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Addition of sterically hindered Organolithium Compounds
to meso-Tetraphenylporphyrin.
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Abstract: Reaction of ¢-butyllithium with meso-tetraphenylporphyrin gives two di-r-
butyl-dihydroporphyrins, the addition occuring at positions 2,3 or 5,10. 5,10-di-z-

butyl -5,10- dlhydro—meso tetraphenylporphyrin adopts a helicoidal structure as shown
by its X-ray crystal structure. © 1998 Published by Elsevier Science Ltd. All rights reserved.

Addition of nucleophiles to the meso position of a porphyrin should give a phlorin and this was
demontrated in several examples!. We recently reported that stable phlorins can be isolated from the reduction

of N-substituted porphyrin free bases2. Phlorin formation was extended to simple porphyrins like meso-

tetraphenylporphyrin 1 (H,TPP), whose alkylation with n-butyllithium gave 2, however of moderate
stavﬂi[}ﬁ, likely via the lithium :‘nmnlex4 A B addition uct 2-n-butvlTPch n 3 was also isolated. This

last reaction, direct alkylation of an unactivated porphyrl potennal y pro mjsing since formation of
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To broaden the scope of the direct alkylation reaction and to influence the phiorin/chiorin ratio, we
decided to use sterically more demanding reagents. This approach was also inspired by the known abnormal

chemistry of t-butyl-substituted porphyrins®.
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4 (22%; as a diastereomeric mixture) could be isolated in a pure state. The UV-visible and mass spectra of
several fractions indicated the presence of additional chiorins (at least 3 dibutylaied chlorins (8%) +
polyalkylated mixtures), but the low amount of products, as well as their occurrence as diastereomeric mixtures
precluded the isolation of any pure component. Compound 4 shows spectral data typical for a chlorin: long

wavelength absorption (strong band at 652 nm), high-field protons, etc”.

Reaction with z-butyllithium was expected to be more difficult in

Ph -
/\)\/\ terms of approach of the reactive centers, but the structures of the products
T ™ sec-Bu Wwould be simpler to elucidate. The first hypothesis was verified when we
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HN reaction products that could be fully characterized were both the result of a

A\ \ J\ Y double addition.

i T/ ~ Compound 5 (1%; racemic mixture if trans) is a typical chlorin

Ph whose UV-visible and NMR data® are similar to that of 2 and 4. We
suggest that the two f-butyl groups are in frans relationship: indeed, it is
difficult to imagine the two groups positioned on the same face of the macrocycle without inducing a very large

involving the #-butyl groups and the meso-phenyl groups. In such a ca ne would exnect
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Compound 6 (5%) lost the 187 porphyrin conjugated system (N-H signals at 11.8 ! ppm) and
chowed several bands in the 350-550 nm ranoe9. The nresence of four intact nvrrole rinos was illustrated by
showed several bands in the 350-550 range e presence of four intact pyrro gs was illustrated by
smnle at £ V1 and A 11 s 94 207 LT T D22 MY and & AN and EAD nnm (DA D009 T T — A7 ) tha T
\15 1aid at V.41 JLUSRS Ny 35 § Pl)lll \LU, LTL L1y J = 4,0 llL}, aliu J.uv aliu u.ro l,)lJlll \&My, &4 11y J — ./ JIL}, ue J
values strongly suggesting a 5,10 addition of ¢-butyl groups, the 2.3 Hz being due to a B-H - NH coupling.

The relative stereochemistry of the z-butyl groups was clarified by X-ray structure determinationi®, using a
single crystal grown by slow diffusion of CH30H into a CH,Cl; solution of 6.

Spontaneous resolution of 6 was observed. The shape of the molecule is that of a tripyrrolic helix,
attached to an isolated pyrrole by two sp3 carbons.The two r-butyl groups are arranged in an anti diaxial
geometry. The bond lengths in the tripyrrolic unit define two pyrrolenine units with alternate single and double
bonds and a central pyrrole with highly delocalized T system (see figure below).
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Figure Two orthogonal views of 6 and selected dihydroporphyrin derived compounds.
lVlCSO-pﬂCl’lyl and p-t:lllyl groups have been ommiitted for clar n_y The fi rigures in column 2 were gener rated 1 uauls information down-
loaded from the Cambridge Crystallographic Data Centre and correspond to a structure originally reported in reference 11.

