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Barriers to inversion of the highly deformed porphyrin rings in two ferric porphyrin radical cations, [Fe(OMTPP)-
Cl]SbCk and [Fe(OETPP)CI]Sbgwhere OMTPP and OETPP are dianions of 2,3,7,8,12,13,17,18-octamethyl-
and 2,3,7,8,12,13,17,18-octaethyl-5,10,15,20-tetraphenylporphyrin, respectively, have been determined by the
dynamic NMR method. Inversion barrier of [Fe(OMTPP)CI|ShGI estimated to be 14.8 kcal madl(72 °C)

which is higher than that of the corresponding neutral porphyrin complex [Fe(OMTPP)CI] by more than 4 kcal
mol~1. Increase in barrier to inversion has also been observed in [Fe(OETPP)Gl|$hdligh the precise
determination is hampered in this case due to the occurrence of site exchange of the ferric ion across the porphyrin
ring; the latter process is verified because the activation free energies obtained from the line shape analysis of the
meta and methyl signals are quite close, 18.1 (ICBand 17.9 (113C) kcal moil, respectively. Thus, the
inversion barrier in [Fe(OETPP)CI|Shgk supposed to be>18 kcal moft. Since the inversion barrier in the
corresponding neutral porphyrin complex [Fe(OETPP)CI] is reported to be 15.8 kcdl thel barrier has increased

by >2 kcal mol. These results are interpreted in terms of the enhanced nonplanarity of the radical cations as
compared with the corresponding neutral complexes. The interaction between porphgrid &on gz—y2 orbitals

in the radical cations, which is expected to be strengthened in the deformed structure, could be one of the reasons
for the conformational change.

Introduction in the spin state of a high spin ferric ion into an admixed

Nonplanar porphyrin ring in ferric porphyrin complexes has Ntermediate. _ _
been a current interest since it is supposed to be related with The other interesting properties of these complexes are dy-
important functional roles in biological systemEypical exam- namic processes such as ring inversion of the deformed por-
ples of nonplanar porphyrin rings are 2,3,7,8,12,13,17,18-octa-F_’hy“” ring and hindered rotation of the coordinated planar
alkyl-5,10,15,20-tetraphenylporphyrins (ORTPR)there R is Ilgqnd§.1°—12 Because of the highly deformed structure, the
methyl or ethyl group-* These porphyrins as well as their metal activation free energy fpr inversion in [Zn(OETPP)] was directly
complexes are known to adopt highly S4 saddled conformation OPtained by the dynamic NMR technique to be 16.2 kcal bl
both in solution and in the crystalline stdt&Because of the In the course of our rese_arch on ferric porphyrin radical cations
nonplanarity of the porphyrin ring, these compounds exhibit With deformed  porphyrin ring? we have encountered an
some pronounced properties; a large red shift in the absorptioninteresting phenomenon; a large increase in barriers to ring

spectré” a lowering of the oxidation potenti&Band a change ~ inversion of radical species as compared with those of the
starting high spin ferric porphyrin complexes. In this paper, we
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Barriers to Inversion of Nonplanar Ferric Porphyrin Radical Cations

Table 1. Chemical Shifts of Ferric Porphyrins and Their Radical
Cations Taken at 25C in C,D,Cl, Solution

pyrrole phenyl
complexes H Ch CH; oH m-H p-H
[Fe(TPP)CI] 80.1 - - 6.2 12.6 5.8
3.8 12.0
[Fe(OMTPP)ClF  — - 511 113 12,5 7.4
8.6 12.2
[Fe(OETPP)CH - 49.0 32 115 12.4 7.5
34.8 1.8 9.1 12.2
32.1
20.1
[Fe(TPP)CIF © 68.8 — - 422 -123 350
[Fe(OMTPP)CI}  — - 69.9 39.7 —-11.0 317
63.0 369 -—125
[Fe(OETPP)CI} - 71.2 44 376 -101 288
56.1 36 349 -115
24.7
16.6

a Qriginally reported by Cheng and co-workérs Data from ref
14.
Experimental Section

SpectroscopyH NMR spectra were recorded at various temperature
using CDCl, and/or CDC{ as solvents on a JEOL LA 300 spectrometer

operating at 300.4 MHz. For high-temperature measurement, 1,1,2,2-

tetrachloro-1,2-dideuterioethane ,{I;Cls), bp 146.3°C, was used.

