2. However, the
free ligands also show emission in the above region. Since both
the free ligands and rectangles exhibit emissions around the
same region, the observed emission for the complexes may
therefore originate from the MLCT band involving primarily
the bridging ligands. The excited state lifetimes of these
rectangles have been measured and are in the range of 10 to 15
ns at room temperature.

The measured cyclic voltammetric data show that each of the
complexes studied here displays two or three reduction waves
and one to four oxidation waves. The first reduction wave in the
range �0.73 to �1.28 V can be assigned to the first reduction of
the bridging ligand, L/L�.12–15 The second reduction observed
with the complexes containing bpe and bpeb at �1.26 V and
�1.28 V may be assigned to the second reduction of the ligand,
L�/L2�. The reduction wave observed in the range �1.35 to
�1.50 V in the case of complexes containing bpe and pz can
be assigned to the reduction of the metal, Re�/Re0.13,15 The
oxidation peaks observed in the range 1.00–1.65 V may be
attributed to the oxidation of the four metal centers present in
the rectangle. As the alkoxy bridge remains as a good electron
donor in the present system it is not able to show any redox
reaction in the potential range �2.00 to 2.00 V.

In conclusion, we have demonstrated that a novel class of
molecular rectangles bearing octahedral Re centers can be
prepared by a one-pot synthesis in high yield by solvothermal
methods. The solubility of these neutral rectangles can be tuned
by tailoring the length of the alkyl chain of the alkoxy group.
The luminescence and the solvatochromic properties make
these molecular rectangles interesting species. Further work
is in progress to tune the luminescence properties of these
molecular rectangles in order to expand their applications.

We thank Academia Sinica and the National Science Council
of Taiwan for financial support. We are also grateful to
Professor S. Rajagopal for valuable discussions.

Notes and references
‡ General synthetic procedure for 1–3: In a typical preparation, a
suspension containing a mixture of Re2(CO)10 and the appropriate
N-ligand in 10 ml aliphatic alcohol in a 30 ml Teflon flask was placed
in an oven maintained at 120–160 �C for 48 h and then cooled to 25 �C.
The crystals were separated by filtration and the solvent was removed
from the filtrate under vacuum, the residue was then redissolved in the
minimum quantity of CH2Cl2 and passed through a short silica gel
column to obtain the pure product. Yield: 1a, 71%; 1b, 73%; 2a, 76%;
2b, 82%; 3a, 78%; 3b, 84%.

Compound 1a: IR (CH2Cl2): νCO 2024 (s), 2017 (sh, m), 1925 (m),
1903 (vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.83 (s, 8 H, H2), 4.44
(m, 8 H), 2.17 (m, 8 H), 1.48 (m, 8 H), 1.07 (t, 3J 7.4 Hz, 12 H); 13C
NMR [75 MHz, (CD3)2CO]: δ 199.0, 198.2 (1 :2, CO), 150.1 (C2, pyr-
azine), 82.9 (CH2), 36.5 (CH2), 19.0 (CH2), 14.5 (CH3); UV-VIS
(CH3CN): λmax (nm) 452 (MLCT), 255, 261, 268 (LIG). Anal. for
C36H44N4O16Re4, found (calc.): C, 28.09 (28.19); H, 2.85 (2.89); N, 3.73
(3.65)%. Mass (FAB, 187Re): m/z 1536 (M�).

Compound 1b: IR (CH2Cl2): νCO 2024 (s), 2018 (sh, m), 1924 (m),
1903 (vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.83 (s, 8 H, H2),
4.42 (m, 8 H), 2.20 (m, 8 H), 1.46 (m, 24 H), 1.35 (m, 16 H), 0.91 (t,
3J 6.9 Hz, 12 H); 13C NMR [75 MHz, (CD3)2CO]: δ 198.7, 197.1 (1 :2,
CO), 150.0 (C2, pyrazine), 83.1 (CH2), 34.2 (CH2), 32.5 (CH2), 30.2
(CH2), 29.9 (CH2), 25.7 (CH2), 23.3 (CH2), 14.3 (CH3); UV-VIS
(CH3CN): λmax (nm) 459 (MLCT), 255, 261 (LIG); emission: λmax (nm)
470. Anal. for C52H76N4O16Re4, found (calc.): C, 35.97 (35.53); H, 4.30
(4.36); N, 3.08 (3.18)%. Mass (FAB, 187Re): m/z 1760 (M�).

Compound 2a: IR (CH2Cl2): νCO 2020 (s), 2008 (m), 1909 (m), 1888
(vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.46 (d, 3J 5.3 Hz, 8 H,
H3), 7.63 (s, 4 H, vinyl), 7.59 (d, 3J 5.3 Hz, 8 H, H2), 4.41 (m, 8 H), 2.13
(m, 8 H), 1.49 (m, 8 H), 1.08 (t, 3J 7.4 Hz, 12 H); 13C NMR [125 MHz;
(CD3)2CO]: δ 198.9, 198.5 (1 :2, CO), 152.8 (C3), 146.4 (C1), 132.6
(vinyl), 124.0 (C2), 82.5 (CH2), 36.5 (CH2), 19.1 (CH2), 14.5 (CH3); UV-
VIS (CH3CN): λmax (nm) 398 (MLCT), 289 (LIG); emission: λmax (nm)
440, 454. Anal. for C52H56N4O16Re4, found (calc.): C, 35.98 (35.94);
H, 3.27 (3.25); N, 3.33 (3.22)%. Mass (FAB, 187Re): m/z 1740 (M�).

