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The hydrolysis of the monomeric five-coordinate (2-BzO-TPPYi@hcomplex has been investigatedcvidence
for the formation of the cyclic trimeric complex [(2-OrPP)Mr]; is presented. ThéH NMR spectroscopic
evidence indicates that the trimeric manganese(lll) complex has a head-to-tail cyclic trimeric structure with the
pyrrolic alkoxide groups forming bridges from one macrocycle to the manganese(lll) ion in the adjacent macrocycle

Il-‘Mn—O—PMn—O—PMn—IO. The three manganese(lll) porphyrin subunits are not equivalent. The characteristic
upfield shift of the 3-H pyrrole resonance {11.5 ppm at 291 K) was determined and considered as the diagnostic
feature for the high-spin“dnanganese(lll-pyrrole alkoxide coordination. The strong upfield shift of the 3-H
resonance has been accounted for by the donation of the electron density from the filled orbital of the 2-O atom
on the half-occupied dorbital of the external manganese(lll) ion. The other pyrrole resonances produce the
complex multiplet at the typical-5 to —40 ppm region. ThéH NMR spectra of the series of monomeric
2-substituted manganese(lll) 5,10,15,20-tetraphenylporphyrin complexes (2-X-TPEJMave been obtained

and analyzed. The pattern of the assigned seven pyrrole resonances reflects the asymmetry imposed by
2-substitution and has been used a4HaNMR spectroscopic probe to map the spin density distribution. The
electronic effect is strongly localized at tiesubstituted pyrrole. The upfield shift of the 3-H resonance increases

in the order (2-N@-TPP)MA'CI < (2-BzO-TPP)MH'CI < (2-OCHs-TPP)MH"CI < (2-OH-TPP)MH'CI < (2-
NH.-TPP)MA'CI < [(2-O-TPP)MA!'(OH)]~ following the increasing electron-donating properties of the
p-substituent.

Introduction cleavage agenfs.The cationic manganese porphyrin derivatives
exhibit anti-HIV activity at micromolar concentratio#.

The ability of porphyrin ligands to stabilize a large variety  pespite considerable interest in monomeric manganese(lll)
of manganese oxidation states has led to many interestingporphyrins (i.e., in the oxidation state found under typical
properties and potential application of these complexes. Oneconditions), there has been little attention given to the formation
of the areas of fundamental interest involves their use as catalystsf dimeric or polymeric derivatives. Insertion of the manga-
in the oxidation of organic substratésThese compounds have  nese(lll) in 5-(2-hydroxyphenyl)-10,15,20-tritolylporphyrin
been investigated as models for peroxidasigninase? and (TTOPH,) or in 5-hydroxyoctaethylporphyrin (oxophlorin,
transmembrane electron-transfer water-splitting reagents. OEPOR) resulted in the formation of the manganese(lll) doubly
In addition, these complexes have been applied in NMR image oxo bridged head-to-tail dimers [(TTOP)Mi, and [(OEPO)-
enhancemerit,as nonlinear optical materiglsand as DNA Mn'"],, respectivelytt1? By means of'H NMR, Goff et al.

characterized the manganese(lll) dimer [(TTOPYNinand

® Abstract published imdvance ACS Abstractsuly 1, 1996. detected the diphenoxo-bridged heteronuclear complex [(TTOP)-

[ Albbre\lqiartiir?rlisi;nsig?\: OP,Egorgrg%/arg;r?;ﬁ)nci)?&;];ﬁra%rilli%,r]].S_,rZ_IQ(—)tStrgp(gen— Fe'(TTOP)Mn'"].11 The isolation and characterization of the
ylporphyi ; ' ; o2 (i -0x0-bri i -
hydroxyphenyl)-lQ,15,20-tritolylp0rphyr_in trianion; OEPO, 5-hydroxy- S/:rr:]\??.l.gsg)efg (I[\(%hﬁzﬂ, ggg;g[&(ﬁ'?(?gg) (():((;TT F()i? X:eSN [EX)
octaethylporphyrin (oxophlorin) trianion; 2-OH-TPP, dianion of ’ 3
2-hydroxy-5,10,15,20-tetraphenylporphyrin; 2-O-TPP, trianion of 2-hy- OCN~), and [(X)MnY(TPP)(OIPh)}JO (X = CI~, Br7) and
droxy-5,10,15,20-tetraphenylporphyrin; 2-OH-TBPdianion of 2-hy- u-hydroxo-bridged dimanganese(lll) bis-octaethylporphyrin com-