Chemical shifts were referenced to residual solvent peaks35 ppm

for CD,Cl,, 6 7.25 ppm for CDGJ, andd 5.92 ppm for GD,Cls).
SynthesisFree base porphyrins, (OMTPR)&hd (OETPP)KH were

prepared from benzaldehyde and the corresponding pyrroles according

to the literaturé. Insertion of iron was performed using Fe@H0 in
refluxing DMF followed by the purification of the product by the
reported metho8l.[Fe(OMTPP)CI] and [Fe(OETPP)CI] showed the
same UV~vis and*H NMR spectral properties as those reported by
Cheng and co-workers for these compleXes.

[Fe(OMTPP)CI]SbCle. Dichloromethane solution containing 10.0
mg (1.2x 10-5 mol) of [Fe(OMTPP)CI] was treated with 6.4 mg (1.2
x 1075 mol) of phenoxathiinylium hexachloroantimonate (Phenox)-
SbCk.** The reaction mixture was stirred for 10 min at room

temperature, and hexane was slowly added for crystallization. The

crystals thus formed were dried in vacuo and dissolved in,Cl,
for NMR measurement. The chemical shifts inDgCl, at 25°C are
listed in Table 1. UV~vis (CH,Cly): Amax NmM (loge€): 396 (4.80).

[Fe(OETPP)CI]SbCls. This complex was prepared and crystallized
similarly as described above. The chemical shifts iD£l, at 25°C
are also listed in Table 1. UWis(CHCL): Amax hm (loge€): 393
(4.89).

Activation Free Energies for Inversion. The rate constanky) for
ring inversion at the coalescence temperatlig Was determined by
the equationk. = TAvIN/2,whereAv is the difference in chemical
shifts of the mutually exchanging signals in [Fe(OMTPP)CI|Sfz®id
[Fe(OETPP)CI]SbGlwhen ring inversion is slowed on the NMR time
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Figure 1. *H NMR spectrum of [Fe(OMTPP)CI|Sb€ltaken in
C:D.Cls at 20°C. Temperature dependence of the methyl signals is
given in the inset.
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Figure 2. 'H NMR spectrum of [Fe(OETPP)CI|Sbgltaken in
C:D.Cls at 20 °C. Temperature dependence of the methylene and
ortho signals is shown in the inset.

those of the starting ferric porphyrin complexes. Chemical shifts
of [Fe(TPP)CI] and [Fe(TPP)CIl|Sbglare also listed for
comparisort* While the methyl protons in [Fe(OMTPP)CI] gave
a single peak at 52.1 ppm at 2@, those in [Fe(OMTPP)CI]-
SbCk showed two separate signals at 71.4 and 64.2 ppm. The
data in Table 1 indicate that the phenyl signals of three radical
cations showed a similar tendency in the sense that the ortho
and para signals appeared downfield while the meta signals
appeared upfield.

Activation Free Energies. (i) [Fe(OMTPP)CIJ". Although
the methyl protons in [Fe(OMTPP)CI]ShClshowed two
different signals at 20C, they broadened at higher temperature
as shown in the inset of Figure 1. The coalescence temperature

scale. Since the chemical shifts are temperature dependent in para®f the two signals was determined to be 2 The activation

magnetic molecules, th&v at T, was extrapolated from the values at
low temperatures. The activation free energy was estimatdd lay
the equationAG* = RT{22.96+ In(TJ/Av)}.15

Results

IH NMR Spectra. Figures 1 and 2 show tHél NMR spectra
of radical cations, [Fe(OMTPP)CI]Sb&and [Fe(OETPP)CI]-
ShCk, respectively, taken at 2 in C,D,Cl,. Table 1 presents
the chemical shifts of these complexes at°25together with

(14) Gans, P.; Buisson, G.; Duee, E.; Marchon, J.-C.; Erler, B. S.; Scholz,
W. F.; Reed, C. AJ. Am. Chem. S0d.986 108 1223.

