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ABSTRACT

The reaction of benzaldehyde with excess pyrrole at room temperature in the absence of solvent affords a mixture of meso-substituted
polypyrranes species. After separation by column chromatography, these may be used to prepare a range of calix[4]phyrin macrocycles by
condensation with acetone under conditions of acid catalysis.

Porphyrinogens are important intermediates in porphyrin interest to prepare and study calix[4]phyrins to ascertain
chemistry! For instance, it is well-known that the Rothemund whether they would react with cations, anions, or both.
condensation between aldehydes and pyrrole affords interCurrently, stable calix[4]phyrin species are without much
alia unstable porphyrinogetthat are easily oxidized through  precedence in the literature. As depicted in Figure 1, different
a six-electron process to generate the corresponding por-

phyrins. Since the instability of the porphyrinogen-like
intermediates is attributed primarily to the presence of
hydrogen atoms in the meso-like positions, the use of R A Rl R
different ketones has been employed in these reactions to !
produce stable porphyrinogen analogues, the so-called calix-
[4]pyrroles, which do not undergo autoxidatibimtermediate R2 R2 R2
between calix[4]pyrroles and porphyrins are porphomono-, 2
di-, and trimethenes, species that we are terming calix[4]-

phyrins to highlight their presumed hybrid character. While r? gt

the porphyrins are recognized as being cation coordinating

ligands par excellence, the calixpyrroles have recently 3 R M a R A
emerged as simple-to-make anion receptors. It is thus of
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hybrids can be expected depending on the number %f sp for 24 h with 2 equiv of pyrrole in acetone (as a presumed
hybridized meso carbon atoms @ 3, and4). Among them, reactant as well as solvent) and in the presence of TFA (2
we previously reported the synthesis of a macrocycle of type equiv), followed by DDQ oxidation and saturated J;S&;

2 (a porphodimethene) as the result of an acid-catalyzedwashing, a complex mixture was obtained from whicind
condensation between mesityldipyrrylmethane and acétone.9 (Figure 2) could be isolated in ca. 5% yield each via
Moreover, Floriani and co-workers have shown that deriva- column chromatography (silica gel; GEl,/EtOAc, eluent).
tives of structural type (porphomonomethene) a2dould

be obtained starting frommeso-octaalkylated pophyrinogen
analogues via multistep, albeit efficient, organic rearange-

ments? We report here a simple, new, two-step synthesis of 8 9

calix[4]phyrin species of typek 2, 3, and4 that is predicated

on the formation and isolation of appropriate di-, tri-, and

tetrapyrrolic precursors. O O O
The preparation of the requisite polypyrrolic precursors,

the first step in the present two-step process, involves the

reaction of an aldehyde with excess pyrrole at room
temperature in the absence of solvent. Figure 2. Calix[4]phyrin products obtained by reactifigwith
This affords both the well-known mesibstituted dipyr- ~ Py'Tole in acetone in the presence of TFA.

rylmethane derivatives that have been widely used as
building blocks in porphyrin synthestsas well as higher o .
tri- and tetrapyrrolic species. In accord with results reported ~ X-ray quality single crystals were obtained from slow
very recently by Lee et al.we have been able to isolate €vaporation of MeOH/CECI solutions of8 and9. Whereas
these latter products from the acid-catalyzed (TFA) conden- the diffraction-based structure 8fproved coincident with

sation between benzaldehyde and 5 equiv of pyrrole. This that reported earlief that of the porphomonomethéng
reaction process produces a complex mixture, containing,FO”f"med the expectation that this system, containing as is

among other things, di-, tri-, and tetrapyrrane derivaties (It does three sphybridized meso carbon atoms, would exist
6, and7 obtained in 35, 12, and 4% vyields, respectively), In & highly distorted conformation (Figure 3).
materials that could be separated readily by chromatography

over silica gel using a hexanelichloromethane mixture as [ EREGEGEG_——————

the eluent (Scheme 1). Althoud@hwas found to be a stable

Scheme %
CHO )
5 7\ + ()
N
H
5,n=0;6,n=1,7,n=2
a(i) 2 h, room temperature, TFA. Figure 3. ORTEP? view of macrocycled. Thermal ellipsoids are

scaled to the 50% probability lev&l.