droxy-5,10,15,20-tetraphenylporphyrin deuterated at unsubstituted 14 N
pyrrole rings; 2-O-TPR, corresponding deuterated trianion; 2-BzO- p!ex were also repprteﬁ. Dlmanganeseglll) complexes qf
TPP, dianion of 2-(benzoyloxy)-5,10,15,20-tetraphenylporphyrin; TMP, dimers of porphyrins linked by aromatic spacers provide
dianion of 5,10,15,20-tetramesitylporphyrin.
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Monomeric and Trimeric Manganese(lll) Complexes

alternative structural examples of dimeric manganese porphyr-
ins1516 A single example of manganese porphyrin incorporated
into a polymeric backbone is exemplified by [PMmid-
azolate)}.r” Finally, the manganese(lll) complex with the
octaethylbilindione tetrapyrrole unit (OEB; the product of the
porphyrin degradation, which contains two keto groups at the
opposite ends) [(OEB)MH]; is dimeric with two helical (OEB)-
Mn!" moieties of like chirality, joined together by-Mn bonds

to give a dimericC, symmetry8

Recently we have synthesized and characterized the un-
precedented cyclic iron(Ill) porphyrin and gallium(lil) porphyrin
trimers (i.e., [(2-O-TPP)HY|3 and [(2-O-TPP)G4]3).1920 The
trimers were generated through oligomerization of iron(lll)
2-hydroxy-5,10,15,20-tetraphenylporphyrin and gallium(lll) 2-hy-
droxy-5,10,15,20-tetraphenylporphyrin, respectively. The 2-hy-
droxy-5,10,15,20-tetraphenylporphyrin molecule presents prop-
erties of hybrid bifunctional ligands, since it contains two centers
of coordination, four internal pyrrolic nitrogens, and an external
2-OH group. The trivalent metal coordinated in the porphyrin
macrocycle seems to be a prerequisite of the trimer formation.
Only the monomeric species were reported for the series of
divalent metal iong!

Here, we sought to extend the group of the cyclic metallo-
porphyrin trimers by the analogous manganese(lll) species. To
determine the trimeric structure, we have taken full advantage
of our previous investigations of paramagnetic iron(lll) and
diamagnetic gallium(lll) complexes in which we established the
IH NMR spectroscopic evidence for the cyclic trimer formation.
In this article, we are concerned with usittd NMR spectros-
copy as a structural probe to identify paramagngtitydroxy-
(methoxy)-substituted manganese(lll) porphyrins since the
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Results and Discussion

Characterization of (2-BzO-TPP)Mn'"CI. In order to
produce manganese(lll) 2-hydroxytetraphenylporphyrin com-
plexes, the8-(benzoyloxy) derivative (2-BzO-TPP)MICI was
prepared by a route that involves benzoyloxation of tetra-
phenylporphyrin, followed by the chromatographic separation
of the product and subsequent manganese insertion into 2-BzO-
TPPH,.19:2037 The electronic spectrum of (2-BzO-TPP)Ni@l
presented in Figure 1 is typical of manganese(lll) tetraphenyl-
porphyrins3®

The f-substitution markedly lowers the symmetry of the
manganese(lll) porphyrin from the effecti&, symmetry of
the analogous (TPP)MICI. This is poorly reflected in théH
NMR spectrum of (2-BzO-TPP)MHKCI (Figure 2, Table 1). The
ligand asymmetry is only reflected by the asymmetric shape of
the pyrrole multiplet. The position of the multiplet center is
typical for manganese(lll) tetraphenylporphyrins. The phenyl
protons produce a rather uncharacteristic set of strongly
overlapped lines in the 710 ppm region. A more distinct
spread of the pyrrole resonances has been found for other
pB-substituted manganesese(lll) tetraphenylporphyrins as pre-
sented in Figure 2 and discussed later.

Synthesis and Characterization of [(2-O-TPP)MH!']s.
Ethanolysis of (2-BzO-TPP)MhCI resulted in the formation
of a trimeric molecule (eq 1).

