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Introduction

Conformationally designed biomimetic systems and the investigation of the conformation control of

biological reactions is becoming a topic of active research at the interface of chemistry and biology.[l] In
this context the interrelationship between macrocycle conformation and physicochemical properties in
porphyrins is emerging as a topic of special biological relevance. Various nonplanar conformations have
been observed for the porphyrinoid cofactors involved in photosynthesis, electron transfer and respiration
and it is now believed that the physicochemical properties of the natural tetrapyrroles are fine-tuned via

steric interactions with the protein skeleton in a conformational control process.[lb’c’z] For example, there

is considerable structural heterogeneity in the accessory bacteriochlorophylls of photosynthesis[3] and a
conformational asymmetry is one possible explanation for the unidirectonality of the light-induced

electron transfer in the photosynthetic reaction center.l4] Similarly different cofactor conformations have
been observed for and implied in the action of various heme proteins such as respiratory proteins,[5a]
cytochromes,[5b] cytochrome P450[5¢] and catalases.5 Indeed, dynamic conformation changes and

redox dependent changes of the porphyrin conformation in proteins have now been established.[®]
Different macrocycle conformations have also been described for diverse tetrapyrrole classes like corrins

in B12 and F430L73] and hydroporphyrinsl’®! in sulfite and nitrite reductasel’!.[8]

In order to gain a better insight into these processes and to firmly
establish conformational control as one process for the regulation of
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the macrocycle properties a multitude of synthetic model compounds

have been studied. [ Nonplanar aromatic systems are accessible by
synthesis of sterically strained systems and thus highly substituted

porphyrins have been used prominently in this area.[291 So far most

studies have been concerned with simple symmetric porphyrins.[z]
Important examples, are 2,3,7,8,12,13,17,18-octaalkyl-5,10,15,20-

tetraarylporphyrins  (e.g. 1), [0 23578 10,12,13,15,17,18,20-

dodecarylporphyrins, [11] 2,3,5,7,8,10,12,13,15,-17,18,20-dodeca-
alkylporphyrins, [100.110.12,13] 2,3,7,8,12,13,17,18-octahalogeno-
5,10,15,20-tetraarylporphyrins, [10c,14] and 5,10,15,20-

tetraalkylporphyrins.[15] Such porphyrins are easily accessible by

condensation of 3,4-disubstituted pyrrole with the appropriate

aldehyde or via halogenation of 5,10,15,20-tetraphenylporphyrin.[16]

While for b substituent mixing synthetic strategies are in principle
available a rational synthesis of porphyrins with different
regiochemical arrangement of meso substituents was not possible until
recently. Existing methods utilized either only theoretically possible
multi-step total syntheses or mixed condensations of pyrroles and
aldehydes requiring an inordinate laborious chromatographic work-

up.[16] This lack of synthetic methodology has now been overcome
with our development of the use of organolithium reagents for the

meso functionalization of tetrapyrroles. 138171 The reaction of
porphyrins with LiR proceeded via an addition-oxidation mechanism
and allowed the meso substitution of porphyrins in excellent yields.
Here we report that this reaction can be utilized for the synthesis of
conformationally designed porphyrins with different type and number
of meso substituents (2) with defined regiochemical arrangement and

(2)

describe structural studies aimed at elucidating the conformational behavior of porphyrins with mixed

distortion modes. An overview of the synthetic strategy is given in Scheme 1.

To investigate the correlation between the conformation of the macrocycles and its physicochemical
properties, porphyrins with mixed meso substituent types are of special interest. The structures of Sy
symmetric dodecasubstituted, nonplanar porphyrins are well known. Meso alkyl groups lead to a ruffled
distortion mode and aryl groups induce a saddle type conformation. As natural tetrapyrrole systems
exhibit asymmetric substituent pattern the question arose to what extent a mixing of distortion modes can
be achieved by rational variation of the meso-substituent pattern. We planned to synthesize porphyrins
with different types and numbers of both meso alkyl and aryl substituents to investigate this problem.

Regioselective Synthesis of meso Substituted Porphyrins



The initial studies had shown that all meso positions can be NIOEP
substituted with LiR using four successive addition-oxidation

cycles.[13218] Thys it should be possible to synthesize
regiochemically pure porphyrins with different type and number
of meso substituents by choosing the appropriate sequence for
the individual LiR reagents. As described above, meso alkyl

and meso aryl substituents flanked by b alkyl or aryl residues
give rise to different distortion modes. Thus we chose BuLi and
PhLi as standard reagents to test the feasibility of this approach.
Octaethyl-porphyrin and its metal complexes were used as
educts as a large body of structural data is available for highly
substituted porphyrins that incorporate the octaethylporphyrin

(7) motif.l2] For ease of NMR spectroscopic detection and as
many comparative structural data are available for nickel(lIl)
complexes most of the test reactions were performed using
(2,3,7,8,12,13,17,18-octaethylporphyrinato)nickel(ll)  (3) as
starting compound.

