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Abstract: The stepwise syntheses and characterization of a series of symmetrical and unsymmetrical bisporphyrins,
bischlorins, and biscorroles, and of porphyrithlorin and porphyrir-corrole dyads possessing ethylene, phenyl,

and stilbene linking units are described. The methodology for synthesis of 10-substituted amdetheir cobalt
complexes9 via a,c-biladiene saltd was first developed, and then extended to provide biscorroles {eagd 5)

linked through the 10-positions with phenyl linker units. Using a similar methodology, phenyl-linked cerrole
porphyrin dyads28 and 30 were also prepared. By way of intermediate phenyl-linked unsymmetrical bisdipyr-
romethanes, a completely unsymmetrical heterobimetallic bisporphyrin syd&mwas synthesized. Low-valent
titanium coupling (McMurry) reactions were used to prepared stilbene-linked bisdipyrromethanedgevghjch

were subsequently transformed into stilbene-linked bisporphyrins &8g.,McMurry cross-coupling reactions of
porphyrins bearing-formylphenyl substituents also afforded an unsymmetrically substituted bisporphyrinylstilbene,
60, as well as the corresponding homodim&6sand59. Likewise, McMurry cross-coupling of p-formylphenyl-
substituted porphyrirg2, with a formylchlorin,63, afforded a stilbene-linked bisporphyrié4, a bischlorin66, and

a novel porphyrir-chlorin heterodimer65. All novel products were characterized By NMR, UV —vis, and mass
spectroscopy and elemental analysis. X-ray structural information was also obtained for the zinc/nickel bisporphyrin
45 and for the bis-nickel porphyrinchlorin 65.

Introduction synthetic groups. Additionally, in the natural photosynthetic
reaction centers different reduced tetrapyrroles are present, in
order to minimize the back-reaction following initial charge
separation. Opportunities to mimic this feature have stimulated
interest in heterodimers, where two different macrocycles are
covalently linked®10

Many different tetrapyrrolic macrocycles (other than porphy-
éin) have been reported in the literature, each with its own unique
Cchemistry and spectroscopic signature; in recent times our

Publications of the X-ray data on the bacterial photosynthetic
reaction centers iflRhodopseudomonasridisa® and Rhodo-
bacter spheroide¥< and on the integral membrane light-
harvesting complex frorRhodopseudomonas acidopkiitthave
spurred interest in the synthesis of monomeric and dimeric
porphyrin systems which can act as mimics of the reaction
centers and antenna systems in photosynthetic bacteria an
plants?? It has been show#? that close proximity, along with
geometry, orientation, and redox properties, is an intrinsic quality _ (3) For recent reviews, see: (a) Wasielewski, M. Rhotochem.

L e : . Photobiol. 1988 47, 923. (b) Gust, D.; Moore,T. ASciencel989 244
for efficient energy transfer. In addition, the potential catalytic 35. (c) “Symposium in Print" on coalently linked donor-acceptor

propertie88 of face-to-face bisporphyrin systems, such as the photosynthetic model systen@ust, D., Moore, T. A., EdsTetrahedron
“PacMan” porphyring2 have further increased the interest of 1989 45 (15) and references therein. (d) Wasielewski, M. R.; Johnson, D.
G.; Svec, W. A.; Kersey, K. M.; Minsek, D. WI. Am. Chem. S0d.988
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T University of California. (4) (a) Gust, D.; Moore, T. A.; Moore A. L.; Makings, L. R.; Seely, G.

* Universitadi Roma “Tor Vergata”. R.; Ma, X.; Trier, T. T.; Gao, FJ. Am. Chem. S0d.988 110, 3659. (b)
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interest has focused on corrole. This tetrapyrrole has experi- have been reported so far in the literature, and moreover, only
enced a revival of interest, after decades of minimal attention mesephenyl-substituted complexes have been prepared as
since its first synthesis by Johnson and Kay in 196%orroles peripherally functionalized systerks.

exhibit both unexpected steric flexibility of the planar conforma-

tion of the macrocycle and the ability to stabilize higher Results and Discussion

oxidation states of certain coordinated mefat®mpared with Corrole-Containing Systems. Meso-Functionalized Cor-

porphyrins. This is presumably due, in part, to the smaller size oles. The base-catalyzed cyclization of 1,19-diunsubstituted
of the corrole core compared with porphyrins. a,c-biladiene dihydrobromidéa is the method of choiéé for
Among bisporphyrin systems, there appear to be relatively synthesis of corroleg, and we used this methodology for the
few general and efficient synthetic approaches for the prepara-preparation of our corrole-containing synthetic targets. We
tion of unsymmetrical porphyrin dimers. Unsymmetrical por- chose first to investigate meso-position functionalizatios,of
phyrin dimers create redox gradients, with one porphyrin subunit pijadienes (and eventually corroles). Subsequently, we ex-
being more easily oxidized or reduced than the other. Perhapspanded our approach to phenyl-linked biscorr@eand4 and

most impressive is the work of Sessler et%awho reported {5 3 phenyl-linked corroleporphyrin heterodimer systers,
the synthesis and characteristics of a variety of selectively

monometalated monoquinone-substituted zinc containing oc-
taalkylporphyrin dimers designed to mimic certain key electronic
and structural aspects of the photosynthetic reaction centers.
Maruyama et al* reported an approach to unsymmetrical
porphyrin dimers via condensation of ajg-biladiene dihydro-
bromide with isophthaldehyde (to give a porphyrin bearing a
formyl group), followed by its reaction with 2 equiv of a
2-unsubstituted pyrrole; finally condensation with a dipyr- 1
romethane gave a low yield of an unsymmetrical bisporphyrin.
Sauvage and co-workéPshave prepared a molecular triad
consisting of a zinc(Ih-gold(Il)—bisporphyrin connected by a
ruthenium(ll) bis(2,26',2"'-terpyridyl) spacer.

Covalently-linked bisporphyrins have yielded much informa- M
tion as models for electron transfer in reaction centers as
functions of geometry and energetics. Because both chro-
mophores in these systems are porphyrins, selective excitation

Me Me

a0 o
DIV

or metalation is often problematic. In natural systems (photo-

Me

e Me Me Me
Me Me Me Me
synthetic reaction centers) interactions with the surrounding Me Me Me Me
protein matrix modulate the physical properties of each mac-
Me Me Me
3

rocycle in the array. These differences allow vectorial transport
along an energy gradient down which an electron can travel. In
model systems the difference in physical (optical and redox)
properties between chromophores can be created by linking two
different chromophores. This was elegantly shown by Wasielews-
ki et al® who reported a series of porphyrighlorin molecules.
Gust et al. have described an ingenious carotenziiac
porphyrin—pyropheophorbide tria¥2and Osuka et &t have
prepared a porphyrinoxochlorin—pyromellitimide triad which
showed a long-lived charge-separated state. In this way either
macrocycle can be selectively excited. In the present paper we
present synthetic methodology for synthesis of biscorrole,
porphyrin—corrole, bisporphyrin, bischlorin, and porphyrin
chlorin heterodimers. Novel systems possessing the corrole
nucleus present a particular challenge since the synthetic
chemistry of corrole is far from develop¥dcompared with

the corresponding porphyrin and chlorin systefis)To our
knowledge no examples of dimeric systems involving corrole

(10) (a) Gust, D.; Moore, T. A.; Moore, A. L.; Krasnovsky, A. A,, Jr.;
Liddell, P. A.; Nicodem, D.; DeGraziano, J. M.; Kerrigan, P.; Makings, L.
R.; Pessiki, P. J. Am. Chem. S0&993 115 5684. (b) Osuka, A; Marumo,

S.; Maruyama, K.; Mataga NBull. Chem. Soc. Jprl995 68, 262.

(11) Johnson, A. W.; Kay, I. TJ. Chem. Soc. @965 1620.

(12) Vogel, E.; Will, S.; Schultz, T. A.; Neumann, L.; Lex, J.; Bill, E.;
Trautwein, A. X.; Wieghardt, KAngew. Chem., Int. Ed. Engl994 33,

731.

(13) Sessler, J. L.; Johnson, M. R.; Creager, S. F.; Fettinger, J. C.; Ibers,

J. A.J. Am. Chem. S0d.99Q 112, 9310.
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Monomerica,c-biladienes have been synthesized by decar-
boxylation of the corresponding dipyrromethahn trifluoro-

(14) Maruyama, K.; Nagata, T.; Ono, N.; Osuka, Bull. Chem. Soc. acetic acid followed by reaction with 2-formylpyrrole in

Jpn.1989 62, 3167.

(15) Collin, J. P.; Harriman, A.; Heitz, V.; Odobel, F.; Sauvage, J-P.
Am. Chem. Sod994 116, 5679.
(16) Licoccia, S.; Paolesse, Btruct. Bonding (Berlin)l995 84, 71.

(18) Paolesse, R.; Liccocia, S.; Bandoli, G.; Dolmella, A.; Boschi, T.
Inorg. Chem.1994 33, 1171.
(19) (a) Genokhova, N. S.; Melent'eva, T. A.; Berezowzskii, V.RUss.

(17) Porphyrins and MetalloporphyrinsSmith, K. M., Ed.; Elsevier: Chem. Re. 198Q 49, 1056. (b) Melent'eva, T. ARuss. Chem. Re1983

Amsterdam, 1975. 52, 641.
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methanol. Hydrobromic acid was added to provide good yields Scheme 1

(70—85%) of the corresponding crystallimec-biladiene dihy-
drobromidesl. In the case of the reaction of with the

6
aR=H
b R = CO,Me
¢ R =CH,CO,Me
d R = CH,CH,CI

5-(methoxycarbonyl)dipyrrometharéb, the formation of the
a,c-biladienelb was very slow and the yield was lower than
for the othera,c-biladienes. Spectrophotometry showed almost
immediate formation of a tripyrrene speci&s followed by a
slow addition reaction of the second formylpyrrole presumably
to give 1b. This unusual observation is possibly due to the
electron-withdrawing nature of the meso-substituent. Cycliza-
tions of thea,c-biladiene hydrobromide& to give corroles2

CO,Me
Et Et
Me Me
Me Me
Me Me
12 M = Co(PPh3)
13M=3H

No tripyrrene intermediates were observed in the other
biladiene syntheses, and cyclizations afforded pure corroles. In
the case of the 10-[(methoxycarbonyl)methyl]corr8ie the

were carried out in methanol (containing sodium acetate to rigidity of the meso-substituent does not allow free rotation

catalyze the ring closuréf;the presence of the meso-substituents

did not affect the yields in the reactions, which were comparable,

if not higher than, with those reported in the literatéte?® The
product corroles2 were usually transformed into the corre-
sponding (triphenylphosphine)cobalt compleXem order to

aR=H

b R = CO,Me

¢ R = CH,CO,Me
d R = CH,CH,Cl
e R = CH=CH,

avoid the!H NMR line-broadening which normally affects
corrole free base%. In the case of thenese(methoxycarbonyl)-
corrole, thelH NMR spectrum of the product unexpectedly

about the C(10¥C(10"Y) bond because of the steric interaction
with the 8- and 12-ethyl substituents; thus, in tht NMR
spectrum, the resonance of the'-ItH, group is broadened. A
similar phenomenon has been noted in the corresponding
porphyrin2® In addition we observed a splitting of thd NMR
signal attributed to the-phenyl protons of the PRltigand, as
also observed in (triphenylphosphine)[5,10,15-trisklorophe-
nyl)-2, 3,7,8,12,13,17,18-octamethylcorrolato]cobalt(lll) where
a similar restricted rotation of thmesephenyl groups induces
the same effec® This hypothesis was confirmed by variable
temperature NMR measurements (not shown), in which we
observed thermal interconversion at 323 K, with a coalescence
of these signals. The 10-(2-chloroethyl)corrole com@8ldxvas
subjected to dehydrohalogenation in pyridine/NaOH (aqueous)
to afford the 10-vinylcorrole compleQein good yield.
Biscorroles. Phenyl-linkeda,c-biladiene saltd4 and15were
synthesized in good yields from the 1,4-bis[bis(3,4-dimeth-
ylpyrryl)methyllbenzene46 and17 and 2-formyl-3,4-dimeth-
ylpyrrole (7). Metal-free biscorrole8 and4 were obtained by

showed the presence of three different resonances in the mesoeyclization of 14 and 15, respectively, in methanolic solution,
proton region. One resonance (9.02 ppm) is assigned to theusing chloranil as oxidant.

expected produc@b, while the other two (9.44 and 8.82 ppm)
are attributed to the cobalt(lll) complek? of the isomeric
5-(methoxycarbonyl)corrol&3. Production of the unexpected
mixture of meso-substituted corrol2k + 13 presumably results
from the fact that the very slow formation of the biladietie
permitted the intermediate tripyrreeto undergo tautomeric
equilibrium with 10 (Scheme 1); addition of the second
formylpyrrole 7 would then afford the,c-biladienell, isomeric
with 1b, which upon base-catalyzed cyclization and cobalt
insertion would yield the 5-substituted corrole compliek

(20) Dolphin, D.; Johnson, A. W.; Leng, J.; Van den Broek) RChem.
Soc. C1966 880.