colorless compound that decomposes very slowly, the
tripyrrane and bilarfespecies6 and 7 were found to be To synthesize a calix[4]phyrin of typ& (Figure 1), a 5,-
sensitive to light and moisture; they turn brown after being 10-porphodimethene containing only two3gypybridized
exposed to the air for a few days, even in the solid state. meso carbon atoms, we used tripyrrafieas the critical
Thus, to avoid any degradation, these species were kept coldrecursor. In this case, the coupling reaction between the
and stored in a dry atmosphere prior to use. open chain polypyrrole, acetone, and pyrrole carried out
With the above precursors in hand, attention turned to under conditions identical to those used to prefesd9
exploring their reactivity. It was found that by reactibg above, afforded.0in ca. 15% yield (Scheme 2). To the best
of our knowledge, this dimethene-type calix[4]phyrin rep-
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Scheme 2

Ph

a(ii) (1) Acetone, 24 h, room temperature, TFA; (2) @,
DDQ, 2 h, room temperature; (3) (M2O;) aq sat.

Figure 5. Calix[4]phyrin macrocycles containing only one3sp
hybridized meso carbon atom.

pyrrolic NH signal at 14.10 ppm, thiéd NMR spectrum of

rearrangement of porphyrin homologues with displacement

10 reveals the presence of two distinct NH signals at 10.70 of a pyrrolic NH hydrogen atom to one of the meso

and 13.06 ppm (500 MHz, CDg}Jl Moreover, as a conse-

position??

quence of proton exchange between the conjugated pyrrole Considering the great interest in these latter macrocyclic

NH moieties, only the equivalerft-hydrogen atoms of the
unconjuguated pyrrolic subunits are seen to exhildit 63
H/NH) interaction (=3 Hz). As shown in an ORTEP
perspective view (Figure 4), macrocyclE) exhibits a

Figure 4. ORTEP perspective top and side viewslof Thermal
ellipsoids are at the 50% probability leVél.

nonplanar conformation but is much less distorted tBan
The degree of deformation presentli may be described

ligands, especially as regards their coordination chemistry,
we have investigated a new synthetic methodology using the
easily obtaine@-unsubstituted bilané as a potential starting
material. By reactin@ with acetone in the presence of TFA,
followed by DDQ oxidation and washing with saturated
aqueous N#O;, we obtainedL1 as the main product in ca.
35% yield. Surprisingly, the mass spectrumldfwas not

in accordance with what would be expected for a tp@r

type 4b ligand, i.e., a species characterized by thre® sp
hybridized, meso-like positions.

Furthermore, both théH and *H decoupled*C NMR
spectra ofll revealed unexpected signals at 2.96 (s, 1H)
and 77.3 ppm in théH and**C NMR spectra, respectively
(CDCl;, 500 MHz). Finally, the UV-visible spectra char-
acteristics ofL1 proved almost identical to those 8f This
leads us to conclude thatl is a calix[4]phyrin of type2
(Figure 1), i.e., a system that contains only twéIsybridized
meso carbon atoms. Once this assumption was made, it was
found that the various spectroscopic data, including those
from 'D NOEDIFF,?D COSYH—!H, HMQC, and HMBC
IH-13C correlated NMR analyses, were in accord with those
of the proposed dimethene structdre (Scheme 3}

in terms of the twist angle between the two planes defined While the existence of the proposetkso-hydroxy sub-

by the -(Me}C-Py-C(Me),- and -(Ph-Py-C(Ph)- subunits.
The value of this angle is 49.9whereas the two remaining

stituent in11 was established on the basis of the above NMR
spectroscopic analyses, further proof of composition came

pyrrolic rings are seen to be twisted away from each other from exchange studies. In particular, it was found that the

at an angle of 44.4°.