(4) (%)

Scheme 2: Outline of the reaction mechanism.

Formally, the reaction mechanism constitutes a nucleophilic
substitution at the meso position of the porphyrin (Scheme 2).
The addition of LiR leads to the formation of an anion (4).
Hydrolysis yields a porphodimethene (5), which could be
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oxidized in most cases to the corresponding porphyrin (5, see " . Uer e
below). i R
First, we studied the regioselectivity of the addition of a second () Ni
meso substituent. Reac-tion of Ni(ll)(2,3,7,8,-12,13,17,18-
octaethyl-5-phenylporphyrinato) (6) with PhLi afforded the Ni- R=n-butyl {cls 80%, rans 19%) R
complex of cis-5,10-diphenylporphyrin (7) in 84 % and trans- R=phenyl (cls 84%, trans 4%) (8) trans
5,15-diphenylporphyrin (8) in 4 % yield. As expected, phenyl .
lithium shows a higher selectivity com-pared to n-butyl lithium. Scheme 3: Regiochemical aspects of the reaction

A similar reaction of Ni(ll)(5-butyl-2,3,7,8,12,-13,17,18-octaethylporphy-rinato) with n-butyl lithium
gave the cis-product (8) in 80% and the trans-product (7) in 4% yield (Scheme 3).

One surprising result form these studies concerned the different
reactivity of BuLi versus PhLi with 5,10-di- or 5,10,15-
trisubstituted porphyrins. Generally, it was not possible to
insert an aryl substituent in the 15 position of the

%ﬁ

\_51‘“(” 1. PhLi
(2,3,7,8,12,13,17,18-octaethylporphyrinato)nickel ()  skeleton Sooe \“?/L
that already contained substituents at the 5 and 10 position
(Scheme 4). i

<

With this new method mixed aryl and alkyl substituents could
be introduced in various regio chemical combinations and high
yields by use of the respective organolithium reagents. For
example, by repetition of the sequence shown in Scheme 1 with Scheme 4:

different residues (R = n-butyl or phenyl), four dodecasubstituted porphyrins (9, 10, 11, 12) with mixed
substitution pattern were successfully prepared, indicating the synthetic utility of this reaction.

B = nhutsd, phend
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Preliminary crystal structure analyses indicate that the presence of both meso alkyl and aryl groups leads
to macrocycles exhibiting ruffle and saddle distortion. The relative contribution of the individual
distortion modes to the overall conformation depends on the type, number, and localization of the
substituents. In line with expectations the absorption bands are shifted bathochromically with increasing
number of meso substitutuents.



As one example the structure of an undecasubstituted nickel(Il) porphyrin is shown in Figure 1. The
structure exhibits an overall saddle distortion with significant displacements of the alkyl substituted meso
position. Thus, a mixing of distortion modes occurs in compounds of this type.

Fig. 1: Top and side view of the molecular structure of
(5-butv]-2,3,7.8.12,13.17,18 octacthy]-10.20-
diphenvlporphyrinato)nickel(1l).

Synthesis of Porphodimethenes

As described above treatment of NIOEP with BuLi gives an anion that potentially can be trapped with
electrophiles. Thus, an alkyl iodide was added to the mixture containing the anionic species. When
NIOEP was used as educt the reaction resulted in the formation of porphodimethenes (13), which could
not be oxidized with DDQ, an indication of the validity of the proposed mechanism.
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Scheme 5: Synthesis of a porphoedimethene.

This method presents a general and efficient synthesis of stable porphodimethenes (Scheme 5). Using
this method various porphodimethenes with butyl, hexyl, phenyl, propylcyanide, propyliodide, and
hexylidode residues in different combinations were prepared in good to excellent yields. A crystal

structure of one such stable porphodime-thene shows a syn-axial orientation of the meso hydrogen atoms
(Figure 2).

Fig. 2: Side view of the molecular structure of
(5,15-dibutyl-2,3,7,8,12,13,17,18-octaethyl-5,15-
dihydroporphyrinato )nickel(II).

Conclusion



The experiments have shown that the reaction of porphyrins with LiR introduces substituents at the meso
position in an efficient and highly variable way. This method allows the facile synthesis of multiply
meso substituted porphyrins and porphodimethenes in almost any desired regiochemical arrangement of
the substitutents. Current studies are aimed at the investigation of the macrocycle conformation of these
compounds by crystallographic means.
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