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Synthesis, Characterization, and Photophysical Properties of a Free
Base and a Biszinc(ll) Complex of 1,3-Bisporphyrincalix[4]arene:
Evidence for “Tunable Intramolecular Open and Closed Conformations”
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The bismacrocycle 5,17-bis[5-(2,8,13,17-tetraethyl-3,7,12,18

21100 Dijon, France

-tetramethylporphyrinyl)]-25,26,27,28-tetrapropoxycalix-

[4]arene (4) was synthesized in three steps from the corresponding bisaldehyde 5,17-diformyl-25,26,27,28-
tetrapropoxycalix[4]arene. The biszinc(ll) complex (5) was prepared as well, and the photophysical properties were
measured using 2-MeTHF as solvent at 298 and 77 K. While computer modeling for 5 predicts that both pinched

cone conformers, closed (porphyrins near each other) and

open (porphyrins away from each other), may exist in

the “gas phase”, the experimental data indicate clearly that no zinc porphyrin---zinc porphyrin interactions are
present in solution at 298 K, favoring the open conformer, where the two macrocycles are placed away from each
other. On the other hand, clear evidence for a closed conformer is observed at 77 K. Variable-temperature 'H
NMR experiments show that 5 is fluxional between 298 and 183 K, while 4 keeps the open conformation for the
whole temperature range. This behavior is unprecedented for calix[4]areneporphyrin compounds, and the relative
porphyrin ring rigidity is postulated to explain this difference.

Introduction

Calix[4]arene is a versatile platform molecule capable of
multiple functionalizations, at the wide (upper) and narrow
(lower) rims and on the side of the macrocycle, promoting
ionic pairing assemblies and covalent linkings of redox and

photoactive species, luminescent groups, and catalytic

metalst~® Among examples of these functionalized species,
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the chemistry of porphyrin-containing calix[4]arene sysfefis
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Tunable Intramolecular Open and Closed Conformations

receptors;'4 28 host-guest chemistry;14 28 catalysis’® and (Merck; 70-120 mm) and were monitored by thin-layer chroma-
photoinduced electron transfefsss tography (Merck 60 F254 silica gel precoated sheets, 0.2 mm thick)

We have recently reported the syntheses, characterizationand UV=Vis spectroscopy.
and photophysical properties of various cofacial bisporphy-  5,17-Bis[(2,2-bis(4-ethyl-3-methyl-5-ethoxycarbonylpyrryl))-
rins as free bases, mono- and biszinc(ll) complexes, rigidly methyl]-25,26,27,28-tetrapropoxycalix[4]arene (2)A total of 1.25
held by anthracene, dimethylxanthene, dibenzofuran, diben-9 (1.5 mmol) of1 and 1.44 g (8 mmol) of 4-ethyl-3-methyl-5-
zothiophene, and biphenylene spacers. We evaluate € 5 ethoxycarbonyl-2-formylpyrrole was dissolved under Ar in the dark
e ) ' . in 25 mL of d thyl alcohol. C trated HCI (0.5 mL
A the critical inter-chromophore distance where the dominant n <o T o oy emy’ aiconol. Loncentrate (0.5 m) was

. . . added, and the mixture was heated under reflux for 3.5 h. The cold
mecha.r.nsm for singletsinglet energy transfer (ET) change red solution was concentrated and filtered. The solid was washed
from Farster to Dextef* We now report the syntheses,

el : ] three times with cold methyl alcohol and dried to obtain 1.1 g of
characterization, and photophysical properties of the free basey light red solid. Yield 55%!H NMR (CDCl): &, ppm 8.48 (s,
and biszinc(Il) complex of 5,17-bis[5-(2,8,13,17-tetraethyl- 4H, NH), 6.77 (s, 4H, ArH-calix), 6.25 (] = 7.6 Hz, 2H, ArH-
3,7,12,18-tetramethylporphyrin)]-25,26,27,28-tetrapropoxycalix- calix), 6.05 (d,J = 7.6 Hz, 4H, ArH-calix), 5.44 (s, 2H, meso),

