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Abstract: The multiple alkylation of porphyrin 3 by four equivalents of the homochiral
ditosylthreitol 4 proceeded in high yields, and only one of the two possible isomers was
formed. The crystal structure of the product 5 suggests that that this novel phenomenon is a
consequence of conformational changes, induced by the first alkylation. The formation of the
first bridge completely eliminates the possibility of obtaining one of the isomers, while at the
same time it seems to assist in the formation of the other isomer in a self assembly fashion.
Copyright © 1996 Elsevier Science Lid

Metal Complexes of homochiral ligands are frequently utilized as catalysts for asymmetric functionalization of
hydrocarbons.! Utilization of homochiral metalloporphyrins as oxygenation catalysts is particularly important
because of the biological relevance to catalysis by heme-dependant enzymes and the relatively well understood
mechanistic aspects of their action.2 The first utilization of homochiral metalloporphyrins for asymmetric
induction was reported in 1983,3 a few years after the pioneering demonstration of epoxidation of olefins via
catalysis by synthetic iron* and manganese> porphyrin complexes. During the last decade more efficient and
selective catalysts were developed, which also led to a higher level of knowledge about the requirements for

effective asymmetric induction.b
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Scheme 1
The most common approach for the preparation of homochiral porphyrins is by derivativation of free
functional groups (-NHj, -OH, -CO,H) on the porphyrin periphery by readily available homochiral compounds
(acid derivatives, alkyl halides or tosylates, amines). Ideally, a homochiral cavity must be built close to the metal
center, which calls for derivativation of the ortho-phenyl positions of tetraphenylporphyrin. The three available
precursors for these reactions are the tetraamino, tetrahydroxy, and octahydroxy derivatives, 1 - 3, shown in
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Scheme 1. Derivatisation of porphyrin 1 or 2 leads however to a mixture of four possible atropisomers, of
which only two have the desired features (o,B,ot,p and o,0,0,0 in Scheme 1). In addition, in the o, 0,0
isomer all the homochiral groups are located on the same face of the porphyrin. To use such metal derivatives as
catalysts requires blocking of the undesired site by bulky axial ligands, which because of mechanistic
considerations is applicable only to manganese complexes. Utilization of porphyrin 3 appears quite appealing,
since both sites will necessarily remain identical after functionalization of its OH groups. To our knowledge,
only Naruta et al have so far prepared homochiral porphyrins from 3, using derivatives of binaphtol.” The yields
of coupling between 3 and these homochiral auxiliaries were however low, and in addition, two isomers—
staggered and eclipsed— of these "twin coronet" porphyrins were formed in about equimolar ratio (Scheme 1).

In this account we report the coupling reaction of porphyrin 3 with commercially available (S,S)-(-)-1,4-di-O-
tosyl-2,3-O-isopropylidene-L-threitol 4, which was recently shown by Collman er al to be a quite effective
alkylating agent for porphyrin 2 (combined yield of 37% of the two possible isomers).8 In the present case, the
reaction proceeded with 60% yield and only one isomer, 5, was formed. The crystal structure of 5 suggests that
both the relatively high yield and the selectivity result from conformational changes in the porphyrin upon
introduction of the first threitol unit, which direct the next incoming groups in a self assembly fashion.

The reaction was performed by treating porphyrin 3 with 5 equivalents of compound 4,2 following the
procedure described by Collman et af for alkylation of porphyrin 2. Flash chromatography afforded only one
porphyrin, 5, which was isolated in 60% yield. The structure of 5§ was first elucidated from its |H NMR
spectrum, based on symmetry considerations. Both possible isomers of the fully alkylated porphyrin have Dy
symmetry, but with different location of their C2(x) and Cy(y) axes, considering Cz(z) as perpendicular to the
porphyrin plane. The B-pyrrole hydrogens appeared as two doublets in the 1H NMR spectrum of 5, which is
only consistent with the staggered isomer, whose C2(x) and C2(y) axes penetrate the phenyl-carrying meso
carbon atoms. For the eclipsed isomer the C3(x) and Ca(y) axes bisect the pyrrole rings. leaving their adjacent

hvdrogens equivalent, which would result in two sets of singlets.

Figure 1. Formal diagram of the porphyrinato core and the phenyl rings (numbers are explained in text) and
ORTEP stereoview of the structure of porphyrin §.
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The crystal structure of 5 (Figure 1) confirmed its assignment as the staggered isomer.!® Furthermore, critical
examination of the structure revealed the reason for the selective formation of only the staggered, but not the
eclipsed isomer. The most important structural parameters in the present context are the angles between the mean
plane of the four meso-phenyl rings and the porphyrin plane. These angles were found to be 136.1, 54.6,
139.8, and 46.0° for rings A, B, C, and D of Figure 1, keeping a counterclockwise trend of the plane's normals
around the porphyrin. Clearly, each two adjacent phenyl groups rotate in opposite directions in order to bring the
bridging ortho-phenyl oxygens close enough in space for reaction with the ditosylthreitol groups. The distances
between the four sets of bridging oxygens (01-O4, O5-0g, Og-012, 013-O16) in porphyrin § were found to be in
the range of 4.66 + 0.30 A. The same rotations also move the two other ortho-phenyl oxygens of adjacent
phenyl groups (01-O12, 04-09, O5-Oj6, Og-0O13) away from each other to a range of 9.06 + 0.15 A, thus
clearly avoiding the possibility of connecting a second threitol unit on the opposite porphyrin plane.
Accordingly, the eclipsed isomer can not be formed. Furthermore, it seems likely that formation of the first
bridge assists in formation of the next one. If for example the first reaction occurs between rings B and C, their
free O4 and Og ortho-phenyl hydroxides at the opposite porphyrin face will become closer to Oy and Og7 of rings
A and D, respectively, thus encouraging the formation of the next bridge. This sequence of conformational
changes seems to be responsible for the relatively high yield for the formation of 5. Finally, the rotation of the
phenyl groups and the formation of the bridges also appears to affect the final conformation of the porphyrin. It
is well known that ortho-phenyl substituents and B-pyrrole CH's have strong steric interactions.! ! In the present
case, each threitol bridge is expected to "push” the pyrrole unit encapsulated between the phenyl rings in order to
relieve steric hindrance. For the staggered isomer this will result in deviation of the four pyrrole units from the
porphyrin plane in an up-down-up-down fashion. This so-called saddle shaped porphyrin deformation!! was
indeed found to be very dominant for porphyrin 5, as can be seen from Figure 1, in which the deviation of the
20 C and the 4 N atoms from the mean plane trough the four N atoms are shown in units of 0.01 A,

In conclusion, the novel high-yield formation of only one isomer in the multiple alkylation of porphyrin 3 by
four equivalents of ditosylthreitol 4 was found to be a consequence of conformational changes produced by the
first alkylation. It completely eliminates the possibility of obtaining one of the isomers, while at the same time it
seems to assist in the formation of the other. We trust that these observations will assist in future design of

superstructured homochiral porphyrins.
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