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Abstract: A facile synthesis of trimeric porphyrins is reported. The geometry of the terminal porphyrins
relative to the central macrocycle can be varied without sngmﬁcant changes to the synthetlc procedu.re
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This procedure also enabies systematic controi over the metaliation staies of the trimeric porphyrins.
© 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

The extensive investigations into the primary events occurring within the rcaction centers of
photosynthetic bacteria have served to elucidate the mechanisms and dynamics of electron transfer within these
membrane-bound proteins. I These investigations have been greatly assisted by a number of model! studies
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many new synthetic routes to functionalized porphyrins have been developed. Of particular note are the
advances reported in the synthesis of covalently-assembled multiporphyrin arrays.3

The synthesis of dimeric porphyrins represents major synthetic achievement in porphyrin chemistry.
Yet today. thanks to the efforts of a number of research groups, dimeric porphyrins are becoming relatively
common. Indeed, many much larger porphyrin arrays have been reported in recent years.3 However, even the
preparation of dimeric porphyrins can require long and difficult synthetic procedures that result in the isolation
of only small amounts of material. Nonetheless the chemistry displayed by the metal complexes of dimeric
porphyrins is so intriguing that the laborious procedures are often worth the effort. Reactions such as the

electrocatalytic reduction of oxygen to water by dicobalt

diruthenium cofacial diporphyrins’ give some indication of the potential of these systems
T A Ry | 3 nma AfF tha ol + £ $ame ~ lawrogoe tansealaciste avenro hno hane cacramaler Haaaltind lao
10 aate, expiorations o1 in¢ cnemistry of {rimeric Of 1arger porpnyrin arrays nas been severely iimited by

the complex procedures that are required for their synthesis. Porphyrin arrays with specific metallation sites
could be useful for a variety of tasks such as light harvesting, small molecule activation, catalysis and molecular
recognition. Here we report a convenient route to trimeric porphyrins that can be prepared in good yield, with
a minimal number of steps. The methodology described gives good control over the metallation states of the
trimeric porphyrin and enables simple control of the overall trimer geometry .6

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00033-2
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Synthesis of Monomeric Porphyrins

The major advantage of the synthetic route to trimeric porphyrins described here over those currently in
the literature lies in the facile and high yielding formation of a series of monomeric porphyrin building blocks.67
Most trimer preparations in the literature proceed via the condensation of two equivalents of a porphyrin
aldehyde with two equivalents of dipyrrylmethane, forming a new linking central porphyrin.2¢. 3a.b  The
problem with these syntheses has traditionally been the complex and low yielding routes to the formation of the
porphyrin aldehyde. The key

crucial intermediate in the formation of the desired p rphyn aldchydes.8

b
[72]
a
awi
ol w
@
L
E
‘E..
"
@,
[o%

monomeric porphyrin aldehyde building blocks from this material was achieved as previously communicated for
TPP®7 and by an analogous method® from tetraxylylporphyrin (TXP). Reactions of the phosphonium salts
with ¢-, m- or p-benzenedicarboxaldehydes under standard Wittig conditions give cis/frans mixtures of the
desired building blocks which are readily isomerized to the frams-isomers (2-4) in good yield with iodine
(Scheme 1).7 These building blocks can then be metallated under standard conditions to give Ni and Zn

metalloporphyrins allowing (urther variation of the final trimeric products.®.”
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Scheme 1
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Synthesis of Trimeric Porphyrin Arrays

Recently, a number of research groups have taken advantage of the "moderate dilution" synthetic strategy

developed by Lindsey, in preparing trimeric porphyrin arrays. Lindsey showed that pyrrole and a range of

sensitive aldehydes react reversibly in the presence of an acid catalyst to give porphyrinogens at room

temperature.!9 These may then be irreversibly oxidized to give the desired porphyrin. Sessler extended this

chemistry to the reaction between dipyrrylmethanes and aldehyde-substituted aryl porphyrins affording

trimeric porphyrins routinely in >50% yields.3¢.d

By utilizing Lindsey's conditions, trimeric porph
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porphyrin arrays (6-8) an
building blocks (2-4) and

d (6-8-M) may be formed from the
(2-4-M) with dipyrrylmethane (5)

proceed cleanly and in good yield using trifluoroacetic acid (TFA) as the acid

initiaily formed is oxidized to give the desired porphyrin by the addition of o-

o8
chioranil to the reaction mixture. Notably, the integrity of the zinc metallated trimers is retained under these

conditions.
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these trimers may be achieved { a metal into all porphyrins of the free base

01 O
trimers (6-8) or the central free base porphyrin of the bismetailoporpnyrm trimers (6-8-M) described above.

Para Trimeric Porphyrin Arrays

The condensation of para porphyrin aldehyde building blocks (2a, 2b, 2a-Ni, 2b-Ni, 2a-Zn, 2b-Zn) with
dipyrrylmethane (5) give the corresponding trimeric porphyrin arrays (6a, 6b, 6a-Ni,, 6b-Ni,, 6a-Zn,, 6b-Zn,)
in approximately 70% yields under Lindsey's conditions ( Scheme 2).
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6b-Ni,Zn: M=Ni, M'=Zn, Ar=xylyl
6b-Zn,Ni: M=2Zn, M’=Ni, Ar=xylyl
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The 'H NMR spectrum of {6b-Ni,Zn) (Figure 1) shows a number of features common to the spectra of
all of these trimeric products. The meso protons on the central porphyrin are observed as a singlet at around
10.30 ppm for the ortho and para isomers and at about 10.45 ppm for the meta isomers. The B-pyrrolic
protons appcar as a complex multiplet around 8.80-9.00 ppm with the lone SB-pyrrolic proton adjacent to the
site of substitution commonly shifted downfield past 9.00 ppm. The vinyl protons resonate as 16 Hz coupled
doublets between 7 and 8 ppm, but are often masked by the aromatic protons which give a complex series of

signals in this region. The signals due to the protons of the butyl groups on the central porp rphyrin are complex
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multiplets at around 4.00, 2.25 and 1.80 ppm with a triplet at about 1.20 ppm for the

The methyl protons on the central porphyrin ring appear between 2.65-2.70 ppm, as do the singlets for the
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Fig. 1: "TH NMR spectrum of (6b-Ni,Zn)



After repeated attempts, small red crystals of (6b-Ni,Zn) were obtained. These crystals were of poor
quality and diffracted weakly so only a low resolution structure was obtained. The structure is shown in Figure