(21) Boschi, T.; Licoccia, S.; Paolesse, R.; Tagliatesta, P.; Pelizzi, G.;
Vitali, F. J. Chem. Soc., Dalton Tran$990,463.

(22) Paolesse, R.; Licoccia, S.; Fanciullo, M.; Morgante, E.; Boschi, T.
Inorg. Chim. Actal993 203 107.

(23) Conlon, M.; Johnson, A. W.; Overend, W. R.; Rajapaksa,D.
Chem. Soc., Perkin Trans.1973 2281.

(24) Broadhurst, M. J.; Grigg, R.; Johnson, A. W.Chem. Soc., Perkin
Trans. 11972 1124.

Optical spectra of these biscorrole compounds were similar
to those of an octaalkylcorrole, with no significant modifications
either in the Soret or Q band regions. FAB mass spectra showed
the molecular peak and ¥ peaks. Due to the low solubility
and the significant line-broadening that usually affect metal-
free corroles, we were unable to obtain well-resolddNMR
spectra of these metal-free dimers. In order to overcome these
problems, we synthesized the biscorrdlg via the bisa,c-
biladiene19 using the bisdipyrromethanks and 3,4-diethyl-
2-formylpyrrole @0); in this case théH NMR spectra strongly
depended on the solvent used. In CR@ fact, we obtained
more resonances than expected for the biscorrole. The visible
spectrum of the solution showed the appearance of a new
absorbance, red shifted to the Soret band of the starting dimer,
that seems to indicate the formation of a monocation of the

(25) Burns, D. H.; Smith, K. MJ. Chem. Res. $99Q 6, 178.
(26) Adamian, V. A.; D'Souza, F.; Licoccia, S.; Di Vona, M. L.; Tassoni,
E.; Paolesse, R.; Boschi, T.; Kadish, Korg. Chem.1995 34, 532.
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4 J \ H*
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Et Me Me Et
Et Me Me Et
Et Me Me Et
Et Me Me Et
18

corrole ring, probably due to the traces of acid that normally
are present in this solvent. This hypothesis was confirmed by
measuring the spectrum in pyridine, whereupon these additional
resonances disappeared.

To avoid problems affecting thtH NMR characterization
of free-base corrole dimers, we also synthesized the correspond-
ing (triphenylphosphine)cobalt(lll) complexg4 and22. The
synthesis of these complexes was performed by cyclization of
the corresponding,c-biladiene using the same methodology
as in the case of a monomeric corrole, but there was a significant
decrease in the yield of the reaction in the case of the cobalt-
(1 m-phenylbiscorrole, presumably due to instability of the
complex during the purification procedure. As in the case with
metal-free dimers, electronic spectra were similar to those of
monomeric Co(lll) corrole complexes, with no significant shifts
of the absorbances. FAB mass spectra revealed theéak  dimethylpyrrole-2-carboxylate2),” to give the 5-aryldipyr-
along with a more abundant peak at M PPh;, indicating the ~ romethane24. The dipyrromethaneporphyrin 25 was first
lability of the axial ligand. For both complexedd NMR obtained by acid-catalyzed condensation of the 1,19-unsubsti-
spectra showed a single resonance for the meso protons. Irfuteda,c-biladiene sallawith 24. Subsequent hydrolysis and
the case of the-phenylbiscorrole21, the proton resonances —decarboxylatiot? afforded the corresponding dipyrromethane
for the bridging phenyl group were complex, presumably due Porphyrin26a which was condensed with 2 equiv of 2-formyl-
to the triphenylphosphine ligands removing the magnetic 3.4-dimethylpyrroleT) to give thea,c-biladiene-porphyrin unit
degeneracy of these hydrogen atoms which was observed for27. All attempts to isolate?7 in pure form failed, so in situ
the metal-free dimer. The presence of multiple resonances carcyclization with chloranil was performed, to afford the
be ascribed to the existence of isomers generated by restricted?seudodimeb in acceptable yield.
rotation around the bridging phenyl group; the two triph- The electronic absorption spectrumbashowed superimposed
enylphosphine ligands render the two faces of the complex characteristic absorbances of porphyrin and corrole macrocycles
inequivalent. VT experiments revealed coalescence of thein the Q band region; the Soret band of the porphyrin
resonances at 350 K, and the activation energy barrier for theOverwhelmed the corresponding absorbance of corrole due to
rotation was calculated to be 68.8 kJ/mol. the larger extinction coefficient of the former. FAB mass

Porphyrin-Corroles. A corrole—porphyrin system5, was (27) Barton, D. H. R.; Zard, S. Z.. Chem. Soc., Chem. Comma885
synthesized by treatment of terephthaldehyde with ethyl 3,4- 1098.
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Me Scheme 2
OHCOCHO Mo S COEt EtO_ OEt EtO_ OFEt
\ NH Me Me
>—> OHC NaBH4 + z/_\g\
Me Me NH
Me // N" "COoBn
)\ CO,Et CHO CH,0H 34
H }fgl' CO,Et Me 33b 33a
24
z TsOl—\
EtOH
R Me Et R
s
37 X =
Me Me
\ NH HN—Z
R BnO,C CO,Bn
CO,Et 35 R = CH,OH
25 R = CO,Et; M = 2H NH HN
26aR = H; M = 2H Nkt lTPAP/NMO
26bR=H;M=Ni
36 R=CHO
4—1
+37, TSOH/EtOH
Me
COan
Me Me Me R good yield. In the visible absorption spectrum of the complex,
gg g = ’I‘E"te the absorbances of the corrole moiety were overwhelmed by
- the porphyrin bands; the FAB mass spectrum showed the
Me Me Me Et molecular peak, and as before, a more abundant peak at M
PPh. In addition, the fragmentation pattern3® showed low
Et Me Me Et abundance peaks attributable to the [Ni porphyriahd [Co
corrole]" species. In théH NMR spectrum o880, the resonance
O of the bridging phenyl group was split due to the presence of
Et Me Me Et the triphenylphosphine ligand, as observed in the case of the
biscorrole systems.
Me Me Me Et Non-corrole Bis Macrocyclic Systems. Bisporphyrins.
. ) We sought to establish a general methodology whereby unsym-
28M =2H; M"=3H metrical bisporphyrins with rigid linkages could be prepared.

1 C N M2 . ' cot :
30 M" = Ni; M"= Co(PPhy) Two ways to achieve this goal are (a) the initial preparation of

_one porphyrin and further stepwise elaboration to append the
spectra showed the molecular peak, as well as the correspondingecond and (b) a heterocoupling reaction of two intact porphy-
porphyrin and corrole fragments. Yet again, the low solubility rins. Several approaches using both (a) and (b) will be described
and the broadening of the resonances attributable to the corrolgynich yield bisporphyrins. We chose to focus on bisporphyrins

moiety in 5 did not permit us to obtain a suitablé! NMR with stilbene and phenyl linkages as they have well-defined
spectrum of this bis system. Also in this case, the synthesis of geometries. In general, molecules that possess more well-
the tetraethyltetramethylcorrotgporphyrin dimer28 (from 26 defined structural relationships between the donor and the
and 2 equiv of20 to give 28, followed by corrole ring  acceptor yield more subtle insights into electron-transfer reac-
cyclization) allowed us to obtain a well-resolvétli NMR tions28 Symmetrical bisporphyrins bearingga or m-phenyl

spectrum, where the resonances attributable to both fragmentf‘mterporphyrin tether have previously been reported, first by
could be distinguished. 128 the meso-protons were observed pMcClendon and co-worke®d and later by Sessler and co-
as a 2:1:2 pattern, with chemical shifts similar to those of the \yorkers2c.13 using terephthaldehyde or isophthaldehyde as
corresponding monomeric macrocycles, and the bridging phenylinterporphyrin linking units.
group protons were apparent as a singlet, similar to the case of \ye first attempted the synthesis of the completely unsym-
the corresponding homobiscorroles. _ metrical monometalated bisporphyrin dingdr(Schemes 2 and
The successful synthesis of the porphytworrole pseudodimer 3y The unsymmetrical bisdipyrromethane dimer intermediate
28 led us to prepare a heterobimetallic complex. The porphy- 32 containing both benzyl and ethyl ester protecting groups,
rin—dipyrromethane26 was metalated with nickel(ll) (to give  was prepared as the key intermediate (Scheme 2). Thus, the
26h), and the resulting complex was condensed with 2 equiv |inking unit 33awas first obtained by reduction of commercially

of 2-formyl-3,4-diethylpyrrole 20); formation of the porphyria available terephthaldehyde mono(diethyl acetaBhj using
a,c-biladiene29 was monitored by spectrophotometry. When
(28) (a) Wasielewski, M. RChem. Re. 1992 435. (b) Kurreck, H.;

th_e reaction was complete,_ addition of cobalt(ll) acetate, Huber, M. Angew. Che.. intl. Ed. Engl995 34, 849,
t”phenylthSph'.ne, and sqdmm acetate 30 afforded t.he (29) Heiler, D.; McClendon, G. L.; Rogalskyj, B. Am. Chem. Soc
corresponding Ni(ll) porphyriarCo(lll) corrole complex30in 1987, 109, 604.
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Scheme 3

1. TsOH, [O],
+39

2. Ni(acac),

40 M = 2H; R = CO,Et
42 M = Ni; R = CO,Et

A, KOH,
HO(CHy),0H

Et \\ // Et
C
43M=Ni;R=H
1. TSOH, [O], + 44
2. Zn(OAc),, MeOH
Et

Et Et 31 M=2H Me Et

45M =2Zn

LAH?30a or NaBH,. This was condensed with benzyl 3,4-
dimethylpyrrole-2-carboxylate8@)3! to give 35. Reaction with
tetrapropylammonium perruthenate (TPAP) in CH/NMO32:33
afforded the 5-(formylphenyl)dipyrrometha86 which was then
condensed with 2 equiv of pyrrol87 to give the target
unsymmetrical bisdipyrromethar82 in 82% vyield. Catalytic
debenzylation 032 gave the bis(dipyrromethanedicarboxylic
acid) 38 in quantitative yield. Further reaction &8 with
diformyldipyrromethan&9** gave the porphyrinyldipyrromethane
40in 29% vyield, along with porphyrid1 as a minor contami-

(30) (&) See citation 13 in ref 30b. (b) Sessler, J. L; Capuano, V. L.

Angew. Chem., Int. Ed. Endl99Q 29, 1134.

(31) Smith, K. M.; Kehres, L. AJ. Chem. Soc., Perkin Trans.1B83
2329.

(32) Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D.Chem.
Soc., Chem. Commui988 1625. See alsoAldrichim. Actal988 21,
16.

(33) (a) Pandey, R. K.; Smith, K. M.; Dougherty, T.1.Med. Chem.

199Q 33, 2032. (b) Shiau, F.-Y.; Pandey, R. K.; Ramaprasad, S.; Smith,

K. M. J. Org. Chem199(Q 55, 2190.
(34) Compound39 was prepared by reaction of pyrro8 with 2,5-

dimethoxybenzaldehyde, followed by saponification of the ethyl esters and

double Vilsmeier formylation.
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nant3®> Treatment of40 with Ni(acac) in refluxing o-xylene
produced the corresponding metal compk which was
subjected to hydrolysis by refluxing with ethylene glycol/KBH

to give 43, and then condensed with diformyldipyrromethane
44 (MacDonald conditions); the bisporphyr@1 was treated in
situ with zinc(ll) acetate to givd5in 15% vyield. Crystals of

31 suitable for X-ray crystallography could not be obtained,
but the zinc(ll) complex45 did satisfactorily crystallize from
CH.CI,/MeOH. The molecular structure a&f5 is shown in
Figure 1. The compound crystallized with a MeOH molecule
in the axial position of the zinc center [Z0O1A = 2.187(6)

A] and contains another MeOH molecule of solvation. The zinc
center, easily identified by its axial MeOH molecule, shows an
average ZaAN bond length of 2.064(5) A, and the zinc
porphyrin macrocycle shows only moderate deviations from
planarity with an average deviation of 0.078 A for the 24
macrocycle atoms from their least-squares plane. The nickel-
() porphyrin macrocycle, on the other hand, shows considerable
deviation from planarity with an average deviation of 0.239 A
from the least-squares plane, typical of the situation found in
other nickel(ll) porphyrins. The average-NN bond length is
1.920(5) A. Overall, the zinc(ll) and nickel(ll) porphyrin
components have structural characteristics similar to those of
related (monomeric) porphyrirt8. The bisporphyrird5 is not
truly linear, but is more bow-shaped with an angle of 24.3
between the two 4N planes.