EtOH, then HO

3(2-BzO-TPP)MH CI + 6NaOH
[(2-O-TPP)MA"], + 3NaOBz+ 3NaCl+ 3H,0 (1)

pyrrole protons of paramagnetic manganese porphyrins have [(2-O-TPP)MA']; has been characterized by a range of

been shown to be particularly diagnostic of changes in spin,
oxidation, and ligation staté8:22-36
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spectroscopic methods. The electronic spectrum of [(2-O-TPP)-
Mn''"]; is presented in Figure 1 together with the spectra of (2-
BzO-TPP)Mt'Cl and [(2-O-TPP)MHK (OH)]~ (vide infra). The
compounds (2-OH-TPP)MICI, (2-OCH;-TPP)MA'CI, and (2-
BzO-TPP)MA'CI (discussed previously) demonstrate charac-
teristics of d-type hyperporphyrin spectra with pronounced
splitting of the Soret ban# The electronic spectrum of [(2-
O-TPP)Md'; differs considerably from its monomeric precur-
sors and from any high-spin five-coordinate manganese(lll)
tetraphenylporphyrin with an oxygen donor at the axial
position26-28:33.39 The splitting of the Soret band is absent, and
all bands are broadened as compared to those of (2-BzO-TPP)-
Mn'"CI. The differences may be induced by the 2-O axial
ligand coordination and/or by the porphytiporphyrin z—
interaction caused by the proximity of the porphyrin rings in
the close-packed trimeric structufe.The magnetic susceptibil-

ity of [(2-O-TPP)Mri']3 is somewhat lower than typical of a
manganese(lll) porphyrin. The magnetic moment as measured
by the Evans technigéikin chloroform solution at 293 K equals
4.6 up per manganese atom. The typical value«Gf 4.8 up

has been determined for (2-OH-TPP)M0I generated from the
original sample of [(2-O-TPP)MH; by splitting with gaseous
HCI directly in the NMR tube. This value is similar to that of
(TPP)MA'CI (4.9 ug).#> The minor lowering of the magnetic
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Table 1. NMR Data for Manganese Porphyrins

Wojaczyrski and Latos-Gragski

compound spin state solvent nucleus J pyrrole (ppm) T (K) ref
TPPMH' 5/, DMSO H 34 298 34
TPPMA'CI 2 CD.Cl, H —22 298 24b
[TPPMA"O,]~ 2 DMSO 24 32 298 30
[TPPMA" (Im)2]~ 1 DMSOds H —-18 299 29
[TPPMA"(CN),]~ 1 DMSO-ds H -15 299 29
[(TMP)MN"'CI1SbCk 2,%, CH,Cl, H —40 298 27
(TMP)Mn"V(OCHg), 3/, toluene H —16 298 27
TMPMNnVO 3/, CH,Cl, H -32 233 32
[TPPMNY(OCN)LO a CDCl; H 7 283 14
TMPMn'N 0 CDCk H 9 293 31
[(2-O-TPP)MA']; 2 CDCk H —111.% (3H), —35.9 (2H),—31.9,—30.2,—26.4, 291 c

—23.7 (2H),—22.2,—19.1 (3H),—14.4 (2H),
—11.6 (2H),—10.1 (3H)

(2-BzO-TPP)MH'CI 2 CDCk H —23 (7H) 295 c
(2-OH-TPP)MH' CI¢ 2 CDCk H —43P —30,—24 (3H),—18 (2H) 295 c
(2-OCHs-TPP)MA'CI 2 CDCk H —40> —-30,-26,—23 (2H),—19 (2H) 293 c
[(2-O-TPP)MA! (OH)]~ 2 CDCl 1H —74b —32,—28,—17 (2H),—2¢ 293 c
(2-NO-TPP)MH' CI 2 CDCl 1H —24 (4H),—17 (2H),—13 295 c
(2-NH,-TPP)Mr'CIf 2 CDCk H —56P —34,—28,—23 (2H),—14 (2H) 295 c

a Antiferromagnetically coupled.3-H pyrrole resonancé.This work;
ppm. € Not all pyrrole resonances visibleNH, resonance at9.2 ppm.

mesophenyl resonances in £ ppm region? OH resonance at4.4

A NO,
‘k -
ocH,
g
c
8 OH
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o OH
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e
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O
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Figure 1. UV—vis spectra of (2-BzO-TPP)MICI (dot-dashed line),
[(2-O-TPP)Mn']; (solid line), and [(2-O-TPP)PHOH)]~ (dashed line)
in dichloromethane.

moment for the trimer with respect to the monomeric manga-
nese(lll) porphyrins is due to the weak antiferromagnetic
coupling.