Two different calix[4]phyrin type macrocyles containing
only one sp-hybridized meso carbon atom can be found in
litterature. These are isoporphyrin and phlorin (structdees
and 4b in Figure 5, respectively). Phlorins are generally
obtained from porphyrins by subjecting them to photochemi-
cal reduction (i.e., irradiation in the presence of a sacrificial
donor)!? By contrast, isoporphyrin has been obtained by

addition of DO to a CCN solution of 11 led to the
disappearance of the signal located at 2.96 ppm that is
ascribed to the hydroxyl proton, H(e) (Scheme 3). Consistent
with this latter assignment, the HMB&1—13C correlation
spectrum of11 revealed no directd (C—H) interaction
involving this particular signal. Further, when a long-range
IH—13C HMQC pulse sequence was used, a weak coupling
was observed between the presumed H(e) resonance and the

(11) (a) Floriani, C.; Floriani-Moro, RThe Porphyrin Handbogkadish,

K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: New York, 2000;
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N. J. Am. Chem. So2000,122, 3512.
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Lumbantobing, T.Tetrahedron Lett1970, 32, 2815. (d) Krattinger, B.;
Callot, H. J.Chem. Commuril996, 1341.

Org. Lett., Vol. 2, No. 20, 2000

(13) (a) Medforth, C. J. InThe Porphyrin HandbogkKadish, K. M.,
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5, pp 1. (b) Grigg, R.; Sweeney, A.; Johnson, A.@hem. Commurl97Q
1237.
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a Guide for Chemists; Oxford University Press: Oxford University Press:
New York, 1993; Vol. 1. (b) Braun, S.; Kalinowski, H.-O.; Berger, S. In
100 and more Basic N.M.R. Experiments; a Practical COoWs€.H.: 1996.
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Toward this end, free-bagsd was stirred with an excess of

Scheme 3 zinc chloride in methanol in the presence ofNefor 2 h at
room temperature. Black-green needles were then obtained
by allowing the reaction mixture to undergo slow evapora-
tion.

ph M Surprisingly, the resulting X-ray diffraction structure of
[(12ZnCl] revealed that the reaction with, and complexation
of, Zn(ll) under aerobic conditions induced dehydration of
the macrocycle, affording a calix[4]phyrin of tyda (Figure
5). While this kind of species has already been observed by
Dolphin et al. as the result of controlled potential oxidation
of meso-tetraphenylporphyridto the best of our knowledge

2(ii) (1) Acetone, 24 h, room temperature, TFA; (2) &, this is the first time such a tetrapyrrolic system has been
DDQ, 2 h, room temperature; (3) (b@O;) aq sat. characterized structurally. As depicted in Figure 6, the zinc

13C NMR signal located at 77.3 ppm. By contrast, NOEDIFF _

experiments revealed a significant interaction between the
presumptive hydroxyl signals H(e) and H(d) and H(f),
respectively.

To date, attempts to obtain diffraction grade crystals of
11 have proved unsuccessful. Accordingly, the zinc(ll)
complex of 11 was prepared in an effort to obtain a
crystalline derivative that, inter alia, would allow the structure
of this novel macrocyclic system to be confirmed definitively.

(15) Dolphin, R.; Felton, R. H.; Borg, D. C.; Fajer, @. Am. Chem.
S0c.1970,92, 743. . . . .

(16) (TPPZnHO): Glick, M. D.; Cohen, G. H.; Hoard, J. . Am. Chem. Figure 6. ORTEP top and side perspective views of [(12)ZnClI].
Soc.1967,89, 1996. (TpyPZnPy): Collins, D. M.; Hoard, J. 0. Am. Thermal ellipsoids are at the 50% probability leVel.
Chem. Soc1970,92, 3761. (TPPZnCIg): Spaulding, L. D.; Eller, P. G;
Bertrand, J. A.; Felton, R. HI. Am. Chem. S0d.974,96, 982.

(17) All data were collected on a Nonius Kappa CCD diffractometer . . .
using a graphite monochromator with Maxkadiation (1= 0.71073 A). center is pentacoordinate, being complexed by the four

The data were collected at150° C using a Oxford Cryostream low-  macrocyclic nitrogen atoms and one apical chloride ion. The

temperature device. Data reduction were performed using DENZO-SMN. : :
The structure was solved by direct methods using SIR92 and refined by metal ion is located at ca. 0'531(2) A above the mean pIane

full-matrix least-squares on®Rwith anisotropic displacement parameters ~ Of the four nitrogen atoms, a distance that is higher than the
for the non-H atoms using SHELXL-97. Definitions used for calculating R0

R(F), Ry(F?) and the goodness of fi, are given below. The data were ca.0.19,0.33, 0r0.34 A mea.sureg for TP TpyPZn
corrected for secondary extinction effects. The correction takes the form: Py, and TPPZn-CIg) respectively!