In order to obtain the symmetrical bisdipyrromethatt
formyldipyrromethanet7 was dimerized with low-valent tita-
nium under McMurry condition®® We have previously shown
that this methodology can also be applied successfully to the
self-condensation of porphyrins bearing formyl substituéhts.
Bisdipyrromethanel6é was then converted into the porphyrin
dimer48in 18% yield by first refluxing with ethylene glycol/
KOH (to give 49) and then condensing with diformyldipyr-
romethane0 following the modified'2MacDonald protocotlb
The structure of48 was further confirmed and the trans
stereochemistry of the central double bond established by a
preliminary single-crystal X-ray structure (not shown) of the
bisnickel(ll) complex51.42

Bisporphyrins linked by stilbene groups have been previously
reported by Mullen and co-workef&. In addition Ono et at
have prepared a series of bisporphyrins where the number of
stilbene linkers was varied between one and four. As we have
had much success with low-valent titanium coupling reactions
(McMurry) to prepare bisporphyrir§, we chose to examine
the McMurry coupling of 5-(4-formylphenyl)octaalkylporphy-
rins to form the stilbene-linked systems. Porphy&2sand53

(35) Interestingly, previous syntheses of 5,15-diphenylporphyrins such
as41 have usually involved reaction of 2 mol of a dipyrromethane with 2
mol of benzaldehyd@!300:36.37|n this case the approach is reversed, and
involves serendipitous condensation of 2 mol of a 1,9-diformyl-5-aryl-
dipyrromethane.

(36) Gunter, M. J.; Mander, L. Nl. Org. Chem1981, 46, 4792.

(37) Young, R.; Chang, C. KI. Am. Chem. S0d.985 107, 898.

(38) Scheidt, W. R.; Lee, Y. Btruct. Bonding (Berlin}L987, 64, 1.

(39) McMurry, J. E.; Lectka, T.; Rico, J. Q. Org. Chem1989 54,
3748. McMurry, J. EChem. Re. 1989 89, 1513.

(40) Vicente, M. G. H.; Smith, K. MJ. Org. Chem1991, 56, 4407.

(41) (a) Cavaleiro, J. A. S.; Gonsalves, A. M. d’'A. R.; Kenner, G.
W.; Smith, K. M.J. Chem. Soc., Perkin Trans1974 1771. (b) Arsenault,
G. P.; Bullock, E.; MacDonald, S. FJ. Am. Chem. Socl196Q 82,
4384.

(42) Senge, M. O.; Gerzevske, K. R.; Smith, K. M. Unpublished results.

(43) (a) Cosmo, R.; Kautz, C.; Meerholz, K.; Heinze, J.; Mullen, K.
Angew. Chem., Int. Ed. Engl989 28, 604. (b) Hammel, C.; Kauzt, C.;
Mullen, K. Chem. Ber199Q 123 1353.

(44) Ono, N.; Tomita, H.; Maruyama, K.. Chem. Soc., Perkin Trans.
11992 2453.
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Figure 1. Stereopair showing the molecular structure4é6f Hydrogen atoms and disordered positions have been omitted for clarity. All dihedral

angles between the aryl rings and the mean porphyrin planes are 90

Me TIC(OME): 5, Zn-Cu
NH HN /

Et0,C CO,Et

Zn-Cu Me

COzMe

CO,Me

46 R = CO,Et

A, KOH,
HO(CH,),0H

49R=H

l

+50, TSOH, [O]

CO,Me

were synthesized according to literature procedtiredle chose
first to characterize the corresponding McMurry-coupled ho-
modimers, before preparing a heterodimer by cross-coupling
(from which the homodimers would need to be separated).
Nickel(ll) was inserted smoothly into the two porphyrins using
nickel(Il) acetylacetonate in xylenes to generate nickel(ll)
porphyrin—benzaldehydes4 and55. When (4-formyl phenyl)-
porphyrins were previously coupled under McMurry conditions

(45) Sessler, J. L.; Capuano, V. L.; Harriman. A.Am. Chem. Soc
1993 115, 4618.

by Mullen and co-worker$3 they reported obtaining only the
trans isomer. However, when porphyid was subjected to
the McMurry coupling conditions [(TiG)(DME)15, Zn—Cu
couple], two less polar products were obtained in a 6:1 ratio
with respect to the inverse order of chromatographic elution.
Both products had a molecular ion @tz 1356.6 and hadH
NMR resonances attributable to a bridging<€8H group (7.69
and 7.13 ppm, respectively). The predominant more polar
product @max = 404 nm) was assigned structusé with the
trans orientation, while the fastest running produgt( = 400
nm, in lesser amount) was assigned the cis configurdiion
Bathochromic shifts for face-to-face porphyrins have been noted
by ourselve® and otherg® While it was assumed that the
McMurry coupling conditions gave predominantly the trans
configuration about the double bond, we have previously shown
that porphyrin-aldehydes give a 1:1 mixture ofs- andtrans
ethylenebisporphyrins. This arises presumably througha
preassociation of the macrocycles in a transition state or at the
pinacol intermediate stage. A—m preassociation can also
explain the predominance of tees-stilbene product arising from
the McMurry coupling of acetophenofAé. When nickel(ll)
porphyrin—benzaldehydé&5 was coupled under standard Mc-
Murry conditions, the major product was the porphytbenzyl
alcohol58 due to reduction of the aldehyde. A very small (ca.
8%) amount of the stilbene dimé&9 could be isolated, and
this was assigned thieansconfiguration. A faster running spot
on TLC (presumably theis-stilbene dimer) could be seen, but
the amount was too small to be characterized. With the two
homocoupled standards in hand the heterocoupling could now
be attempted. McMurry coupling of porphyrirsst and 55
yielded, after separation from the homocoupled and other
products56—59, compound60 with meso-proton NMR reso-
nances at 9.41, 9.52, and 9.60 ppm in a 2:1:2 ratio. The mass
spectrum confirmed the structural assignment6@s These
bisnickel(ll) dimers can be easily demetalated by treatment with
dilute trifluoroacetic acid in CkCl, as shown in the conversion
of 59into 61. Work with similar compounds by Sessler etal.
has shown that bisporphyrins with hydroquinol dimethyl ether
groups can be demethylated by treatment with 8Bnd
oxidized to quinone with DDQ or lead(lV) oxide. In addition
they have shown, remarkably, that one can selectively insert
(46) Senge, M. O.; Gerzevske, K. R.; Vicente, M. G. H.; Forsyth, T. P.;

Smith, K. M. Angew. Chem., Int. Ed. Engl993 32, 750.
(47) Andersson, P. Gletrahedron Lett1994,35, 2609.
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zinc into the macrocycle proximal or distal to the quinone by
titrating the bisporphyrin with dilute solutions of zinc(ll) acetate.
If titration is attempted at the quinone stage, the zinc insertion
occurs preferentially at the macrocycle distal to the quinone
subunit; conversely if metalation with zinc is done with the
hydroquinone, the zinc is incorporated in the macrocycle
proximal to the hydroquinone. Thu6]l represents a formal
intermediate in the synthesis of a rigic-Horphyrin—zinc(Il)
porphyrin—quinone triad, which according to Kurreck and
Huber28 represents a realistic model of the reaction center in
R. viridis.

Chlorin-Containing Bis Systems. The heterocoupling reac-
tion of porphyrins was also expanded to include chlorin
macrocycles. Porphyri62 was prepared using methodology
similar to that employed in the synthesesbdfand55. When
a 2:1 mixture of nickel(ll) 3-formylchlorires trimethyl ester
63 and62 was subjected to the McMurry coupling as described
above, the bisporphyriré4 (6% yield, based or63), the
porphyrin—chlorin dimer65 (41%), and the bischlorii6 (42%)
were obtained. The alcoheporphyrin byproduc67 was also
isolated (14%), but the reduction of the formyl group was no

Paolesse et al.

Et Et
Me Me
Et Et
62 R = CHO

67 R = CH,OH

longer the main reaction as it was in the couplindgbf When

the porphyrin was used in excess (2.5 equiv relative3o the
amount of porphyrir-chlorin dimer isolated was similar (35%)
but the formation of the alcohelporphyrin byproduct became
predominant (40%) and no increase in the bisporphyrin yield
was observed. The 3-formylchlorig-trimethyl ester clearly
reacts before the reduction of the formyl group6ia occurs.
The visible absorption spectrum @5 (Figure 2) shows a
superposition of the spectra of the porphyrin and the chlorin.
Figure 3 shows the molecular structure of this novel bisnickel
complex65, and represents the first reported crystal structure
of a porphyrin-chlorin dimer. Crystals were grown by slow
diffusion of n-hexane into a CHGIsolution of65. The overall

3-D structure resembles a bowed shape with an angle of 35.7
between the two 4N planes. An absolute stereochemical
determination based upon anomalous scattering was successful
and further confirmed the absolute stereochemistry of chloro-
phyll-a derivatives. In common with other nickel(Il) chlorins,
the chlorines trimethyl ester macrocycle i65 adopts a ruffled
conformation with a mean deviation from the least-squares plane
(calculated for the 24 core carbon and nitrogen atoms) of 0.313
A. In the saturated ring of the chlorin €Cg bond length of
1.52(2) A is observed, in good agreement with data from other
chlorin structural determinations. The carbons of the saturated
ring in the chlorin macrocycle have a torsion angle of 26.0
which is high but falls within the normal range. The-N\
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Figure 2. Visible absorption spectra (in GBI;) of (A) nickel(ll)
chlorin—chlorin 66, (B) nickel(ll) porphyrin—porphyrin 64, and (C)
nickel(ll) porphyrin—chlorin 65.

om
Figure 3. Molecular structure 065. Hydrogen atoms and disordered
positions have been omitted for clarity. carried out on 20 cnx 20 cm glass plates coated with Merck G 254

) silica gel (2 mm thick). Reactions were monitored by thin layer

bond lengths for the chlorin macrocycle were 1.953(7) (reduced chromatography and spectrophotometry, and were carried out under
ring), 1.928(7), 1.920(7), and 1.911(7) A, showing the-Ni nitrogen in the dark (aluminum foil)*H NMR spectra were measured
bond length to the reduced ring to be elongated compared within CDCl; solution at 300 MHz using a General Electric QE300
those bonds to the fully aromatized pyrrole rings. The nickel spectrometer, or at 400 MHz using a Bruker AM 400 instrument;
etioporphyrin macrocycle portion 065 adopts a ruffled chemical shifts are expressed in parts per million relative to_residual
conformation with a mean deviation from the least-squares plane CHCl (7.258 ppm). Mass spectra were obtained in Rome using a VG
(calculated as above) of 0.244 A. Finally, the averagemi 2000 PO e f o e analyaes, were
bond length for the porphym.l macrocyde. IS 1'941(6).A' obtained from Mid West Analytical Laboratory, Indianapolis, IN.