(15) Cki, M. In Application of Dynamic NMR Spectroscopy to Organic
Chemistry Marchand, A. P., Ed.; VCH Publishers: Deerfield Beech,
FL, 1985.

free energy for the dynamic process was estimated as 14.8 kcal
mol~! at this temperature. The value was more than 4 kcat ol
higher than that of the corresponding [Fe(OMTPPfCIlem-
perature dependence was also observed in the phenyl signals;
the ortho and meta signals broadened and coalesced at 92 and
88°C, respectively. The activation free energies were calculated
to be 16.4 (92C) and 16.6 (88C) kcal mol-L. Curie plots of

the methyl, ortho, meta, and para signals are given in Figures
S1-S4 of the Supporting Information, respectively.

(i) [Fe(OETPP)CI]*. The methylene protons in [Fe(OETPP)-
Cl]SbCk gave four separate signals at 20. These signals
started to broaden as the temperature was raised abov&100
as shown in the inset of Figure 2. Although the two upfield
signals became close to a coalescence at°T24he sample
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Table 2. Activation Free Energies (kcal md) for the Dynamic Fe. ]2+ 2+
Processes Obtained in@;Cl, Together with the Coalescence (b)
Temperatures in Parentheses -=

complexes inversion phenyl rotation  site exchange

Fe
b b
[Fe(TPP)CI] - 16.1 (60°C)2  >16.1 (60°C)9 ¢ ),/7 \\(\)
. g Cl

[Fe(OMTPP)CI]  10.1{30°C)> 16.6 (96°C)¢ 18 (150°)9
10.5 15°C)°  16.6 (68°C)'

[Fe(OETPP)CI]  15.8(106C)>  18.9 (140°C)e >18 (150°C)d
15.7 (70°C)  18.7 (92°C)
16.0 (108°C)

[Fe(TPP)CIF - ~16 (60°C)? 12.4 (8°C)
12.1 (-10°CY
[Fe(OMTPP)CIF  14.8 (72°C)  16.4 (92°C)¢  ~18 (113°C)e
16.6 (88°C)f

[Fe(OETPP)CIt >18(124°C)¥ =18 (113°C)¢  18.1 (113°C)c
>17.0 (124°C)
17.8 (118°Cy

17.9 (113°C) :

a Data from ref 23° Data from ref 9.5~f Values obtained by the line Cl
shape gnalygss of the methyl, methylene, ortho, and meta signals, rigyre 3. Possible mechanisms for the dynamic processes: inversion
respectively? See the text for the estimation. of the deformed porphyrin ring (a) and site exchange of a ferric ion

) ~_ across the porphyrin ring by the dissociative (b) and associative (c)
started to decompose at this temperature. Thus, the activationpathways.