2 although the quality of this refinement is such that only the gross structure and atom connectivity can be
obtained. Given the near planarity of the styryl substituent and the porphyrin core in a previous structure of
this type, it was anticipated that the terminal porphyrin rings might lie orthogonal to the central porphyrin
plane.® However, it is likely that the favourable crystal packing of the all planar porphyrin arrangement

overcomcs any energy advantage associated with increased conjugation resulting in a near planar structure.
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Fig. 2: Crystal structure of p-trimer (6b-Ni,Zn). Top view and side view with protons removed

Meta Trimeric Porphyrin Arrays

The condensation of meta porphyrin aldehyde building blocks (3a, 3b, 3a-Ni, 3b-Ni, 3a-Zn, 3b-Zn) with
dipyrrylmethane (5) give the corresponding trimeric porphyrin arrays (7a, 7b, 7a-Ni;, 7b-Ni,, 7a-Zn,, 7b-Zn,)

in appr0x1mately 70% yleld under Lindsey's conditions (Scheme 2).

fied by the novel meta heterotrimetailic complex

1

b-Zn,Ni) which is readily obtained by the ireatment of (7b-Zn;,) with nickel(I) acetate.

7b-Zn,Ni: Ar=xylyl
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rings of the two terminal porphyrins. Of particular note is that two isomers are observed in the 'H NMR
spectra for all the meta trimers and both of the isomers exhibit these upfieid-shifted signals.

Thus, in the '"H NMR spectrum of meta xylyl trimer (7b) two singlets at 1.35 ppm and 1.49 ppm, in a
ratio of 2:1, are observed for four meta methyl groups on each isomer; the remaining xylyl methyl groups
resonate around 2.5 ppm. The signals for two para aromatic protons are clearly identifiable for each isomer at
5.09 and 5.53 ppm, shifted upfield by 2 ppm. In addition, two sets of singlets are observed for two of the B-
pyrrolic and the meso-protons. Evidence for these assignments was obtained from the COSY spectrum.

Upfield shifts of this magmtude are consistent with two of the xylyl groups pointing into the center of

Atropisomers of substituted diphenylporpnyrms of ithis type are well known and resuit from restricted
substituted phenyl ring rotation by the neighbouring methyl groups.!!-13 Thus, it could be presumed that the
two isomers are the anti- and syn-atropisomers represented by structures A and B in Figure 3. However, these
‘open’ structures would not appear to provide an explanation for the significant shielding effects observed in all
of the meta-trimer 'H NMR spectra. Rotation about the 6-bonds adjacent to the alkenc linkage (ii, Figure 3)
brings one aromatic substituent into the shielding cone of the central porphyrin (structures C and D) which
would lead to large upfield shifts of those aromatic protons. Given the apparent unhindered rotation about G-

e '"HNMR s

o

ond ii, t tra can be rationalised on the basis that the data results from an equilibrium mixture
of conformations of whlch structure C is a significant contributor to the anti-atropisomer and D to the syn-
atropisomer.

‘These modeis aiso account for the difference in chemical shifts of the anisotropicaiiy-affected atropisomer
resonances. Given the normal symmetry relationships of atropisomers, their '"H NMR spectra are usually
identical.''  In this case it is clear from structure D that, given the steric interactions of the
tetraxylylporphyrins, the aromatic protons of the syn-atropisomer will be affected to a different degree by the
anisotropy of the central ring. In addition, there will be additional ring current effects resulting from having two
porphyrins on the same side of the trimer.

Confirmation of this atropisomer mixture appeared to come from the clean isolation of two bands on

chromatographed, these 'pure' fractions also give rise to two bands. It would appear, then, that each of the
isolated atropisomers is undergoing a rapid atropisomeric re-equilibration in solution. However, it has been
reported!? that there is a significant barrier to the rotation (60-70 kJ mol™') of substituted meso phenyl
substituents on porphyrins with neighbouring methy! substituents; this barrier is even larger!3 (>100 kJ mol™)
when ortho-substituted phenyls are involved. Variable temperature 'TT NMR spectroscopy over a 1009C range
(-309C to 70°C) has been performed on trimer (7b). Over this temperature range two species are always
observed and no change is visible in the spectra. This is consistent with a high barrier to substituted pheny! ring
rotation, indicative of an activation energy of greater than 70 kJ mol™ for the thermal interconversion of these

two mrn nisomers 0 Thprp‘gre it wot
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Isomer A Isomer B
(By rotation about -bond i of Isomer A)

Isomer C Isomer D
(By rotation about g-bonds ii of [somer A) (By rotation about ¢-bonds ii of Isomer B)

Figure 3: Computer-generated” CPK models of some conformations of meta trimer (7b-Nis).

“ These structures were generated in Chem3D Pro® from crystallographic data of published porphyrin structures. No energy
minimisations were carried out.
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two stable conformations formed as a result of binding to silica gel which reform the atropisomer mixture in
solution as observed by '"H NMR spectroscopy. Preferential binding of porphyrin derivatives on silica gel has
been observed by Lindsey during chromatography of atropisomers of meso-tetrakis(o-amino-

phenyl)porphyrin. 12

Ortho Irimeric Porphyrin Arrays
The condensations of ortho porphyrin aldehyde building blocks (4a, 4b, 4a-Ni, 4b-Ni, 4a-Zn, 4b-Zn)

o
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rresponding trimeric porphyrin
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8b-Zn,) in 40-50% ylclds under Lindsey's conditions (Scheme 2). These yields are consistently 20% lower
i T

the increased steric hindrance of the ortho aldehydes over their meta and para equivalents.

The "H NMR spectra of these ortho species contain the common features described for the para species
above. Like the meta-trimers, all of the ortho isomers for these trimers also show upficld shifts for the protons
on one of the aromatic rings of the two terminal porphyrins in each case. However, unlike the mera-trimers,
only one set of signals is evident in the 'H NMR spectra. For example, in the '"H NMR spectrum of xylyl
trimer (8b) the signals for the protons on one of the phenyl groups are observed as a singlet at 6.52 ppm due to

the ortho protons and one at 4.46 ppm due to the para protons. A singlet at 0.27 ppm 1is observed for the
methyl groups at the meta positions on these pheny! rings. Evidence for these assxgmnems was obtained from
the appropriate COSY spectra. Again, shifts of this magnitude are consistent with central porphyrin ring

anisotropic effects.

Examination of moiecular modeis (Figure 4) would again seem to account for this observation of the
formation of a single atropisomer. The ‘open’ conformers for the ortho-trimer anti- and syn-atropisomers are
depicted in figure 4, structures A and B, respectively. It is quite clear that structure B is much more sterically
congested than the analogous meta-trimer structure (B, Figure 3). Furthermore, rotation around o-bond ii must
be restricted as it leads to even greater steric interactions as shown in structure D. Therefore, it is not

unreasonable to expect that the syn-atropisomer of the ortho-trimers will not be formed.

