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Plant Rgo chlorophyll special pairs differ significantly from
their structurally characterized bacterial counterparts [(BLhl)
Distinctive features of &, special pairs include their-34-fold
smaller inter-chromophoric electronic couplingX40 cnr?)23
and an oxidation potenttaélevated by about 0.5 V from the value
expected under the assumption that tkg &d (BChl) are close-
ly isostructural. The absence of a structure at atomic resolution

for a plant photosynthetic reaction center has stimulated the study

of model dimers to probe the structural dependence of spectro-
scopic and other featuré§:® We report the characterization of

a Zn(ll) pyrochlorophylla dimer 5 that shows (BChplike
pyrrole-over-pyrrole overlap and electronic coupling in solution
but forms a staircase polymer in the solid state.

Methyl pyropheophorbida (1, Chart 1), preparédfrom an
extract of Spirulina pacifica was oxidize# to the 2-carboxal-
dehyde, which was converted to its oxime derivative and further
by zinc(ll) insertion to the zinc(Il) pyropheophorbide derivative
2. In CHCl;, 2 formed a mutually coordinated dimeric structure
(5) according to spectroscopic and other evidence. Osmometric
MW determination at 15.559 mg/3.000 mL of CH@lave 1235
Da (calcd for the dimer, §HgsN100sZn,, 1257 Da).

The 'H NMR spectrum of5 in CDCl; (5 mg/mL) exhibits a

single set of pyropheophorbide signals, some of which appear at
unusually high field. Assignments are based on ROESY measure-

ments and, for the oxime CH signal, the observatioftbf 15N
coupling 0 = 2.4 Hz) in the'>N-labeled analogud. Figure 1
illustrates the chemical shift difference&d) betweerb and the
monomeric zinc(Il) pyropheophorbide formed by adding 2 equiv
of 4-(N,N-dimethylamino)pyridin& 13 (=2-DMAP). Protons in

5 are shielded according to their approximate distance from the
oxime nitrogen, suggesting a ring current effect due to an
overlying partner pyropheophorbide whose zinc is coordinated
to the oxime. Cooling the CDglIsolution of 5 broadened all
signals, whereas warming to 88 partially shifted the shielded
signals closer to positions expected for monomeric pyropheophor-
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Figure 1. 'H NMR shielding effects for pyropheophorbide dinferAd
= §(5) — 6(2-DMAP), and in brackets,Ad] = 6(5) — J(free ligand).
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Chart 1

5a; propionates-exo

(¥) = —CH,CH,CO,Me

Sec: propionates-exo-endo

bide. Titration of the CDGlI solution of 5 with 2.5 equiv of
pyridine-ds gradually shifted the signals to positions indicating
monomeric2-pyridine-ds. In particular, the (apparently nonacidi-
fied) oxime hydroxyl proton moves smoothly from its strongly
shielded position ib atd 3.9 to 8.8 in2-pyridine-ds, suggesting

that the zinc(ll) is coordinated i&ito the oxime N rather than O.
Interestingly, the correspondir@methyloxime zinc(Il) pyrophe-
ophorbide 4) does not form a dimer in CDg$olution according

to NMR analysis, perhaps because of increased steric hindrance
to zinc coordination at nitrogen.

The NMR experiments indicate that monomeimer ex-
change, which might have given rise to an additional set of
signals!* is instead rapid on the NMR time scale. This reflects
the weak ligating ability of oxime nitrogen toward zinctfzom-
pared with the pyridine, imidazole, or amino nitrogen of related
porphyrin dimerd!~1316The NMR experiments are also consistent
with any or all of three different pyropheophorbide facial contacts
in 5: propionatesexo (5a), propionateendo (5b), and propi-
onatesexo—endo(5c). Rapid equilibration among two or three
of these could be occurring but cannot be discerned. Ab initio
calculations at the HF/STO-3G//3G level indicate that the three
isomeric possibilities for facial contact in the dimé&af-c) lie
within about 2 kcal/mol of one another. Semiempirical calculations
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gure 2. Upper trace: electronic spectrum®{9.8 mg/mL) in CHC}
= 0.0027 cm). Lower trace: CD spectrum®{5.2 mg/mL) in CHC}
=0

.0058 cm). Rotations are scaled to 20%.
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Figure 3. View of a polymeric chain in2-CHCls, showing the Zn-
O(keto) linkage between the nearly perpendicular adjoining monomers.
(PM3) suggest somewhat higher energy (about 10 kcal/mol) for
5b compared with that oba and5c.