Only a few non-aromatic dihydroporphyrin bases have been structurally characterized, and compound 6
is the first fully characterized 5,10-dihydroporphyrin. In conclusion, it is interesting to underline the variety of
shape adopted by these molecules. The tetrapyrrolic nucleus of 5,15-dihydroporphyrins is either almost flat,
like in 5,15-di-iso-propyl-5,15-dihydro-octaethylporphyrin!! (figure), or roof-shaped like a dication derived

from meso-tetra-t-butylporphyrin®, this geometry being often realized in metal complexes of the 5,15-dihydro
carmacl? WA o iaiioas H NS PR apey Feon it 1
series!2. More unusual dihydroporphyrin bases show additional frameworks, with one pyrrolic rotated as in

N-phenyiphiorin? (figure), or resembling two dipyrromethenes in independent planes in a 1,2-dilydro

structure13.
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7. 4: UV-vis. (CH2Clp): 418 nm (g = 102000), 518 (16200), 548 (9900), 598 (6400), 652 (18400). 'H

NMR (CDCl3; major or minor diastereomer): 8.56, 8.41, 8.17 (d+s+d, 2+2+2, pyrrole, maj + min), 8.3-7.5

(m, 22H, phenyl + 2 pyrrole maj+min), 4.91 and 4.78 (2d, H-3 syn/butyl, resp. maj and min), 4.1 (m, H-2,
15 3 ]

mairminy 2Q8 and 2 2Q /744 1.2 onf;l“\nfn] racn Mmailmi T = 174 and 1 Q2 T2\ 1 78 (i e M
fiiaj=riiiiiij, 5.7J diiu 5.00 (4G4, [1-J aliti/vuiyi, iLSp. Lll(lJ'l"lll]ll, J = 14,0 dllU 1.0 114), 1./7J \Ii}, 1i-2,

maj+min), 1.13 and 0.85 (2m, CHj, resp. maj and min), 0.78 and -0.09 (2d, CH3, resp. min and maj), 0.57
and 0.16 (2t, terminal CHa, resp. maj and min).

8. 5: UV-vis. (CH,Cl): 426 nm (£ = 96100), 530 (8600), 558 (7600), 612 (3800), 666 (14700). 'H NMR
(CDCl3): 8.47 (2, 2H, pyrrole), 8.35 (s, 2H, pyrrole), 8.02 (d, 2H, pyrrole), 7.3-7.9 (m, 20H, meso-
phenyl), 5.02 (s, 2H, 2-H + 3-H), 0.55 (slightly broadened s, 18, -Bu), -0.6 (broad signal, 2H, N-H).

9. 6: UV-vis. (CH»Cl,): 338 nm (g = 65200), 356 (65000), 520 (42500), 556 (43800). 1H NMR (CDCI3)

121 and 11 Q2 /) lhe~and o N_TIN 7"m and 729 /743 V1D BT A~ whanyly 707 & {1 1AL rarmaining nhano
10.1 ailu 11.0 \& vivau 5, iv-1ij, AU AU [ I& (U, te i, Uv-puacliyt), /.2=/.9 (i1, 101, lC“lz:ul.lng PllCllyl

H), 6.42 (d, 2H, J = 4.7 Hz), 6.11 (d, 2H, J = 2.3 Hz), 5.60 (d, 2H, J = 4.7 Hz), 5.21 (d 2H, J = 2.3 Hz),
1.24 (s, 18H, #-butyl). Data from single crystals indicate op > 3000.

10. Crystal data for 6: C5°2H48N4-CH2C12, M = 813.9, monoclmlc space group P21, a= 12. 550(3)
13.381(4), c = 13.429(4) A, p(deg) =95.85(2), V=22434 A-’ Z=12,Dc=1.205 g cm3. A total of 4963

h+ k + 1 reflections was collected on a dark-nurnle crystal of dimensions 0.40 x 0.40 x 0.40 mm3
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Nonius CAD4-F diffractometer, graphite monochromated MoKo. 2588 unique reflexions having I > 3s(I)
were used to determine (direct methods) and refine the structure. The absolute structure was determined by
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rcrmmg Flack's x parameter. Final resuits: K(l") = U.U4Y, Kw(l“) 0.067. Atomic COOrﬂlna[CS bond lengms
and angles, and thermal parameters } have been deposited at the Cambridge Crystallographic Data Centre.
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