Notwithstanding this observation of only one isomer by 'H NMR spectroscopy, the ortho trimers
behave on chromatography in a completely analogous fashion to the meta-trimers, with the clean separation of
two bands from silica gel columns. As before, these bands have identical 'H NMR specira and when re-
chromatographed, these pure fractions also give rise to two separate bands. This provides compelling evidence

for the existence of solid-state surface effects as previously postulated for the meta-trimers.

The degree and nature of metallation of the trimers reported above can be followed by UV-vis
spectroscopy. Since the Soret band and Q bands of the free base central porphyrin are generally masked by the
bands of the outer porphyrins, the free base or dimctallated trimer UV-vis spectrum is similar to that of the
analogous building block. Thus, the UV-vis spectrum of para-trimer (6b) is typical of a free base porphyrin
with a single Soret band and four Q bands in the visible region (Table 1) and compares favourably with that of
the free base building block (2b). The spectrum of the dimetallated trimer (6b-Ni,) is ypical of a metallated

T "t

porphyrin with two major Q bands (compare (2b-Ni)). The third Q band ( 08 nm) can be attributed to the free

basc central porphyrin, the band no longer masked by a Q band of the outer porphyrins. As expected, this
............... b A iem fnd o dll il i o Sl MTE OrF_N TLT L 1N
band is lost on inscrtion of zinc into the trimer to give (bb-NK4n) (lable 1)



Isomer A Isomer B
(By rotation about ¢-bond i of Isomer A)

Isomer C Isomer D
(By rotation about o-bonds ii of Isomer A) (By rotation about 6-bonds ii of Isomer B)

v

Figure 4: Computer-generated” CPK models of some conformations of ortho trimer (8b-Niy).

* These structures were generated in Chem3D Pro® from crystallographic data of published porphyrin structures. No energy
minimisations were carried out.
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Table 1: UV-vis Spectral Data for Selected Building Blocks and Trimers

6b-Ni, 431 508 539 576
6b-Ni,Zn 432 and 412 540 575

*Data taken from ref. 9.

Thus. not only can we make major variations in the state of metallation of these trimers, we can also
monitor these variations simply using UV-vis speciroscopy.
CONCLUSION

In summary. this report shows that by using new synthetic strategy, porphyrin trimers may be formed
simply and in good yield using methodologies well suited to scaling up.!5 A large degree of control over the

geometry and metallation of the products is achieved. Therefore, this method shows gr

v
—

formation of further diverse trimeric
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EXPERIMENTAL

General methods
'H NMR spectra were recorded on a JEOL GX270 spectrometer at 270 MHz. 'H NMR data are
expressed in ppm downfield from tetramethylsilane (TMS), referenced to TMS or CHCI; and are reported as

position (&;)). multiplicity (s = singlet, d = doublet, dd = doublet of doublets, t = triplet, q = quartet and m =
multiplet). coupling constant (J Hz), relative integral and assignment. Fast atom bombardiment mass spectra
M A"

1. ~

0-250S double focusing magnetic sector mass spectrometer with
an ionization potentiai of 70 eV. Merck type 60 (230-400 mesh) silica gel was used for column
chromatography. Thin layer chromatography (TLC) was performed on precoated silica gel plates (Merck
Kieselgel 60F,54). The synthesis of aldehydes (2-4)", (2-4-M)® and dipyrrylmethane (5)'? have been described
previously.

tetran w:tb |2.8 2,

Dipyrrylmethane (5) (14 mg, 49 umol) and aldehyde (2a) (37 mg, 50 pmol) were dissolved in CH,Cl, (5 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (3.9 pL, 51 pmol) was added by syringe and
the reaction mixture stirred for 4 h at room temperature. o-Chloranil (19 mg, 77 pmol) was added and the
reaction heated at reflux for 8 h. The solvent was removed under reduced pressure and the resulting solid

purified by flash column chromatography (silica gel, CHCly/hexane 2:1). Trimer (6a) was obtained as a purple
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solid £33 me. 69%). ! IMR (CDCl.. 270 MHz): 8. = 251 (brg 4 H Y 231 (brs 2 H_ 2

A 77 L1RE, \FT S0 L1 LNIVAIN (MWiAod3, &V oavaiad . Uy e L \UL Oy Taky iNAMtermmnaife T4 X\ Oy Lily INLicenral)s
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i.15 (t, °J = 7.3 Hz, 12H, -CH,CH,CH,CHj3), 2.006-2.05 (m, 8, -CH,CH,CH,CHjj, 2 36 (m, 8H,

-CH,CH,CH,CHj), 2.65 (s, 12H, -CHs), 4.00-4.11 (m, 8H, -CH,CH,CH,CHs), 7.30 (d, 3.1 = 16.2 Hz, 2H,

Hehenyt) 7-64 (d, 37 = 16.2 Hz, 2H, Hegpeny1)s 768 (d, 3J = 7.9 Hz, 4H, Hy,), 7.79-7.88 (m, 24H, H,,,), 8.06 (d,
3J = 7.9 Hz, 4H, Hy,), 8.24-8.36 (m, 16H, H,), 8.82-8.87 (m, 12H. Hy), 9.18 (s, 2H, Hpeyo). UV-vis (CH,Cly)
Amax (l0g €): 426 (5.63), 518 (4.70), 566 (4.47), 598 (4.23), 654 (3.68) nm. MS (FAB): 2022 (M + 3H)*, 100).
TIRMS caled. for MHY (C4H;23N12): 2019.9994. Found: 2019.9927.

(Jl

1 5-bis-(4'-(trans-1"-(2"-(2"'-(5",10",15™,20"- Tetraphenylporphyrinato nickel(II))yl)ethenyl))phenyl)-

[£2AY \ * 11y Py daty 11 L& L Jiptisdl Jr7

3.7.13,17- tetramethyl 2.8,12,18-tetra-n- butylporphyrm (6a-Ni,)

