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NMR spectra of highly saddled Mn(IIl) porphyrinates such
as Mn(OETPP)(CDs;OD),* have been measured. The extraordi-
narily upfield shifted meso-'3C signals, which reach as much as
—492 ppm at 298 K, are ascribed to the d>_2—asy, d,,—a14, and
dz—3e, interactions, the former two of which occur only when
the porphyrin ring is saddled.

Electronic structures of metal porphyrinates are controlled
not only by the number and nature of the axial ligands but also
by the nonplanarity of porphyrin ring.! This is because some
metal-porphyrin interactions, which are symmetry forbidden
in planar complexes, become possible by the ring deforma-
tion.> In the process of studying the physicochemical proper-
ties of deformed Mn(III) porphyrinates, we found that highly
saddled Mn(OETPP)CI (1a) and Mn(OETPP)(CD;0D)," (1b)
exhibit quite unusual '*CNMR spectra. In this paper, we report
the anomalous '3CNMR chemical shifts of 1 and explain the
reasons for the anomaly.

Five-coordinate la was prepared from (OETPP)H, and
MnCl, in refluxed DMF solution,>® which was converted to
six-coordinate 1b in CD3;0D solution.” These complexes are
high-spin (S =2) with (dy)'(d,;)'(dy,)'(d2)" in solution as
revealed by the effective magnetic moments, 5.1 ug for both
complexes, determined by the Evans method.® The 'H and
BCNMR chemical shifts of the analogous OEP (2), TPP (3),
TPrP (4), and T'BuP (5) were also examined for comparison
(Scheme 1).9-12

Figures 1 and 2 show the 'H, ?H, and '*CNMR spectra.
Table 1 lists the chemical shifts at 298 K. The four and two meth-
ylene signals in 1a and 1b, respectively, suggest that the saddled
structure is maintained in solution. Several spectroscopic charac-
teristics are clearly seen in the data of Table 1 which can be ex-
plained in terms of the Mn(III)—porphyrin orbital interactions. In
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Scheme 1. Mn(III) porphyrinates examined in this study. 1la—5a
are five-coordinate complexes where axial ligand is C1~ (1a—4a)
or CH3CO;,™ (5a). 1b—4b are six-coordinate complexes where
axial ligand is CD3;OD.

o p|m
(c)
-CH3
-CH
-CH, -CH; 7 -CH,
(b)
(a)
|IIII|IIII|IIII|IIII|IIII|IIII|
50 40 30 20 10 0 -10

ppm

Figure 1. '"HNMR spectra of (a) 1a and (b) phenyl-deuterated
1a-dy, taken in CD,Cl, at 298 K. (c) ZHNMR spectrum of la-
dyo determined in CHCl; at 298 K.

the high-spin five-coordinate complexes (1a—5a), the unpaired
electrons delocalize through the d;—3e, and d.»—a,, interactions
regardless of the porphyrin structures.!* The former induces the
upfield shift of the Py—H and the downfield shifts of the CH, sig-
nals while the latter causes the downfield shift of the meso-C and
m-H signals; note that the 3e, orbital has relatively large coeffi-
cient at the B8-C while the ay, orbital has large coefficient at the
meso-C as shown in Scheme 2. In the six-coordinate complexes
(1b—4b), the Mn(III) ion is in the center of the N4 plane. Thus,
the d;—3e, interaction is strengthened while the d—a,, interac-
tion is weakened; note that the a», and d_> orbitals are orthogonal
in the complexes with D4 symmetry. As a result, both the Py—H
and the meso-C signals exhibit a large upfield shift by ca. 10 and
100 ppm, respectively.

The data in Table 1 also suggest that the chemical shifts of 1
are quite different from those of 2-5. The major differences are
i) the upfield shift of the meta-H, ii) the downfield shifts of the o-
and p-H, and iii) the presence of an extremely upfield shifted
meso-C signal. These NMR characteristics, which suggest the
presence of a large negative spin at the meso-carbon atoms, 410
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Scheme 2. Frontier orbitals of porphyrin.
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Figure 2. *CNMR spectra of meso-'3C enriched (a) 1a, (b) 1b,
(¢) 3a, and (d) 3b taken at 298 K.

Table 1. 'H and '*C NMR chemical shifts* (298 K, § ppm)
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(THF)," also exhibit the meso signals rather upfield.!®!%-20
Thus, the upfield shift of the meso signal must be the phenomen-
on commonly observed in highly saddled § = 2 Mn(IIl) and § =
3/2 Fe(Ill) complexes.
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