Tregtment of6S with T_FA in CH,Cl (1:1) qccompllshed Electronic absorption spectra were measured in@Hising a Hewlett-
selective removal of th_e nickel from _the po_rphyrln, a_md produced packard 8450A or a Philips PU8700 spectrophotometer.
the monometalated bis systeésB. Since zinc chlorins appear 8,12-Diethyl-2,3,7,13,17,18-hexamethyl-10-(2-chloroethyd)e-bi-
to be more easily demetalated than nickel chloffntheir ladiene Dihydrobromide (1d). 3,7-Diethyl-2,8-dimethyl-5-(2-chlo-
utilization to prepare heterometalated porphyighlorin dimers roethyl)-dipyrromethane-1,9-dicarboxylic aciédj (200 mg) was
allows an extension of the scope of the McMurry reaction as it dissolved in trifluoroacetic acid (20 mL) and stirred for 5 min.
is applied to tetrapyrrole systerfs. The ethylenic protons in ~ 2-Formyl-3,4-dimethylpyrrole7) (130 mg) in MeOH (20 mL) was
the porphyrin-chlorin dimers65 and 68 resonate as a pair of added, an_d the r_ed so_lutlon was stirred for 15_ min, b_e_fore ado_lmon of
doublets with a coupling constant of 16.5 Hz, suggesting atrans30% HBr in acetic acid (5 mL). After dropwise addition of diethyl

. . . . ether (50 mL) the titlea,c-biladiene salt precipitated as a dark red
configuration about the double bond. The chlerghlorin powder (296 mg, 85% yield). Mp: 300C. UV—Vis: Ams 445 nm

dimer 66 also adopts a trans configuration. (€ 132 000), 521 (75 000)}H NMR: 6 13.58 (s, 2 H), 12.60 (s, 2 H),
Exoeri | sect 7.68 (s, 2 H), 7.32 (s, 2 H), 5.60 (br t, 1 H), 3.80, 3.38 (each br t, 2 H),
xperimental Section 2.68 (m, 4 H), 2.30 (s, 12 H), 2.05 (s, 6 H), 1.60 (t, 6 H). Anal. Calcd

Melting points are uncorrected and were measured on a Thomas/for CaiHaiBr2CIN4: C, 55.99; H, 6.21; N, 8.43. Found: C, 56.12; H,
Bristoline microscopic hot stage apparatus. Silica gel 66-¢&D and 6.11; N, 8.31.
230-400 mesh, Merck) or neutral alumina (Merck; usually Brockmann ~ 8,12-Diethyl-2,3,7,13,17,18-hexamethyl-10-[(methoxycarbonyl)-
Grade I, i.e., deactivated with 6% water) was used for column methyl]-ac-biladiene Dihydrobromide (1c). This compound was
chromatography. Preparative scale thin layer chromatography wassSimilarly prepared in 82% yield from 3,7-diethyl-2,8-dimethyl-5-
[(methoxycarbonyl)methyl]dipyrromethane-1,9-dicarboxylic aéid) (

Eigg agsv:l\lli? rtehfe":"coupling has to be carried58in the presence of and 7. Mp: =300°C. UV-Vis: Anax 444 nm € 121 000), 520

i e - . . (70 400). 'H NMR: 6 13.47 (s, 2 H), 12.85 (s, 2 H), 7.52 (s, 2 H),
g%/q'?gj to neutralize some chemisorbed HCI formed during the reduction 7.38 (s, 2 H), 5.46 (br t, 1 H), 5.12 (s, 2 H), 3.66 (. 3 H), 2.82 (m, 4

(50) Jaquinod, L.; Pandey, R. K.; Forsyth, T. P.; Nurco, D. J.; Smith, K. H), 2.36 (s, 12 H), 2.00 (s, 6 H), 1.32 (t, 6 H). Anal. Calcd fagh@-
M. Unpublished results. -
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BroN4O.: C, 56.98; H, 6.28; N, 8.31. Found: C, 57.03; H, 6.16; N,
8.47.
8,12-Diethyl-2,3,7,13,17,18-hexamethyl-10-(methoxycarbonyl)-
a,c-biladiene Dihydrobromide (1b) and 8,12-Diethyl-2,3,7,13,17,-
18-hexamethyl-5-(methoxycarbonyl)a,c-biladiene Dihydrobromide

Paolesse et al.

obtain the vinyl derivativede Crystallization from CHCIl,/MeOH
afforded purple crystals (74 mg, 77%). Mp: 19800°C dec. U\~
ViS: Amax372 nm € 61 300), 570 (16 800)*H NMR: 6 9.01(s, 2 H),
7.72-7.69 (dd, 1 H), 6.99 (m, 3 H), 6.66 (m, 6 H), 5.65 (d, 1 H), 4.85
(d, 1 H), 4.67 (m, 6 H), 3.64 (M, 4 H), 3.17 (s, 12 H), 3.10 (s, 6 H),

(11). This presumed mixture of compounds (see text) was prepared 1.47 (t, 6 H). Anal. Calcd for HsCoNsP: C, 75.16; H, 6.18; N,

as above, from 3,7-diethyl-2,8-dimethyl-5-(methoxycarbonyl)dipyr-
romethane-1,9-dicarboxylic aciélf), but the reaction needed 24 h to

7.16. Found: C, 74.91; H, 6.32; N, 6.84.
1,4-Bis(2,3,7,8,12,13,17,18-octamethylcorrol-10-yl)benzene (3).

be complete. Subsequently, diethyl ether was added dropwise toBijs-a,c-biladiene tetrahydrobromidé4 (500 mg) was dissolved in

precipitate the mixture of isomeric biladientsand11 (in 48% yield).
Anal. Calcd for GiH4BroN4O,: C, 56.37; H, 6.10; N, 8.48. Found:
C, 56.87; H, 6.24; N, 8.12.
1,4-Bis(2,3,7,8,12,13,17,18-octamethgle-biladien-10-yl)ben-
zene Tetrahydrobromide (14). 1,4-Bis[2,2-bis(3,4-dimethylpyrryl)-
methyllbenzenel) (0.5 g) and7 (0.51 g) were dissolved in acetic
acid (50 mL), and 2 mL of 30% HBr in acetic acid was added. After

MeOH saturated with NaHC{ and chloranil (500 mg) was added.
The solution was stirred for 5 min at rt, and then 2 mL of 15%iN

in water was added. The solvent was evaporated under vacuum, the
solid was redissolved in Gi€l, and chromatographed on neutral
alumina (grade Ill, CELCI; eluent), and the first red-green band was
collected to give the title corrole dimer. It was crystallized from£H
Cly/hexane (168 mg, 46%). Mp>300°C. UV—Vis: Amax400 nm €

10 min diethyl ether (100 mL) was added dropwise to precipitate the 112 000), 411 (82 000), 542 (24 000), 597 (28 000). FAB-Mfz

product as red-green crystals (1.00 g, 78%). tIN&: Amax455 nm €
57 700), 465 (66 300), 516 (133 600). Anal. Calcd fegHGoBrsNs:

C, 58.93; H, 5.77; N, 9.16. Found: C, 59.01; H, 5.70; N, 9.02.
1,3-Bis(2,3,7,8,12,13,17,18-octamethgle-biladien-10-yl)ben-
zene Tetrahydrobromide (15). This compound was prepared, as
described forl4, from 1,3-bis[2,2-bis(3,4-dimethylpyrryl)methyl]ben-

zene (7) in 76% yield. UV-vis: Amax 456 nm € 51 900), 467
(50 300), 515 (118 300). Anal. Calcd foggEl7oBrsNg: C, 58.93; H,
5.77; N, 9.16. Found: C, 59.33; H, 5.94; N, 8.96.
1,4-Bis(2,3,17,18-tetraethyl-7,8,12,13-tetramethge-biladien-10-
yl)benzene Tetrahydrobromide (19). This compound was prepared
as above starting frorh6 and 2-formyl-3,4-diethylpyrrole2Q) in 76%
yield. UV—vis: 1max452 nm € 66 300), 461 (51 000), 51¢ @32 700).
Anal. Calcd for GgHgeBraNg: C, 61.18; H, 6.49; N, 8.39. Found: C,
60.91; H, 6.93; N, 8.15.
(Triphenylphosphine)[8,12-diethyl-2,3,7,13,17,18-hexamethyl-10-
(2-chloroethyl)corrolato]cobalt(lll) (9d). a,c-Biladiene dihydrobro-
mide 1d (200 mg) was added to a solution of cobalt(ll) acetate (200

mg), sodium acetate (500 mg), and triphenylphosphine (200 mg) in

boiling MeOH. The mixture was refluxed for 2 h, then the solution

895 (M"), 447 (MF). Anal. Calcd for GoHe2Ngs: C, 80.50; H, 6.98;
N, 12.52. Found: C, 80.42; H, 6.86; N, 12.29.
1,3-Bis(2,3,7,8,12,13,17,18-octamethylcorrol-10-yl)benzene (4).
This biscorrole (mp>300 °C; 140 mg, 39%) was similarly prepared
from 15, UV-vis: Amax 402 nm € 105 000), 415 (80 000), 543
(25 000), 598 (26 000). FAB-MSm/z895 (M"), 447 (M*'). Anal.
Calcd for GoHe2Ns: C, 80.50; H, 6.98; N, 12.52. Found: C, 80.31;
H, 7.03; N, 12.19.
1,4-Bis(2,3,17,18-tetraethyl-7,8,12,13-tetramethylcorrol-10-yl)ben-
zene (18). This biscorrole (mp>300°C; 210 mg, 49%) was similarly
prepared froml9. UV—vis: Amax403 nm € 116 000), 410 (78 000),
545 (26 000), 598 (28 000)*H NMR (Cs?HsN): 6 9.42 (s, 4 H), 8.37
(s, 4 H), 3.95-3.80 (q, 16 H), 3.362.74 (s, 24 H), 1.761.68 (t, 24
H). FAB-MS: m/z 1007 (M), 504 (Mf"). Anal. Calcd for
CesH7gNg: C, 81.06; H, 7.81; N, 11.13. Found: C, 80.83; H, 7.25; N,
11.01.
1,4-Bis[[(Triphenylphosphino)cobalt(ll1)]-2,3,7,8,12,13,17,18-0c-
tamethylcorrol-10-yllbenzene (21). Bis-a,c-biladiene14 (500 mg)
was added to a refluxing solution of cobalt(ll) acetate (500 mg), sodium

was cooled to room temperature (rt), and the solvent was evaporated®cetate (1 g), and triphenylphosphine (500 mg) in MeOH. The solution

under vacuum. The solid was dissolved in £ and chromato-
graphed on neutral grade Il alumina (&L, eluent); the first red band
afforded the title compound which was crystallized from,CH/MeOH
as dark-red crystals (208 mg, 84%). Mp 2203°C dec. UV-vis:
Amax 372 nm € 69 200), 567 (14 400)H NMR: 8 9.04 (s, 2 H), 7.01
(m, 3 H), 6.67 (M, 6 H), 4.64 (M, 6 H), 4.40 (t, 2 H), 3.69 (M, 4 H),
3.18 (t, 2 H), 3.14 (s, 12 H), 3.09 (s, 6 H), 1.61 (t, 6 H). Anal. Calcd
for C4gHs9CoCINsP: C, 71.83; H, 6.03; N, 6.84. Found: C, 71.68; H,
5.92; N, 6.99.
(Triphenylphosphine)[8,12-diethyl-2,3,7,13,17,18-hexamethyl-10-
[(methoxycarbonyl)methyl]corrolato]cobalt(lll) (9¢c). This com-
pound was similarly prepared in 79% vyield frabe. Mp: 264-266
°C dec. UV~vis: Amax 369 nm € 53 100), 569 (10 500)H NMR:
0 9.02 (s, 2 H), 6.98 (m, 3 H), 6.62 (m, 6 H), 5.32 (s, 2 H), 44566
(m, 6 H), 3.75 (s, 3 H), 3.60 (br m, 4 H), 3.14 (s, 12 H), 3.10 (s, 6 H),
1.57 (t, 6 H). Anal. Calcd for §HsqCoNsO-P: C, 72.45; H, 6.08; N,
6.76. Found: C, 72.32; H, 6.10; N, 6.79.
(Triphenylphosphine)(8,12-diethyl-2,3,7,13,17,18-hexamethyl-10-
(methoxycarbonyl)corrolato)cobalt(lll) (9b) and (Triphenylphos-
phine)(8,12-diethyl-2,3,7,13,17,18-hexamethyl-5-(methoxycarbonyl)-
corrolato)cobalt(lll) (12). A mixture of 1b and 11 obtained as