The liquid matrix secondary ion mass spectrum of [(2-O-
TPP)MA"]; primarily shows peaks due to the trimer and its
stepwise deoligmerization products [(2-O-TPPJMpat (m +
1)/z = 1365 (13.3%) and [(2-O-TPP)Mj at (m+ 1)/z = 683

(100%). The reproducible peak of the parent species [(2-O-

TPP)Mr']; at(m+ 1)/z= 2047 (0.6%) was seen as well. Solely

Figure 2. Pyrrole region of the 300 MH#H NMR spectra of mono-
B-substituted manganese porphyrins (2-X-TPPYMrin chloroform-d
solutions at 293295 K. The respective X substituents shown on each
trace, and Y= Cl for all complexes, except ¥ OH for [(2-O-TPP)-
Mn"'(OH)]~. The OH and NH resonances are labeled separately.

peak corresponds to the monomeric unit. However, only the
trimeric formula is consistent with théd NMR data.

IH NMR Spectroscopic Studies of [(2-O-TPP)MH' ]s. The
1H NMR spectrum of [(2-O-TPP)MH]3 is shown in Figure 3.
The resonance assignments, shown in Table 1, have been made
on the basis of relative intensities, line width analysis, and site
specific deuteration. Th&H NMR parameters of monomeric
(2-OH-TPP)MA!CI, (2-OCHs-TPP)MA'CI, (2-NH,-TPP)-

on the basis of the mass spectrum, we cannot rule out structureMn"'Cl, (2-NO,—TPP)MA''CI, (2-BzO-TPP)MH'CI, and [(2-

higher than trimeric oligomers, since larger ions might not

O-TPP)MA'(OH)]~ are also gathered in Table 1, together with

survive in the gas phase. In our experiment, the most intenserepresentative examples of manganese tetrarylporphyrins in
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Figure 4. Schematic view of the porphyrin skeleton of [(2-O-TPP)-

Mn'']s. Phenyl rings are omitted for clarity.

— — e pe———} the metal ion of the adjacent macrocycle. A schematic view
20 0 20 -40 -60 -80 -100 -120 -140 of the proposed porphyrin skeleton analogous to [(2-O-TPP)-
. pem . Fel'lz and [(2-O-TPP)G4]s is presented in Figure ¥:20 The

Figure 3. 300 MHz H NMR spectra of [(2-O-TPP)MH]s in manganese(lll) ions are located at corners of an equilateral

chloroformd solution. Trace A shows the entire spectrum obtained triangle at a distance of ca. 7 A
using the inversionrecovery technique at 291 K. Intensity of the phenyl . ; i )

region (20 to—5 ppm) is reduced 10 times for better presentation. Trace Such_an _Ollgomer'c structure accounts for the mass of the
B presents the pyrrole region of the spectrum collected at 283 K to largest ion in the mass spectrometry. TheNMR spectrum