[4]arene,4 and5, respectively. The photophysical data (2

4.39 (d of AB system?) = 13.2 Hz, 4H, ArCH-calix), 4.27 (q.J

MeTHF at 77 and 298 K) are consistent with a distal = 7-1Hz, 8H, COOCHKCH), 4.00-3.67 (m, 8H, O-CHCH,CHs),

conformation for4, where the porphyrin macrocycles are

away from each other. On the other hand, both distal and

proximal conformations are observed forat 298 and 77

K, respectively. The presence of Zn, which contributes to

3.04 (d of AB system2J = 13.2 Hz, 4H, ArCH-calix), 2.44 (q,J
= 7.5 Hz, 8H, CHCHjs-pyrrole), 2.03-1.85 (m, 8H, O-CHCH,-
CHg), 1.82 (s, 12H, Chtpyrrole), 1.31 (t,J = 7.1 Hz, 12H,
COOCHCHs), 1.12 (t,J = 7.5 Hz, 12 H, CHCHgs-pyrrole), 1.06
(t, J = 7.5 Hz, 6H, O-CHCH,CHs), 0.90 (t,J = 7.5 Hz, 6H,

render the porphyrin macrocycles more rigid, is invoked to O-CH,CH,CHs).

explain this difference based on computer modeling.

Experimental Section

5,17-Bis[(2,2-bis(4-ethyl-3-methylpyrryl))methyl]-25,26,27,28-
tetrapropoxycalix[4]arene (3). A total of 1.1 g (0.83 mmol) of
and 7.4 g (185 mmol) of NaOH in 55 mL of diethylene glycol was

Materials. Unless otherwise stated, all reagents and solvents were heated in the dark under Ar at 14CQ during 1.5 h. The solution

used as received. DDQ (2,3-dichloro-5,6-dicygmnbenzoquinone)
and PTSA p-toluenesulfonic acid) were purchased from Aldrich.
2-MeTHF was purchased from Aldrich (396, anhydrous and
under inert gas). 3;Diethyl-5,3-dimethyl-4,4-dimethyl-2,2-dipyr-
rylmethane® 5,17-diformyl-25,26,27,28-tetrapropoxycalix(4)arene
(1),% and 4-ethyl-3-methyl-5-ethoxycarbonyl-2-formylpyri&levere

was then heated at 16@ for another 3 h. The hot solution was
poured into 250 mL of water and ice. The solid was collected by
filtration and washed three times with water. After being dried under
vacuum, 0.750 g of a light brown solid was obtained. Yield 85%.
IH NMR (CDClg): 6, ppm 6.74 (s, 4H, ArH-calix), 6.366.25 (m,
10H, H-o-pyrrole and ArH-calix), 5.30 (s, 2H, meso), 4.38 (d of

synthesized according to literature methods. Column chromatog- AB system,2J = 13.1 Hz, 4H, ArCH-calix), 3.91 (t,J = 7.1 Hz,
raphy was performed with neutral alumina (Merck; usually Brock- 4H, O-CHCH,CHj3), 3.80 (t,J = 7.1 Hz, 4H, O-CHCH,CHa),
mann Grade lll, i.e., deactivated with 6% water) and silica gel 3.05 (d of AB system?] = 13.1 Hz, 4H, ArCH-calix), 2.44 (q,J
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= 7.5 Hz, 8H, CHCHgz-pyrrole), 1.98-1.80 (m, 8H, O-CHCH,-
CHy), 1.77 (s, 12H, Chtpyrrole), 1.19 (tJ = 7.5 Hz, 12 H, CH-
CHs-pyrrole), 1.04 (tJ = 7.5 Hz, 6H, O-CHCH,CH,), 0.92 (t,J
= 7.5 Hz, 6H, O-CHCH,CHjz), NH (4H) not observed. MS (El):
m/z 1048.680 [MT], 1048.6806 gmol~t calcd for GoHggN4Os;
939.5914 [MF — C;H1oN (pyrrole)], 939.5909 gnol~? calcd for
CesH77N3O4 ™.
5,17-Bis[5-(2,8,13,17-tetraethyl-3,7,12,18-tetramethylporphy-
rinyl)]-25,26,27,28-tetrapropoxycalix[4]arene (4) A total of 0.750
g (0.72 mmol) of3 and 0.430 g (1.51 mmol) of 3;8liethyl-5,3-
dimethyl-4,4-dimethyl-2,2-dipyrrylmethane was stirred under Ar
in the dark in 120 mL of anhydrous methyl alcohol. A solution of
PTSA (0.155 g, 0.90 mmol) in 20 mL of methyl alcohol was slowly
added to the mixture during 3 h. DDQ (0.195 g, 0.72 mmol) was
added, and the dark solution was stirred during 1 h. After
evaporating the solvent under vacuum, the dark solid was dissolved
in CH,Cl,. The solution was poured onto an alumina pad and eluted
with CH,Cl,. A second purification on silica gel was performed
(CH.Cly/hexane/NE£80:19:1) to obtain a dark red solid. Recrys-
tallization in heptane/CkCl, gives 0.045 g of the desired com-
pound. Yield 4%H NMR (CDCl): 6, ppm 10.26 (s, 2H, meso),
10.20 (s, 2H, meso), 9.98 (s, 2H, meso), 7.94 (s, 4H, ArH-calix),
6.91 (d,J = 7.2 Hz, 4H, ArH-calix), 6.82 (tJ = 7.2 Hz, 2H, ArH-
calix), 4.88 (d of AB system2] = 13.5 Hz, 4H, ArCH-calix),
4.56 (t,J = 8.1 Hz, 4H, O-CHCH,CHj), 4.11 (m, 16H, CHCH;-
pyrrole), 3.84 (tJ = 6.7 Hz, 4H, O-CHCH,CH), 3.70 (2s, 12H,
CHgz-pyrrole), 3.47 (d of AB systen?J = 13.5 Hz, 4H, ArCH-
calix), 3.00 (s, 6H, Chtpyrrole), 2.55 (s, 6H, CHpyrrole), 2.45

