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Sulfolenoporphyrins: synthons for refunctionalization of porphyrins
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Abstract—Using sulfolenopyrroles (4) and (11) methods are developed for the synthesis of opp- (15,18,19) and adj- (25) bis-sulfo-
lenoporphyrins; such compounds are useful building blocks for the refunctionalization of the porphyrin system, and readily undergo
Diels–Alder cycloaddition reactions.
� 2005 Elsevier Ltd. All rights reserved.
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The b,b 0-fused sulfolenopyrrole (1) was introduced into
pyrrole and porphyrin chemistry by Vicente et al. in
1997.1 It was shown to react thermally as a potent
masked diene with dienophiles (such as phenylvinylsulf-
one), and a new route to tetrabenzoporphyrins was
developed. These workers also cyclotetramerized the
reduction product (2) to give the symmetrical tetra-
sulfolenoporphyrin (3),1 but this was found to suffer solu-
bility problems in organic solvents. The benzyl ester (4)
of the sulfolenopyrrole was subsequently used by Gun-
ter et al.2,3 to prepare a mono-sulfolenoporphyrin (5)
using the [3+1] variant4–6 of the MacDonald synthesis,7

and this was used in Diels–Alder cycloadditions with
common dienophiles such as dimethyl acetylenedicarb-
oxylate (DMAD) and norbornadiene. Montforts and
co-workers also used pyrrole (4) to prepare an open-
chain sulfolenobilin, which was cyclized to give a sulfo-
lenochlorin and, after Diels–Alder cycloaddition, a fuller-
enochlorin.8,9 At about the same time, Kräutler and
co-workers synthesized the soluble zinc(II) 5,10,15,20-
tetra-aryl-tetra-sulfolenoporphyrin (6),10 and eventually
managed to accomplish stepwise Diels–Alder cycloaddi-
tions of up to four fullerenes.11

Gunter et al.2,3 successfully prepared porphyrins (e.g., 5)
bearing one sulfolenopyrrole subunit, but ambitions to
construct a library of polysulfoleno building blocks for
use in fabrication of superstructured porphyrin assem-
blies were not realized.3 The electron-withdrawing effect
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of the b,b 0-fused sulfolene moiety significantly reduced
the nucleophilicity of the intermediate pyrrole, and this
is a critically important issue in pyrrole-coupling reac-
tions.12 In no case (except for the tetramerization reac-
tion of Vicente, Kräutler and co-workers)1,10,11 was it
found possible to prepare building blocks with more
than one sulfolenopyrrole subunit, and therefore acces-
sibility to �linear� and �stepped� porphyrin oligomers
and adducts was thwarted.

Gunter et al.2,3 successfully prepared symmetrical tri-
pyrranes, using the Sessler method,13 bearing either
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Scheme 1. Unsuccessful routes to opp-bis(sulfolenopyrrole)porphyrin
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Scheme 2. Synthesis of opp-bis-sulfolenoporphyrin (15).
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Scheme 3. Synthesis of 2,5-diformylsulfolenopyrrole (11).
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one sulfolenepyrrole in the middle (Scheme 1, 7), or two
sulfolenepyrroles, one at each end of the tripyrrane
(Scheme 1, 8). The latter was not sufficiently nucleo-
philic to react with a 2,5-diformylpyrrole (9) in the
[3+1] protocol. We have ourselves shown that sulfoleno-
pyrrole (10) does not undergo double formylation, so a
monopyrrole (11) was not available for reaction with the
mono-sulfolenopyrrole-tripyrrane (7) to give the opp-
bis(sulfolenopyrrole)porphyrin (12).

Herein we report methodology that overcomes the pre-
viously identified electronic problems, and permits the
synthesis of porphyrins bearing more than one and less
than four sulfolenopyrrole subunits. We demonstrate
the effectiveness of the methodology in the synthesis of
both adj - and opp-bis(sulfoleno)porphyrins.

The standard [3+1] approach to porphyrins requires4,5 a
2,5-diformylpyrrole and a tripyrrane (as in Scheme 1).
The sulfolenopyrrole (10), is not sufficiently nucleophilic
to be formylated more than once under Vilsmeier condi-
tions, and when one electronegative formyl (or imine
salt moiety) is inserted, it certainly could not be formy-
lated a second time. Neither, in our hands, could pyrrole
(10) be 2,5-diformylated using TFA and trimethyl
orthoformate.14 In our published version of the [3+1]
route to porphyrins,6 the tripyrrane is treated with a
monopyrrole subunit bearing 2- and 5-N,N-dimethylam-
inomethylene substituents. Thus, treatment6,15 of (10)3

with an excess of Eschenmoser�s salt (Aldrich) gave a
50% yield of the required sulfolenopyrrole (13). This
pyrrole reacted with the tripyrrane dicarboxylic acid
(14) (Scheme 2), but only a small amount of porphyrin
(15) was obtained and this approach was abandoned.
Clearly (see Scheme 1), another avenue for success in
the synthesis of opp-bis(sulfoleno)porphyrins would be
a viable route to the 2,5-diformylsulfolenopyrrole (11).
This was accomplished as follows: pyrrole (10) was trea-
ted with 2-isopentlyoxy-1,3-benzodithole (16)16–18 to
give a 95% yield of the bis-adduct (17).19 With HgO/
HBF4/DMSO, (17) was converted into the required
2,5-diformyl-sulfolenopyrrole (11)19 in 70% yield
(Scheme 3).

Thus, pyrrole (11) was condensed under [3+1] condi-
tions with the tripyrrane-1,14-dicarboxylic acid (14) to
give a 58% yield of the opp-bis-sulfolenoporphyrin
(18)19 (Scheme 4); this porphyrin was not particularly
soluble in common organic solvents, so the analogous
porphyrin (19)19 was also prepared from (11) and the tri-
pyrrane (20), in an unoptimized 38% yield.
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Our attention next turned to methodology for synthe-
sis of an adj-bis-sulfolenoporphyrin. The sulfolenopyr-
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Scheme 5. Synthesis of adj-bis-sulfolenoporphyrin (25).
role (4) was treated with benzaldehyde in the presence
of TsOH and TFA in dichloromethane to give a 60%
yield of the dipyrromethane (21). This was catalyti-
cally denbenzylated (95% yield) to give the dipyrro-
methane 1,9-dicarboxylic acid (22). Compound (22)
was treated with the generic 1,9-diformyldipyrro-
methane (23) [obtained by the reaction of 3,5-dimeth-
oxybenzaldehyde with pyrrole {40% yield of 1,9-di-
unsubstituted dipyrromethane (24)} followed by
double Vilsmeier formylation (70% yield)] to give
porphyrin (25)19 in 15% yield (Scheme 5).

Finally, susceptibility of the opp- (18,19) and adj-bis-sul-
folenoporphyrins (25) toward Diels–Alder cycloaddition
reactions was readily established. For example (Scheme
6), the opp-porphyrin (18) reacted (at 110 �C in tri-
chlorobenzene) with DMAD to give the bis-adduct
(26). With DDQ this gave an overall 85% yield [from
(18)] of the opp-dibenzoporphyrin (27).19 As was pre-
dictable based on steric arguments, Diels–Alder cyclo-
addition reactions of the adj-bis-sulfolenoporphyrin
(25) were more difficult to accomplish. With DMAD
at 214 �C in trichlorobenzene, the bis-adduct (28) was
obtained, and after DDQ treatment, a 40% overall yield
[from (25)] of the adj-dibenzoporphyrin (29)19 was
obtained.
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10. Kräutler, B.; Sheehan, C. S.; Rieder, A. Helv. Chim. Acta
2000, 83, 583–591.
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