Dipyrrylmethane (5) (6.4 mg, 22 pmol) and aldehyde (2a-Ni) (18 mg, 22 pmol) were dissolved in CH,Cl; (5
mL) and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (1.8 pL, 23 pmol) was added by syringe
and the reaction mixture stirred for 4 h at room temperature. o-Chloranil (9 mg, 37 umol) was added and the
rcaction heated at reflux for 5 h. The solvent was removed under reduced pressure and the resulting solid

purified by flash column chromatography (silica gel, CHClyhexane 2:1). Trimer (6a-Ni;) was obtained as a

purple solid (16 mg, 68%). "H NMR (CDCls, 270 MHz): &, = -2.34 (br s, 2H, NHouea), 1.15 (t, 12H, 3/ = 7.3

e O O O O Y 17851 QK (v QLT _OLT CTT OTT 11 Y 218 9122 (ma QT AU O ALY OLT Y 9D KA (o
NZ, -UriplripUriptUriy)j, 1./5-1.60 (I, ori, UL IHULIUTI3), £.10-2.53 (i1, or1, -UI)U Uiyt riyj, .04 (S,
1YY ras 5 Y NN A 1 A 7 ary ITT MYT AATT MATT N b B BV | NTTY Q'; 1L Y YT 1T N ~ AL 1 ~TYY ’zYﬁ 148 N
l<H, -CH3), 3.Y7-4.14 (M, sH, -UHUH,UHOUH;), 7.10(4, 211, ©J = 13.Y HZ, Hegheny), /.40 (4, £H, 7J = 13.5
. NP cx Ve omrr tr N Mmoo On f ~NATT T [ P

z, Hetmenyt)s 7.59 (d, 4H , 3J = 8.2 Hz, Hy,), 7.68-82 (m, 2411, 11,,,), 8.01-8.15 (m, 20H, H, and H,,), 8.73-

8.78 (m, 12H, Hy), 9.07 (s, 211, M), 10.31 (s, 2H, Hyeso). UV-vis (CH,Ch) Ayax (log €): 428 (5.62), 508 (4.73),
538 (4.74), 576 (4.69) nm. MS (FAB): 2134 (M + 3H)™, 100). HRMS caled. for MH* (C,44H;5;N2Niy):
2133.8544. Found: 2133.8511.

5. 15-his(1'-(3'~(trans-1"-(2"-(2™-(5™,10™,15™,20"-Tetraphenylporphyrin)yl)ethen)yl)phenyl))-3,7,13,17-
tctmmefhv] 2.8,12,18-tetra-n- hnfyl h vrin )

Dipyrrylmethane (5) (13 mg, 45 pmol) and aldehyde (3a) (34 mg, 46 pmol) were dissolved in CH,Cl, (4.6 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (3.5 pL, 45 pumol) was added by syringe and
the reaction mixture stirred for 12 h at room temperature. o-Chloranil (18 mg, 73 pumol) was added and the
reaction heated at reflux for 16 h. The solvent was removed under reduced pressure and the resulting solid
purified by flash column chromatography (silica gel, CHCly/hexane 2:1). Trimer (7a) was obtained as a purple

solid (14 mg, 82%). 'H NMR (CDCl3, 270 MHz): 8, = -2.59 (br s, 4H, NH,.nuina)s -2-15 (br s, 2H, NH.enra),
1.19 (t, 3/ = 7.3 Hz, 12H, -CH,CH,CH,CIL;), 1.81-1.92 (m, 8H, -CH,CH, ﬂ

SJCHL). 2.30-238 (m. 8H

AR AR VAT LA S & § PR RL R ) x S a1k, OX%, CRoaajnea 113 g, L.JUSLLI0 \1dl, Oil,

-CHZCHaCHzCH;), 2.71 (s, 12H, -CHj3), 4.15-4.20 (m, 8H, —CHZCHzCH2CH3), 1, 3) = 6.4 Hz, 2H, H, -
isomer a), 6.47 u 3J = 6. 4 Hz 411' Hp - isomer ‘D), 7.06 (t, 3j=6. 4 Hz, 4H, H,n - isomer a), 7.22 (t 3j= 04

vvvvv

= 4.9 Hz, H; - isomer b), 8.67 (d, 3= 52 Hz Hy - isomer a) 8.69 (d ﬁ’J 5.2 Hz, Hy - isomer b) 8.80- 889
(m, Hy). 9.16 (s, H - isomer b), 9.17 (s, Hy, - isomer a), 10.46 (s, 1H, H,,,, - isomer b), 10.47 (s, 1H, H,,pq0 -
isomer a). UV-vis (CH,Cly) Ana (log €): 406(sh) (5.51), 424 (5.64), 516 (4.63), 568 (4.42), 598 (4.24), 653
(4.04) nm. MS (FAB): 2021 (M + 2H)™, 100%). HRMS caled. for MH™ (C44H 23N 5): 2019.9994. Found:
2019.9946.
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5.15-bis(1'-(2"-(trans-1"-(2"-(2"~(5",10",15" 20"~ Tetraphenylporphyrin)yl)ethen)yl)phenyl))-3,7,13,17-
tetramethyl-2,8,12,18-tetra-n-butylporphyrin (8a)

Dipyrrylmethane (5) (15 mg, 52 pmol) and aldehyde (4a) (39 mg, 52 umol) were dissolved in CH,Cl, (5 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (4.1 pL, 53 pmol) was added by syringe and
the reaction mixture stirred for 10 h at room temperature. 0-Chloranil (20 mg, 81 umol) was added and the
reaction heated at reflux for 15 h. The solvent was removed under reduced pressure and the resulting solid

purified by flash column chromatography (silica gel, CHClyhexane 2:1). Trimer (8a) was obtained as a purple
solid (11 mg, 56%). 'H NMR (CDCls, 270 MHz): §,, = -2.95 (br s, 4H, NH,npina)s -1.95 (br s, 2H, NHeeperar)-

0.99 (¢, 3J = 7.3 Hz, 12H, -CH,CH,CH,CH;), 1.62-1.79 (m, 8H, -CH,CH,CH,CH;), 2.07-229 (m, 8H,
-CHZCHZCH2CH3), 2.63 (s, 12H, -CH;), 3.95-4.12 (m, 8H, -CH,CH,CH,CH3), 5.31-5.46 (m, 6H, H,,,), 6.83

AT A YY 1 o 0Y r e Ve ’z Yy _ 1727 M TTI__ NDIT TY nn 7 q — 1/’\7', "\TY T Y
{(dd, 4H, 3J=6.4Hz 4 =1.5Hz H,), 6.98 (d, 3/=16.2 Hz, 2H, Hetheny)s 7.09 (d, °J = 16.2 Hz, 2H, Heeny)
7.38 (d, 47 = 1.5 Hz, 2H, Hp,), 7.54-8.20 (m, 36H, Hy,), 8.20-8.25 (m, 2H, Hy), 8.47- 85‘1 (m, 2H, Hy), 8.63-

8.77 (m, 1011, Hy). 10.37 (5, 2H, Hpeyo). UV-vis (CHyCly) Amax (log €): 404(sh) (4.65), 423 (5.65), 520 (4.71),
565 (4.43), 598 (4.33), 656 (4.12) nm. MS (FAB): 2021 (M + 2H)*, 100%). HRMS caled. for MH*
(C|44H|23N|2): 2019.9994. Found: 2019.9950.