was refluxed for 3 h, the solvent was evaporated under vacuum, the
residue was chromatographed on neutral alumina (grade IIkCGH
elution), and the first red band afforded the title product, recrystallized
from CH,Cl./hexane (326 mg, 52%). Mp>300°C. UV—Vis: Amax
378 nm € 80 400), 576 (21 000)H NMR (Ce?Hg): 6 9.52 (s, 4 H),
8.18, 8.05 (each br s, 1 H), 7.73 (br s, 2 H), 6.96 (m, 6 H), 6.73 (m, 12
H), 5.25 (m, 12 H), 3.45 (s, 12 H), 3.36 (s, 24 H), 3.12 (s, 12 H).
FAB-MS: m/z 1532 (M"), 1270 (M" — PPh). Anal. Calcd for
CogHseCNgP,: C, 75.28; H, 5.66; N, 7.32. Found: C, 75.34; H, 5.83;
N, 7.13.
1,3-Bis[[(Triphenylphosphino)cobalt(ll1)]-2,3,7,8,12,13,17,18-oc-
tamethylcorrol-10-yl]benzene (22). This complex (mp> 300°C; 175
mg, 28% vyield) was prepared as above fraf. UV—vis: Amax 374
nm (¢ 81 000), 573 (20 500).1H NMR: ¢ 9.12 (s, 4 H), 7.80, 7.62,
7.48 (br m, 4 H), 6.98 (m, 6 H), 6.74 (m 12 H), 4.82 (m, 12 H), 3:24
3.02 (each s, 48 H). FAB-MSm/z1532 (M"), 1270 (M" — PPh),
1008 (M" — 2PPh). Anal. Calcd for GgHssCo:NgP2: C, 75.28; H,
5.66; N, 7.32. Found: C, 75.12; H, 5.91; N, 7.04.
1-(13,17-diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-yl)-4-[1,9-
bis(ethoxycarbonyl)-2,3,7,8-tetramethyldipyrromethan-5-yl]ben-
zene (25). 8,12-Diethyl-2,3,7,13,17,18-hexametlyt-biladiene salt

previously described (see text) was used as above to synthesize thea (500 mg), 1-formyl-4-[1,9-bis(ethoxycarbonyl)-2,3,7,8-tetrameth-

corresponding cobalt complexes (53% total yield). UNs: Anax 372,

570 nm. 'H NMR: ¢ 9.440, 9.02, 8.82 (each s, 1 H), 6.59 (m, 3 H),

6.42 (m, 6 H), 4.76 (m, 6 H), 4.05, 4.01 (each s, 3 H), 3.54 (m, 4 H),

3.12-2.93 (s, 18 H), 1.64 (t, 6 H). Anal. Calcd foré4sCoNsO,P:

C, 72.14; H, 6.05; N, 6.87. Found: C, 72.01; H, 5.97; N, 6.92
(Triphenylphosphine)(8,12-diethyl-2,3,7,13,17,18-hexamethyl-10-

vinylcorrolato)cobalt(lll) (9e). Corrole9d (100 mg) was dissolved

in pyridine (50 mL) and refluxed for 10 min, then 10% NaOH (5 mL)

yldipyrromethan-5-yllbenzene24) (500 mg) and TsOH (1 g) were
dissolved in ethanol and refluxed for 4 h. Sodium acetate was added
to neutralize the solution, and then the solvent was evaporated under
vacuum. The residue was dissolved in £ and chromatographed

on neutral alumina (grade Ill, Gi&l, elution). After elution of traces

of unrecognized porphyrin, a red-violet band afforded 8,12-diethyl-
2,3,7,13,17,18-hexamethylcorrole (33 mg, 9%). A second, red-brown
band gave the title product (224 mg, 31%), which was crystallized from

and water (4 mL) were added, and the solution was further refluxed CH,Cl./MeOH. Mp: 289-291 °C dec. UV-ViS: Amax 402 nm €

for 1.5 h. The mixture was cooled to rt, and 25% acetic acid (4 mL) 235 000), 502 (41 500), 534 (31 200), 570 (30 300), 623 (25 26D).
was added. The solvent was evaporated under vacuum, and the residublMR: ¢ 10.18 (s, 2 H), 9.98 (s, 1 H), 8.52 (br s, 2 H), 7.82 (dd, 4 H),
was chromatographed on neutral alumina (grade V,GiEluent) to 5.92 (s, 1 H), 4.36, 4.12 (each q, 4 H), 3.62 , 3.48 , 2.62, 2.48, 2.02
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(each s, 6 H), 1.62, 1.20 (each t, 6 H)3.12 (br, 2 H). Anal. Calcd
for CssHe2NgOs: C, 75.83; H, 7.17; N, 9.65. Found: C, 75.72; H, 7.05;
N, 9.58.
1-(13,17-diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-yl]-4-(2,3,7,8-
tetramethyldipyrromethan-5-yl)benzene (26a). The foregoing diethyl
ester 25 (120 mg) was suspended in diethylene glycol (25 mL)
containing KOH (1 g)¥ The mixture was heated at 19C under N
for 2 h and then allowed to cool to rt. The resulting solid was filtered,
washed with HO, and dried to give the title product (85 mg, 85%).
Mp: 275-277 °C dec. UV~vis: Amax 403 nm € 225 000), 502
(40 700), 534 (33 400), 571 (29 600), 623 (24 80H.NMR: § 10.22
(s, 2 H), 9.92 (s, 1 H), 8.46 (br s, 2 H), 7.85 (dd, 4 H), 6.84 (s, 2 H),
4.02 (q, 4 H), 3.53, 3.36, 2.51, 2.24, 2.03 (each s, 6 H), 1.46 (t, 6 H),
—3.06 (br, 2 H). Anal. Calcd for §Hs4Ne: C, 80.95; H, 7.49; N,
11.56. Found: C, 80.80; H, 7.61; N, 11.31.
1-(13,17-Diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-yI]-4-(2,3,7,8,-
12,13,17,18-octamethylcorrol-10-yl)benzene (5)Porphyrinyldipyr-
romethane26a (80 mg) and formylpyrroleZ (25 mg) were dissolved
in MeOH (50 mL), and 30% HBr in acetic acid (0.5 mL) was added
(to give27). After 15 min NaHCQ (500 mg) and chloranil were added,
and the mixture was stirred for 15 min. Next, 15%HY in water (1

J. Am. Chem. Soc., Vol. 118, No. 16,3%8%

acetal 332%° (1.46 g, 6.94 mmol), benzyl 3,4-dimethylpyrrole-2-
carboxylate 84)% (3.18 g, 13.9 mmol), and 200 mL of absolute EtOH.
The flask was purged with Nand TsOH (0.1 g) was added. The
mixture was then heated at refluxrf@ h under N with magnetic
stirring. At this time triethylamine (2.0 mL) was added, and the ethanol
was removed in vacuo. The light-yellow solid was recrystallized from
MeOH to yield dipyrromethan@&5 (3.00 g, 5.2 mmol, 75% yield).
Mp: 70-72°C. *H NMR (CDCh): ¢ 1.77 (s, 3 H), 1.90 (br s, 1 H),
2.25 (s, 3 H), 4.68 (s, 2 H), 5.24 (s, 4 H), 5.48 (s, 1 H), 7.17 (dd, 4 H),
8.32 (br s, 2 H). MS:m/z(relative intensity) 576 (15), 348 (20), 91
(100). Anal. Calcd for GH3eN.Os: C, 74.97; H, 6.30; N, 4.86.
Found: C, 74.81; H, 6.40; N, 4.92.

Dibenzyl 5-(4-Formylphenyl)-2,3,7,8-tetramethyldipyrromethane-
1,9-dicarboxylate (36). Tetrapropylammonium perruthenate (TPAP)
(183 mg 0.520 mmol) was added to the dipyrrometh2®€3.0 g, 5.2
mmol), 4-methylmorpholin®&-oxide (NMO) (0.73 g, 6.24 mmol), and
CH.CI; (50 mL) with stirring at room temperature undeg.NThe
solution immediately turned a dark-green color, and stirring was
continued for 2 h. It was poured into water and extracted with-CH
Cl; (3 x 50 mL). The organic extracts were combined, washed with
water and brine, and dried over }0,. The solvent was removed in

mL) was added, the solvent evaporated under vacuum, and the residuevacuo, and the resulting light-brown solid was purified by column
chromatographed on grade Il neutral alumina. The appropriate fraction chromatography using silica gel (GEl; eluent). The fastest running

was collected to give the product, which was recrystallized from-CH
Cly/hexane to give 27 mg (26%). Mp>300°C. UV—vis: Amax404
nm (e 354 000), 505 (67 000), 537 (49 100), 573 (50 000), 598 (43 000),
624 (42 000). FAB-MS:m/z934 (M"). Anal. Calcd for GsHeeNs:
C, 80.91; H, 7.11; N, 11.98. Found: C, 80.73; H, 7.43; N, 11.66.
1-(13,17-Diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-yl]-4-(2,3,-
17,18-tetraethyl-7,8,12,13-tetramethylcorrol-10-yl)benzene (28Jhis
heterodimer (26 mg, 31%; mp 300 °C) was synthesized frorB6a
and 20 as described above. UWis: Amax 406 nm € 333 100), 505
(64 000), 539 (48 300), 571 (52 100), 599 (48 000), 624 (39 060).
NMR: 6 10.22 (s, 2 H), 9.95 (s, 1 H), 9.58 (s, 2 H), 8.45 (s, 4 H), 4.10
(g, 8 H), 3.95 (q, 4 H), 3.70 , 3.67, 3.46 , 3.08, 2.95 (each s, 6 H),
1.88, 1.80 (each t, 9 H);2.80 (br, 3 H),—3.00 (br, 2 H). Anal. Calcd
for Cs7H74Ng: C, 81.16; H, 7.53; N, 11.31. Found: C, 80.95; H, 7.92;
N, 11.12.
1-(Nickel(l1)-13,17-diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-
yh)-4-(2,3,7,8-tetramethyldipyrromethan-5-yl)benzene (26b).Por-
phyrinyldipyrromethan@6a (100 mg) was dissolved in CHE(50 mL),
and a saturated solution of nickel(ll) acetate in MeOH (20 mL) was
added. The mixture was refluxed for 1 h, after which spectrophotometry
showed complete formation of the metal complex. The solvent was
evaporated, and the residue was dissolved in@Hand crystallized
by addition of MeOH to afford 96 mg of the title complex (89%). Mp:
176-178°C dec. UV-Vis: Amax407 nm € 164 000), 530 (28 000),
559 (30 100).H NMR: 6 10.22 (s, 2 H), 9.95 (s, 1 H), 9.58 (s, 2 H),
8.45 (s, 4 H), 4.10 (g, 8 H), 3.95 (g, 4 H), 3.70, 3.67, 3.46 , 3.08, 2.95
(each s, 6 H), 1.88, 1.80 (each t, 9 H)2.80 (br, 3 H),—3.00 (br, 2
H). Anal. Calcd for GoHs:NgNi: C, 75.16; H, 6.70; N, 10.74.
Found: C, 74.95; H, 6.92; N, 10.48.
1-(Nickel(l1)-13,17-diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-
yh)-4-[[(triphenylphosphino)cobalt(lll)-2,3,17,18-tetraethyl-7,8,12,-
13-tetramethylcorrol-10-yl]benzene (30). The foregoing nickel(ll)
porphyrinyldipyrromethang6b (80 mg) and formylpyrrol@0 (18 mg)
were dissolved in MeOH (50 mL), and 30% HBr in acetic acid (0.5
mL) was added. After 15 min cobalt(ll) acetate (200 mg), sodium

band was collected, the solvent was removed in vacuo, and the product
was crystallized from CkCl,/MeOH to yield36 (2.54 g, 4.42 mmol,
85% yield) as an off-white powder. Mp: 14T. 'H NMR (CDCl):
0 1.80 (s, 3H), 2.25 (s, 3 H), 5.22 (s, 4 H), 5.63 (s, 1 H), 7.43 (dd, 4
H), 8.63 (br s, 2 H), 9.98 (s, 1 H). MSm/z (relative intensity) 574
(M, 20), 346 (15), 91 (100). Anal. Calcd forgl3N,Os: C, 75.24;
H, 5.96; N, 4.89. Found: C, 74.98; H, 6.10; N, 4.87.
1-[Bis[5-(ethoxycarbonyl)-4-ethyl-3-methyl-2-pyrrylimethyl]-4-
[bis[[(benzyloxy)carbonyl]-4-ethyl-3-methyl-2-pyrryljmethyl]ben-
zene (32). (Formylphenyl)dipyrromethang6 (650 mg, 1.13 mmol),
pyrrole 37275152 (410 mg, 2.27 mmol), and TsOH (100 mg) were
dissolved in in absolute EtOH (20 mL), and the resulting solution was
refluxed for 2 h. The solution was placed in the refrigerator for 12 h.
The white precipitate was filtered off, washed with cold EtOH, and
dried under vacuum to yield bisdipyrromethad2 (0.990 mg, 1.07
mmol, 88% yield). Mp: 199-201°C. *H NMR (CDCk): 6 1.11 (t,
6 H), 1.29 (t, 6 H), 1.78 (s, 12 H), 2.25 (s, 6 H), 2.74 (g, 4 H), 4.11 (q,
4 H), 5.24 (s, 4 H), 5.47 (s, 2 H), 7.03 (s, 4 H), 7.34 (m, 10 H), 8.25
(br s, 2 H), 8.39 (br s, 2 H). MSm/z(relative intensity) 918 (M,
45), 151 (29), 108 (95). Anal. Calcd forsgleN,O: C: 73.18; H,
6.80; N, 6.10. Found: C, 72.79; H, 6.83; N, 5.99.