Compound 2b: IR (CH2Cl2): νCO 2020 (s), 2008 (m), 1909 (m), 1886
(vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.46 (d, 3J 6.6 Hz, 8 H,
H3), 7.62 [s, 4 H, (vinyl)], 7.57 (d, 3J 6.6 Hz, 8 H, H2), 4.39 (m, 8 H), 2.16
(m, 8 H), 1.47 (m, 24 H), 1.36 (m, 16 H), 0.92 (t, 3J 6.8 Hz, 12 H); 13C
NMR [75 MHz; (CD3)2CO]: δ 199.0, 198.6 (1 :2, CO), 152.1 (C3), 146.4
(C1), 132.7 (vinyl), 124.1 (C3), 82.8 (CH2), 34.4 (CH2), 32.6 (CH2), 30.4
(CH2), 30.0 (CH2), 26.0 (CH2), 23.3 (CH2), 14.4 (CH3); UV-VIS
(CH3CN): λmax (nm) 398 (MLCT), 289 (LIG); emission: λmax (nm) 460.
Anal. for C68H88N4O16Re4, found (calc.): C, 41.58 (41.62); H, 4.47
(4.52); N, 2.85 (2.86)%. Mass (FAB, 187Re): m/z 1964 (M�).

Compound 3a: IR (CH2Cl2): νCO 2019 (s), 2005 (m), 1905 (m), 1884
(vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.36 [d, 3J 6.5 Hz, 8 H,
(pyridyl) H3], 7.54 [d, 3J 16.4 Hz, 4 H, (vinyl) H2], 7.47 [d, 3J 6.5 Hz, 8 H,
(pyridyl) H2], 7.38 [s, 8 H (phenyl)], 7.18 [d, 3J 16.4 Hz, 4 H (vinyl) H1],
4.40 (m, 8 H), 2.13 (m, 8 H), 1.49 (m, 8 H), 1.08 (t, 3J 7.3 Hz, 12 H);
UV-VIS (CH3CN): λmax (nm) 423 (MLCT), 269, 364 (LIG); emission:
λmax (nm) 474. Anal. for C68H68N4O16Re4, found (calc.): C, 42.37
(42.05); H, 3.42 (3.53); N, 2.92 (2.88)%. Mass (FAB, 187Re): m/z 1944
(M�).

Compound 3b: IR (CH2Cl2): νCO 2020 (s), 2006 (m), 1906 (m), 1883
(vs) cm�1; 1H NMR [300 MHz, (CD3)2CO]: δ 8.36 [d, 3J 6.6 Hz, 8 H,
(pyridyl) H3], 7.53 [d, 3J 16.4 Hz, 4 H, (vinyl) H2], 7.46 [d, 3J 6.6 Hz, 8 H,
(pyridyl) H2], 7.38 [s, 8 H, (phenyl)], 7.18 [d, 3J 16.4 Hz, 4 H, (vinyl) H1],
4.39 (m, 8 H), 2.15 (m, 8 H), 1.47 (m, 24 H), 1.37 (m, 16 H), 0.92 (t,
3J 6.8 Hz, 12 H); 13C NMR [75 MHz, (CD3)2CO]: δ 199.1, 198.7 (1 :2,
CO), 152.4 (pyridyl) C3, 148.0 (pyridyl) C1, 137.3 (phenyl) C1, 136.0
(vinyl) C2, 128.5 (phenyl) C2, 125.9 (vinyl) C1, 123.2 (pyridyl) C2, 82.8
(CH2), 34.4 (CH2), 32.6 (CH2), 26.0 (CH2), 23.3 (CH2), 14.4 (CH3);
UV-VIS (CH3CN): λmax (nm) 422 (MLCT), 235, 285, 370 (LIG);
emission: λmax (nm) 474, 490. Anal. for C84H100N4O16Re4, found (calc.):
C, 46.07 (46.57); H, 4.42 (4.65); N, 1.89 (2.59)%. Mass (FAB, 187Re): m/z
2168 (M�).
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§ Crystallographic data: [C68H68N4O16Re4] 3a: M = 1942.06, T = 150(1)
K, monoclinic, space group = P21/n, a = 9.2304(1), b = 23.5898(1),
c = 15.9339(2) Å, β = 98.796(1)�, V = 3428.69(6) Å3, Z = 2, Dc = 1.881 g
cm�3, µ = 7.106 mm�1, 24951 reflections collected, 7796 independent
reflections (Rint = 0.0420), refinement method: full-matrix least-squares
on F2. Final R indices [I > 2σ(I)]: R1 = 0.0379, wR2 = 0.0658, R indices
(all data): R1 = 0.0512, wR2 = 0.0699, Largest diff. peak and hole: 1.187
and �0.786 e Å�3. CCDC reference numbers 156620–156622. See
http://www.rsc.org/suppdata/dt/b1/b101020o/ for crystallographic data
in CIF or other electronic format.
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