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We report the structural and spectroscopic characterization
of a Zn(ll) bacteriochlorin dimer whose bacteriochlorin (BC)
rings have a biologically relevant inter-ring separation but stack
to mimimizeoverlap between their-orbitals. This situation
contrasts with the substantialoverlap between BC molecules
that are present as “special pairs” (SP) in bacterial photosynthetic
reaction centers and as circular arrays in light-harvesting (LH)
complexes. Although the contributions of BC orbital interac-
tions to the unusual electronic spectroscopic features shown by
these aggregates are of current intetesg are not aware of
any closely coupled BC dimers that have been characterized 2y
structurally, apart from the SP molecules themselveg. Figure 1. Molecular structure of [Z(II-)2] 2 p-xylene. Selected

The BC subunits of the SP are laterally offsetbg A and _ X ze Poys s .
oriented such that only their unsaturated acetyl-substituted 3iStances (A) and angles (deg) are the following:~E{51), 2.200(6);

. . . 5 Zn—N(1), 2.085(6); ZA-N(2), 2.071(6); ZR-N(3), 2.123(6); Zr-N(4),
pyrrole rings (ring |) overlap at a separation-e8.2 A2 The 2.109(6) N(1}-Zn—N(51), 103.9(2): N(3}-Zn—N(51) 96.4(2)
resulting intradimer interactions serve to red-shift the lowest P.rimed étom labels indicaie syn%met'rwlx y1-z TR
energy BC electronic absorption band,J@nd make the SP a T ’
better phototrapfor the LH complexes. Structural studig4>
of two LH Il complexes show that overlap within their cyclic
arrays of BCs involves both unsaturated pyrroles (rings | and
ll). As a consequence of these interactions, theakksorption
of the monomeric BCs at+800 nm is successively red-shifted
to ~850 and then~875 nm for the cyclic arrays of BCs in LH

complexes | and Il, respectively. Since the SP spectra at highe .
P b y P g may be calculated with reference to the spectrum of the

energies than the (and (other Q, Soret, and possible charge- . o

resonance absorptions) are masked by overlapping absorptionsMonomer” Zn(l)-2:DMAP that is itself formed by treatment
having contributions from the accessory BC and bacteriopheo- ©f @ CDCE solution of [Zn(ll)}2], with a 10-fold excess of
phytin pigments2cstudies of model BC dimers are critical for 4-(\:N-dimethylamino)pyridine (DMAP).  Comparison (see

revealing the effects of ring stacking on tidi electronic spectra ~ SUPPorting Information) ofoA values of the BC dimer
of the SPs. [Zn(Il)-2], and the porphyrin analogue [Zn(1), suggests that

Reduction of 5-(2-pyridyl)-10,15,20-tris(3,5-difluorophenyl)- thgy are structurally analogous, z?llthough Fhe magnitude pf the
porphyrin ()87 with diimide generateih siti gave the BC2 shielding effect of the ne|ghbqr|ng BC ring on the pyrldyl
[5-(2-pyridyl)-2,3,12,13-tetrahydro-10,15,20-tris(3,5-difluoro- Protons and on H-7 and H-8 is somewhat less than in the
phenyl)porphyrin], which was converted to Zn{@)y treatment porphyrin dimer. Slow evaporation (in the dark) of a solution

with Zn(ll) acetate in refluxing ethanolic 1,2-dichloroethane. ©Of [Zn(I1)-2]2in CHClz andp-xylene afforded crystals suitable
for an X-ray diffraction study.

That Zn(ll)-2 forms the self-coordinating dimer [Zn(1B]> in
solution is indicated by the osmometric MW in CHGblution
(MW 1354, 10.83 mg/10 mL, calcd for the dimer 1580) and by
the strongly shielded and sharply defined pyridyl resonances
in the 'TH NMR spectrum. As with the dimeric [Zn(H)].
(porphyrin analogué dimerization-induced shiftsd(A values)
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(4) McDermott, G.; Prince, S. M.; Freer, A. A.; Hawthornthwaite- monomer SUb}g\mtS is 2.98(1) [2.92] A for.themmlanes and.
374(1,5?&7?@1. WS 1095 3. 5215 are laterally offset in the dimer by 5.49(1) [5.51] A, and the
ui randt, .Structure 3 —O. .o 1
(6) Stibrany, R. T.; Vasudevan, J.; Knapp, S.; Potenza, J. A.; Emge, T.; Zn---Zn separations a“? 5.942(1) [5'9.55] A, Unfortunately.’ .the
Schugar, H. JJ. Am. Chem. Sod.996 118 3980-1. X-ray results are ambiguous regarding the H atom positions
Ny (7) Gonlsatl:\ﬁesrhf\égl\f'2déA63|?5'iz\1/0arejao' J. M. T. B.; Pereira, M. M. and the associated C atom hybridization, which would indicate
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(8) Whitiock. H. W.: Hanauer, R.: Oester, M. Y- Bower, B. K.Am. the nature of the overlap between the BC rings. The most
Chem. Soc1969 91, 74859, prominent structural consequence of porphyrin reduction is the
(9) Crystal data for [Zn(1F2]2+2(p-xylene):ZnNFeCasHas2(CeHao), MW longer G—Cg bond length shown by the reduced ring(s). The
= 1003.4, monoclinicP2y/n, Z = 4,a = 20.742(7) b = 10.977(3), andt unsaturated £-Cs bond distance for the four pyrrole units in

=21.209(5) A5 = 103.88(3, V = 4688(2) A at 153(2) K,D, = 1.422 ; . )
genrs, M(o )Ka/zl =0.710 (7:2 A)Re = 0.(()6)0 for 2471(re)3ﬂecticons having  Porphyrins averages1.36 A. Reduction of porphyrins to chlo-