Electronic and CD spectra of dim&rtaken at concentrations
comparable to those used for the MW and NMR studies are
presented in Figure 2. The most prominent @&psorption, at
14 940 cm?, is little changed by either dilution to 0.098 mg/mL
(14 940 cm?) or addition of 10 equiv of DMAP (14 850 cm),
conditions that should afford monomers with four- and five-
coordinate zinc(ll), respectively. A new low-energy Q absorption
appears at 14 440 crhin the spectra of solutions containing
1.63-15.7 mg/mL of2 in dry, acid-free CHGl This absorption,
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Figure 4. View of the overlapping monomeric units between adjacent
polymeric chains. AG-carbon atom from pyrrole | of one monomer is
nearly centered above pyrrole Il of the adjacent monomer.
ordinate metalated porphyrin and chlorin systém?&. Interesting-
ly, the more basic oxime nitrogen does not coordinate to zinc in
the solid state. A similar oligomeric structure with ketemeag-
nesium coordination has been proposed for chlorophylls in biol-
ogical systemg? Structures for both ket and isocyan® zinc-
ligated cofacial chlorin dimers have been reported. In contrast to
these and other cofacial dimers or stacks in which the chlorin
subunits are approximately parallel and in varying degrees of
contact, the polymeric chains 2(CHCI; feature adjoining chlorin
units that are nearly perpendicular. Interchain association brings
pyrrole ring | in contact with ring 1l of a nearby chlorin, as shown
in Figure 4. One carbon atom (C-1) is almost centered over ring
Il from an adjacent chain. Intermolecular distances [(€-0r
(pyrrole 1) and (C-1)--N(pyrrole II)] range from 3.68 to 3.81
A, indicating at least weak contact. Adjacent chains appear to
be linked further by an oxime-to-ester hydrogen bonet{O =
2.85 A], which taken with the other interactions may compensate
for the absence of ZaN(oxime) bonding in the solid-state
structure.
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to splitting of the Q absorption for the dimes. A second low-
energy absorption, at 13 240 ctperhaps the result of a higher

aggregate, appears in the spectrum of the most concentrated;,

solution only. Deconvolution indicates that thg gplitting is
500-550 cn1t. The CD spectrum also reveals distinct electronic
absorption to the red of the monomey kand.

JA991632S

(17) A dark green crystal d2-CHCI; was mounted on the end of a glass
er. Data were collected at 293(2) K (Enraf-Nonius CAD-4 diffractometer,
Cu Ko radiation,A = 1.5418 A). Crystal data: £Hz:Ns04,Zn-CHCl; M =
747.37; orthorhombicP2;2,2; (No. 19);a = 11.791(1)b = 12.405(1), and
c=23.795(2) A,V = 3480.2 B; Z = 4; pcac = 1.426 glcrd; 4088 unique
reflections (3< 6 < 70°) 3568 withl > 2¢(1). Data were corrected for Lorentz,

Related edge-over-edge overlapped porphyrins show Soret abpolarization, absorption (numerical, SHELX-78.57 < T < 0.72), and decay

sorptions split by~1000 cnt! with only minor changes in the
Q regionit131418whereas the special pair bacteriochlorophylls
and chlorophylls in photosynthetic systems, overlapped in the
region of pyrrole ring |, show Qbands split by 406600 and
<140 cn1l, respectively’:® The smaller splitting reported for the

plant special pairs has been attributed to greater separation, o

suboptimal orientation, of the chlorophyll subunits or even dele-
tion of one subunit:* A splitting of 418 cn* has been calculatéd
for the Q absorption of a chlorophyll dimer fixed at the structure
reported for the special pair &. viridis, which is in harmony
with the 500 cm? splitting of the Q absorption observed for
dimer5.

Dark green crystals oR-CHCl; were obtained upon slow
evaporation of a CHGlsolution” In contrast to the oxime-coor-
dinated dimeric structurgfound in solution, a polymeric staircase
structure forms in the solid state (Figure 3). This coordination
polymer superficially resembles those formed from [10,15,20-
triphenyl-5-(4-pyridyl)porphyrinato]zinc(Iff and other metal-
loporphyring? but has not been reported previously for structures
containing the chlorin subunit. Each zinc atom is apically coor-
dinated to the keto oxygen atom of an adjoining monomer, to
afford a square-pyramidal zinc(ll) geometry typical for five-co-
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