Inorganic Chemistry, Vol. 44, No. 8, 2005 2837



(m, 4H, O-CHCH,CHj), 2.06 (m, 4H, O-CHCH,CHs), 1.93 (m,
24H, CH-pyrrole), 1.22 (m, 12H, O-CKHCH,CHjz), —3.05 (s, 2H,
NH), —3.18 (s, 2H, NH). Anal. Calcd for fgH1,d0NgO4-MeOH:
3CHCl,: C 70.77, H 7.15, N 6.11; found: C 70.30, H 7.60, N
5.84. MS (MALDI-TOF): m/z 1543, 1544 calcd for g4H1,dNgOa.
UV—Vis: Amax M (€ x 1073 M~1 cm™1): Soret 405.1 (529.5),
502.1 (46.9), 537 (21), 571 (20.4), 624.5 (8.3).
5,17-Bis[zinc(Il)-5-(2,8,13,17-tetraethyl-3,7,12,18-tetrameth-
ylporphyrinyl)]-25,26,27,28-tetrapropoxycalix[4]arene (5). A
saturated solution of Zn(OAgRH,O in methanol (5 mL) was added
to 21 mL of a CHCI/NEt; (20:1) solution of bisporphyrid (0.030

g, 0.02 mmol). The mixture was stirred at room temperature, and

the reaction was monitored by UWis. The solvent was removed

Tremblay-Morin et al.

(® = 0.11)#42 The reference for the quantum yields at 77 K
was HTPP @ = 0.11). The latter value was obtained using (Pd)-
TPP @ = 0.17; 77 K; MCH: methylcyclohexane) as stand&tf:

Computer Modeling. The calculations were performed using
the commercially available PC model from Serena Software (version
7.0), which uses the MMX empirical model. No constraint on bond
distances and angles was applied to ensure that deviations from
normal geometry were depicted.

Results and Discussion

Synthesis.The preparation of the desired bisporphyrin-
calix[4]arene assembly is performed with an overall yield

under vacuum until no starting free base bisporphyrin was presentof 1.994 starting from the 5,17-diformyl-25,26,27,28-

in the mixture according to U¥Vis (~5 min). The solid was
dissolved in CHCI, and purified by chromatography (alumina, €H
Cly). Recrystallization in ChCl/heptane afforded the pure bis-
zinc derivative as a purple solid in quantitative yield (0.033'4).
NMR (CDCl): 6, ppm 10.21 (s, 2H, meso), 9.74 (s, 2H, meso),
9.768 (s, 2H, meso), 8.03 (s, 4H, ArH-calix), 7.03 Jds 7.1 Hz,
4H, ArH-calix), 6.89 (t,J = 7.1 Hz, 2H, ArH-calix), 4.94 (d of
AB system,2] = 13.6 Hz, 4H, ArCH-calix), 4.63 (t,J = 8.2 Hz,
4H, O-CHCH,CHj3), 4.14 (m, 16H, CHCHs-pyrrole), 3.87 (t,J