5,15-bis-(4'-(trans-1"-(2"-(2"-(5"',10",15",20""- Tetraxy lylporphyrin)yl)ethenyl))phenyl)-3,7,13,17-
tetramethyli-2.8,12,18-tetra-n-butyiporphyrin (6b)

Dipyrrylmethane (5) (17 mg, 59 pumol) and aldehyde (2b) (50 mg, 59 pumol) were dissolved in CH,Cl, (5 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 uL, 70 umol) was added by syringe and

the reaction mixture stirred for 1 h at room temperature. ¢-Chloranil (26 mg, 105 umol) was added and th
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by column chromatography (silica gel, CH,Cly/hexane 2:1). Trimer (6b) was obtained as a purple solid
. '"HNMR (CDCls, 270 MHz): §,, = -2.54 (br s, 4H, NHeerminar), -2.31 (br s, 2H, NHeera), 1.16 (t,
IZH, J = 74 Hz, -CH,CH,CH,CH,), 1.78-1.87 (m, 8H, -CH,CH,CH,CH;), 2.23-2.29 (m, 8H,
-CH,CH,CH,CHj), 2.61-2.71 (m, 60H, -CHj), 4.06-4.10 (m, 8H, -CH,CH,CH,CHj3), 7.25-7.53 (m, 10H,
Hegenyt, »)» 7.67 (d, 2H, 3J=17.5 Hz, Heeny)> 7.75 (d, 4H, Hy,), 7.83-7.98 (m, 16H, H,), 8.10 (d, 4H, Ha,),
8.83-8.92 (m, 12H, Hy), 9.21 (s, 2H, Hp), 10.34 (s, 2H, Hpeg0). UV-vis (CH2Cly) Amax (log €): 428 (5.81), 522
(4.84), 568 (4.62), 599 (4.37), 655 (3.98) nm. MS (FAB): 2244 (M+H)*, 100). HRMS caled. for MT
(CygH 54N12): 2243.2419. Found: 2243.2410.
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Dipyrrylmethane (5) (17 mg, 59 umol) and aldehyde (2b-Zn) (54 mg, 59 umol) were dissolved in CH,ClL, (5
mL) and the mixturc bubbled with N, for 5 min. Trifluoroacetic acid (5.4 uL, 70 pmol) was added by syringe
and the reaction mixture stirred for 1 h at room temperature. o-Chloranil (26 mg, 105 umol) was added and the
reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid

wiiecy ed AL PR OSUIT L DVALURLL, & OvViise

purified by column chromatography (silica gel, CH,Cly/hexane 2:1). Trimer (6b-Zin,) was obtained as a purple
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-CH,CH,CH,CHs), 1.78-1.87 (m, 8H, -CH,CH,CH,CH3), 2.21-2.2 8

60H, -CH,), 4.05-4.11 (m, 8H, -CH,CH,CH,CH3), 7.40 (d, 2H, 37 = 17.1 Hz Hcm,,y‘) 7.43 (br s, 4H, H,),
7.52 (brs, 4H, H,), 7.63 (d, 2H, 3J=17.1 Hz, Hetmenyt)s 7.76 (d, 4H, 3J= 7.8 Hz, H,,), 7.88 (br s, 8H, H,),
7.97 (br s, 8H, H,), 8.10 (d, 4H, 7/ = 7.8 Hz, Hy,), 8.89-9.04 (m, 12H, Hy), 9.31 (s, 2H, Hy), 10.34 (s, 2H,
Hoeso). UV-vis (CH,Cly) Amac: 431, 558, 593, 632 nm. MS (FAB): 2371 (M+5H)*, 100). HRMS caled. for

M (Crs0H 150N 12 Zny): 2367.0689. Found: 2367.0634.

5,15-bis-(4-(rrans-1"-(2"-(2"'- {§"' 10",15™ 20" -Tetraxylylporphyrinato zi _c(lI))yl)ethgny!))phg‘ vl)—

(R S A AL A T L1/ A b S el P B e A T [23 -J- LRy iigid Ll

3,7,13,17-tetramethyl-2,8,12,18-tetra-n-butylporphyrinato nickel(II) (6b-Zn,Ni)

Ni(QAc);-4H,0 (2.1 mg, 8.4 pmol) was dissolved in methanol (2 mL) and added to a solution of trimer (6b-
Zn;) (20 mg, 8.4 umol) and the reaction mixture heated at reflux for 3 h. The solvent was removed under
reduced pressure and the resulting solid purified by column chromatography (silica gel, CH,Cl,/hexane 2:1).
The metallated trimer (6b-Zn,Ni) was obtained as a purple solid (19 mg, 93%). 'H NMR (CDCl;, 270 MHz):
3, = 1.17 (1, 12H, 3J = 7.3 Hz, -CH,CH,CH,CH;), 1.80-1.86 (m, 811, -CH,CH,CH,CH3), 2.21-2.27 (m, 8H,

=22 iV Al ==z

-CH,CH,CH,ClI13), 2.57-2.64 (m, 60H, {H;) 4.03-4.06 (m, 8H, -CH,CH,CH,CH3), 7.27 (d, 211, 37 = 15.8

Q - N T EA (e o
.0 FZ, Hepenyt)s /-4 (DT S,

>~

09 (s, 2H, Hp), 10.27 (s, 2H, H,,,eso) Uv-ws (CHZCIZ‘) Amax: 413, 431, 540, 574 nm. MS (FAB
((M+2H)™, 100). HRMS caled. for M (C ¢0H 45N 15 Zn, Ni): 2422.9886. Found: 2422.9875.

