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First Example of a Chlorophin from
an Unexpected Oxidative Ring-Opening of an
(Octadehydrocorrinato)nickel(11) Salt **

By Chi K. Chang,* Weishih Wu, Shuenn-Shing Chern,
and Shie-Ming Peng*

The presence of vic-dihydroxychlorin or its lactone as the
heme prosthetic group in d-type cytochromes has recently
been elucidated.!*! The diol structure raises the possibility
that these green heme compounds might be derived biosyn-
thetically from epoxidation of the porphyrin f—~f double
bond. In pursuit of such an epoxychlorin, we examined the
green compound 1 first reported by Johnson and co-work-
ers,'* who obtained it from air oxidation of (1,19-dimethyl-
octadehydrocorrinato)nickel(i) chloride (2). Until very re-
cently!® this was the only known example of epoxychlorin.
We discovered that structure 1 is nonexistent; this compound
is in fact a totally unexpected and unprecedented tetraaza
macrocycle consisting of only three pyrrole units with the

[*1 Prof. C. K. Chang, Dr. W. Wu
Department of Chemistry
Michigan State University
East Lansing, MI 48824 (USA)
Prof. S.-M. Peng, S.-S. Chern
Department of Chemistry
National Taiwan University
Taipei (Taiwan)
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34468 and GM 36520) at Michigan State University and by the National
Science Council of the Republic of China (NSC80-0208-M002-58). CKC
thanks the NSC and National Taiwan University for a Visiting Professor-
ship.
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fourth pyrrole torn apart and reassembled into an exocyclic
furan ring. This structure is so unusual that it represents a
new member in the porphyrin family.

Following Johnson’s procedure,!?! 2 was stirred in o-
dichlorobenzene at 150-160 °C in air for about 20 minutes
to give a green pigment as the major product (34 %) along
with a nickel porphyrin 3 (15%). Although the mass spec-

cr W
o}
1 2

trum (m/z 536) of the green product™! showed the addition
of one oxygen atom to 2, and its absorption spectrum re-
sembled those of metallochlorins, the chemical reactivities
were incompatible with the suggested epoxide structure. For
example, it failed to react with methyllithium and could not
be reduced by LiAlH,. Since NMR analyses were unable to
determine where the oxygen atom had attached, we turned to
X-ray diffraction. Crystallization of this compound from a
series of solvent systems almost always gave twinned crystals
unsuitable for X-ray study. A single crystal was finally ob-
tained from diethyl ether. From its structure (Fig. 1©°7) one
can readily appreciate what complicated rearrangements
have taken place: The corrin frame has expanded and one
angular methyl group has become a methine bridge. The
pyrrole a—f bond adjacent to the other angular methyl
group was broken, and the vinylic appendage of the broken
pyrrole turned through 180° to reattach itself to the macro-
cycle via an oxide. The resultant structure is a fully conjugat-
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ed 18 7 chlorin-like skeleton with only three pyrrolic compo-
nents. In order to highlight the relationship with the parent
chlorin we propose the name “furochlorophin” for the new
compound, since “chlorophin’ has been suggested'® for the
hitherto unknown tripyrryltetraaza macrocycle. The crystal
structure showed normal carbon—carbon and metal—nitro-
gen bond lengths typical of mickel porphyrinoids.!” The
nickel ion is essentially coplanar with the four nitrogens but
the molecule deviates noticeably from planarity, for example,
by 0.86 A at C15,0.57 A at C16 and particularly for the furan
ringby —0.74 Aat C17, —1.58 Aat C18, —1.93 A at C19,
and —1.38 A at O. The contracted core of Ni porphyrins
caused by short N-Ni bonds often results in a warped ring,
but nonplanarity in this molecule is additionally attributed
to the repulsion between C29 and C30 methyl groups.

Fig. 1. Structure of la in the crystal. Selected bond distances [A): Ni-N(1)
1.945, Ni-N(2) 1.902, Ni-N(3) 1.901, Ni-N(4) 1.908, N(1)-C(1) 1.355, N(4)-
C(17) 1.377, N(4)-C(16) 1.372, C(17)-C(20) 1.372, C(17)-C(18) 1.432, C(20)-O
1.377, C(19)-0O 1.381.

The initial step proposed for the thermolysis of 2/ is a
proton abstraction from one of the angular methyl groups by
the anion to give the ring fission product 5, which then cyclizes
to 6. The oxidation of 6 could give rise to porphyrin 3 and 4,
depending on the nature of the original anion. In the present
case the fission of the pyrrole a—ff bond competes favorably
with the cleavage of the angular methyl group. As often the
case, the reaction mechanism associated with air oxidation is
difficult to establish. No concrete mechanism can be offered
at this time for the formation of the furan ring. Possibly an
oxophlorin-like intermediate is formed first at C20, as this
meso position is particularly susceptible to oxidation.!®

