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A series of neutral luminescent molecular rectangles [{ Re(CO)s(u-bpy)Br}{Re(CO)s(u-L)Br}]. (1-4) having fac-
Re(CO)3Br as corners and 4,4'-bipyridine (bpy) as the bridging ligand on one side and other bipyridyl ligands of
varying length (L) on the other side have been synthesized and characterized. The crystal structure of 1 shows a
rectangular cavity with the dimensions of 11.44 x 7.21 A. When the cavity size is tuned from 1 to 4, a dimension
of 11.4 x 20.8 A could be achieved, as revealed by the molecular modeling. These rectangles exhibit luminescence
in solution at room temperature. In particular, compound 4 containing 1,4-bis(4'-pyridylethynyl)benzene (bpeb) as
bridging ligand shows the excited-state lifetime of 495 ns. Fine-tuning of the cavity size of the rectangles improves
their excited-state properties. These properties facilitate the study of excited-state electron-transfer reactions with
electron acceptors and donors and host—guest binding. Crystallographic information: 1-6CH3;COCHj; is monoclinic,
P2,/c, with a = 12.0890(2), b = 24.2982(2), and ¢ = 12.8721(2) A, p = 107.923(1)°, and Z = 2.

Introduction suited for such applications since they display intense

The around- and excited-state properti f the organ luminescence in the visible region and are stable to photo-
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meta}lllc cornplgx‘ac—[ClRe(CO);LL], where LLis a d||.m|ne, to transition-metal-directed self-assembly to construct many
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different supramolecular architectures such as molecularScheme 1

squares, boxes, helices, and many interesting three-dimen- | # 5:.))“47-?3%?« | B oy

sional structure$.2° The rigid macrocycles based on cis- ’“’|= s _/Rle_NCMe s

bridging ligation of transition metals have tremendous

promise in hostguest, inclusion, and molecular recognition

chemistry?~15> Recent interest is the synthesis and charac-

teri;ation of Iuminescent molecular squares containing a () MeaNO | o | B

variety of bipyridyl groups between Re(l) cent@rg?16-18 Br | e (i) CHyCN /Rr bpy /Rlc

Though the synthesis of several dozens of squares has been—Re/—bpy—Re/— ot L L

successfully demonstrated from many groups of workers, the /| 8¢ HL/ boy Rlc/

reports on the Re(l)-containing rectangles are relatively & | o |

scarce>?0 A rectangular cavity is reasonably expected to

offer enhanced binding and selectivity particularly for planar 1,L= NN

aromatic gug;t&c _ _ ooy N~ 2,L= N =N _
We have initiated a systematic study on the synthesis of 3, L= N Ym=—=tCN

light-emitting neutral molecular rectangles, and the prelimi- 4= N Y= )p—=-""N

nary results have been reporf88To improve the cavity

size and luminescent properties of molecular rectangles, wep | = dpa;3, L = dpb;4, L = bpeb) were synthesized as

have introduced acetylene, butadiyne, and 1,4-bis(ethynyl)-
benzene groups between two pyridine moieties in the ligand
on one side while keeping 4;bipyridine on the other side

shown in Scheme 1. Treatment of Re(GBY)with 1 equiv
of MesNO in the presence of GJEN at 0°C gave Re(CQ}
(NCMe)Br, which on reaction with 4bipyridine (bpy)

for the synthesis of Re(l)-containing rectangles. In this report gfforded {Re(CO)Br} (u-bpy). Further treatment of the
the details on the synthesis, characterization, photophysicalyimetallic edge Re(CO)Br} »(u-bpy) with 2 equiv of Me-

properties, and hosiguest interactions of the rectangles
containing pyrazine (pz), 44lipyridylacetylene (dpa), 4,4
dipyridylbutadiyne (dpb), and 1,4-bis¢gyridylethynyl)-
benzene (bpeb) bridges are presented.

Results and Discussion

Synthesis and Characterization.The molecular rect-
angles { Re(CO}(u-bpy)Br{ Re(CO}(u-L)Br}]2 (1, L = pz;

(13) (a) Caulder, D. L.; Raymond, K. Mcc. Chem. Red4999 32, 975.

(b) Caulder, D. L.; Raymond, K. NJ. Chem. Soc., Dalton Trans
1999 1185.
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York, 1995. (b)Comprehensie Supramolecular Chemistritwood,
J. L., Davies, J. E. D., MacNicol, D. D., Vogtle, F., Lehn, J. M., Eds.;
Pergamon: Oxford, U.K., 1996; Vols. 6 and 9. (c) Blanco, M. J;
Jimenez, M. C.; Chambron, J. C.; Heitz, V.; Linke, M.; Sauvage, J.
P.Chem. Soc. Re 1999 28, 293.

(15) (a) de Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley,
A. J. M.; McCoy, C. P.; Rademacher, J. T.; Rice, T.Ghem. Re.
1997 97, 1515 and references therein. ®hemosensors of lon and
Molecule Recognition Desvergne, J. P., Czarnik, A. W., Eds.;
Kluwer: Boston, MA, 1997.