5.15-bis-(4'-(trans-1"-(2"-(2"'-(meso-5"",10",15",20" - Tetraxylylporphyrinato nickel(I1))yl)ethenyl))phenyl)-
3,7.13.17-tetramethyl-2,8,12,18-tetra-n-butylporphyrin (6b-Ni,)
Di“yr yimethane (5) (17 mg, 59 jumol) and aldehyde {(2b-Ni) (54 mg, 59 jimoil) were dissoived in CH,Cl, (5
I.) and the mixture bubbied with N, for 5 min. Trifluoroacetic acid (5.4 uL, 77 pmol) was added by syringe
and the reaction mixture stirred for 1 h at room temperature. o-Chloranil (26 mg, 105 umol) was added and the
reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid
purified by column chromatography (silica gel, CH,Cly/hexane 2:1). Trimer (6b-Ni;) was obtained as a purple
solid (42 mg, 60%). 'H NMR (CDCl;, 270 MHz): 8, = -2.30 (br s, 2H, NHeenma), 1.16 (t, 12H, 3J = 7.3 Hz,
-CH,CH,CH,CHs), 1.77-1.86 (m, 8H, -CH,CH,CH,CH3), 2.18-2.32 (m, 8H, -CH,CH,CH,CHj,), 2.56-2.65 (m,
60H, -CI13), 4.05-4.09 (m, 8H, -CH,CH,CH,CH,). 7.25 (d, 2H, 37 =168 Hz, H

. N7
, 4.UD-4.U% I L) 120 +ethenyiss 7

~J v
N

J

-~

o

=

N

)

744 (hr ¢ AT1
D, TE 1

PO UL S, N
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5.15-bis-(4'-(trans-1"-(2"-(2""-(meso-5",10"",15™ 20" -Tetraxylylporphyrinato nickel(I))yl)ethenyl))phenyl)-
3.7,13.17-tetramethyl-2,8,12,18-tetra-n-butylporphyrinato zinc(1l) (6b-Ni,Zn)

Zn(0Ac), 21,0 (8.1 mg, 33 umol) was dissolved in methanol (2 mL) and added to a solution of trimer (6b-Nij,)
(73 mg, 26 umol) and the reaction mixture stirred at room temperature for 10 min. The solvent was removed
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under reduced pressure and the resulting solid purified by column ¢
product was then precipated out of dichloromethane with methanol. The metallated trimer ( b-Ni,Zn) was
obtained as a purple solid (59 mg, 94 %). 'H NMR (CDCl;, 270 MHz): &, = 1.15 (t, 12H, 3J=173 Hz, -
CH,CH,CH,CH,), 1.78-1.85 (m, 8H, -CH,CH,CH,CH;), 2.17-2.31 (m, 8H, -CH,CH,CH,CHj3), 2.54-2.64 (m,
60H, - CH,), 4.03 (m, 8H, -CH,CH,CH,CHs;), 7.26 (d, 2H, 3/=15.9 Hz, Hethenyt), 7.34 (br s, 4H, H,), 7.40-
7.42 (brs, 4H, H,), 7.50 (d, 2H, 3J = 15.6 Hz, Hemeny))s 7.64-7.74 (m, 20H, H, and H,,), 8.05 (d, 4H, 37=176
Hz, Ha,), 8. 74-8.81 (m, 12H, Hy), 9.07 (s, 2H, Hy), 10.26 (s, 2H, Hpes). UV-vis (CH,Cly) Amax (log €): 285
(4.60), 320 (4.64), 412 (5.60), 432 (5.69), 540 (4.82), 575 (4.61) nm. MS (FAB): 2417 (M™, 100). HRMS:
caled. for M1 (C49H 143Nz NixZn): 2416.9966. Found: 2416.9878.
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5.15-bis-(3'-(trans-1"-(2"-(2"-(5",10",15™,20" - Tetraxylylporphyrin)yl)ethenyl))pheny!)-3,7,13,17-
tetramethyl-2,8,12,18-tetra-n-butylporphyrin (7b)

Dipyrrylmethane (8) (17 mg, 59 umol) and aldehyde (3b) (50 mg, 59 umol) were dissolved in CH,Cl, (5 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 pL, 70 pmol) was added by syringe and

the reaction mixture stirred for 1 h at room temperature. o-Chloranil (26 mg, 105 umol) was added and the

reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid
ha et a1 A o 1 ITT M1 M1 Tl YN o a4 | _ 1 _ 11
purulea Dy unurnn cnromdtogrdpny \blll&d éﬁ?l, Fplhpy/nexanc £:14). 1THNET { /D) was oDilaineéd as a purpie soiia

(48 mg, 73%). 'H NMR (CDCl;, 270 MHz): §, = -2.63 (br s, NHp), 1.15 (1, 3J = 7.3 Hg,
-CH,CH,CH,CH3), 1.35 (s, CH; - isomer a), 1.49 (s, CH; - isomer b), 1.77-1.89 (m, -CH,CH,CH,CHj5), 2.22-
2.35 (m, -CH,CH,CII,Cll3), 2.53-2.68 (m, -CH3), 4.08-4.17 (m, -CH,CH,CH,CH3), 5.09 (s, H, - isomer a),
5.53 (s, H, - isomer b), 7.26-8.11 (m, H,, ,, , and Ha,, cheny1), 8.44 (d, 3J=4.9 Hz, Hg - isomer a), 8.50 (d, 3=
4.9 Iz, H, - isomer b), 8.60 (d, 3J=49Hz, H, - isomer a), 8.63 (d, 37=49 He, Hg - isomer b), 8.80-8.85 (m,
Hp), 9.18 (s, Hg- isomer b), 9.21 (s, Hﬁ -isomer a), 10.43 (s, H,pe50 - isomer b), 10.47 (s, H, .5, - isomer a). UV-
vis (CHyCl) Apax (log €): 428 (5.85), 525 (4.83), 570 (4.71), 601 (4.40), 659 (4.01) nm. MS (FAB): 2244
(M+H)", 100). HRMS calcd. for M (C¢oH ;54N 5): 2243.2419. Found: 2243.2410.
5.15-bis-(3'-(trans-1"-(2"-(2™-(5",10",15",20" - Tetraxylylporphyrinato zinc(il))yl)ethenyl))phenyi)-

3. _)

.13,17-tetramethyl-2,8,12,18-tetra-n-butylporphyrin (7b-Zn,)

Dipyrrylmethane (5) (17 mg, 59 pmol) and aldehyde (3b-Zn) (54 mg, 59 umol) were dissolved in CH,Cl, (5
mL) and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 ul., 70 umol) was added by syringe

and the reaction mixture stirred for 1 h at room temperature, o-Chloranil (26 mg, 105 umol) was added and the