Porphyrin —Dipyrromethane Conjugate 40. The bis unsym-
metrical dipyrromethanedicarboxylic a@8 (738 mg, 1.01 mmol) was
obtained in quantitative yield after catalytic hydrogenation of dipyr-
romethane32 (1.05 g) in THF (200 mL) containing 10% palladized
charcoal (150 mg) and triethylamine (1 mL). Compo@&dvas mixed
with diformyldipyrromethan&9'3 (422 mg, 1.01 mmol) and dissolved
in CH:Cl, (200 mL). TsOH (20 mg dissolved in 50 mL of MeOH)
was added, and the reaction mixture was stirred under nitrogen for 12
h. A saturated solution of zinc(ll) acetate in MeOH (50 mL) was added,
and the reaction mixture was stirred while a gentle stream of air was
bubbled through the solution. The solution was poured ird® Eind
extracted with CHCl,. The combined organic layers were washed with
NaHCGQ;, deionized water, and brine before being dried ovesSCa.
After removal of the solvent in vacuo, the residue so obtained was

acetate (1 g), and triphenylphosphine (200 mg) were added, and thedissolved in 15% EBOJ/TFA (15 mL) and stirred at rt for 1 h. The

solution was refluxed for 1 h. The solvent was evaporated under

dark-green solution was cooled to°C and cautiously diluted with

vacuum, and the residue was chromatographed on neutral aluminawater, then ChCl, was added, the mixture was neutralized with a

(Brockmann Grade Ill, CECl; elution); the first red band afforded the
title product (63 mg, 41%), crystallized from GEl/hexane. Mp:
>300 °C. UV-vis: Amax 408 nm € 288 400), 538 (31 000), 578
(41 200). *H NMR: 6 9.62 (s, 2 H), 9.50 (s, 1 H), 9.12 (s, 2 H), 8.20,
8.18, 7.28, 7.20 (each d, 1 H), 6.98 (m, 3 H), 6.72 (m, 6 H), 4.79 (m,
6 H), 3.88 (q, 4 H), 3.58 (g, 8 H), 3.53, 3.49, 3.21 (each s, 6 H), 2.91
(s, 12 H), 1.78 (t, 6 H), 1.65 (t, 12 H). FAB-MSm/z 1366 (M"),
1104 (Mt — PPh). Anal. Calcd for GsHgsCoNgNiP: C, 74.72; H,
6.20; N, 8.20. Found: C, 75.44; H, 5.91; N, 7.81.

Dibenzyl 5-[4-(Hydroxymethyl)phenyl]-2,3,7,8-tetramethyldipyr-
romethane-1,9-dicarboxylate (35) To a 500 mL flask were added

saturated solution of NaHGQthe organic phase was dried over,Na
SO, and the solvent was removed in vacuo. The residue so obtained
was chromatographed on an alumina column {Clieluent). The
appropriate eluents were collected, concentrated, and crystallized from
CHCl,/cyclohexane to yield0 (300 mg, 0.29 mmol, 29% yield) as a
purple solid. Mp: 296-295°C. UV—vis: Amax406 nm € 258 000),

506 (47 900), 546 (34 000), 574 (35500), 624 (28 00tH NMR

(51) Archibald, J. L.; Walker, D. M.; Markovac, A.; Macdonald, S. F.
Can. J. Chem1966 44, 345.

(52) Barton, D. H. R.; Kervagoret, J.; Zard, S.Tetrahedronl99Q 46,
7587.
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(CDCly): 6 —2.85 (brs, 2 H), 1.26 (t, 6 H), 1.45 (t, 6 H), 1.80 (t, 6  1,9-bis(ethoxycarbonyl)-2,8-diethyl-5-(4-formylphenyl)-3,7-dimethyl-
H), 2.06 (s, 6 H), 2.57 (s, 6 H), 2.64 (s, 6 H), 2.89 (q, 4 H), 3.56 (s, 6 dipyrromethane-1,9-dicarboxylatd?) (2.20 g, 459 mmol) in DME
H), 3.71 (s, 3 H), 3.89 (s, 3 H), 4.05 (g, 4 H), 4.49 (q, 4 H), 5.89 (s, (40 mL) was added, and the mixture was refluxed for an additional 1
1 H), 8.49 (s, 2 H), 10.22 (s, 2 H). MSm/z(relative intensity) for h; TLC indicated complete reaction of starting material. The solution
CesH74N6Os, calcd 1034.6, found 1034.6 (M 65), 1035.6 (M+ 1, was cooled to rt before filtering through a bed of Celite and washing
100). Anal. Calcd for GH7NegOs: C, 75.41; H, 7.20; N, 8.12. with CH,CI, to remove residual metals and salts. The solution turned
Found: C, 75.29; H, 7.30; N, 8.12. a pink-red color (probably through partial dipyrromethene formation).
Nickel(ll) Porphyrin —Dipyrromethane Diester Conjugate 42. To remove the colored impurities, a small amount of montmorillonite
Free base porphyri0 (275 mg, 0.265 mmol) was dissolveddrxylene K-10 clay was added to the solution and then filtered off. The filtrate
(50 mL), and nickel(ll) acetylacetonate (680 mg, 2.65 mmol) was added. was evaporated under reduced pressure. Crystallization frosCigH
The mixture was refluxed until spectrophotometry indicated complete petroleum ether afforded 1.52 g of yellow-white crystals. The mother
conversion of starting material to product (ca. 4 h). The solvent was liquor was concentrated, and a second crop (90 mg) was obtained from
removed in vacuo to yield a dark-red residue which was chromato- CH.Cl> and MeOH, for a combined yield of 76%. Mp: 12834°C.
graphed on grade Ill neutral alumina (@& eluent). The appropriate ~ 'H NMR (CDCl): 6 8.25 (br s, 4 H), 7.47, 7.09 (each d, 4 H), 7.08
fractions were collected, and the solvent was evaporated to yield a red(s, 2 H), 5.48 (s, 2 H), 4.25 (9, = 7.0 Hz, 8 H), 2.73 (9) = 7.5 Hz,
powder which was crystallized from GBlz/cyclohexane to givel2 8 H), 1.80 (s, 12 H), 1.31 (1 = 7.1 Hz, 12 H), 1.11 (1) = 7.5 Hz,
(260 mg, 0.239 mmol) in 90% yield. Mp: 16466 °C. UV-vis: 12 H). MS: m/zfor CssHesNaOs, calcd 924.5, found 924.6. Anal.
Amax (CH2Cl) 406 nm € 230 000), 526 (30 800), 562 (34 500}H Calcd for GeHesN4Og:0.5H,0 C, 72.00; H, 7.44; N, 6.00. Found: C,
NMR (CDCl): 6 1.21 (t, 6 H), 1.40 (t, 6 H), 1.61 (t, 6 H), 1.98 (s, 6  72.07; H, 7.40; N, 6.00.
H), 2.30 (s, 6 H), 2.39 (s, 6 H), 2.85 (g, 4 H), 3.25 (s, 6 H), 3.71 (s, 3 trans-4,4-Bis[2,8-diethyl-13,17-bis[2-(methoxycarbonyl)ethyl]-
H), 3.80 (s, 3H), 4.36 (q, 4 H), 5.78 (s, 1 H), 6.79 (d, 1 H), %0316 3,7,12,18-tetramethylporphyrin-5-yljstilbene (48). Bisdipyrromethane
(m, 2 H), 8.38 (s, 4 H), 9.42 (s, 2 H). MSm/z(relative intensity) 46 (393 mg, 0.425 mmol) was suspended in ethylene glycol (32 mL)
1090 (M, 95), 1091 (M+ 1, 100). Anal. Calcd for gH72NsNiOg: with NaOH (673 mg). The solution was heated at 2Q0for 0.5 h to
C, 71.49; H, 6.65; N, 7.70. Found: C, 71.66; H, 6.30; N, 7.89. saponify the ethyl esters before refluxing at 285for decarboxylatiot?
Nickel Porphyrin —Diunsubstituted Dipyrromethane Conjugate to afford49. The reaction was monitored (TLC); mono-, di-, tri-, and
43. Porphyrin-dipyrromethane conjuga#? (240 mg, 0.219 mmol) tetraa-free bisdipyrromethanes were observed. The reaction was
was dissolved in THF (100 mL), and NaOH (0.5 g) was added. The complete after 25 min. During cooling to rt, an orange precipitate
resulting solution was refluxed until all starting material was consumed formed, andrans-4,4-bis(2,8-diethyl-3,7-dimethyldipyrromethan-5-yl)-
(TLC). At this time the condenser was removed, and the THF was stilbene §7) (221 mg, 82% yield) was collected, dried, and used without
evaporated until a dark-purple viscous oil remained. At this time further purification. A portion (185.2 mg, 0.291 mmol) of the foregoing

ethylene glycol (200 mL) was added, and the material was heated atbisdipyrromethan®&7 and 1,9-diformyl-3,7-bis[2-(methoxycarbonyl)-

180°C for 1.5 h. The solution was poured into ie@ater and extracted
with CH:ClI; until the organic layer was clear. The combined organic
layers were washed with water and brine and dried oveBNa The

ethyl]-2,8-dimethyldipyrromethaf&(50) (232 mg, 0.576 mmol) were
diluted with CHCI; (105 mL); the suspension was purged withfbr
5 min before adding a mixture of TsOH (560 mg) in MeOH (20 mL)

solvent was removed, and the dark residue was chromatographed on gpreviously purged by bubbling Nthrough the solution for 5 min).

silica gel column (1:1 CkCly/cyclohexane eluent). The appropriate

The solution was allowed to stir at rt for 18 h before adding DDQ

fractions were combined, the solvent was removed in vacuo, and the (200 mg) and refluxing for 25 min. The solution was cooled to rt

residue was crystallized from GBI,/MeOH to yield43 (90 mg, 0.095
mmol, 43% yield) as a dark-purple powder. Mp: ¥7B74°C. UV—
Vis: Amax 406 nm € 133 600), 526 (22 000), 562 (23 300)H NMR
(CDCly): 6 1.25 (t, 6 H), 1.59 (t, 6 H), 2.52 (g, 4 H), 1.98 (s, 6 H),
2.27 (s, 6 H), 2.38 (s, 6 H), 3.22 (s, 6 H), 3.70 (m, 7 H), 3.79 (s, 3 H),
5.78 (s, 1 H), 6.52 (d, 2 H), 6.79 (d, 1 H), 7:53.12 (m, 6 H), 9.41
(s, 2 H). MS: m/z(relative intensity) 946 (M, 100), 945 (30) 838
(25). Anal. Calcd for GHeaNsNiO2+2H,O: C 72.02; H, 6.97; N, 8.54.
Found: C, 72.34; H, 6.78; N, 8.77.