I > 20(l). rins, BCs, or iso-BCs generates reduced pyrrole rings having
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Figure 3. Electronic spectra at 25C of Zn(l1)-2:DMAP (upper trace,
offset 0.5A) and [Zn(Il)2], (lower) in CHCE, [Zn(Il)] = 1.43 x 1073
M with path length—= 0.0196 cm for both; peaks due to chlorin impurity

Figure 2. View of [Zn(Il)-2]. showing one each of the ten pairs of ~2'€ identified by a plus signt(.

close inter-BC contacts indicated by the ROESY experiment. o ) o ) )
What is immediately striking about Figure 3 is the near

typical G—C; single bond distances 0f1.49 A1° The G— superimposibility of the dimer and monomer electronic spectra.
Cs bond distances for [Zn(HP]. [C(2)—C(3), C(7)-C(8), The Q absorption of [Zn(1§2], at 13180 cm' shows no
C(12)-C(13), C(17}-C18)] span the range of 1.4%+1.462 A evidence of splitting and is only marginally red-shifted from
and thus are likely averaged by a lattice disorder. that of Zn(ll)}>2:DMAP at 13250 cml; the respective peak
This ambiguity about the nature of the edge-over-edge stack-widths at half height are-500 and~320 cnt?, respectively.
ing of the BC rings in [Zn(II)2]> was resolved by performing  In comparison, a red-shift of 1575 cthhas been calculated
a 2D-ROESY experimeht at 500 MHz on a CDGlsolution (ignoring protein-induced effects) for the,@bsorption of the
at 10°C. Ten crosspeaks corresponding to inter-BC subunit SP BCs'9 The origin of the red-shifted {absorption is thought
proton—proton contacts are observed (Figure 2). In particular, to reside in the combined excitonic and charge-transfer interac-
both H(7) and H(8) of one BC ring show crosspeaks with tions present in the “supermolecule” that results from strong
H(2)endo Of the other ring, a feature that can only be present if coupling of the monomers. Misalignment of the monomer
the BC units stack such that the pyrroline (i.e., reduced) portion z-systems in [Zn(132], apparently has attenuated the electronic
of one BC overlaps the pyrrole (i.e., unreduced) portion of the coupling indicated for the above interactions.
other. This structural feature is also supported by crystal-  Excitonic band splitting AE) for the above dimers is given
lographic €% — 1) statistics, which favor a centrosymmetric  py the formulaAE = 2|M [2(1 — 3 co2 6)/r3 where the transition
structure!® and by AM1 calculations that show the noncen- momentsM are inclined by the anglé to a line of lengthr
trosymmetric alternative structure is disfavored (by 3.4 kcal/ (approximately the ZrZn vector) that connects the molecular
mol), a result in agreement with the additional destabilizing centersl5 Assuming the transition moments lie along the
H—H contacts expected from overlap between two reduced N—zn—N directions, the moments makeangles of 47.06 and
pyrrole rings. The minor crystallographic disorder seems to 51 44 with the Zn--Zn vector ¢ = 5.942 A) of [Zn(l1)-2],
originate in the packing of [Zn(Itp]; rather than in the stacking  and 46.10 and 51.8@vith the Zn+-Zn vector ¢ = 5.955 A) of
of its BC subunits. [Zn(I)+1].. Excitonic coupling of the Qtransition moment
Preliminary electrochemical studies show that [Zngll) and for crystalline [Zn(lly2], could be associated with either the
[Zn(11)-1]2 undergo four reversible one-electron oxidations£Bu  47.06 or 51.4%angle due to the minor crystallographic disorder
NBF4, CHCl,, SCE) at 0.38, 0.82, 1.24, and 1.41 V and 0.56, noted above and likely averages to about #¢ the solution
1.01, 1.21, and 1.55 V, respectively. Bubbling Ntirough dimer. These angles are close to the “magic angle” of Gt 7

solutions of the dimers affords reference monomers Zll)  which excitonic coupling is predicted to vanish for these
NH3; and Zn(lly1-NHs; that exhibit two reversible one-electron  molecular dimers.

oxidations at 0.60 and 0.96 V and 0.84 and 1.24 V, respectively.  The intensities of the monomer absorptions are 90 000

. S.olution electronic spectra of [Zn(B]2 (at a concentration  or the Zn(lly2-DMAP Q, band at 13250 ¢t ande = 580 000
similar to that used for the MW study) and Zn(@)DMAP for the Soret absorptiérof the Zn(Il)-1-DMAP at 23340 cm?.
?re presented in Figure 3; cooling the solutions from 25456 Since|M|? is proportional toe/v wherev is the frequency of
C afforded no significant spectral changes. Some contamina-ihe ahsorption bant this factor alone would limit the exciton
tion by chlorin £-5% both by NMR integration and by assuming - gpjitting of the [Zn(lly2], Q, absorption to~27% of that shown
the e of its Soret absorption at 23300 cnis ~280 000, the v (zn(11)-1], Soret absorption. Thus, an upper limit for the
value reported for Zn(ll) tetraphenyichlotfi) is evident.  exciton splitting of the Qabsorption is estimated to be270

Corrected for chlorin, the absorption for the Zn(It2-DMAP cmt assuming that the 1000 crhsplitting of the Soret band
monomer is weakere(= 90 000) than that reportec (= for [Zn(I1)-1], is completely exciton-derived.

0,14a,b i i
130 000}°*4**for Zn(ll) tetraphenylbacteriochlorin. The lack of either a significant red-shift or detectable splitting
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