= 6.7 Hz, 4H, O-CHCH,CHa), 3.70 (s, 12H, Chtpyrrole), 3.52

(d of AB system,2J = 13.6 Hz, 4H, ArCH-calix), 3.00 (s, 6H,
CHs-pyrrole), 2.62 (s, 6H, CEpyrrole), 2.46 (m, 4H, O-CkCH,-
CHg), 2.09 (m, 4H, O-CHCH,CHj3), 1.91 (m, 24H, Cl3-pyrrole),
1.29 (m, 12H, O-ClzCHQCHg,) Anal. Calcd for GoaH116NgOsZnye
4H,0: C 71.59, H 7.16, N 6.42; found: C 71.59, H 7.18, N 6.28.
MS (MALDI-TOF): m/z 1670, 1669 calcd for H116NsOsZn,.
UV—Vis: Amax NM (€ x 1083 M~1 cm™Y): Soret 407.1 (700.1),
533.9 (31.6), 571 (31.1).

Apparatus. The IH NMR spectra were recorded on a Bruker
300 MHz instrument (300.15 MHz) at the Univefsite Sherbrooke.
Microanalyses were performed at the UnivérsieeBourgogne on
a Fisons EA 1108 CHNS instrument. U\Wis spectra were

tetrapropoxycalix[4]aren& (Scheme 1), using a three-step
convergent synthesis, as described in the literature for face-
to-face bisporphyring’#>48 Two pyrroles are condensed
with the starting diformyl calix[4]arene spacedh) (n acidic
solution (HCI in MeOH) to yield the bis(dipyrrole) compound
(2) as a light pink solid in 55% yield. Subsequently, the ester
groups ing-position of the pyrroles are removed by treating
2 at 413 K for 1.5 h in diethylene glycol in the presence of
NaOH. Hydrolysis of the ester functions affords carboxylate
groups as intermediates, which decompose at 433 K leading
to 3. Reaction between dipyrromethane and the bis(dipyrrole)
compound 8) in the presence of PTSA, followed by an
oxidation with DDQ, provides bisporphyrihas a dark red
solid in 4% yield. This low yield is explained by parallel
reactions leading to the corresponding undesired monopor-
phyrin, 2,8,13,17-tetraethyl-3,7,12,18-tetramethylporphffrin.
Several attempts were made to increase the yield but without
success. The complexation of zinc(Il) proceeds quantitatively
using zinc(ll) acetate, and the corresponding biszinc(ll)
complex ) is obtained.

recorded on a Varian Cary 50 spectrophotometer. Mass spectra were The starting material 5,17-diformyl-25,26,27,28-tetra-

obtained in linear mode with a Bruker Proflex 1ll MALDI-TOF

mass spectrometer using dithranol as matrix. Electronic ionization

mass spectra foB was obtained on a VG Instruments ZAB-IF

benzyloxycalix[4]arene as a potential spacer was also

investigated. The benzyl groups are also large enough to

spectrometer at a potential of 70 eV. Emission and excitation spectraPrevent any flip of the aryl groups in the calix[4]arene
were obtained using a double monochromator Fluorolog 2 instru- Macrocycle and to provide the cone conformer. Again, only
ment from Spex. Fluorescence lifetimes were measured on athe cone conformation of the calix[4]arene is obtained.
Timemaster model TM-3 apparatus from PTI. The source was a Unfortunately, this compound is not soluble in MeOH, and
nitrogen laser equipped with a high-resolution dye laser (fiwhm  the corresponding bis(dipyrrole) could not be obtained. Other
1500 ps), and the fluorescence lifetimes were obtained from solyents and acids (toluene, THF, DMF with PTSA, Lewis
deconvolution and distribution lifetime analysfs. acid) were investigated without success.

Methodology. All studied molecules were oxygen sensitive at Computer Modeling. In the absence of X-ray data

298 K. All samples for photophysical measurements were prepared o o
under inert atmosphere (in a glovebd¥, < 1—3 ppmps3 by computer modeling is used to address qualitatively the two

dissolution of the different compounds in 2-MeTHF using 13cm .

