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Summary: The X-ray structures of the vitamin B12
models RCo[(DO)(DOH)pn](H2O)PF6, with R ) CH2CF3
(1), CH2COOMe (2), are reported, and the Co-C and
Co-O axial distances, determined by XRD and EXAFS,
are compared for several R ligands. The XRD distances
contradict the previous values determined by EXAFS
and lead to a different chemical interpretation of their
trends when the alkyl group is varied.

Crystallographic studies of the vitamin B12 models
RCoIII(chel)L,1 with a large variety of R ) alkyl, L )
Lewis base, and chel ) (DH)2 (cobaloximes) and (DO)-
(DOH)pn (Costa models)2 (Chart 1), have provided a
large amount of structural data.1,3 The analysis of these
data has allowed a rationalization of the metric features
of the R-Co-L fragment, in terms of the electronic and
steric properties of the R and L ligands.4-6 The influ-
ence of R is evidenced by a lengthening of the Co-L
bond, up to 0.15 Å, with an increase in the σ-donating
ability of R, and by a lengthening of the Co-C bond, up
to 0.20 Å, with an increase in the bulkiness and
σ-donating ability of R.4b

Recently, a solid-state EXAFS study of the complexes
RCo[(DO)(DOH)pn](H2O)(ClO4), with different R groups,
has been reported.7 Surprisingly, the Co-C distances
were found to increase in the order i-Pr e i-Bu < CH2-
Ph ≈ Me < CH2COOMe < CH2CF3 and the Co-O
distances in the order CH2Ph < Me < i-Pr ≈ i-Bu <
CH2COOMe e CH2CF3. These authors pointed out that
the Co-C distances lengthen with a decrease in the R
σ-donating ability, in contrast with the trends reported
for cobaloxime and Costa model complexes containing

different L ligands1,6 and with the crystallographic data
available for the aquo Costa models, with R ) Me, Et,
CH2Ph, i-Pr.8

In order to shed light upon these controversial results,
we have determined the X-ray crystal structure of two
members of the series RCo[(DO)(DOH)pn](H2O)(PF6),
with R ) CH2CF3 (1), CH2COOMe (2). We aimed also
to further contribute to the question whether the
coordination geometry in octahedral Co complexes,
derived from EXAFSmeasurements, is accurate enough
to analyze trends in strictly related complexes. In fact,
structural data of some cobalamins,9 obtained by EX-
AFSmeasurements, have been strongly criticized on the
basis of successive accurate XRD studies,10,11 which have
found erratic differences of about 0.2 Å in the Co-N
axial distances determined by the two methods.
The ORTEP drawings12 of the cations of 1 and 2 are

shown in Figures 1 and 2, respectively. Axial distances
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in the RCo[(DO)(DOH)pn](H2O)+ series, determined by
XRD, are given in Table 1. In agreement with previous
analyses,1,4,6 the XRD trends indicate a lengthening of
the Co-O bond on going from the less to the more
electron donating R group, whereas the Co-C bond
lengthens with an increase in the bulkiness and electron
donating ability of R.14 The aquo derivative series in
cobaloximes is not available; however, the XRD Co-C

distances of Table 1 can be compared with those
reported for the corresponding RCo(DH)2(py) series.1 A
good linear correlation (r ) 0.995)15 between the two
sets of data is found and confirms that, in B12 models,
the trend of the Co-C distances, when R is varied, is
scarcely affected by the types of equatorial and L
ligands.1,4b,6
Axial distances, determined by XRD and EXAFS, are

