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Strong Interactions in Covalently Stacked Trimeric Porphyrins

Gene M. Dubowchik and Andrew D. Hamilton*

Department of Chemistry, Princeton University, Princeton, New Jersey 08544, U.S.A.

The synthesis is reported of a closely stacked ‘triple-decker’ porphyrin which shows, by n.m.r., u.v.—visible, and
fluorescence spectroscopy, strong interactions between the rings.

Specifically ordered aggregates of tetrapyrroles are found in
many biochemical structures including tetrahaeme enzymes,
haemoglobin and cytochrome c;, and in multi-chlorophyll
photosynthetic reaction centres. A key question concerns the
nature and extent of interactions between the pigments and
the unique properties imparted to the aggregate beyond those
found in the monomeric unit.! The synthetic model approach
has been particularly effective in probing this problem and a
number of synthetic porphyrin aggregates have been re-
ported.2 As a result of our interests in multiple chromophoric
molecules? we have developed* routes to covalently linked
porphyrins in order to probe the relationship between
aggregate structure and spectroscopic and electron transfer
properties. In this paper we report the synthesis of a closely
spaced porphyrin trimer which shows strong inter-porphyrin
interactions.®

Our synthetic route employs a linear, stepwise sequence
with the diaminoporphyrin (1)4in the two outer ring positions.
The porphyrin (1) has D,, symmetry and thus avoids the
problems of diastereoisomerism encountered in this approach
when porphyrins of C,, symmetry are used.’® In addition the
aza seven-membered rings ensure relatively close and rigid
connections to a second porphyrin.

The central porphyrin derives from selectively protected
coproporphyrin-II (2).6 This was prepared by the following
novel route. Reaction of the acetoxymethylpyrrole (3)7 with
the a-free pyrrole (4)7 (CH,Cl,, p-MeCgH,SO;H) gave the
pyrromethane (5).7 Acidic decarboxylation (CF;CO,H) and
formylation [(EtO);CH] of (5) provided the formylpyrro-
methane (6)1 which was smoothly debenzylated (H,, Pd-C) to
give the diacid (7)t in 75% overall yield from (3). The
required diester diacid (2)1+ was formed directly from (7) in
50% yield by treatment with acid (CF;CO,H, CH,Cl,).§

High dilution coupling (10-3m, CH,Cl,;, Et;N) of the
diamine (1) and diacid chloride (8) [formed from (2) and
oxalyl chloride] provided the diester porphyrin dimer (9)t
(M+ 1207.6534, C;,HgyN1gOg requires 1207.6497) in 42%
yield. The dimer (9) had u.v.—visible (Soret at 374 nm) and
n.m.r. (dyy ~—8) properties similar to those of the previously
reported4 unfunctionalised dimer. Mild base hydrolysis
(KOH, EtOH-tetrahydrofuran) to give the diacid (10) fol-
lowed by treatment with oxalyl chloride provided the diacid
chloride (11).+ The target trimer (12) (M*++H, m/z 1703.9532,
Ci0sH ;19N 104 requires 1703.9599) was isolated in 20—30%
yield by silica gel preparative layer chromatography (eluant
CH,Cl,, MeOH) following a high dilution coupling (10-3 m,
CH,Cl,, Et3N) of (11) and a second equivalent of the diamine
1).

The 'H n.m.r. spectrum of (12) shows two sets of NH
signals, at & —8.15 (4H) from the flanking porphyrins and at 6
—10.55 (2H) from the central porphyrin. These large upfield

t All new compounds gave satisfactory spectroscopic, analytical,
and/or mass spectral data.

1 (2): 'H n.m.r. in (CD3),S0, 6 10.12, 10.05 (4H, 2 s, meso-H), 4.34
(8H, m, porp.CH,), 3.64, 3.60 (12H, 2 s, porp.Me), 3.57 (6H, s,
OMe), 3.21 (8H, m, COCH,), and —3.98 (2H, s, NH).

§ For a related coupling see ref. 7, p. 177.

shifts [relative to monomer (1), dyy —3.8] confirm the
sandwich structure of (12), with the central ring coming under
the influence of two anisotropic ring currents, and reflect the
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Figure 1. U.v.—visible spectrum of monomer (1) (a), dimer (9) (b),
and trimer (12) (c) in CH,Cl,.

proximity of the stacked porphyrins (estimated at ~4 A from
Corey—Pauling-Koltun models). A simplified meso proton
region containing 6 major peaks between & 6.6 and 9.4 (each
2H) suggests that the trimer is predominantly in a double
parallel conformation* with a cofacial orientation of the rings.

Further evidence for strong interaction between the rings
comes from optical spectroscopy (Figure 1). The Soret band in
(12) (at 364 nm) is blue-shifted 37 nm relative to the monomer
(1) and 10 nm compared to the dimer (9) (see Table 1). These
large shifts are presumably due to exciton coupling between
the rings which results in excitation into a higher energy state
in which all three transition dipoles are parallel and in phase.®
The proximity of the rings also results in a strong quenching of
fluorescence emission (see Table 1). With each additional ring
there is a red shift in the emission wavelength (7—9 nm) and
an increase in quenching to the point where the fluorescence
emission of trimer (12) is reduced 450 fold relative to
monomer (1).

Controlled metallation of (12) [e.g. Zn(OAc),, 2.2 equiv.,
CH,Cl,-MeOH] provides the symmetrical bis-metal deriva-
tive with zinc in the two outer porphyrins. More forcing
conditions [excess of Zn(OAc),] lead to the tris-zinc system.
We are continuing our characterization of (12) and its various

Table 1. U.v. data for the porphyrins.

Porphyrin Amax./nm (S = Soret) Q(00)/nm2 g2
Monomer (1)  401(S), 499, 536, 566, 620 619 0.09
Dimer (9) 374(S), 505, 540,571, 626 628 0.004
Trimer (12) 364(S), 504, 537,570, 623 635 0.0002

a In degassed CH,Cl, at 25 °C.

metal derivatives and are extending our synthetic strategy to
other oligomers with different orientations and compositions
as models for biological multi-tetrapyrrole sites.
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