Zinc/Nickel Heterometalated Bisporphyrin 45. Porphyrin-dipyr-
romethane conjuga#3 (70 mg, 0.074 mmol) and 1,9-diformyldipyr-
romethaned4?2 (27 mg, 0.074 mmol) were dissolved in @E, (50

before washing several times with water (100 mL) (to eliminate
remaining DDQ), once with aqueous saturated Nakl(Q00 mL), and
once with brine (100 mL) before drying over anhydrous®@&, and
filtering. After evaporation of the solvent, the residue was subjected
to two silica gel columns, eluting with 3% MeOH in GEl,. The
isolated product was crystallized from @El,/n-hexane to give 72 mg
(18% yield) of the title compound8. Mp: >300°C. UV—Vis: Amax
408 nm € 436 000), 502 (32 800), 536 (11 100), 570 (12 400), 624
(2200). H NMR (CDCls): 6 10.21 (s, 4 H), 9.99 (s, 2 H), 8.16, 8.10
(each d, 4 H), 7.84 (s, 2 H), 4.43, 3.33 (each & 7.7 Hz, 8 H), 4.07
(q,3 = 7.2 Hz, 8 H), 3.70 (s, 24 H), 2.63 (s, 12 H), 1.81Jt 7.7

Hz, 12 H),—3.16,—3.24 (each br s, 2 H). MSm/zfor CggHg2NgOsg,

mL). TsOH (280 mg) was added, and the reaction mixture was stirred calcd 1364.7, found 1365.8. Anal. Calcd fagg892NsOg0.5H0: C,
at rt under nitrogen for 12 h. A saturated solution of zinc(ll) acetate 75.14; H, 6.82; N, 8.15. Found: C, 75.08; H, 6.84; N, 8.07.

in MeOH (15 mL) was added, and the mixture was stirred while a

trans-4,4-Bis[nickel(Il)-2,8-diethyl-13,17-bis[2-(methoxycarbon-

gentle stream of air was bubbled through the solution. The solution yl)ethyl]-3,7,12,18-tetramethylporphyrin-5-yl]stilbene (51). Free

was poured into water and extracted with £#3. The combined
organic layers were washed with NaHg@eionized HO, and brine
before being dried over N&O:. After removal of the solvent in vacuo,

base bisporphyrid8 (10 mg, 7.34 mmol) was dissolved @xylene
(5 mL) with nickel(ll)(acac) (9.3 mg, 36.2 mmol). The solution was
refluxed for 20 min before cooling to rt. The mixture was diluted with

the residue was chromatographed on a silica gel column (2% MeOH/ CH,Cl, (50 mL) and washed three times with water (50 mL) before
CH:ClI eluent). The appropriate eluents were collected, concentrated drying over anhydrous N&Q, and filtering. After concentration to a

in vacuo, and crystallized from GBl,/cyclohexane to yieldl5 (20
mg, 0.014 mmol, 19% yield) as a dark-red solid. Mp:300°C. UV—
Vis: Amax410 nm € 402 000), 536 (59 300), 570 (50 400), 622 (33 900).
IH NMR (CDCly): 6 1.64 (m, 6 H), 1.84 (m, 12 H), 2.42 (s, 6 H),
2.48 (s, 6 H), 3.36 (s, 6 H), 3.80 (m, 10 H), 4.08 (m, 8 H), 9.42 (s, 2
H), 10.22 (s, 2 H). FAB-MS:m/z (relative intensity) for @HgNg-
NiO2Zn, calcd 1332.5 (M, 100), found 1334.3. Anal. Calcd for
ngngNgNiOzZﬂ‘HzO: C 73.74; H, 6.19; N, 8.39. Found C, 73.95;
H, 6.30; N, 7.89.
trans-4,4-Bis[1,9-bis(ethoxycarbonyl)-2,8-diethyl-3,7-dimethyl-
dipyrromethan-5-yl]stilbene (46). TiCls(DME)15(5.31 g, 0.0183 mol)
and Zn-Cu couple (5.09 g) were added to a dry nitrogen filled flask
in a drybox. Dry DME (100 mL) was added, and the mixture was
refluxed under nitrogen fo2 h to activate the Ti reagent. Diethyl

red solid, preparative TLC, eluting with 2% MeOH in gEl,, afforded
the title product. Crystallization from Gigl, and MeOH afforded the
pure dimetalated dimes1 (8.5 mg, 79% yield), mp>300°C. UV—
vis: Amax 404 nm ¢ 353 000), 522 (23 800), 556 (40 5009H NMR
(CDCls): 6 9.64 (s, 4 H), 9.57 (s, 2 H), 7.94 (m, 8 H), 7.69 (s, 2 H),
4.22,3.16 (each t] = 7.7 Hz, 8 H), 3.81 (g) = 8.1 Hz, 8 H), 3.71,
3.46, 2.43 (each s, 12 H), 1.67 &= 7.5 Hz, 12 H). MS: m/zfor
CgsHooNgNi»Og, calcd 1478.6, found 1478.4.

Nickel(ll) 5-(4-Formylphenyl)-13,17-dibutyl-2,8-diethyl-3,7,12,-
17-tetramethylporphyrin (54). Porphyrin52*> (226 mg, 0.325 mmol),
xylenes (50 mL), and nickel(Il)(acad)0.834 g, 3.25 mmol) were mixed

(53) Clezy, P. S.; Fookes, C. J. R.; Liepa, AAlist. J. Cheml972 25,
1979. Clezy, P. S.; Fookes, C. J. Rust. J. Chem1977, 30, 217.
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together. The solution was refluxed until spectrophotometry indicated combustion analysis. The major product in this reaction was determined
the complete conversion of starting material to product (1 h). The to be benzyl alcohetporphyrin58 (65 mg, 0.083 mmol; 50% yield).
solvent was removed under reduced pressure, and the residue wadp: >300°C. UV—vis: 1max406 nm € 211 800), 526 (21 500), 562
dissolved in CHCI,, washed with water, brine, and dried over,Na (26 400). *H NMR (CDCl): 6 1.55 (t, 12 H), 2.24 (s, 6 H), 2.34 (s,
SO, The resulting solid was dissolved in @El; (15 mL), and MeOH 6 H) 3.73 (m, 11 H), 3.81 (s, 3 H), 5.01 (s, 2 H), 6.78 (d, 1 H), 7.20
was added to precipitate the porphy&f (204 mg, 2.93 mmol, 90% (m, 2 H), 7.68 (m, 4 H), 9.41 (s, 2 H). MSm/z (relative intensity)
yield) as an orange-red solid. Mp: 28@81°C. UV—vis: Amax400 777 (M+ 1, 75), 776 (M, 100). Anal. Calcd for GzHsoN4NiOs: C,

(e 202 900), 522 (20 700), 556 (31 600JH NMR (CDCly): 6 1.24 72.59; H, 6.48; N, 7.20. Found: C, 72.31; H, 6.30; N, 7.25.

(t, 6 H), 1.63 (t, 6 H), 2.22 (m, 14 H), 3.41 (2, 6 H), 3.79 (m, 8 H), trans-4-(Nickel(11)-13,17-dibutyl-2,8-diethyl-3,7,12,18-tetrameth-
8.12 (dd, 4 H), 9.55 (s, 1 H), 9.61 (s, 2 H), 10.32 (s, 1 H). M8z ylporphyrin-5-yl)-4 '-[nickel(ll)-2,8,12,18-tetraethyl-3,7,13,17-tet-

(relative intensity) 694 (M, 100), 651 (20). HRMSm/zfor CagHagNs- ramethyl-15-(2,5-dimethoxyphenyl)porphyrin-5-yljstilbene (60) TiCls-

NiO, calcd 694.3181, found 694.3220. Anal. Calcd forHisN4s- (DME)15 (918 mg, 3.17 mmol), ZaCu couple (890 mg, 12.5 mmol),

NiO: C, 74.36; H, 6.82; N, 8.30. Found C, 74.40; H, 6.79; N, 8.30. anhydrous DME (20 mL), and nickel porphyriBg (110 mg, 0.167
Nickel(ll) 5-(2,5-Dimethoxyphenyl)-15-(4-formylphenyl)-2,8,12,- mmol) and55 (129 mg, 0.167 mmol) were mixed under rigorously

18-tetraethyl-3,7,13,17-tetramethylporphyrin (55). Porphyrin53* anhydrous conditions, and the mixture was refluxed for 3 h. The

(410 mg, 0.528 mmol), xylenes (50 mL), and nickel(ll)(agdt)36 g, solution was cooled and filtered through a grade Il neutral alumina

5.28 mmol) were mixed together and treated as described for the plug. The dark-red solution was chromatographed on silica gel (2:1
synthesis of porphyriB4 to give the title porphyrirb5 (368 mg, 0.475 cyclohexane/CELCI; eluent). The second major band was collected,
mmol, 90% vyield) as an orange-red solid. Mp:300°C. UV-vis: and the solvent was removed in vacuo. The resulting orange-red residue
Amax 406 nm € 209 800), 528 (22 350), 562 (26 200fH NMR was crystallized by dissolving it in a minimum amount of &y and
(CDCly): 6 1.55 (overlapping t, 12 H), 2.22 (s, 6 H), 2.41 (s, 6 H), adding MeOH to isolat&0 (25 mg, 0.017 mmol, 20% yield). Mp:
3.73 (m, 11 H), 3.81 (s, 3 H), 6.80 (d, 1 H), 7.20 (m, 2 H), 8.16 (m, >300 °C. UV-vis: Amax 408 nm € 336 000) 524 (64 500), 558
4 H), 9.44 (s, 2 H), 10.31, (s, 1 H). MSn/z(relative intensity) 775 (73 400). *H NMR (CDCls): 6 1.25 (t, 6 H), 1.65 (m, 22 H), 2.25 (m,
(M + 1, 75), 774 (M, 100). Anal. Calcd for GHgNsNiOs: C, 72.78; 4 H), 2.38 (s, 6 H), 2.40 (s, 6 H), 2.42 (s, 6 H), 3.43 (s, 6 H), 372
H, 6.24; N, 7.22. Found: C, 72.72; H, 6.25; N, 7.19. 3.82 (s+ s+ overlapping m, 22 H), 6.82 (d,1 H), 7.34.26 (m, 2 H)
trans- and cis-4,4-Bis(nickel(ll)-13,17-dibutyl-2,8-diethyl-3,7,12,- 7.67 (s, 2 H), 7.93 (s, 4 H), 9.41 (s, 2 H), 9.52 (s, 1 H), 9.60 (s, 2 H).
18-tetramethylporphyrin-5-yl)stilbene (56 and 57). TiCl3(DME)1 5 MS: m/z(relative intensity) 1436.6 (M 25) 1410.6 (100). Anal. Calcd
(459 mg, 1.58 mmol), ZrCu couplé®*° (445 mg, 6.26 mmol), and for CooHegNsNi202H,0: C, 73.28; H, 6.83; N, 7.60. Found: C, 72.99;
anhydrous DME (20 mL) were mixed under rigorously anhydrous H, 6.99; N, 7.34.
conditions. The mixture was refluxedrf@ h under argon. At this trans-4,4-Bis[2,8,12,18-tetraethyl-3,7,13,17-tetramethyl-15-(2,5-
time nickel porphyrin54 (110 mg, 0.167 mmol) was added, and the  dimethoxyphenyl)porphyrin-5-yl]stilbene (61). Dinickel bisporphyrin
mixture was refluxed for 3 h. The solution was cooled and filtered 59 (10 mg, 6.67 mmol) was dissolved in @El, (15 mL), and
through a neutral alumina (grade Ill) plug. The dark-red solution was trifluoroacetic acid (2 mL) was added. This solution was stirred in
chromatographed on a silica gel column (2:1 cyclohexanglGH the dark under nitrogen. After 15 min, the solution was cooled to 0
eluent). The first and second red bands were assigned the cis and transC, poured into ice-H;0, and neutralized by the careful addition of
product configurations, respectively. These bands were collected, anddilute NH,OH. The organic layer was separated, and the aqueous layer
the solvent was removed in vacuo. Each of the respective red bandswas washed with C}Cl, (3 x 10 mL). The combined organic phases
was dissolved in a minimum volume of GEl, and precipitated by  were dried over N8O, and removed in vacuo, yielding a purple residue
the addition of MeOH to yield bisporphyrirs and57. which was crystallized by dissolving the residue inCH and carefully
First Band. cis-Bisporphyrin 57. 11 mg, 8.1 mmol, 5% vyield. layering the solution with MeOH to yiel@1 (8 mg, 5.69 mmol, 86%
Mp: >300°C. UV-vis: Amax400 nm € 345 000), 520 (46 800), 556  vyield) as a dark purple solid. Mp>300°C. UV—Vis: Amax412 nm
(66 300). *H NMR (CDCl): 6 1.08 (t, 12 H), 1.51 (t, 12 H), 1.68 (m, (e 396 000), 508 (29 800), 540 (11 100), 574 (10 700), 626 (2760).
8 H), 2.13 (m, 8 H), 2.43 (s, 12 H), 3.36 (s, 12 H), 3.67 (q, 8 H), 3.82 NMR (CDCl): 6 —2.34 (br s, 2 H), 1.81 (t, 24 H), 2.67 (s, 24 H),
(t, 8H), 7.13 (s, 2 H), 7.79 (dd, 8 H), 9.52 (s, 2 H), 9.54 (s, 4 H). MS:  4.09 (br m, 16 H), 7.157.32 (m, 6 H), 7.76 (s, 2 H), 8.648.21 (m,
m/z (relative intensity) 1356.6 (M 100), 692.3 (40). Anal. Calcd 8 H), 10.29 (s, 4 H). MS:m/zfor CgsH10dNsOs4, calcd 1405.9, found
for CgeHosNgNi*3H,O: C, 73.09; H, 7.28; N 7.93. Found: C, 72.86; 1405.8. Anal. Calcd for &H100NgOs'H,O: C, 79.18; H, 7.35; N,
H, 7.30; N, 7.87. 7.86. Found: C, 79.08; H, 7.19; N, 8.07.
Second Band. trans-Bisporphyrin 56. 60 mg, 0.044 mmol, 53% trans-4,4-Bis(nickel(l1)-2,8,12,18-tetraethyl-3,7,13,17-tetrameth-
yield. Mp: >300 °C. UV-vis: Amax 404 nm ¢ 318 000), 518 ylporphyrin-5-yl)stilbene (64), 1-[trans-3*-(Nickel(Il)-chlorin- e tri-
(60 000), 554 (73 300)*H NMR (CDCly): 6 1.24 (t, 12 H), 1.70 (m, methyl ester)]-4-(nickel(I1)-2,8,12,18-tetraethyl-3,7,13,17-tetrame-
20 H), 2.17 (m, 8 H), 2.42 (s, 12 H), 3.42 (s, 12 H), 3.84 (m, 16 H), thylporphyrin-5-yl)benzene (65), and trans-1,2-Bis[nickel(ll)-2-
7.69 (s, 2 H), 7.94 (s, 8 H), 9.55 (s, 2 H), 9.62 (s, 4 H). M8z chlorin-es trimethyl ester]ethene (66). TiCls(DME),s (1.01 g, 3.5
(relative intensity) 1356.6 (M 100), 692.3 (40). Anal. Calcd for mmol) and Zr-Cu couple (0.92 g, 12.9 mmol) were added to a dry
CaeHoeNsNiz*3H0: C, 73.09; H, 7.28; N, 7.93. Found: C, 72.79; flask in a drybox. Anhydrous DME (20 mL) was added to the reaction