(16) (a) Belanger, S.; Hupp, J. T.; Stern, C. L.; Slone, R. V.; Watson, D.
F.; Carrell, T. G.J. Am. Chem. Sod 999 121, 557. (b) Keefe, M.

H.; Slone, R. V.; Hupp, J. T.; Czaplewski, K. F.; Snurr, R. Q.; Stern,
C. L. Langmuir200Q 16, 3964. (c) Sun, S. S.; Lees, A. J. Am.
Chem. Soc200Q 122 8956. (d). Sun, S. S.; Lees, A.ldorg. Chem
1999 38, 4181.

(17) Manimaran, B.; Rajendran, T.; Lee, F. Y.; Lin, S. C.; Lee, G. H;
Peng, S. M.; Chen, Y. J.; Lu, K. LJ. Chem. Soc., Dalton Trans
2001, 3346.

(18) (a) Fujita, M.; Umemoto, K.; Yoshizawa, M.; Fujita, N.; Kusukawa,
T.; Biradha, K.Chem. Commur2001, 509. (b) Fujita, MChem. Soc.
Rev. 1998 27, 417.

(19) (a) Benkstein, K. D.; Hupp, J. T.; Stern, C.Angew. Chem., Int. Ed.
200Q 39, 2891. (b) Benkstein, K. D.; Hupp, J. T.; Stern, C.lhorg.
Chem 1998 37, 5404. (c) Benkstein, K. D.; Hupp, J. T.; Stern, C. L.
J. Am. Chem. S0d 998 120, 12982. (d) Woessner, S. M.; Helms, J.
B.; Shen, Y.; Sullivan, B. Plnorg. Chem 1998 37, 5406. (e)
Hartmann, H.; Berger, S.; Winter, R.; Fiedler, J.; Kaim, Worg.
Chem 200Q 39, 4977.

(20) (a) Rajendran, T.; Manimaran, B.; Lee, F. Y.; Lee, G. H.; Peng, S.
M.; Wang, C. M.; Lu, K. L. Inorg. Chem 200Q 39, 2016. (b)
Manimaran, B.; Rajendran, T.; Lu, Y. L.: Lee, G. H.; Peng, S. M,;
Lu, K. L. J. Chem. Soc., Dalton Trang001, 515.

NO at 5°C followed by addition of pyrazine or acetylene-
containing bipyridyl ligands afforded the molecular rect-
anglesl—4.

The molecular rectangles—4 were characterized by a
variety of analytical techniques such as IR, NMR, FAB-mass,
and elemental analysis. Thid NMR spectrum ofl showed
two sets of signals in a 3:1 ratio for both the pyrazine and
the pyridyl groups of the bpy ligand, indicating tHaéxists
as two isomeric forms in solution at ambient temperature.
Compared to the free ligands these signals were shifted
toward low field due to the formation of new coordination
bonds between the nitrogen-containing ligands and the Re
metal center$! The FAB mass spectrum df showed the
molecular ion peak atVz 1880 whose experimental isotope
pattern matches very closely with that calculated.

By use of the single-crystal X-ray diffraction method, we
obtained solid evidence to support the structure of complex
1. An ORTEP diagram ofl is shown in Figure 1, and its
pertinent crystallographic data are given in Tables 1 and 2.
The core geometry can be viewed as a molecular rectangle
in which two Br(CO)}Re-bpy-Re(CQpBr edges are bridged
by two pyrazine moieties with the cavity dimension of 11.44
x 7.21 A. Br(1) and Br(2) are disordered with CO group in
73/27 occupancy, which is corroborated by the isombtic
NMR spectral pattern of. An infinite number of open-end
channels are observed from the packing diagram because of
the effectiver stacking of the aromatic rings of the molecules
(Figure 2).

The result of the molecular modeling studylef4 reveals
that a cavity dimension of 11.4 20.8 A could be achieved
by the proper selection of the acetylene-containing bipyridyl
ligands (Table 3). The large cavity dimension promises

(21) Kuehl, C. J.; Huang, S. D.; Stang, PJJAm. Chem. So€001, 123
9634.
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Figure 1. ORTEP diagram ofl.

Table 1. Crystal and Structure Refinement Data for
[{ Re(COX}(u-bpy)Br} { Re(COX(u-pz)Bi} ]26CH:COCH;, 1-6CH;:COCH;

formula

fw

cryst syst
space group
a, A

b, A

c,A

B, deg

vV, A3

z

cryst dimens, mm
pealca Mg/m?

u(Mo Ka), mm2

range of transm factors
data/restraints/params
R1( > 20(1))

WR2 (all data)

GgHsoBraNgO15Rey
2221.58
monoclinic
P21/C
12.0890 (2)
24.2982 (2)
12.8721 (2)
107.923 (1)
3597.57 (9)
2
0.3% 0.18x 0.12
2.051
8.998
0.27610.4921
7285/0/451
0.0356
0.0724