free energy was estimated to bel7.0 kcal mot! at 124°C.
The methyl protons showed two unsymmetrical signals at 4.38 carbons which induce large isotropic shifts of the meso phenyl
and 3.64 ppm at 26C and moved upfield as the temperature protons in the'H NMR spectrum as exemplified by the
was raised. These signals coalesced at A 3yielding the extremely downfield-shifted ortho and para signals and upfield-
activation free energy of 18.1 kcal madl The ortho and meta  shifted meta signafst” Close inspection of the data in Table
signals also broadened and coalesced at 118 and°C13 1 reveals, however, that the difference in chemical shifts of the
respectively. Analysis of these signals yielded activation free phenyl signals between neutral and radical cationic complexes
energies of 17.8 (118C) and 17.9 (113°C) kcal mol™, decreases on going from [Fe(TPP)CI|Sp@ [Fe(OMTPP)-
respectively. Temperature dependence of the ortho signals isCl]SbCk and then to [Fe(OETPP)CI|SbCIFor example, the
also demonstrated in the inset of Figure 2. Curie plots of the downfield shift of the para signals in TPP complexes is 29.2
methyl, methylene, ortho, meta, and para signals are given inppm as compared with 24.3 and 21.3 ppm in OMTPP and
Figures S5-S9 of the Supporting Information, respectively. OETPP complexes, respectively. Similar tendency was observed
(ii) [Fe(OMTPP)CI]. Cheng and co-workers determined the for the ortho signals. The results might be ascribed to the
activation free energy for ring inversion to be 10.1 kcal Mol  enhanced antiferromagnetic coupling between radical and ferric
in CD,Cl, at —30 °C by monitoring the methyl signafsWe ion in the deformed porphyrin complex&¥! Difference in spin
obtained a slightly higher value: 10.5 kcal mbin C,D,Cly state of the ferric ion in the deformed system could be another
at—15°C. The line shape analysis of the ortho and meta signals reason for the smaller isotropic shifts of the phenyl protons.
was also carried out. The activation free energies were 16.6 Mechanisms for the Dynamic Processes. (i) General
(96 °C) and 16.6 (68°C) kcal mol?, respectively, at the  Consideration. Figure 3 shows possible dynamic processes to
coalescence temperatures given in the parentheses. be considered in these complexes. They are (i) inversion of the
(iv) [Fe(OETPP)CI]. The activation free energy of 15.8 (100 deformed porphyrin ring as shown in process “(d)i) site
°C) kcal molt was reported for ring inversion based on the exchange of a ferric ion across the porphyrin ring via dissocia-
line shape analysis of the methylene sigifal§e obtained a tion and association of chloride as shown in process&hhd
similar value, 16.0 (108C) kcal mol?, from the change in (iii) rotation of phenyl groups about fess—Cphenyl DONds(not
line shape of the methylene signals; four methylene signals shown in Figure 3}>° If excess chloride exists in solution,
broadened, coalesced and then gave two broad signals abovéhe site exchange of a ferric ion would take place by an
110 °C. These signals gradually sharpened on further raising associative mechanism given in process'{cht a low tem-
the temperature. The line shape analysis of the methyl signalsperature where all of the three processes are frozen, each of the
also yielded a similar value, 15.7 (7Q) kcal moiL. In contrast, methyl, ortho, and meta protons of [Fe(OMTPP)CI|SxPlould
the activation free energies obtained form the ortho and metagive two signals. At a high temperature where all these processes
signals were much higher, 18.9 (120) and 18.7 (92C) kcal are fast on théH NMR time scale, only one signal should be
mol~1, respectively. Table 2 summarizes the activation free observed for each of the methyl, ortho, and meta protons. Since
energies obtained from various protons in the radical cations the activation free energies obtained from the line shape analysis

and the corresponding neutral complexes. of the ortho and meta signals should be the same in any case,
) ) we can obtain two kinds of activation free energid&*(Me)
Discussion and AG¥(ortho or meta). If porphyrin inversion is a process

1H NMR Spectra of Radical Cations. The data in Table 1 With the lowest energy barrier, thexG*(Me) < AG*(ortho or
indicate that the three radical cations are classified as the samdneta); inversion of the deformed porphyrin ring does not af-
type: ay porphyrin z-radicals!41617 A characteristic feature  fect the line shape of the ortho and meta signals. In this case,

in this type of radical is the large spin densities on the meso AG(Me) indicates the activation free energy for porphyrin
inversion. If site exchange of a ferric ion shown in process (b)