C il 101 vl ielnpeiatd ERP 0N VB804S u

reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid
raphy (silica gel, CH,Clo/hexane 2:1). Trimer (7b-Zn,) was oblained as a purple

fataYal AT A ATT 2y

(CDCls, 270 MHz): &, = 1.14 (t, °J = 7.3 Hz, -CH,CH,CH,CH>), 1.37 (s, -CHjs

nosy T

solid (42 mg, 60%). HN
- isomer a), 1.53 (s, -CH; - isomer b), 1.77-1.85 (m, -CH,CH,CH,CH3), 2.21-2.29 (m, -CH,CH,CH,CH,),
2.53-2.69 (m, -CHj3), 4.06-4.14 (m, -CH,CH,CH,CHj3), 5.16 (s, H, - isomer a), 5.62 (s, H,, - isomer b), 7.29-
8.07 (m, H,, 1, p and Har, ciheny)» 8.56 (d, 2J = 4.6 Hz, H, - isomer a), 8.62 (d, 3J = 4.6 Hz, H;, - isomer b), 8.73
(d, 3= 4.6 Hz, H, - isomer a), 8.77 (d, 3./ = 4.6 Hz, H, - isomer b), 8.89-8.98 (m, Hy), 9.29 (s, H,- isomer b),
9.32 (s, I - isomer a), 10.43 (8, Hyeso - isomer b), 10.46 (s, Hyyeqo - isomer a). UV-vis (CH,Cly) Apgy: 431, 508,

purlucu Dy column chroma i@g
TR AT
MK



5.15-bis-(3"-(trans-1"-(2"-(2"'-(5",10"",15",20""-Tetraxylylporphyrinato nickel(II))yl)ethenyl))phenyl)-
3,7.13.17-tetramethyl-2,8,12.18-tetra-n-butylporphyrin (7b-Ni,)
Dipyrrylmethane (5) (17 mg, 59 umol) and aldehyde (3b-Ni) (54 mg, 59 umol) were dissolved i

A= ~7

mL) and the mixture bubbled with N, for 5 min. Trifluoroacetic aci d (5.4 uL, 70 umol) was added by syringe
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reaction heated under reflux for 6 h. The solvent was removed under reduced pressure and the resuiting solid
purified by column chromatography (silica gel, CH,Cly/hexane 2:1). Trimer (7b-Ni,) was obtained as a purple
solid (49 mg, 71%). 'H NMR (CDCl;, 270 MHz): §,, = -2.05 (br s, NH.epa isomer b), -2.04 (br s, NHeoea -
isomer a), 1.14 (t, 3.J=17.3 Hz, -CH,CH,CH,CHj3), 1.31 (s, -CH; - isomer a), 1.38 (s, -CH; - isomer b), 1.75-
1.87 (m. -CH,CH,CH,CH;), 2.21-2.33 (m, -CH,CH,CH,CH;), 2.47-2.64 (m, -CH;), 4.09-4.14 (m, -
CH,CH,CH,CHj3), 5.05 (s, H,, - isomer a), 5.36 (s, H, - isomer b), 7.13 (d. 37=15.9 Hz, Hephenyt - 1somer a),
7.26-8.10 (m, H, ,, , and HA, cthenyl)> 8.42-8.45 (m, M), 8.51-8.53 (m, Hy), 8.68-8.73 (m, Hy), 9.02 (s, Hy-

isomer b), 9.06 (s, H; - isomer a), 1

........ 1. - isomer 0.40 (s, H,es0 - isomer b), 10.43 (s IT eso - 1somer a). UV-vis (CH,Cl,)
> b R =’ 9 meso M meso st el ~ A N\ TRRLRIRLT
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2355.0813. Found: 2355.0858.

5.15-bis-(3'-(trans-1"-(2"-(2"'-(5",10™,15™,20"-Tetraxylylporphyrinato zinc(11))yl)ethenyl))phenyl)-
3,7,13,17-tetramethyl-2,8,12,18-tetra-n-butylporphyrinato nickel(1) (7b-Zn,Ni)

Ni(OAc¢);4H,0 (2.1 mg, 8.4 umol) was dissolved in methanol (2 mL) and added to a solution of trimer (7b-
T Y (20 ma 4 1imanl} and the reactinon mivtime heated at refliiv for 2 h The cenlvent wae romnved 1indar
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reduced pressure and the resulting solid purified by column chromatography (silica gel, CH,Cly/hexane 2:1).
The metallated trimer (7b-Zn,Ni) was obtained as a purple solid (14 mg, 69%). 'H NMR (CDCl;, 270 MHz):
5, = 1.14 (1, 3/=73Hz -CH,CH,CH,CHg;), 1.22 (s, -CHj; isomer a), 1.30 (s, -CH; isomer b), 1.79-1.83 (m, -
CH,CH,CH,CHj3), 2.23-2.27 (m, -CH,CH,CH,CH,), 2.46-2.61 (m, -CH;), 4.07-4.13 (m, -CH,CH,CH,CH,),
4.93 (s, H, -isomera), 5.27 (s, H, - isomer b), 7.08 (d, 3J7=16.0 Hz, Hetheny - isomer a). 7.25-8.08 (m, H,_,,
p and Hay ethenyt), 8.41-8.43 (m, Hy), 8.48-8.50 (m, Hp), 8.68-8.72 (m, Hy), 8.97 (s, Hg - isomer b), 9.04 (s, Hy -
isomer a). 10.32 (s, H,,, - isomer b), 10.35(s, H,, - isomer a). UV-vis (CH,Cl,) kma_x 410, 431, 540, 575 nm.
MS (FAB): 2357 ((M+2H)", 100). HRMS caled. for M (CHsN;2 Zn, Ni): 24229886,  Foun
2422.9912.
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5.15-bis-(2'~(irans-1 -(2"-(5",10™,15™,20™-Tetraxylylporphyrin)yl)ethenyl))phenyl)-3,7

P

,13.17-
tetramethyl-2,8,12.1 ts-tetra-n-butyiporphyrin (8b)

Dipyrrylmethane (5) (17 mg, 59 umol) and aldehyde (4b) (54 mg, 59 umol) were dissolved in CH,Cl, (5 mL)
and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 uL, 70 pmol) was added by syringe and

the reaction mixture stirred for 1 h at room temperature. o-Chloranil (26 mg, 105 pmol) was added and the

reaction hcated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid

.,....(‘ A b T b N ST LTS el & SV TV TS 1 rime rOLN o ~
pu 1iea Uy COLUITLI CIrommial 5 apIy \bluhd bbl, bﬂzblz/llcxd[lc l). lr ner (on) wa () C(l as a purple 50110
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(14 meo §102) TH NMR (CDCL. 270 M-8 =203 (hrg AH NH . -1.96 (bhr ¢ 2 NH Y 027 (s
VIY by, JE /0] 11 INIVEIN \ s, L7V dvirdng. Uy Lo S d \ UL Oy TTLis LNAAerminal /s AN\ VUL 5y &iRy iVERceprai/s Ve~ \Ps
amTT VET N A aarr ¥y __ ™A TY MAYY MIT MIY AT Y 1 77 1 =0 ¢ LIY MIT NI MAIT Y D 10N D SN
1Z2H, -CH3), 0.99 (1, 1Z2H, “J = 7/, z, -CH,CH,CH,CH3), 1.67-1.78 (m, on, -Un,UHU 0 H3), 2.10-2.2U