rtz cell i with m (298 K) or standar mm NMR (40) Strachan, J.-P.; Gentemann, S.; Seth, J.; Kalsbeck, W. A.; Lindsey, J.
qubat ;? ; egﬁ ppe(?ﬂ th septum (298 K) o .Stadqf? ds ut S.; Holten, D.; Bocian, D. FJ. Am. Chem. Sod.997 119, 11191.
tubes ( ). Three different measure_mems (i.e., different 5_0 utions) (41) Gouterman, M. InThe Porphyrins Vol. Ill; Dolphin, D., Ed,;
were performed for each photophysical data (quantum yields and Academic Press: New York, 1978; pp-165.
lifetimes). The sample concentrations were chosen to correspond(4gg aeybold, PA?-;C(;OUterSman, él. Mdol- S_I_pedﬂgzlff;% 3112,811-

arriman, A.J. em. S0cC., Faraaay lrans. y .

t_o apsorbance at_)OUt 0.05. Each absorbance value Wa_s measure 4) Murov, S. L.; Carmichael, |.; Hug, G. Handbook of Photochemistry
five times to obtain the measurements of the quantum yields. The

2nd ed.; Marcel Dekker: New York, 1993
reference for quantum yield measurements at 298 K wa®H

(45) Chang, C. K.; Abdalmuhdi, . Org. Chem1983 48, 5388.

(46) Barbe, J.-M.; Stern, C.; Pacholska, E.; Espinosa, E.; Guilard. R.
Porphyrins Phthalocyanineg004 8, 301.

(47) Lopez, M. A. Ph.D. Thesis, Universitte Bourgogne, Dijon, 1990.

(48) Collman, J. P.; Ha, Y.; Guilard, R.; Lopez, M. lorg. Chem1993
32, 1788.

(49) Schell, C.; Hombrecher, H. KBioorg. Med. Chem1999 7, 1857.

(38) Valeur, B.Molecular Fluorescence. Principles and Applicatipns
Wiley-VCH: Weinheim, 2002; p 387.

(39) Bolze, F.; Gros, C. P.; Harvey, P. D.; Guilard, R.Porphyrins
Phthalocyaninef001, 5, 569.
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Scheme 1

NaOH
diethyleneglycol
—_—

;0 0 OO0 —_—
> Z EtOH / HCI 1) 413K, 15h
reflux, 3.5 h 2)433K,3h

1 2 (55 %)

1) MeOH +
M
\-NHHN-Z
OHC CHO
—_—
08 g 2)PTSA, 4 h of 3
5} >{ 3)DDQ, 3 h >}O>O<
3 (85 %) 44 %)
ZnOAC),2H,0
B ———

CH,Cly, MeOH, NEt;

possible pinched cone conformér§;>°-52 here denoted as
closed and open. The optimized geometry for both “gas
phase” conformers fds are shown in Figures-13. To obtain
these final optimized geometries, conformations somewhat
close to the final results must be employed as starting points.
This behavior is indicating that these belong to a local and
true minima which is discussed below.

Some porphyrir-porphyrin contacts are evident in the
closed conformatiori in 5 (Figures 1 and 2), where-€C
distances are in the order of 3:68.65 A (the van der Waals
radii for the carbon atom is 1.77 A), but important deviations
from planarity of the porphyrin macrocycles are observed.
These deviations are caused by steric interactions between
the four methyl groups placed inside or near the calix[4]-
arene cavity. As the two porphyrin macrocycles are not
perfectly cofacial, the term “slipped dimer” would be more
appropriate (Figures 1 and 2). The optimized geometry for
the corresponding unsubstituted derivative (i.e., no methyl
nor ethyl groups) exhibits undistorted porphyrin groups, and
the resulting geometry belongs to the @int group. The

Figure 1. One view of the optimized geometry for the “closed” conformer
of 5, showing the cofacial nature of the porphyrins orientation. Note that
the Zn(Il) does not interact with the other porphyrin macrocycle.

(50) Arimura, T.; Nishioka, T.; Kumamoto, S.; Murata, S.; Tachiya,JM.
Oleo Sci.2004 53, 153.

(51) Kusano, T.; Tabatabai, M.; Okamoto, Y. Boer, V.J. Am. Chem.
Soc.1999 121, 3789.

(52) Gutsche, C. D.; Levine, J. A. Am. Chem. S0d.982 104, 2652.

(53) Ribo, J. M.; Bofill, J. M.; Crusats, J.; Rubires, &iem. Eur. J2001,
7, 2733.

open conformer 06 (Figure 3) exhibits no inter porphyrin
contact, and some minor deviations from planarity of the
porphyrin planes are also observed. These are also due to
the same steric reasons mentioned above.
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Table 1. Absorption and Fluorescence Propertiestod, H,P, and (Zn)P

Tremblay-Morin et al.