Table 2. Selected Bond Distances (A) and Bond Angles (deg)lfor

(a) Bond Distances (A)

Re(1)-Br(1) 2.5694(14) Re(BC(1) 1.929(7)
Re(1)-C(2) 1.922(6) Re(HC(3) 1.92(2)
Re(1)-N(1) 2.212(5) Re(1)yN(3) 2.221(5)
Re(2)-Br(2) 2.5873(13) Re(2)C(4) 1.919(6)
Re(2)-C(5) 1.924(7) Re(2)C(6) 1.917(14)
Re(2)-N(2) 2.212(4) Re(2yN(4) 2.218(5)
C(1)-0(1) 1.146(7) C(2r0(2) 1.153(7)
C(3)-0(3) 1.16(3) C(4y0(4) 1.153(7)
C(5)-0(5) 1.149(7) C(6Y0(6) 1.17(2)
(b) Bond Angles (deg)
N(1)—Re(1)}-N(3) 84.5(2) C(1yRe(1)-N(1) 178.0(2)
C(3)—Re(1)-N(1) 90.5(10) C(2yRe(1)-N(2) 94.1(2)
C(3)-Re(1)-N(3) 92.6(10) C(2)yRe(1)-N(3) 178.6(2)
C(1)-Re(1)-N(3) 93.6(2) C(1)-Re(1)-Br(1) 93.2(2)
C(3)-Re(1)-Br(1) 177.3(10) C(2rRe(1)}-Br(1)  90.9(2)
N(1)-Re(1)}-Br(1)  87.21(12) N(3}Re(1>-Br(1)  88.67(12)
C(6)—-Re(2)-N(2) 90.5(5) C(5-Re(2)-N(2) 175.3(2)
C(6)-Re(2)-N(4) 91.5(5) C(4FRe(2)-N(4)  177.6(2)
C(5)-Re(2)-N(4) 93.5(2) C(6)Re(2)-Br(2)  178.4(5)
C(4)-Re(2r-Br(2)  91.8(2) C(5rRe(2)-Br(2)  89.8(2)
N(2)—Re(2)-Br(2) 87.91(11) N(4yRe(2)-Br(2) 88.65(12)

interesting hostguest interactions. Sinde-4 contain large

Rajendran et al.

Figure 2. Packing diagram of.

Table 3. Molecular Modeling Data for Interatomic Distances {RBe)
in1-4

rectangle Rebpy—Re (A) Re-L—Re (A) Lb
1 11.4 (11.440) 7.19 (7.218 pz
2 11.4 14.0 dpa
3 11.4 16.6 dpb
4 11.4 20.8 bpeb

aFrom X-ray structure analysi8bpy = 4,4-bipyridine; pz= pyrazine;
dpa= 4,4-dipyridylacetylene; dpk- 4,4 -dipyridylbutadiyne; bpeb- 1,4-
bis(4-pyridylethynyl)benzene.

Table 4. Absorption and Emission Spectral and Excited-State Lifetime
Data for Re(l) Compounds and Ligands in &Hp at 298 K

compd abslmax NM emissiommax NM  lifetimez, ns
1 252, 336 606 86

2 259, 352 611 86

3 259, 323, 357 616 72
4 260, 351 616 495
5¢ 274, 396 682 54
6° 248, 348 632 134
7d 322, 366 633 3R
8 248, 314 585 1670
9 251, 262, 288, 302, 322, 345 612 100
bpy 240, 265 b

dpa 263, 276, 293

dpb 245, 256, 285, 304, 325
bpeb 319, 339

pz 261, 270, 313

o o oo

aMeasurements taken in THENo detectable emissiofi Reference 9c.
d Reference 16¢E Reference 23.

and [Re(COYu-dpb)Cl, (7), corners Re(CQjbpy)Cl (8)

and Re(CO)dpb)Cl (9), and the ligands (Chart 1). Figure

3 compares the absorption spectra of rectadgbnd the
free ligands bpy and bpeb. The electronic absorption spectra
of rectangled —4 exhibit two main features: the high-energy
band in the near-UV regiom(260 nm) is assigned to the

cavities, the solvent molecules such as acetone are preseriigand centeredt—x* transition, and the low-energy band,
inside them and could not be removed completely under to the metal-to-ligand charge transfer (MLCT) transiti¢ii2
vacuum at room temperature for several hours.