H,7.07; N, 7.67. flask, and the resulting mixture was refluxed f h under argon. A
trans-4,4-Bis[nickel(ll)-2,8,12,18-tetraethyl-3,7,13,17-tetramethyl- powder made up of nickel(ll) 3-formylchlorigs trimethyl ester §3)
15-(2,5-dimethoxyphenyl)porphyrin-5-yl]stilbene (59) and Nickel- (165 mg, 0.24 mmol) and nickel(ll) 5-(4-formylphenyl)-2,8,12,18-

>y 2,8,12,18-Tetraethyl-5-[4-(hydroxymethyl)phenyl]-15-(2,5- tetraethyl-3,7,13,17-tetramethylporphyré2) (75 mg, 0.12 mmol) was
dimethoxyphenyl)-3,7,13,17-tetramethylporphyrin (58). TiCl3(DME). 5 then added, and the mixture was refluxed for 2.5 h. After being cooled
(459 mg, 1.58 mmol), ZrCu couple (445 mg, 6.26 mmol), anhydrous to rt, the reaction mixture was filtered through a plug of neutral alumina
DME (20 mL), and nickel porphyri5 (129 mg, 0.166 mmol) were [grade Ill, CHCI,/MeOH (10:1) elution]. The solvents were removed,
refluxed fa 3 h asdescribed above in the synthesiss&fand57. The and the residue was further purified by chromatography on a silica gel
dark-red product solution after passage through an alumina plug wascolumn [elution with CHCI,/cyclohexane (3:1)] to give successively
chromatographed on silica gel (2:1 cyclohexanefClHeluent). The a red band containing the bisporphyrin along with some impurities, a
leading red band was collected, and the solvent was removed in vacuobrown-green fraction, and a red fraction characterizetHoMMR and

to yield a red orange residue which was crystallized from,Clbl FAB MS as the nickel(ll) 5-[4-(hydroxymethyl)phenyl]-2,8,12,18-
cyclohexane to givé&9 (10 mg, 6.61 mmol, 8% vyield). Mp:>300 tetraethyl-3,7,13,17-tetramethylporphyréif (10 mg, 14%). Further
°C. UV-vis: Amax412 nm € 309 000), 528 (41 700), 562 (43 400).  elution with CHCI, gave the bischlori®6 (62 mg, 42%). The brown-

IH NMR (CDClg): ¢ 1.65 (t, 24 H), 2.38 (s, 12 H), 2.40 (s, 12 H),  green fraction was rechromatographed on a neutral alumina (grade 1)
3.72 (s, 19 H) 3.82 (s, 3 H), 6.80 (d, 2 H), 747.24 (m, 4 H), 7.66 column [CHCl,/cyclohexane (2:1) elution] to yield the mixed dimer
(s, 2 H), 7.81 (br m, 8 H), 9.43 (s, 4 H). MSn/z(relative intensity) 65 which was recrystallized twice from GBl./cyclohexane to give
1512.9 (M, 100). There was not enough material available for a 30 mg (41% yield). The porphyrin dimé&4 was rechromatographed
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on a silica gel column [elution with Ci€l./cyclohexane (2:3)] and
recrystallized from ChKCl,/cyclohexane to give 5 mg (6%) 6#. Mp:
261-262 °C; UV—Vis: Amax 404 nm € 324 000), 520 (35 500), 556
(52 300). 'H NMR (CDClg): 6 9.62 (s, 4 H), 9.56 (s, 2 H), 7.93 (s, 8
H), 7.68 (s, 2 H), 3.85 (m, 16 H), 3.43 (s, 12 H), 2.42 (s, 12 H), 1.75
(t, 12H,J = 7.5 Hz), 1.67 (t, 12HJ = 7.5 Hz). MS: m/z1244.5
(100). Anal. Calcd for GH7zgNgNi0122H,0: C, 73.02; H, 6.60; N,
8.73. Found: C, 72.66; H, 6.51; N, 8.54. The following are data for
porphyrin—chlorin dimer65. Mp: >330°C. UV-vis: Amax402
240 600), 520 (12 100), 556 (22 400), 650 (43 800H NMR
(CDCly): 6 9.65 (s, 2 H), 9.58 (s, 1 H), 9.29 (s, 1 H), 9.11 (s, 1 H),
8.49 (d, 1HJ = 16.5 Hz), 8.10 (dt+ s, 3 H), 8.02 (d, 2HJ = 8.1 Hz),
7.71 (d, 1HJ = 16.5 Hz), 4.81, 4.74, 4.61, 4.55 (ABq, 2Bi= 18.3
Hz), 4.18, 3.83, 3.69, 3.36, 3.28, 3.22 (each s, 3 H), 4.12 (m, 1 H),
3.88 (m, 8 H), 3.61 (m, 2 H), 3.45, 2.53 (each s, 6 H), 2.52 (m, 2 H),
1.77 (t+ sh, 8 H), 1.68 (t, 6H]) = 7.5 Hz), 1.58 (t+ d, 6 H). MS:
m/z1304.7 (100). Anal. Calcd for#H7sNsNiOs: C, 69.03; H, 6.03;
N, 8.52. Found: C, 69.00; H, 5.76; N, 8.17. The following are data
for bischlorin 66. Mp: 284-285 °C. UV—vis: Amax 409 nm €
135 600), 500 (10 000), 556 (7700), 672 (63 00 NMR (CDCly):
0 9.34, 9.09, 8.38, 8.12 (each s, 2 H), 4.77, 4.56 (ABg; 18.4 Hz,
4 H), 4.16, 3.81, 3.68, 3.39, 3.26, 3.08 (each s, 6 H), 3.58 (q, 4 H),
2.42 (m, 4 H), 1.84 (m, 4 H), 1.61 (m, 12 H). M$n/z1361.4 (100).
Anal. Calcd for G;H76NsNi-O12: C, 63.46; H, 5.62; N, 8.61. Found:
C, 63.38; H, 5.66 ; N, 8.23.

1-[trans-3?-(Nickel(ll)-chlorin- e trimethyl ester)]-4-(2,8,12,18-
tetraethyl-3,7,13,17-tetramethylporphyrin-5-yl)benzene (68).The
porphyrin—chlorin dimer71 (20 mg) was dissolved in Gi&l, (10 mL).
TFA (10 mL) was added, and the mixture was stirred 3oh at rt.
CH.CI; (50 mL) was added, and the mixture was washed wit®H
saturated aqueous PEO;, and HO again. The organic phase was
dried over anhydrous N8O, and evaporated. The residue was
chromatographed on an alumina column [Brockmann Grade lIl, elution
with CH,Cl,/cyclohexane (25:15)]. The slower moving band was
collected and evaporated to give 14 mg (73%) of the title compound.
Mp: >330°C. UV-vis: Amax 406 (€ 238 000), 502 (18 400), 534
(8100), 570 (8700), 648 (41 600fH NMR (CDCl): 6 10.21 (s, 2
H), 9.99 (s, 1 H), 9.33 (s, 1 H), 9.11 (s, 1 H), 8.56 (d, 1H+ 16.5
Hz), 8.21 (m, 4 H), 8.13 (s, 1 H), 7.78 (d, 18i= 16.5 Hz), 4.78, 4.58
(ABq, J = 18.4 Hz, 2 H), 4.18, 3.83, 3.69, 3.40, 3.28, 3.24 (each s, 3
H), 4.11 (m, 9 H), 3.61 (m, 3 H), 3.68, 2.70 (each s, 6 H), 2.52 (m, 2
H), 1.92 (t+ sh, 8 H), 1.82 (t, 6HJ = 7.5 Hz), 1.64 (t+ d, 6 H),
—3.11 (s, 1 H),—3.22 (s, 1 H). MS:m/z1247.5 (100).

Crystal Structures. Compound 45. CgiHgNgNiO3zZn-CH;0H,
blue parallelepipeds were grown from &E,/MeOH, crystal size 0.6
x 0.5 x 0.1 mm, monoclinic, space gro@2/m, a=39.62(2) Ab=
15.190(6) A,c = 12.406(6) A8 = 104.83(3}, V = 7217(6) B, FW
= 1399.68,0caic = 1.288 mgm~3, u = 0.650 mnT?, 20max= 50°, Mo
Ka radiation § = 0.710 73 A),w scansT = 130 K, 6601 independent

reflections. The structure was solved via a Patterson synthesis followed

by structure expansion (SHELXS-87: Sheldrick, G. M., University of

Paolesse et al.

Gittingen, 1990). An absorption correction was appfietlydrogen
atoms were included in calculated positions, and the structure was
refined againstF?| (Siemens SHELXTL V. 5.02, 1995). The final
cycle of refinement included 476 independent parameters and converged
with R1 = 0.089,wR2 = 0.231 { > 20(l)) andR1 = 0.1263,wR2 =
0.2855 (all data). The structure suffers from disorder of the side chain
ethyl groups, crystallographically required disorder of the axial MeOH
carbon, and high thermal motion of some side chain atoms.
Compound 65. Dark purple blocks of gH7zgNgOgNi»*0.70(CHCE)
were grown fromn-hexane/CHG| dimensions 0.46x< 0.32 x 0.16
mm, monoclinicC2, a = 23.019(3) Ab = 9.4780(11) Ac = 30.798-
(3) A, B = 94.528(8), V = 6698.4(13) &, Z = 4, FW = 1388.43,
pealc = 1.412 gcm 3, u = 2.29 mn1?, Siemens P4 diffractometer with
a rotating anodel[Cu Ka) = 1.541 78 A] at 130(2) K in the)/260
scan mode to@nax= 112. Of 5619 reflections measured 5074 were
independent, and 4525 hhd 20. The structure was solved by direct
methods and refined (based BAusing all independent data) by full
matrix least-squares methods (Siemens SHELXTL V. 5.02, 1995); the
number of parameters is 872. Hydrogen atom positions were located
by their idealized geometry and refined using a riding model. An
absorption correction was performed using XAB%2An absolute
structure determination based upon anomalous scattering was successful.
Final R values wereR1 = 0.0582 (based on observed data) avieR
= 0.1900 (based on all data).
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