Amax (NM) (€ x1073 M~ cm )b

€missioMmax (M)

quantum yieldbgd lifetime Ar (ns)

compd Soret region Q-bands 298 K 77K 298 K 77K 298 K 77K

4 405.1 (529.5) 502.1 (46.9), 537 (21), 571 630, 661, 691, 700 626, 656, 677, 694 0.087 0.14 175 23.2
(20.4), 624.5 (8.3)

H,Pe 402 (154) 502 (15), 532 (8), 578 (6), 629, 696 623, 690 0.089 0.086 17.3 23.3
626 (4)

5 407.1 (700.1) 533.9 (31.6), 571 (31.1) 581, 631 587, 636, 726 0.040 0.018 1.72 1.20

(Zn)P 410 (270) 540 (18), 576 (11) 580, 635 581, 639, 721 0.0214 0.0266 1.7 1.94

aln 2-MeTHF, Aexcitation= 500 nm, the reference for quantum yield wagTAP 0.1140-42 quantum yield for HTPP (0.11) at 77 K was verified with
(Pd)TPP (0.17; 77 K; MCH) as reference (PPR= tetraphenylporphyrin dianiorf$:#4 ©In CH,Cl, at 298 K.¢ The uncertainties of thénax are +£1 nm.
dThe uncertainties of the quantum yields ar&0%. ¢ P2~ = 5-phenyl-2,8,13,17-tetraethyl-3,7,12,18-tetramethylporphyrin dianion.

Figure 2. Another view of the optimized geometry for the closed
conformer of5, showing the distortion of the porphyrin macrocycles.

The total PC model energies for the closed conformers

for 5 and its corresponding unsubstituted derivative are found

more stable compared to the corresponding open ones (b
~15 (& 2) k¥mol%; the uncertainty is related to the relative
orientation of the ethyl groups, which may vary). This result
is consistent with the presence of favorabtestacking

contributions to the total energy. These computations predict

that both conformers are possible. According to the small

difference between the total energies computed for these two

conformers, both of them should be considered.
Absorption and Photophysical Properties.The UV—

Vis data for4, 5, and the corresponding monoporphyrins

H,P and (Zn)P (P and ZnP, P = 5-phenyl-2,8,13,17-

tetraethyl-3,7,12,18-tetramethylporphyrin dianion) at 298 K,

are presented in Table 1 and Figure 4. The absorption band

these two porphyrin chromophores. The comparison of the
Amax @and bandwidth of4 versus HP and5 versus (Zn)P
shows very little variation. This result indicates that no
excitonic interaction is evidefif:>>At 77 K, the Soret band
for 4 does not shift very much (403 nm), but the Soret band
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for 5 is red shifted to 421 nm. Thiss10 nm shift is also
noted in the Q-bands (547 aré80 nm) for5. This behavior
ressembles that of aggregate®; consistent with the way
the two porphyrin macrocycles place themselves as seen in
the computer modeling (Figures 1 and 2).

The fluorescence and photophysical data are presented in
Table 1 and Figures 5 and 6. Thedata for4 are compared
at both 298 and 77 K to the corresponding monoporphyrin
(H2P) and exhibit similar values to each other (except for
H,P at 77 K, which may need to be revisited). In addition,
the lifetime decays are all monoexponentigl € 1.0),
indicating that only one species is fluorescing. This similarity
indicates that the porphyrin chromophored itio not interact
with each other. This result is a clear evidence that only the
open conformer is present in solution #and is consistent
with most reported 5,17-substituted derivatives of cone-
shaped calix[4]arenés®56

Compound5 behaves differently. Whilebg expectedly
increases from 298 to 77 K for (Zn)P, due to the increase in
rigidity of the medium, it decreases f6r The ®r data change
in the same direction. These decreases are associated with
additional deactivation pathways that can only occur from
close porphyrirr-porphyrin interactions. This behavior has
been recently observed for cofacial bisporphyrin systems in
which the distance between the macrocycles is varied by
means of rigid spacefé>” Again, the fluorescence decays
are monoexponential. In conclusioB, exhibits a closed
conformation at 77 K. It is well-known that cooling samples

Yavor aggregation.

