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interpretation consistent with the data suggests that the intercalator 
portion of MPE "delivers" the iron/oxygen chemistry to the DNA 
helix. 
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In addition to the well-established roles of chlorophylls and 
bacteriochlorophylls in photosynthesis,2 an increasing body of 
evidence indicates that reduced porphyrins also mediate diverse 
biological functions such as catalatic decomposition of peroxide3 

as well as assimilatory and dissimilatory reductions of nitrites and 
sulfites.4 The prosthetic groups of sulfite and nitrite reductases, 
enzymes which catalyze the six-electron reductions of sulfite and 
nitrite to H2S and NH3, respectively, have been characterized as 
iron isobacteriochlorins or sirohemes (1). The demetalated form 
of siroheme, sirohydrochlorin, has been further identified as a 
precursor to vitamin Bi2 and thus may intriguingly bridge the 
evolutionary roles of the porphyrin and corrin macrocycles.5 
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Figure 1. Structure of 2 and atom-numbering system. The hydrogen 
atoms are numbered according to the carbon atom to which they are 
bonded. The thermal ellipsoids are drawn to enclose 30% probability. 
Hydrogen atoms other than those on rings I and II are omitted for clarity. 

Considerable attention is now focused on the synthesis of iso
bacteriochlorins (iBC)M1 and their theoretical,12 structural,13,14 

and chemical6"14 properties as guides to the chemistry of siroheme 
and sirohydrochlorin in vivo. We present here an X-ray deter
mination of dimethyloctaethylisobacteriochlorin (2), a compound 
which is spectroscopically similar to sirohydrochlorin and bears 
a substituent pattern more akin to that found in vivo than other 
sirohydrochlorin analogues synthesized recently. This pattern was 
deliberately chosen6 to mimic the resistance of siroheme and 
sirohydrochlorin to oxidative dehydrogenation of the two reduced 
pyrroles. 

The structure of 2, along with atom names, is displayed in 
Figure 1. The compound crystallizes15 in a unit cell comprised 
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Figure 2. Stereoscopic view of 2 which illustrates the overlap of rings III of inversion-related molecules. 
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Figure 3. Bond distances (A) for the core of 2. The esd are 0.007 A for 
C-N bonds and 0.008 A for C-C bonds. 

of two molecules in which pyrrole rings III of inversion-related 
molecules overlap with a separation of 3.82 A, indicative of ir-ir 
interactions (Figure 2). This arrangement appears to minimize 
steric hindrance of the ethyl substituents. As shown in Figure 
3, the bond distances reflect almost mirror symmetry across an 
imaginary line through C5 and Cl5 and clearly demonstrate that 
the macrocycle contains the two adjacent sets of saturated and 
unsaturated pyrrole rings characteristic of iBCs. 

A salient feature of the geometry of 2 is the distortion of the 
reduced rings. The CaCsC^Ca torsion angles in rings I and II are 
24.1 (3) and -24.5°, respectively, as opposed to -0.6 and -1.4° 
in rings III and IV. Both methyl carbons C25 and C27 are 
equatorial to the plane of the macrocycle, while H3 and H7 sit 
axially above the ring, on either side of the pseudo mirror plane. 
Rings III and IV are individually planar to 0.01 A while in I and 
II the deviations of all carbon atoms from the plane of each ring 
are substantial. The displacement of all atoms from the plane 
of the four nitrogens (Figure 4) further illustrates the nonplanarity 
of the macrocycle. 

The four nitrogens are quite planar and form a rectangular 
cavity at the center of the macrocycle. The distances of N1 and 
N2 to the centroid of 2.030 and 2.053 A are markedly shorter 
than those of N3 and N4, which are 2.081 and 2.080 A, re
spectively. Within the precision of this study, the Ca-N-C„ angles 
at N2 (109.0°) and N3 (109.2°) are equal, with that at Nl the 
largest, 110.7°, and at N4 the smallest, 105.6 (5)°. 

C35, 

Figure 4. Deviations (A X 102) from the least-squares plane of the four 
nitrogens. The average uncertainty is 0.01 A. 

(15) Compound 2, C38N4H54, crystallizes from toluene/methanol with Z 
= 2 in the triclinic space group Pl in a cell of dimensions a = 12.300 (9) A, 
b = 13.998 (4) A, c = 11.392 (6) A, a = 109.78 (3)°, /3 = 95.37 (5)°, y = 
68.69 (3)°, V = 1718.4 A3. A sphere of data was obtained on an Enraf-
Nonius CAD4 diffractometer with graphite monochromated Cu Ka radiation 
in the scan range, 0 < 2 0 < 100°. Of the 8248 reflections collected, symmetry 
equivalents were averaged to give 3524 unique and 2041 with F0 > Ia(F0). 
An anisotropic model was refined by least squares to RF = 0.092 and /?„F = 
0.082. Because of the large number of variable parameters, two matrix blocks 
were used: one consisted of the overall scale and the positional and thermal 
parameters for the core and the second contained the scale and the positional 
and thermal parameters for the side chains. All hydrogens were located but 
their positions were idealized 0.95 A away from their respective carbon or 
nitrogen in the final cycles of refinement. Each hydrogen was assigned a B 
of 6.0 A2. 

Figure 5. Difference electron density map in the plane of the four ni
trogens. The contour intervals are shown in arbitrary units of 100 with 
negative density indicated by broken lines. The four central peaks range 
from 0.20 to 0.29 e/A3. The heavy line traces the pyrrole nitrogens and 
the a and methine carbons. 