Ground-State Properties. Table 4 summarizes the ab-
sorption spectral data of rectangles4 in comparison with

squares [Re(CQu-pz)Clls (5), [Re(CO}(u-bpy)Clls (6),
6390 Inorganic Chemistry, Vol. 42, No. 20, 2003

In the rectangl&, the lowest energy band is solely of MLCT
character similar to squatik It is noted that the MLCT bands

(22) Meyer, T. JPure Appl. Chem1986 58, 1193.
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2

Emission intensity

Absorbance (a.u)

500 550 600 650
Wavelength (nm)

Wavelength (nm) Figure 4. Luminescence spectra of molecular rectan@ed in CHxCl,

Figure 3. Absorption spectra of (a) 4/4bipyridine (bpy), (b) 1,4-bis(4 at 298 K.
pyridylethynyl)benzene (bpeb), and (§Re(COX(u-bpy)Br} { Re(COX}(u- dd
bpeb)Bi]z (4) in CH:Cla. dd — —
Chart 1 MLCT —— oo 3
o T MLCT
Cl
o
/ /
Cl
2
L 7"\]6— Gs — — GS
/ / L Energy levels of rectangles Energy levels of rectangles
cl / | ; cl /'“: with low excited state lifetime with high excited state lifetime
Figure 5. Energy level diagram of Re(l) rectangles.
5L=N_N N/~ previously reported for similar complexes assigned as MLCT
6.L= NN 8L NN emitterss-10.161920Smjlar to the observation in the absorption

spectra, the emission maxima of rectandleg are slightly
shifted to lower energy while the conjugation of the ligand
is extended. The emission spectra of rectangled4 have
also been recorded at 77 K, and the emission maximac("
=542, 526, and 536 nm f&2—4, respectively) are shifted
to blue compared to the values at 298 K as observed with
other metal complex€8. These Ana™ values at 77 K
correspond to the energy of the-0 transition and ofMLCT
state and have been used in the estimation of excited-state
redox potentials in combination with ground-state redox
q potentials (vide infra).

Though the emission lifetime of rectangtes3 is similar,

7.L= NHN

of rhenium complexes are insensitive to the variation of the
halide?* The absorption data fdr—4 show that the substitu-
tion of pz by dpa, dpb, and bpeb leads to a red shift, but the
introduction of bpeb in place of dpb does not lead to
substantial change in the absorption spectrum of the rect-
angle. On the other hand, if we compare the rectaBgléh
square?, both of them have a peak near 320 nm but an
additional peak is obtained at 357 nm fdand at 360 nm
for 7. If we compare3 and6, two MLCT peaks are observe
B 0 g 13 ery g ford.Asfr s Rul) and Re() comples
: P . are concerned, the lifetime 8MLCT is controlled by its
and 342 nm, respectively. Thus, we can assign the peak at

energy?® If the SMLCT state is close to théMC state, the
323 nm to Re(l)~ bpy and 357 nm to Re(h)- dpb. In a deactivation may take place ViIC which is nonemissive
comparison of3 and4, the Amax value of4 at 351 nm may

be assigned to the MLCT transition Re(# bpeb (Figure 5). If theSMLCT state is close to the ground state,

. . ) o according to the energy gap law, nonradiative decay is facile.
Excited-State Properties.Maxima of emission spectra Emission spectra recorded at 77 K show that #&CT

(Zma") and excited-state lifetimer) of rectangles, squares, level of rectanglet falls betweer and3. Thus, the probable
and corners are collected in Table 4. The broad luminescence | ion for the | lifetime of ' ’ q d
spectra of rectangle2—4 (Figure 4) indicate that the exp anatlon_ort elong etime compare (@ and3

Iupminescence oricinates from the lowastLCT state. The with the available emission spectral data is that®eCT

assignment of theglowest emitting level as MLCT in c.haracter state ofé is suitably positioned in such a way that it is away
assig o 9 - from 3MC as well as from the ground state. A possible
is based on the position and shape of the emission band and
the emission lifetime which are consistent with those (25) (a) Nieuwenhuis, H. A.; Stufkens, D. J.; Vicek, A., lrorg. Chem.

1995 34, 3879. (b) Grosshenny, V.; Harriman, A.; Romero, F. M;

(23) Sun, S. S.; Anspach, J. A; Lees, A. J.; Zavalij, POvganometallics
2002 21, 685.
(24) Giordano, P. J.; Wrighton, M. 8. Am. Chem. Sod 979 101, 2888.

Ziessel, RJ. Phys. Chem1996 100, 17472.

(26) Anderson, P. A.; Keene, F. R.; Meyer, T. J.; Moss, J. A,; Strouse, G.

F.; Treadway, J. AJ. Chem. Soc., Dalton Trang002 3820.
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18 Table 5. Ground-State Electrochemical Potentialslef9
compd solvent Eox, V (AEp, mV)  Ereq V (AEp, mV)
17 4 1 acetonitrile +1.05 —1.446
—1.606
2 dichloromethane +0.45 —0.94 (i)
16 4 +1.35 (160) —1.176 (i)
® +1.70
c 3 dichloromethane +0.35 (i) —1.07 (i)
= +1.35 (191) —1.54 (i)
151 +1.64 (53)
4 dichloromethane +0.36 (i) —1.06 (i)
+1.35 (133) —1.40 (122)
14 1 +1.67 (129)
5 acetonitrile +1.58 —0.92
—-1.23
13 . ; . ; ; : 6 acetonitrile +1.35 —1.15
180 185 190 195 200 205 210 215 —1.26
7 tetrahydrofuran —1.70 (i)
Eem (V) 8 acetonitrile +1.36 -1.57
Figure 6. Energy-gap plot for molecular rectanglés4, squares$ and . ) —-1.67 )
6, and corners8 and 9. Excited-state lifetime data were obtained in 9 dichloromethane +1.09 () —1.69 ()
deoxygenated CiCl, at 298 K. —1.97()