Feor = KFd/[1 + (1.1(2) x 1079)F? A%(sin 20)P?5, wherek is the overall It is noteworthy that treatment of12)ZnCl] with sulfuric

scale factor. Neutral atom scattering factors and values used to calculate _ . . . .
the linear absorption coefficient are from timeernational Tables for X-ray acid, an agent used widely to effect demetalation of porphyrin

Crystallography, 1992; Tables of positional and thermal parameters, bond complexes, does not induce demetalation. While efforts are

lengths and angles. X-ray experimental $0CzHz4N4 M = 474.6, triclinic, ; ; _
space groulP—1,a = 10.3720(3)b = 10.4900(3)¢ = 13.2530(3) A, and in progress to obtain the free _base form b2 through
o = 79.655(2),8 = 77.5950(15)y = 65.6470(13f. V = 1276.26(6) &, alternate routes, the fact that this particular complex is so

Z= 2, pc = 1.235 g-cm?, F(000) = 508. A total of 324 frames of data  gtable speaks to the chance that this and other systems will
were collected using scans with a scan range of 28nd a counting time bei . d ful . | :
of 42 s per frame. The functiopw(|Fo|2 — |Fo/?? was minimized, where ~ Prove to be interesting and useful cation complexating agents.

\gw (=F %/[((;'(FO)d)Zt +0 (101-2209F}?er;F()O-349llf’)]0aggo= (Igo\2 + 2d|Fc|2)/3-f i While the coordination chemistry of calix[4]phyrin deriva-
rerined to V. , WI equal 1o 0. , and a goodness oft TIt, H H H H

S'= 1.033. X-ray experimental m:q CagHaNa M = 520_66? monoclinic, tives of typel and?2 have already beeﬂ investigated in part,

space groufP21/n,a = 8.8520(3),b = 15.2620(6) ¢ = 20.6440(7) A5 type 3 hybrids, such a&0, have not hitherto been reported

= 102.279(2). V = 2725.2(2) R, Z = 4, pc = 1.269 g-cm®, F(000)=  gnd thus await detailed study. The potential use of these

1104. A total of 156 frames of data were collected usingcans with a . . . .

scan range of 1%and a counting time of 83 s per frame. The function Materials as new anion recognition agents is also noteworthy,

SW(|Fol? — |Fl?)? was minimized, wherev = 1/[(o(F,))? + (0.0419P§ + and explorations along these latter lines are currently in

(0.7526P)] andP = (|Fq|? + 2|Fc|?)/3. Ry(F?) refined to 0.107, wittR(F)

equal to 0.0447 and a goodness of 8= 0.996. X-ray experimental for progress.

[(12)ZnCl]: CaoH29CIN4ZN M = 666.49, monoclinic, space grof21/c,a

= 20.4915(8)b = 8.4301 (3),c = 18.9787(10) A, an¢s = 107.848(2)°, Acknowledgment. This work was supported by the

V =3120.7(2) B, Z = 4, p. = 1.419 g-cm3, F(000) = 1376. A total of : : :
643 frames of data were collected usingscans with a scan range of 0.6 National Science Foundation (Grant CHE 9725339 to J.L.S.)

and a counting time of 271 s per frame. The transmission factors ranged
from 0.8577 to 0.9826. The hydrogen atoms on carbon were calculated in Supporting Information Available: Spectroscopic and

ideal positions with isotropic displacement parameters set to< LR of : _ . T
the attached atom (1.5 Ueq for methyl hydrogen atoms). The function analytlcal data fo8—11 and [(12)ZnC|]' This material is

SW(|Fol2 — |F¢[2)2 was minimized, wherev = 1/[(6(Fo))? + (0.0150P% + available free of charge via the Internet at http://pubs.acs.org.
(5.5000P)] andP = (|Fo|2 + 2|F¢2)/3. Ru(F?) refined to 0.1321, withR(F)
equal to 0.0859 and a goodness of 8t,= 1.273. OL006316T
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