compared in Table 1. A fair agreement is found only
for the CH2Ph derivative. In the other complexes, the
Co-C distances, determined by EXAFS with an esti-
mated error of about 0.01 Å,7 are longer (up to 0.08 Å)
when R ) Me, CH2CF3, CH2COOMe and shorter (up to
0.07 Å) for R ) i-Pr, with respect to the corresponding
distances determined by XRD. The Co-O distances
obtained by XRD are all shorter, and the greatest
differences (up to 0.18 Å) are found for the two deriva-
tives reported in the present work. This suggests a
dramatic underestimate of the error in the EXAFS
distances.7 In addition to the above large discrepancies
in distances, the comparison shows that the trends
derived by EXAFS and by XRD are essentially opposite.
Therefore, the trend suggested for Co-C bond lengths
by the EXAFS analysis, in contrast with many previous
works on vitamin B12 models, is again not confirmed
by the present XRD results. Consequently, the chemical
conclusions derived by EXAFS7 should be refuted. The
same applies to the Co-O distances, for which even
larger differences between XRD and EXAFS results are
observed.
In our opinion, this and previous studies10,11 open the

problem of the degree of reliability of the coordination
distance values derived by EXAFS, when the coordina-
tion shells overlap strongly, with implications not only
in inorganic chemistry but also in metalloenzyme
structural studies.16 To our knowledge, proper critical
analyses have not been reported yet. However, a recent
review16 compares Rh-X distances determined by EX-
AFS in the solid state with those determined by XRD
in several Rh complexes. The comparison indicates
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Table 1. Comparison of Co-C and Co-O Axial Distances (Å) Determined by XRD and EXAFS and Relative
Differences, ∆ (Å), in RCo[(DO)(DOH)pn](H2O)+ Cationsa

Co-C Co-O

R XRDb EXAFSc ∆ XRDb EXAFSc ∆

Me 1.977(4) 2.041(7) -0.064 2.103(3) 2.127 -0.024
CH2CF3 1.989(3) 2.067(10) -0.078 2.062(2) 2.219 -0.157
CH2CO2Me 2.015(3) 2.056(9) -0.041 2.024(2) 2.206 -0.182
Et 2.020(3) 2.109(2)
CH2Ph 2.052(2) 2.040(8) 0.012 2.099(1) 2.102 -0.003
i-Prd 2.055(5) 2.021(10) 0.034 2.138(3) 2.160 -0.022

2.090(3) 0.069 2.128(2) -0.032
i-Bu 2.029(12) 2.159

a Data obtained in the present work are given in boldface type. b Reference 8. c Reference 7. d Two crystalline modifications. The difference
between the two values for the XRD Co-C distance could be partially due to the different accuracies of data and partially attributed to
the different steric interactions of the i-Pr group with the equatorial moiety in the two crystalline modifications.8

Figure 1. ORTEP diagram with the atom-labeling scheme
for 1. Thermal ellipsoids are drawn at 50% probability. For
the sake of clarity, the PF6

- anion and H atoms are not
depicted. Selected bond distances (Å) and angles (deg): Co-
N1) 1.887(3), Co-N2 ) 1.889(3), Co-N3 ) 1.912(3), Co-
N4 ) 1.918(3); Co-C12-C13 ) 121.5(3).

Figure 2. ORTEP diagram with the atom-labeling scheme
for 2. Thermal ellipsoids are drawn at 50% probability. For
the sake of clarity, the PF6

- anion and H atoms are not
depicted. Selected bond distances (Å) and angles (deg): Co-
N1 ) 1.883(2), Co-N2 ) 1.893(2), Co-N3 ) 1.910(2), Co-
N4 ) 1.918(2); Co-C12-C13 ) 115.4(2).
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that, when X ) P, the difference is not larger than 0.03
Å, whereas when X ) O and C, differences up to 0.10 Å
are found. There is no doubt that EXAFS spectroscopy
is an important technique in many respects. However,
the present work suggests that when the coordination
distances are close to each other and involve only light
atoms, the reliability of the EXAFS analysis is notably
reduced, even taking into account the multiple-scatter-
ing contribution.7 Therefore, it is highly desirable to
understand better how to avoid overinterpretation of the
data.16 A combined EXAFS and XRD study on other
Co octahedral complexes will be completed in due
course.
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