alternative explanation for the long lifetime éfcompared  quasireversible oxidation waves observed in the range-1.35
to 1-3 is the involvement of the extendedsystem of the  1.70 V may be attributed to the oxidation of the metal centers
bpeb ligand. present in the rectangle. This redox behavior of these
To gain insight into the excited-state lifetime of rectangles rectangles can be exploited in their utilization as electron
1-4 an energy-gap plot has been constructed. The rates ofdonors in the efficient electron-transfer reactions with
decay of emissive excited states of Re(l) complexes, i.e., electron acceptors, quinones, and nitroaromatics and as
lifetime (z), are typically controlled by nonradiative decay electron acceptors with aromatic amiriés.
process. Figure 6 shows a plot of InfjLi/s Eem for the Luminescence Quenching Studiedkecently it has been
rectangled—4, square$ and6, and corner§ and9 in CH,- established that luminescent compounds with internal cavities
Clp. An analysis of the nonradiative decay rates for all find potentia| app“cations in hosguest Chemistry, in
complexes showed that the nonradiative decay rate constaninolecular recognition, and as sensbr&:3234 Since the
is increased when the excited-state energy decreased. A lineafectanglesl—4 contain a large cavity and are luminescent,
relationship of In(1#) vs E.mwith a correlation of 0.940 has  they can be tested for hesguest interactions. To check the
been observed for rectanglelong with squares and corners.  ability of 1—4 to act as hosts, we have studied the reactions
This effect can be understood in terms of the energy-gap of these rectangles with several nitroaromatics and quinones,
law 2”28 Deviation from a linear relation between Infits good electron acceptors, and aromatic amines, electron
Eem Occurs for complexed—3 in which the vibrational  donors. Interestingly, these substrates quench the lumines-
modes of deactivation is sensitive to nonradiative decay. cence of the rectangles efficiently and have quenching rate
Whereas4 minimizes the rate of nonradiative decay and constants K,) in the range 3.0« 10/—6.2 x 10" M1 51
hence it has a long excited-state lifetime. Thus by modulation (k, values have been calculated from SteWolmer plots
of the nature of the ligand, design of a neutral molecular ysing the luminescence intensity and lifetime data). The
rectangle with sufficiently long triplet lifetime and large decrease in the emission intensity of the rectar®yleith
cavity can be achieved. the increase in the concentration of the quencher (1,2-
Electrochemical Properties.The measured cyclic volta-  chloranil) is shown in Figure 7. Thé, values for the
mmetric data for the rectangles-4, squares5—7, and quenching o2—4 with several quinones, nitroaromatics, and
corners8 and9 are collected in Table 5. The rectangkes4 amines and the sample Stefdiolmer plots are given in the
in CHxCl, show two reduction waves and three oxidation Supporting Information (Table T6 and Figure F4). It is
waves. The first reduction wave at around.0 V can be important to point out that though the Stefdiolmer plots
assigned to the reduction of the non-bpy ligand, and the
second reduction, to the bpy ligand. The ligand-centered (30) (a) Musie, G.; Reibenspies, J. H.; Darensbourg, Minérg. Chem.
reduction potential of the rectangles is much lower than those %?_ﬁ;ggggiégb) J(_;a%%%é”éﬁérgi;g';%”ggragé;‘; Darensbourg, M.
observed for free ligand®.The complexation of the ligand  (31) Rajendran, T.; Manimaran, B.; Liao, R.-T.; Liu, Y.-H.; Thanasekaran,

to the metal usually stabilizes the level in the ligand and E;gg—;?ét%rf-? Chang, I.-J.; Rajagopal, S.; Lu, K.-L. Manuscript in
lowers t_he en?rg)_’ of the* orbital. (32) Aoyama, Y.; Asakawa, M.; Matsui, Y.; Ogoshi, 3.Am. Chem. Soc
The first oxidation of the rectangles—4 around 0.4 V @) %g)ngll? 62(3:3-A e hensi S lecular Chemist
H . . . a unter, . A. InComprenhensge sSupramolecular emistry
may be assigned to the oxidation of bromide $&rThe Atwood, J. L., Davies, J. E. D., MacNicol, D. D., Vogtle, F., Lehn, J.