Treatment of 1a with concentrated sulfuric acid yielded
two metal-free derivatives. As deduced by mass spectra and
NMR, the major component (60% yield) is the free base
furochlorophin (1b).1) In the minor component (20%) the
furan ring has opened with the addition of H,O (most likely
structure 7 or its tautomers)."'%) The structure of furo-
chlorophin has been confirmed by X-ray diffraction
(Fig. 2).1'1) The macrocycle is visibly more planar than the
Ni complex due to the absence of the short-bond doming
effect; the core size of 1b is also enlarged. This new macro-
cyclic ligand is easily converted into its Cu, Zn", as well as
back to the Ni'" complex under mild conditions (metal ace-
tate in CHCl,;/MeOH). The UV/VIS spectrum of the free
base is shown in Figure 3. While the overall features are
chlorin-like, there are two notable differences. First, the
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Fig. 2. Structure of 1b in the crystal. The deviation of the core atoms of 1a and
1b from the nitrogen plane is shown by the cylindrical projection plots. The
horizoutal axis is not to scale.

Soret band as well as the long-wavelength band of 1b are
significantly red shifted (22 nm and 55 nm, respectively,
from those of a typical chlorin). Large bathochromic shifts
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Fig. 3. UV/VIS spectrum of free base 1b in CH,Cl,. A = absorbance.

are also observed in the spectra of metal complexes 1a, 1¢,
and 1d (Table 1). Second, the extinction coefficients of this
series of compounds are relatively small (only about 1/3 of
those of corresponding chlorins). The bathochromic shift is
probably brought about by an extension of the conjugation
by the furan ring. The diminishing HOMO-LUMO gap is

Table 1. UV/VIS data (CH,Cl,) for furochlorophin and its metal complexes.

Compound A max (¢) [nm (M~ 'em™')]

1b (M =2H) 413(60700) 526(4900) 569(5800) 641(7200) 699(13000)
1a (M =Ni)  422(41600) 523(3800) 580(4200) 685(18 200y

le (M =Cu)  414(37200) 522(4600) 682(11 400)
433(38700)

1d (M =2Zn) 440(50300) 513(4500) 583(2800) 638(6300) 683(11800)
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also reflected in redox potentials. The furochlorophin 1b
oxidizes to its = cation radical at 0.47 V and reduces at
—1.25V to the anion radical (determined by cyclic voltam-
metry, versus Ag/AgCl, in CH,Cl,). In comparison with
etiochlorin I, 2! 1 b is easier to oxidize as well as to reduce by
about 180 mV. This smaller redox span correlates well with
the observed first absorption band shift. Although the ab-
sorption bands of the furochlorophin derivatives have lower
extinction coefficients, their bandwidths are broader than
those found in chlorins; thus the difference in total oscillator
strength between the two systems is less drastic. The decrease
in absorption extinction coefficient may be attributable to
the reduced rigidity of a macrocycle missing some of the
peripheral carbons. Previously Flitsch reported the synthesis
of ““isobacteriophin”, which has two pyrrolic f—f bonds
removed; that chromophore also exhibits reduced absorp-
tion intensity as compared to isobacteriochlorins.H?!

To our knowledge 1a—14d are the first porphyrinoids that
possess a chlorophin core structure. A previous attempt to
prepare such compound was not successful.l'# The inherent
simplicity of this serendipitous synthesis not only enriches
the chemistry of corrinoids! *! but may have potential appli-
cations in the emerging photodynamic cancer therapy be-
cause of the desirable long-wavelength absorption character-
istics of these pigments.
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The Synthesis and Structure of an Unusual
Uranium Pentachloride Derivative®*

By Michael Wedler, Mathias Noltemeyer,
and Frank T. Edelmann*

Dedicated to Professor Oskar Glemser on the occasion
of his 80th birthday

Uranium pentachloride (UCly), is a highly reactive com-
pound which is reduced even by aliphatic hydrocarbons to
uranium(1v) complexes in a vigorous reaction.!!*2) A selective
exchange of one or more chlorine atoms has not yet been
possible. We report here the unexpected formation of a ura-
nium pentachloride derivative as well as its structural char-
acterization.

According to investigations by Dehnicke et al.,’*! fully
silylated benzamidines RC;H,C(=NSiMe,)N(SiMe,), re-
act with various metal halides with cleavage of SiMe,X
(X = halide) to give metal complexes with benzamidinato
ligands L. The reaction of benzamides L-SiMe, with UCI,

SiMe, -

L', R=H
P L%, R =Me
R~©~C\(\ L R = OMe
\ L4 R = CF,
| 5 _
SiMe,| L R=Ph

provides the green bis(benzamidinato)dichlorouranium(iv)
complexes [L,UCl,], which we have previously de-
scribed .31 In addition, well-formed black single crystals
were isolated from the reaction of MeC H,C(=NSiMe,)N-
(SiMe,), with UCl,. This side product apparently arose
from the unintentional introduction of air to the reaction
mixture. This black compound could be obtained cleanly
and reproduceably by controlled oxidation of the reaction
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Institut fiir Anorganische Chemie der Universitit
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