(16) Hanson, L. K.; Chang, C. K.; Davis, M. S.; FajerJJ.Am. Chem.
Soc.1981 103 663. (18) Snyder, R. V.; La Mar, G. NJ. Am. Chem. Sod.976 98, 4419.
(17) Phillippi, M. A.; Goff, H. M. J. Am. Chem. Sod.982 104, 6026. (19) Eaton, S. S.; Eaton, G. R. Am. Chem. S0d.977, 99, 6594.
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or (c) of Figure 3 has the lowest barriekG*(Me) = AG*- porphyrin ring. Since the activation free energy for site exchange
(ortho or meta); site exchange of a ferric ion makes not only of the ferric ion in [Fe(OETPP)CI|Sbg;118.1 kcal mot?, is
the methyl groups but also the ortho and meta protons expected to be quite close to that in [Fe(OMTPP)CI|$bhtle
equivalent. In this case, we can only say that the activation free rate process withAG* = 16.4 to 16.6 kcal mof* obtained from
energy for porphyrin inversion is higher thaG*(Me) or AG*- the ortho and meta signals in [Fe(OMTPP)CI]|Sh&Hould be
(ortho or meta). Additional pieces of evidence is necessary to ascribed to the phenyl rotation. On the basis of the discussion
determine the barrier to ring inversion. If phenyl rotation is a given above, inversion barrier in [Fe(OETPP)CI|ShG$
process with the lowest barriexG*(Me) > AG*(ortho or meta). considered to be much higher than 18.1 kcal Thelt 113°C.
In this case AG*(Me) indicates either a barrier to porphyrin  In principle, barrier to inversion can be obtained from the line
inversion or a barrier to site exchange of the ferric ion through shape analysis of the methylene signals. The four methylene
the porphyrin hole. Again, we need some additional information signals should change into two signals due to site exchange of
to determine which process is taking place. the ferric ion. The two signals should then coalesce to give a
(i) [Fe(OMTPP)CI] . Coalescence behavior of the methyl single line at higher temperature by ring inversion. The
signals at 72C in [Fe(OMTPP)CI|SbGsuggests that either a  coalescence temperature corresponding to the latter process must
ring inversion or a site exchange of the ferric ion is taking place be very high in [Fe(OETPP)CI]Sbgsince four signals were
on the!H NMR time scale. As mentioned, we can differentiate still observed even at 124C. Thus, the activation free energy
ring inversion from site exchange by the line shape analysis of for ring inversion should be expressed>ad8 kcal mol* at
the phenyl signals. The activation free energy of 14.89C2 124°C.
kcal mol~! obtained from the methyl signals was much smaller ~ (iv) Neutral Porphyrin Complexes. We obtained two
than those obtained from the ortho and meta signals, 16.4 (92different activation free energieAG*(Me) and AG*(ortho or
°C) and 16.6 (88C) kcal mol%, respectively. Since activation = meta), for the neutral porphyrin complexes such as [Fe-
entropy is considered to be a large positive or a large negative(OMTPP)CI] and [Fe(OETPP)CI]. In each complexG*(Me)
value for the dissociative or associative pathway presented inis smaller thamAG¥(ortho or meta), indicating that the former
process (b) or (c) of Figure 3, respectively, one has to be very is the activation free energy for ring inversion as Cheng and
careful to conclude the existence of two different dynamic co-workers reportedThe latter is then ascribed to the activation
processes on the basis of the different activation free energiesfree energy for either phenyl rotation or site exchange of the
We concluded, however, that the activation free energies ferric ion. As mentioned, these processes can be differentiated
obtained from the methyl and ortho signals (or meta signals) in the case of [Fe(OETPP)CI] by the line shape analysis of the