M., Eds.; Pergamon: Oxford, U.K., 1996. (b) Hunter, CJAChem.
(27) Strouse, G. F.; Schoonover, J. R.; Duesing, R.; Boyde, S.; Jones, W. Soc., Chem. Commuh991, 749. (c) Brookshy, P. A.; Hunter, C. A.;

E., Jr.; Meyer, T. Jinorg. Chem 1995 34, 473. McQuillan, A. J.; Purvis, D. H.; Rowan, A. E.; Shannon, R. J.; Walsh,
(28) Casper, J. V.; Meyer, J. \J. Phys. Cheml1983 87, 952. R. Angew. Chem., Int. Ed. Endl994 33, 2489.
(29) Shaver, R. J.; Rillema, D. forg. Chem 1992 31, 4101. (34) Sanders, J. K. MPure Appl. Chem200Q 72, 2265.
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Neutral Luminescent Re-Based Molecular Rectangles

35 state lifetime of the rectangles from 72 to 495 ns. Fine-tuning
of the cavity size and excited-state properties of these
molecular rectangles extend their applications to study the
excited-state electron-transfer reactions and molecular rec-
ognition capabilities.

30 A
25 A

20
Experimental Section

Emission intensity

Chemicals.Reagents were used as received. All manipulations
were performed under a nitrogen atmosphere using standard Schlenk
techniques, and chromatographic separations were carried out in
air. Acetone, acetonitrile, dichloromethane, and hexane were dried

‘ ‘ ‘ over CaH and were freshly distilled before use. Compounds-4,4
500 550 600 650 700 dipyridylacetylene (dpa), 4 4lipyridylbutadiyne (dpb), and 1,4-
Wavelength (nm) bis(4-pyridylethynyl)benzene (bpeb), were synthesized by published
Figure 7. Emission intensity of rectang@(8 x 10~ M) decreasing with method§.9v40Tetrabut}llammonium perchlorate (TBAP) was dried
the quencher (1,2-chloranil) concentration in the range of (a) 0 M, (o) 2 at 100°C for 24 h prior to use.
104 M, (€) 3x 10*M, (d) 4 x 104 M, (e) 5 x 104 M, and (f) 6 x Instrumentation. IR spectra were recorded on a Perkin-Elmer
1074 M in CH.Cl,. 882 FT-IR spectrophotometer. UWisible spectra were obtained

. . . L on a Hewlett-Packard-8453 spectrophotometer at room temperature
c_lrawn from the IL_Jmlnescen_ce |_nten5|ty af_"?' lifetime ‘?'at‘_i arein 1.cm quartz cell. The fluorescence spectra were collected by
linear, the intensity quenching is more efficient than lifetime using a Hitachi F-4500 fluorescence spectrophotometer under a
quenching implying contribution of static quenchii§® This nitrogen atmosphere. NMR spectra were recorded on Bruker AC
means that ground-state complex formation between the300 and AMX-400 FT-NMR spectrometers. Elemental analyses
rectangle and the quencher is possible leading to both staticwvere performed using a Perkin-EImer 2400 CHN elemental
and dynamic quenching. Thus, it is essential to resolve theanalyzer. Electrochemical measurements were recorded on a BAS
two contributions to get the rate constants for the dynamic 100B/W EC Workstation. The electrochemical cell consisted of a
and static quenching processes. To realize the extent ofthree-electrode configuration (glassy-carbon electrode, platinum
binding between the rectangle and the quencher, the bindingcounter glectrode, Ag/AgNQef_erence electrode). The ferrocene/
constants have been calculated from the modified Stern ferrocenium couple serveq as internal refgrence. The scan rate was
Volmer eq 1 or by the BenesHildebrand method?3? 100 _mV/s_,, unless otherwise noted. Cyclic voltammog_rams were
obtained in deoxygenated anhydrous4CN and CHCI, with the
_ complexes under investigations (2x010°3 M) and 0.1 M TBAP
I/l =1+ qu"[Q])(l +KIQ) @ as supporting electrolyte.
Herel, andl are the emission intensities of rectangles4 ThSynthe_sis of {Re(CO)(u-bpy)Bri{Re(COX(u-pz)Bril. (1).
. . e details of the synthesis of bimetallic edgee(CO)Br} 5(u-
in the abgence and presence of_quenchers, respecwely, bpy) and rectangle{ Re(CO}(u-bpy)Bi { Re(COMu-pz)Bi ] (1)
is the excned—state emission lifetime of recta}ngleass the were given in the previous repdfe
quenching rate constant, [Q] is the concentration of quencher, = gynthesis of { Re(CO)(u-bpy)Br} { Re(CO)(u-dpa)Br} s (2).
andK is the binding constant. The rate constants obtained A cH,Cl, solution of MeNO (38 mg, 0.51 mmol) was added to a
from the linear part of thé/l vs [Q] plots at low [Q] are  solution of{ Re(CO)Br}(u-bpy) (228 mg, 0.25 mmol) in C}Tl,
high compared to the values obtained fragtr vs [Q] plots. (200 mL) and CHCN (1 mL). The reaction mixture was stirred at
Further, the binding constants have been calculated from eg5 °C for 3 h and filtered through Celite. The solvent was removed
1 and the values for 1,4-naphthaquinone v@th4 are 280,  under vacuum to obtaifiRe(CO}NCMe)Br} x(u-bpy). The flask
295, and 1202 N, respectively, and for 9,10-anthraquinone containing{Re(CO}NCMe)Br} »(u-bpy) was charged with CH
with 2 and4 are 124 and 178 M, respectively. These results ~ Cl2 (200 mL), and a solution of 4'4lipyridylacetylene (dpa) (45
point out that the major contribution for the quenching MY 9-25 mmol) in CHCl, was added dropwise and stirred at 5
. . . . °C. Completion of the reaction was monitored by IR spectroscopy,
process comes from static quenching. i.e., quenching after
- . and the solvent was removed under vacuum. The product was
the formation of associated complex between the rectanglesubjected to chromatographic separation on a silica gel column using
and the quencher. . ~ amixture of acetone and GHI, (1:99) as eluent to afford the
In summary, we have accomplished the synthesis of light- rectangle2 (88 mg, 0.042 mmol, 34%) as a bright yellow solid. IR
emitting neutral rhenium-based molecular rectangles that(CH,CL,): vco 2030 (vs), 1932 (s), 1896 (s) cth *H NMR
possess large cavity sizes having no counterions. By a judicial(acetoneds): ¢ 9.04 (d,3] = 5.9 Hz, H, 8 H, bpy), 8.91 (d3J =
choice of bridging ligands, we were able to tune the excited- 6.0 Hz, H, 8 H, dpa), 8.02 (d, H 8 H, bpy), 7.70 (d, A 8 H,
dpa).13C NMR (acetoneds): 6 196.6, 192.3 (s, 2:1, CO), 156.3
(35) 3Cgegnsepa, M.; Fox, M. A.; Whitesell, J. K. Org. Chem 2001, 66, (C3, bpy), 155.7 (G, dpa), 147.1, 147.0 (Cbpy), 133.0, 132.9
(36) (a) P.rasad, E.; Gopidas, K. R. Am. Chem. So200Q 122, 3191. (C', dpa), 128.8, 128.7 (¢ bpy), 124.8 (& dpa), 93.3, 93.1
(b) Smitha, M. A.; Prasad, E.; Gopidas, K.RAm. Chem. So2001,