Difference electron density maps of the central cavity reveal 
the inner protons as maxima ranging from 0.2 to 0.3 e /A 3 dis
tributed over the four nitrogens (Figure 5). These results imply 
multiple tautomeric forms of 2 in which the protons are localized 
on adjacent or opposite rings. Infrared and optical studies of 2 
as a function of temperature and solvent66 also provide evidence 
of tautomerization and suggest that the process is dynamic rather 
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than static. 1H NMR data16 indicate that the ring current in 
isobacteriochlorins is lower than in bacteriochlorins, chlorins, or 
porphyrins in accord with a lower degree of aromaticity and thus 
with tautomers in which the conjugation is interrupted (2b and 
c). The bond distances observed in 2 (Figure 3) support such a 
disruption. 

The emerging structural data for chlorins,9'17 bacteriochlorins,18 

and isobacteriochlorins13,14 indicate that the reduced rings of the 
macrocycles are flexible and can assume a wide range of con
formations, influenced in part by the occupancy of the porphyrin 
pocket. Zn(II) complexes exhibit13 only moderate deviations of 
the macrocycles from planarity whereas nickel(II) chlorins9 and 
isobacteriochlorins14 are particularly distorted. ESR results for 
cation radicals of 2 and its Zn and hexacoordinated Fe(II) com
plexes, which probe the /3 protons of the reduced rings and their 
spatial interactions with the a carbons, reveal no major differences 
between the three compounds.12'19 This constancy implies that 
the average conformations of the ligands in solution are similar. 
Extrapolation of the model studies to the biological pigments 
suggests therefore that sirohydrochlorin and low-spin iron(II) 
siroheme should exhibit comparable conformational profiles. 

In a different context, the present results may also be relevant 
to the "special pairs" of bacteriochlorophylls that act as light traps 
and primary electron donors in bacterial photosynthesis.20 As 
in iBC cation radicals,12 the HOMOs of bacteriochlorophyll cations 
localize unpaired spin at the reduced rings with the result that 
the observed ESR and ENDOR parameters of the radicals depend 
heavily on the orientations of these rings.21 Conformational 
changes in the flexible reduced rings, induced by the "special pair" 
packing and/or protein interactions, thus provide an attractive 
structural explanation for the variety of ESR and ENDOR data 
observed for bacteriochlorophyll radicals in vivo.20"22 

Note Added in Proof. The structure of another isobacterio-
chlorin, 3,3',7,7'-tetrahydro-2,2',8,8',l2,13,17,18-octamethyl-
porphyrin, has recently been solved.23 As in the present work, 
the central protons are delocalized, and an interrupted conjugative 
path is indicated. In sharp contrast to the results presented here, 
the molecule is planar and thus further illustrates the wide range 
of conformations that reduced porphyrins can assume. 
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In addition to primary metal and ligand types, metal-ligand 
distances in transition-metal complexes are dependent on a variety 
of factors, including metal and/or ligand oxidation state, coor
dination number and geometry, cis- and trans-bond lengthening 
effects, intramolecular nonbonded interactions, and in the solid 
state, intermolecular interactions of various types. Recent X-ray 
and (in some cases) neutron diffraction analyses of members of 
the series of complexes L3H3^ClnIr

111 [L = PMe2Ph; n = 0-3] 
provide valuable new insight into the relative importance of some 
of these factors. Relevant bond length data for mer- [L3Cl3Ir

111]' 
(1), me/--[L3-r/ww-Cl2HIrm] (2), /ner-[L3-m-Cl2HIrln] [mono-
clinic (3a), and orthorhombic (3b), modifications], wer-[L3Cl-
CW-H2Ir

1"] (4),/ac-[L3Cl3Ir
m] (5), and fac-[L3H3Ir

111]2 (6) are 
shown in Table I.3 Even in this series, and for given ligand type, 
variable factors will include (as a minimum) the specific nature 
of the trans ligand, the differing steric requirements of the anionic 
ligands (Cl or H), ligand-ligand nonbonding interactions, and the 
intermolecular force fields. Because these factors are interde
pendent, we are unable to rationalize the variations indicated in 
Table I in detail. We are able, however, to derive some useful 
estimates of the relative magnitudes of the various effects. 

Complexes 1, 3a, and 5, each crystallize with two molecules 
per asymmetric unit, and despite the differing crystalline envi
ronments of pair members, chemically equivalent metal-ligand 
bond lengths do not differ significantly.4 These data suggest an 
upper limit of ca. 0.005 A for the effect of the intermolecular force 
field on the metal-ligand bond lengths. Other effects are much 
more substantial. Thus, for any particular complex, we observe 
that the trans influence on metal-ligand bond lengths is marked 
and that the order (H > PMe2Ph > Cl) is as expected.5 As the 
trans ligand is changed from chloride to phosphine and from 
phosphine to hydride, Ir-Cl is increased by ca. 0.07 and 0.05 A 
respectively. The corresponding increases in Ir-P are ca. 0.10 
and 0.04 A. Trans lengthening of the Ir-H bond is also evident, 
with substitution of phosphine for chloride, causing an increase 
in Ir-H of ca. 0.05 A. The Ir-H lengthening is only a little less 
than that observed for Ir-Cl with the same ligands. So far as we 
are aware, the present results provide the first quantitative measure 
of this effect in simple octahedral systems. 

Next, comparison between different mer complexes (1-4) shows 
that whereas the Ir-Cl (and Ir-H) bond length trans to a given 
ligand is approximately constant, the Ir-P bond length trans to 
a given ligand is certainly not constant. There is a clear trend 
that, as the degree of hydride substitution is increased by unity, 
the Ir-P bond length (for any given trans ligand) is decreased by 
ca. 0.04 A.6 The same effect is illustrated dramatically in the 
fac complexes (5, 6) where, despite the marked difference in the 
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