correspond to the different dynamic processes; even if activationmethylene signals. In fact, four methylene signals in [Fe-
entropy is+20 or —20 eu for the dissociative or associative (OETPP)CI] broadened, coalesced at 2G8and then changed
pathway, respectivelf:2! the difference inAG* between 72 into two broad signals at 120C due to ring inversion. These
and 92°C is at most+0.4 kcal mot?. Thus, the rate process two signals gradually sharpened as the temperature was further
with AG*¥ = 14.8 kcal mot?! is assigned to the ring inversion  raised; the half-height widths were 820 and 830 Hz at 430
of the deformed porphyrin ring. The rate process with 16.4 or 450 and 550 Hz at 140C, and 300 and 380 Hz at 15C. If
16.6 kcal mot? is then ascribed to either phenyl rotation or site exchange becomes fast on the NMR time scale, these two
site exchange of the ferric ion across the porphyrin ring. We signals should broaden. Thus, the temperature dependence of
ascribed it to the phenyl rotation by the reason described laterthese signals strongly suggests that the coalescence temperature
in this paper. It should be noted that the sample must be veryis >150 °C. CorrespondinglyAG* for site exchange of the
pure since addition of 0.05 equiv of tetrabutylammonium ferric ion in [Fe(OETPP)CI] is>18 kcal mot?! at 150°C.
chloride caused considerable effect on the line shape of eachSimilar value is expected for [Fe(OMTPP)CI]. Sing&s* of
signal as shown in Figure S10 of the Supporting Information; >18 kcal mof* is much larger than those obtained from the
two signals observed for the methyl, ortho, and meta protons ortho and meta signals in both [Fe(OMTPP)CI] and [Fe-
at 25°C changed to a single line due to the enhanced rate for (OETPP)CI], the latter could be assigned to @" for phenyl
site exchange of the ferric ion by the associative proéess. rotation. In Table 2 are given the activation free energies for
(i) [Fe(OETPP)CI] *. In the case of [Fe(OETPP)CI|Sh{I inversion of porphyrin, rotation of phenyl group, and site
both porphyrin inversion and site exchange of the ferric ion exchange of a ferric ion.
are frozen on théH NMR time scale at 23C as is clear from Comparison of Barriers to Site Exchange of the Ferric
the four separated methylene signals. These signals shouldons. From the discussion given above, barriers to site exchange
change to two signals if either porphyrin inversion or site of ferric ions in the neutral porphyrin complexes are higher than
exchange of the ferric ion becomes fast on tHeNMR time those in the radical cationic porphyrin complexa§* for [Fe-
scale. As mentioned, coalescence of four signals into two was (OETPP)CI] is>18 kcal mot? at 150°C in contrast to 18.1
not observed even at 12€. Thus, the activation free energies kcal mol! at 113 °C in [Fe(OETPP)CI|SbGl A similar
for both porphyrin inversion and site exchange of the ferric ion phenomenon was observed in TPP system; the ortho and meta
were estimated to be 17.0 kcal moft at 124°C. Activation phenyl protons in [Fe(TPP)CI|Sbg£ave two signals only
free energy was directly obtained, however, from the methyl below 8 and—10 °C, respectively*?? while they maintained
signals as 18.1 kcal mol at 113°C. The value was quite close  two signals up to 60C in [Fe(TPP)CI]. The averaging process
to those obtained form the ortho and meta signals, 17.8 (118 of the meta signals in [Fe(TPP)CI] was explained in terms of
°C) and 17.9 (113C) kcal mofL, respectively. Similarity of the phenyl rotation wittAG* = 16.1 (60°C) kcal mol1.23 The
the activation free energies obtained from the three different
probes strongly suggests that the dynamic process can beg22) Although temperature-depend@rtNMR spectra of [Fe(TPP)CIISbel