(m, 8H, -CH,CH,CH,CH3), 2.58 (s, 12H, -CH3), 2.62 (s, 12H, -CHy), 2.65 (s, 12H, -CHj), 2.80 (s, 12H, -
CH,). 4.01-4.07 (m, 8H, -CHZCH2CH2CH3), 4.46 (s, 2H, H,), 6.52 (s, 4H, H,), 7.14 (d, 2H, 3J = 16.2 Hz,
Hetmony): 7.25-7.41 (m, 6H, H,), 7.66-7.86 (m, 22H H, Ar. etreny1)s 8.26 (d, 2H, 37 = 4.9 Hz, Hy), 8.51 (d, 2H, 3J
~ 4.9 Hz, Hy), 8.75-8.80 (m, 10H, Hy), 10.33 (s, 2H, Hyeyo). UV-vis (CHyCly) Amay (log £): 428 (5.50), 523
(4.58). 568 (4.31), 600 (4.12), 658 (3.65) nm. MS (FAB): 2244 ((M+H )*, 100). HRMS calcd. for (M+H )*
(CygoH 55N y2): 2244.2453. Found: 2244.2449.

5,15-bis-(2'-(trans-1"-2"-(2"-(5",10",15™ 20" -Tetraxylylporphyrinato zinc(II))yl)ethenyl))phenyl)-

3.7.13.17-tetramethvl
VA I 08 WA i

L.

Dipyrrylmethane (5) (17 mg, 59 pmol) and aldehyde (4b-Zn) (54 mg, 59 pmol) were dissolved in CH,Cl, (5
mL) and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 puL, 70 pmol) was added by syringe
and the reaction mixture stirred for 1 h at room temperature. ¢-Chloranil (26 mg, 105 pmol) was added and the
reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid
/as obtained as a purple

by column chromatoor: Fh (clllr\q np] CH,Cl,/hexane 2: 1\ Trimer (8h-7,

U L/NEXane 4 (8h-Zn,)

solid (25 mg, 36 %). 'H NMR (CDCls, 270 MHZ) 8, = -2.00 (br s, 2H, NHoera)). 027 (s, 12H, -CHs), 1.00 (t,

~

5 (m, 8H, -CH,CH,CH,CHj), 4.53 (s, 2H, H,), 6.51 (s, 4H, H,), 7.10 (d, 2H, 3J = 16.4 Hz, Hopeny), 7.21-
7.45 (m, 6H. H,), 7.66-7.87 (m, 22H ,H, ar ceny)> 8.40 (d, 2H, 37 =4.9 Hz. Hy), 8.65 (d, 2H, 3J= 4.9 Hz, Hy),
8.80-8.90 (m, 10H, Hy), 10.31 (s, 2H, Hyeso). UV-vis (CHCL) Amay: 430, 542, 579, 628 nm.  MS (FAB): 2370
((M+41D)F, 100). HRMS caled. for MT (C40H150N12 Zny): 2367.0689. Found: 2367.0659.

2 2CHs.
-CH,CH,CH,CHy), 2.49 (s, 12H, -CH3), 2.58 (s, 12H, -Cﬁ ) 2.65 (s, 12H, -CHj3), 2.80 (s, 121, -Cliis), 4.00-
g

5,15-his-(2'-(trans-1"-(2"-(2"™-(5", 10", 15" 20" - Tetraxvlylporphyrinato nickel(Il))ylethenvl))nhenyl)-
3 AN AT Y C A ol =7 AY Frd SFTNEERNRRG R J 2

2713 17 4etramoethvl.? R 12 1 tetramn-hintvinarnhvrin (Rh.Ni.)

Galg iyl TV UGNV UL Y 1T L Oy B Lyt wiial VLY AP P Y X301 \ O i Eg )

Dipyrrylmethane (5) (17 mg, 59 umol) and aldehyde (4b-Ni) (54 mg, 59 umol) were dissolved in CH,Cl, (5
mL) and the mixture bubbled with N, for 5 min. Trifluoroacetic acid (5.4 pL, 70 pmol) was added by syringe
and the reaction mixture stirred for 1 h at room temperature. o-Chloranil (26 mg, 105 umol) was added and the
reaction heated at reflux for 6 h. The solvent was removed under reduced pressure and the resulting solid

purified by column chromatography (silica gel, CH,Cly/hexane 2:1). Trimer (8b-Ni,) was obtained as a purple
solid (36 mg, 52%). "H NMR (CDCls, 270 MHz): 8§, = -2.09 (br s, 2H, NH_enra)» 0.38 (s, 1211, -CH3), 1.00 (t

R bt =y Nadceniraisy Vo4 Aok ke “j] A G g
1Py 37 = 77 U, OO O O O 1 &1 77 (nn QLT O O O Oy 214910 {0 QLT
1411, J /.5 MZ, -CrplriperipUig), 1.0Y-1./7  (in, ori, -Urhlrlosirnis), <£.10-2.19  (im, n,
Fal S VAl A el s el & Y AA 7 1ATY YT N A &9 /. 1ATT YT Ao 1AT ~ A ~TY ~TY a1
-UrU sl H,Ug), £.44 (S, 140, -Udy), 2.0 (S, 141, Ll‘h), £.0Y (S lél‘l -Lf13), 2./ (S, 1ZH, -CH;3), 3.%/-

2.
4.02 (m. 8H, -CH,CH,CH,CH3), 4.88 (s, 2H, H,), 6.35 (s, 4H, H,), 6.95 (d, 2H, 37 = 15.9 Hz, Hepeny) 7.20 (d,
21, 3J = 15.9 Hz, Hetheny)» 7.23 (s, 2H, H,), 7.30 (s, 2H, H,), 7.32 (s, 2H, H,), 7.46 (s, 4H, H,), 7.57 (s, 4H,
H,). 7.61-7.68 (m, 8H, H,, ), 7.81 (1, 2H, Ha,), 7.92 (d, 2H, Ha,), 8.14 (d, 2H, 3J = 4.9 Hz, Hy), 8.42 (d, 2H,
3J=4.9 Hz, Hy), 8.60 (d, 2H. 3/ = 4.9 Hz, Hy), 8.65-8.67 (m, 6H, H,), 8.76 (d, 21, 3/ = 4.9 Hz, Hy). 10.26 (s,
2H, Hypeso)- UV-vis (CH2Cly) Amax: 430, 507, 541, 577 nm. MS (FAB): 2357 (M+2ID)*, 100). HRMS calcd.
for M+ (C0H,50N 12 Niy): 2355.0813. Found: 2355.0794.
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