123 1159. (39) (a) Lin, J. T.; Sun, S. S.; Wu, J. J; Lee, L,; Lin, K. J.; Huang, Y. F.
(37) (a) Lakowicz, J. RPrinciples of Fluorescence Spectroscopgd ed.; Inorg. Chem1995 34, 2323. (b) Ciana, L. D.; Haim, Al. Heterocycl.

Kluwer Academic/Plenum Publishers: New York, 1999. (b) White, Chem 1984 21, 607.

H. S.; Becker, W. G.; Bard, A. J. Phys. Chem1984 88, 1840. (40) Champness, N. R.; Khlobystov, A. N.; Majuga, A. G.; Schroder, M.;
(38) Benesi, M. L.; Hildebrand, J. H. Am. Chem. S0d 949 71, 2703. Zyk, N. V. Tetrahedron Lett1999 40, 5413.
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(ethynyl, dpa). Anal. Calcd for £gH3,NgO;.BrsRe4CH;COCH;:

C, 35.42; H, 2.45; N, 4.86. Found: C, 35.88; H, 2.42; N, 4.74.
Synthesis of { Re(CO);(u-bpy)Br}{Re(CO)(u-dpb)Br}], (3).
The rectangle3 was synthesized by following the previously

described procedure f@ using 4,4-dipyridylbutadiyne (dpb) (46
mg, 0.23 mmol) instead of 4 4ipyridylacetylene. Rectangkwas
obtained as a bright yellow solid. Yield: 125 mg (47%). IR (€H
Clp): veo 2029 (vs), 1931 (s), 1895 (s) cth 'H NMR (acetone-
ds): 0 9.04 (d,3) = 6.1 Hz, H, 8 H, bpy), 8.93 (d3J = 5.9 Hz,
H3, 8 H, dpb), 8.02 (d, A 8 H, bpy), 7.71 (d, & 8 H, dpb).13C
NMR (acetoneds): ¢ 196.6, 196.5, 192.2 (s, 1:1:1, CO), 156.3
(C3, bpy), 155.6 (G, dpb), 147.0 (€ bpy), 132.2 (€, dpb), 129.3
(C? bpy), 124.8 (€, dpb), 81.5, 81.2 (& ethynyl, dpb), 80.0, 79.9
(Ct, ethynyl, dpb). Anal. Calcd for £H3.NgO1BrsRe6CH;-
COCH;: C, 37.93; H, 2.78; N, 4.54. Found: C, 37.56; H, 2.55; N,
4.48.