assigned to site exchange rather than inversion of the deformed ~ Was reported, activation free energy for the dynamic process was not
mentionedt Line shape analysis of the ortho and meta signals have
yielded activation free energies of 12.4 kcal mo{8 °C) and 12.1
(20) Satterlee, J. D.; La Mar, G, N.; Bold, T.J.Am. Chem. Sod.977, kcal mol® (=10 °C), respectively.
99, 1088. (23) Calculated from the rate constant given in the following reference.
(21) Nakamura, MInorg. Chem. Actdl 989 161, 73. Walker, F. A.; La Mar, G. NAnn N.Y. Acad. Scil973 206, 328.
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averaging process of the ortho and meta signals in [Fe(TPP)-(—15 °C) kcal mol? in [Co(OETPP)OAc] to>20 (134°C)
ClISbCk observed at lower temperature can then be ascribedkcal molin dication [(OETPP)H)]%". The difference has been
to the site exchange of the ferric ion withG* = 12.1 (-10 explained in terms of the nonplanarity of the porphyrin rings
°C) to 12.4 (8°C) kcal mol?; the activation free energy for  as well as the steric repulsion between NH protons in the case
phenyl rotation in [Fe(TPP)CI|Sbgls expected to be similar  of [[OETPP)H]2" during the inversion proced8Thus, a large
to that in [Fe(TPP)CI]. The large decrease in barriers to site increase in inversion barrier observed in this study strongly
exchange of a ferric ion on going from neutral to radical cationic suggests that the nonplanarity has increased on one electron
complexes could be explained in terms of the decrease inoxidation of porphyrin ring to form porphyrin radical. There
basicity of porphyrin ligands in the latter complexés. are several papers on X-ray crystallography reporting the saddle
Another interesting phenomenon is a large difference in shaped structure in porphyrin radical catiéh3® 32 Fajer and
activation free energies for site exchange of a ferric ion between co-workers reported the increase in deformation of porphyrin
[Fe(TPP)CI]SbGJ and [Fe(OETPP)CI|Sb@lWhile the activa- ~ core on one electron oxidation of [Cu(OETPP)] to form [Cu-
tion free energy of the former complex was 12.4@®) kcal (OETPP)T—.S’33 The additional distortion was attributed to the
mol~1, that of the latter complex was 17.8 (14®) kcal mol ™. change in electronic configuration due to the oxidation and to
It is well-known that the metatnitrogen bond length decreases the low-energy barriers between nonplanar conformers with
as the porphyrin ring defornfé§25 the average FeN bond different degree of nonplanari?yThe results obtained by the
length in [Fe(OETPP)CI] is 2.031(5) A as compared with 2.070- Present study suggest that the increase in deformed structure
(9) A in [Fe(TPP)CI]226 One electron oxidation of the complex ~ caused by the oxidation is reflected on the large increase in
to form radical cation does not cause a considerable change ininversion barrier in solution. Since the interaction betwegn a
metal-nitrogen bond lengths as is shown in the X-ray crystal- and de-2 orbitals is expected to be stronger in the saddle-shaped
lographic results of [Fe(TpTP)CI|SbCland [Cu(OETPP)]- porphyrin ring than in the planar ofiéradical formation could
ClO4814 average bond lengths in [Fe(TpTP)CI|SkCGind deepen the Ssaddled conformation in solution to achieve more
[CU(OETPP)]CIQ are 2.07(1) and 1.974(3) A, respectively, as favorable interactions between these orbitals. This would be one
compared with 2.070(9) A in [Fe(TPP)CI] and 1.973(4) A in of the reasons why the difference in chemical shifts of phenyl
[Cu(OETPP)]. Thus, the large increase in barrier to site exchangeProtons between the neutral and radical cationic complexes
of the ferric ion observed on going from [Fe(TPP)CI|Sb&@ decreases on going from [Fe(TPP)CI|Sgtl [Fe(OETPP)CI]-
[Fe(OETPP)CI|SbGlis ascribed to the smaller size of the cavity SbCk.
in the latter complex.