The position of the 60 peak blue shifts fo4 upon cooling
by about 4 nm, while a red shift is observed $ofby about
7 nm). This observation supports the hypothesis of the
formation of a closed conformer, where the presence of
porphyrin--porphyrin interactions are also noted by the
presence of a red shift. We have carefully considered the
possibility of aggregation of calixbisporphyrins as well.
We find that the absorption and fluorescence maxima, as
well as the photophysical data, are independent of the
concentration oft and5 at both temperatures (typical 10

. . I~ ?54) Harvey, P. D. InThe Porphyrin HandboqkVol. 18; Kadish, K. M.,
in the Soret and Q-regions exhibit the expected patterns for

Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, 2003;
pp 63-250.

(55) Osuka, A.; Maruyama, K.; Yamazaki, |.; Tamai,Ghem. Phys. Lett.
199Q 165, 392.

(56) Gagnon, J.; Vana, M.; Drouin, M.; Harvey, P. DCan. J. Chem.
2001 79, 1439.

(57) Bolze, F.; Gros, C. P.; Drouin, M.; Espinosa, E.; Harvey, P. D.; Guilard
R. J. Organomet. Chen2002 643—-644 89.



Tunable Intramolecular Open and Closed Conformations

Figure 3. View of the optimized geometry for the open conformerSpshowing the distal orientation of the porphyrin macrocycles.
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Figure 6. Emission spectra in 2-MeTHF for the biszinc(ll) compound
to 10°6 M). This observation is perfectly consistent with our 2" the reference, (Zn)Reiaion= 540 nm).
previous studies on cofacial bisporphyrin systems where the
macrocycles are the same in the series DPS, DPO, DPX, The conversion open to closedSrcan also be examined
DPA, and DPB (DPS= 4,6-bis[5-(2,8,13,17-tetraethyl- by variable-temperatuféd NMR (Supporting Information).
3,7,12,18-tetramethylporphyrinyl)]dibenzothiophene, DPO 5 exhibits sharp resonances at 298 K inLD as described
4,6-bis[5-(2,8,13,17-tetraethyl-3,7,12,18-tetramethylporphy- in the Experimental Section. Upon cooling, these signals
rinyl)]dibenzofuran, DPX= 4,5-bis[5-(2,8,13,17-tetraethyl-  gradually become larger, indicating the presence of fluxion-
3,7,12,18-tetramethylporphyrinyl)]-9,9-dimethylxanthene, DPA ality. Some signals remained sharp for the whole temperature
= 1,8-bis[5-(2,8,13,17-tetraethyl-3,7,12,18-tetramethylpor- range (298-183 K), notably those for the alkyl groups. The
phyrinyl)]anthracene, and DPB 1,8-bis[5-(2,8,13,17-tetra-  temperature of coalescence could not be measured as the
ethyl-3,7,12,18-tetramethylporphyrinyl)]biphenylene, where solvent freezing point is 176 K. At 183 K, the signals are
no anomalous behavior associated to aggregation wasvery broad. The fact that the coalescence temperature is lower
noted3+39.57 than 183 K is consistent with a lower activation energy. The
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meso-proton resonances also shift toward the shielding regiortion is observed fob at 77 K. For energy transfer processes,
upon cooling the sample, consistent with the proximity of in a donor ((Zn)Pjy-acceptor (HP)—calix[4]arene system,
the meso-proton with tha-system of the neighbor macro-  for example, this work suggests that it is possible to modulate
cycle in the closed conformation. For comparison purposes, the inter-chromophore distance so that small or no energy
theH NMR spectra o4 have been examined in GOI, at transfer occurs at high temperature (open) and becomes
variable temperatures. The free bakexhibits no major important at low temperature (closed). In this way, it appears
change going from 298 down to 183 K. The signals become possible to design a “molecular switch” that responds to
very slightly broader. No evidence for fluxionality was temperature change. The reported syskaepresents a nice
observed. In these experiments, no shift of the meso-protonexample of that, but the temperature range necessary to see
resonances toward the shielding region is observed, indicatingthis change is large. The addition of bulky groups at the
that the open conformation remains, a result in agreement11,23-positions of the calix[4]arene macrocycle may favor
with the photophysical data. porphyrirt--porphyrin interactions at room temperature and
The question arises as why the closed conformation is may shift the coalescence temperature.
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Conclusion Supporting Information Available: Variable temperaturéH

Two new bisporphyrin systems have been synthesized andNMR of 4 and5 in CD,Cl,. This material is available free of charge
characterized. The photophysical #tINMR data indicate Vi the Intemet at http://pubs.acs.org.
the presence of a fluxional process, and a closed conforma-IC048261N
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