Synthesis of { Re(CO)(u-bpy)Br}{Re(CO)(u-bpeb)Br} 1, (4).
The rectangle4 was synthesized by following the previously
described procedure f@ using 1,4-bis(4-pyridylethynyl)benzene
(bpeb) (70 mg, 0.25 mmol) instead of 4gipyridylacetylene.
Rectanglet was isolated as a bright yellow solid. Yield: 122 mg
(43%). IR (CHCIy): vco 2028 (vs), 1929 (s), 1894 (s) cr H
NMR (acetoneds): ¢ 9.04 (d,2J = 5.9 Hz, H, 8 H, bpy), 8.88 (d,
3] = 6.6 Hz, H, 8 H, bpeb), 8.03 (d, H 8 H, bpy), 7.71 (m, 8 H,
phenyl, bpeb), 7.65 (d, 18 H, bpeb).13C NMR (acetoneds): o
196.7,192.3 (s, 2:1, CO), 156.33®py), 155.4 (€, bpeb), 147.0
(C, bpy), 134.4 (€, bpeb), 133.3 (& phenyl, bpeb), 128.5 @
bpy), 124.7 (G, bpeb), 123.6 (€ phenyl, bpeb), 97.3, 97.2 {C
ethynyl, bpeb), 88.8, 88.7 {Cethynyl, bpeb). Anal. Calcd for
C7,H40NgO1,BryRe6CH;COCH;:  C, 41.22; H, 2.92; N, 4.28.
Found: C, 41.22; H, 2.70; N, 4.13.

Excited-State Lifetime MeasurementsExcited-state lifetimes
of rectanglesl—4 were measured by a home-constructed time-

Rajendran et al.

the volume of the solution. The quenching rate constantalues
were determined from the SteriVolmer equatiorfl~44
Crystallographic Determination. A suitable single crystal with
dimensions of 0.35< 0.18 x 0.12 mm for1 was selected for
indexing and intensity data collection. A total of 1420 frames
constituting a hemisphere of X-ray intensity data were collected
with a frame width of 0.3in w and a counting time of 10 s/frame,
using a Bruker SMART CCD diffractometer. The first 50 frames
were recollected at the end of data collection to monitor crystal
decay. No significant decay was observed. The raw data frames
were integrated into SHELX-format reflection files and corrected
for Lorentz and polarization effects using the SAINT program and
absorption using the SADABS progranmqfpmax = 0.2767/
0.4921)* The space group was determined to R®/c. Direct
methods were used to solve the structure using the SHELX-TL
program package$.All non-hydrogen atoms were refined aniso-
tropically by full-matrix least squares based Bhvalues on the
basis of 7285 independent reflections out of 18 370 reflections
collected. The maximum and the minimum peaks in final difference
maps were 1.195 and0.838 e A3. The largest residual density
peak is close to the Re atom. Basic information pertaining to crystal
parameters and structure refinement is summarized in Table 1, and
selected bond distances and angles are provided in Table 2.
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Supporting Information Available: Crystallographic data,
isotopic distribution patterns of the Mpeaks for{ Re(CO)Br},-
(u-bpy) and rectanglé, luminescence quenching rate constants of
rectangle®—4 with quenchers, and a molecular modeling diagram

resolved laser spectrometer. The instrument was equipped with a0f 2—4. This material is available free of charge via the Internet at
Quanta Ray GCR-170, pulsed Nd:YAG laser. The third harmonic NttP://pubs.acs.org.

of the laser (355 nm, fwhn 10 ns) was used as excitation source.

Emission signals were focused into an ARC SpectraPro-500 double

1C034099X

monochromator. The monochromator output was sent into a PMT (41) Rajagopal, S.; Allen Gnanaraj, G.; Mathew, A.; Srinivasan,JC.

(Hamamatsu, R928). The signal was digitized by a LeCory 9350A

Photochem. Photobiol., A: Cherh992 69, 83.

digitizer. Single exponential decays were observed in each case (42) (@) Thanasekaran, P.; Rajendran, T.; Rajagopal, S.; Srinivasan, C.;

and the lifetimes obtained were found to be reproducible within
+5%. Decay traces were transferred to a personal computer loaded

Ramaraj, R.; Ramamurthy, P.; Venkatachalapathyl. Bhys. Chem.
A 1997 101, 8195. (b) Thanasekaran, P.; Rajagopal, S.; Srinivasan,
C.J. Chem. Soc., Faraday Trank99§ 94, 3339.

with the commercial software Origin 4.0. (The luminescence decay (43) Rajendran, T.; Rajagopal, S.; Srinivasan, C.; Ramamurtkly,Ghem.

profile is shown in the Supporting Information, Figure F3.)
Luminescence Quenching Measurement3.he photochemical

oxidation/reduction of the molecular rectangles with nitroaromatics,
quinones, and aromatic amines was studied by the luminescencd4®)

Soc., Faraday Transl997, 93, 3155.
(44) Rajendran, T.; Thanasekaran, P.; Rajagopal, S.; Allen Gnanaraj, G.;
Srinivasan, C.; Ramamurthy, P.; Venkatachalapathy, B.; Manimaran,
B.; Lu, K. L Phys Chem. Chem. Phy2001, 3, 2063.
SMART/SAINT/ASTR@elease 4.03; Siemens Energy & Automation,
Inc.: Madison, WI, 1995.

quenching technique. The sample solutions were purged with dry (46) Sheldrick, G. M.SHELX-TL University of Gottingen: Gottingen,

nitrogen for 30 min carefully to ensure that there was no change in
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