Comparison of Barriers to Phenyl Rotation. The data in ~ Conclusion
Table 2 clearly indicate that the barrier to phenyl rotation in Dynamic processes of two ferric porphyrin radical cations

[Fe(TPP)CI] is similar to those in [Fe(OMTPP)CI] and [Fe- with a deformed _—

. . . . porphyrin ring, [Fe(OMTPP)CI|Sk@ind [Fe-
(OMTPP%CE dehspltel the app.ar(;nt d|ffer_encr(]a in steric (}W_;:grq (OETPP)CI|SbQ, have been examined by the temperature-
stance of the phenyl groups; they are in the range of-46.1 - 4o50qent NMR method. All of the three possible processes,

1 . ; .
16.6 kcﬁl.fmeT ) Bzrrﬁlrs totLotatmn a(ljre dgtfrmlntgd bg}éétthe i.e., inversion of the deformed porphyrin ring, site exchange of
energy difierence between the ground and transttion 5. the ferric ion across the porphyrin hole, and phenyl rotation

Thus, a small difference in barriers to rotation in [Fe(TPP)CI] about Gyeso-Cpnenyt bONs, have been observed. Line shape
aontlil/l_[rlgaF()Ocl\lllTPP)Clg,l?nd pro.gaglyi mﬂEFe(TPPI)CIanq [F?_th analysis of various protons has enabled us to estimate the
( h .) _]*: CBOU € afst(t:]rl edd(I) ﬁ no(rjwp anfrlty f[). ?h activation free energies for these processes. The most striking
porphyrin ring. Because ot thé saddie-shaped contormation, tegq ¢, e is a large increase in barriers to inversion of the deformed

mesephenyl group could _suffer more steric repu!glon in the porphyrin ring as compared with those of the corresponding
ground state and less steric repulsion in the transition state forneutral porphyrin complexes, [Fe(OMTPP)CI] and [Fe(OETPP)-
rotation than it is expected to suffer in the planar porphyrin CIJ; the increase is estimateéj to be 4.3 keal Mdh the former
complex. _Similar phenomenon was reported by Eaton_ anc_i Eatonan(’1>>2 kcal moftin the latter. Occurrence of the site exchange
who gscnbed the smaller barrler. to phenyl rotation in T"T.PP of the ferric ion has hampered the precise determination of the
Fhan in Ru-TPP complex to the distortion of the porphyrin ring inversion barrier in [Fe(OETPP)CIISbCIThe large increase
in the former complgk? . o . in barriers to inversion has been ascribed to the enhanced
Reasons for the Higher Barrier to Inversion in the Radical ~ nonplanarity of the porphyrin ring on one electron oxidation,
Cations. As mentioned, activation free energies for ring \nich is more favorable for the spirspin interaction between
inversion greatly increased when ferric porphyrin complexes jron dg_,2 and porphyrin a, orbitals. It has also been observed
were oxidized to form radical cations; increases in activation that the barriers to site exchange of the ferric ion greatly decrease
free energies were 4.3 apel2 kcal mol in [Fe(OMTPP)CI-  on one electron oxidation. The result is explained in terms of
SbCk and [Fe(OETPP)CIISbg| respectively. Ring inversion  the weakening of porphyrin basicity in the radical cations.
of highly deformed [(OETPP)H and their metal complexes  Highly saddled conformation of these complexes also affects

has extensively been studiéé\ The inversion barriers are very  the barrier to phenyl rotation. Despite the presence of octamethyl
much different from compound to compound, ranging from 12.4
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groups at the pyrrolg-positions, the barriers to phenyl rotation Supporting Information Available: Temperature dependence of
of [Fe(OMTPP)CI] and [Fe(OMTPP)CI|Sbgare supposed to  the chemical shift of each signal in [Fe(OMTPP)CI|Sb@hd [Fe-

be similar to that of [Fe(TPP)CI]. (OETPP)CI|ShG, and effect of chloride on the line shape of [Fe-
(OMTPP)CI|SbC4. This material is available free of charge via the
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