achieve the best resolution of resonances. TraceeBonstrates the  clearly points toward three distinct manganese(lll) porphyrin
convolution of 18 resonances of similar line width and intensity of units in the complex, indicated by the upfield pyrrole resonance
one proton each used to re_produce the spectrum shown in trace B. Lineaccompanied by the multiplet of remaining pyrrole resonances.
positions are shown by tick marks. Resonance assignments: pyIT, The multiplet is composed of three sets of six resonances, each
gfé{g'ne protons; Phmesophenyl protons; 3-H, the resonance of 3-H corresponding to a different unit. The unprecedented upfield
' hyperfine shift of the 3-H resonances can be explained only by
accessible electronic/spin/oxidation/ligation states. In order to the direct coordination of thg-oxygen to the external manga-
identify phenyl and pyrrole resonances, theNMR spectrum nese(lll) ion requwed by ohgomenza’qon. Finally, the altemgnve
of [(2-O-TPPés)Mn"']; (deuterated at the 7, 8, 12, 13, 17, and linear trimeric strgcture would require an OH resonance in the
18 pyrrolic positions) have been obtained, and the diminished O to —10 ppm region (not observed for [(2-O-TPP)Vga) and
intensity of pyrrole resonances in thes to —40 ppm region  an intensity of two protons for the 3-H pyrrole resonances in
has been found. The proton resonances can be easily separatdft€ upfield part of spectrum, instead of the intensity of three
into three groups (Figure 3). The most characteristic feature, aProtons determined experimentally. )
strong, very broad upfield-shifted peak-a111.5 ppm (291 K) Formally, manganese(lll) 2-hydroxytetraphenylporphyrin (2-
with intensity of three protons, corresponds to the 3-H pyrrole OH-TPP)MA'X can be used as a building block in the
positions. The remaining pyrrole protons produce resonancesligomerization discussed in detail for [(2-O-TPP)fe'® This
in the —5 to —40 ppm region. Thirteen clearly resolved flve-cpordlnate_comp_lex exists as two optical antlpodéﬂ._
resonances (at 283 K), some of them partially overlapped, areThe flve-coor(_jlnate insertion product of manga_nese(lll) into
present. We have applied the deconvolution procedure to this2-OH-TPPH (i.e., (2-OH-TPP)MH'X) has an optical asym-
part of the spectrum in order to demonstrate that 18 resonancednetry associated with the direction of the axial ligand approach
of similar line widths (356-550 Hz) and intensities of one 0 the manganese(lll) ion. The random selection ofRend
proton each are required to reproduce the experimental spectrum®€nantiomers from the racemic mixture of (2-OH-TPP)Nq
(Figure 3, trace B. Using the same procedure, we have 10 form trimers should produce the following stereoisomers:
determined that the intensity of the resonance-211.5 ppm  RRR RRS RSS and SSS Only the RRS(SSR structure is
corresponds to three pyrrole protons. The phenyl resonancesconsistent with the examinetH NMR spectrum observed
present a complex, barely resolved pattern which is spread overPreviously for similar cyclic trimers of gallium(lll) and
the 7-10 ppm range (Figure 3, trace A). On the basis of the iron(ll).** 3 .
complex symmetry, the 60 different phenyl resonances should ~ Cleavage of [(2-O-TPP)Mr!' ]5. Addition of HCl in excess
be potentially traced in this region. They are located in the 0 [(2-O-TPP)Mri']; results in cleavage of the trimer according
region usually expected for manganese(lll) tetraphenylpor- t0 €d 2. Figure 2 shows the correspondtigNMR spectrum.
phyrins. The average shift of the pyrrole resonances located in
the —5 to —40 ppm region (291 K) equals20.5 ppm. This is [(2-O-TPP)MA']; + 3HCI— 3(2-OH-TPP)MA'CI  (2)
close to the value characteristic for monomeric manganese(lll)
porphyrin complexes (see Table 1). Its features are consistent with the formation of the (2-OH-TPP)-
The spectroscopic evidence indicates that the manganese(I1)Mn"'Cl complex. The considerable simplification of the spectral
complex has a head-to-tail trimeric structure, with the pyrrolic pattern is observed. The upfield 3-H pyrrole resonances, the
alkoxide groups forming the bridges from one macrocycle to most characteristic for [(2-O-TPP)Mijs, disappeared, and four
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new pyrrole resonances (the intensity ratio of 2:3:1:1) are found phyrin (P)Mn"X, (P, porphyrin; X, axial ligand) with two
in the—5 to —55 ppm region. They correspond to seven pyrrole paramagnetic centerS 3/,, S= 1/,), may also be involveée
protons which are unequivalent due to fhsubstitution. The  The electronic structure of (MN"X (dxy)?(dk,)'(dy)X(dA)*-
pyrrole resonances of (2-OH-TPP)NIGI have nearly equal line  (ax(7))(au(7))? [az(r) and a(x) represent the HOMO orbitals
widths, and the differential broadening of the pyrrole resonances of porphyrin dianion] accounts for the upfield shift of tBeH
determined for the trimeric molecule is absent. Tesghenyl resonances and is consistent with the spin density distribution
resonances are observed in thelD ppm region as expected determined by3C NMR in the carbon skeleton of (TPP)-
for manganese(lll) tetraphenylporphyrin. A unique resonance Mn''X.28
at —4.4 ppm for (2-OH-TPP)MHCI has been assigned to the We have noticed that the manganese complexes investigated
B-hydroxyl proton. When chloroformd-saturated with deu-  in this work belong to the large series of 2-substituted
terium oxide was added to a solution of (2-OH-TPPY\G, manganese(lll) 5,10,15,20-tetraphenylporphyrin monomeric com-
the 2-OH resonance disappeared. The resonaned&tppm plexes of the general formula (2-X-TPP)M@Il. To get the
for (2-OH-TPP)Mt' Cl has been assigned to the 3-H position proper perspective in the analysis of the paramagnetic shift, we
of the 3-substituted pyrrole by comparison ¥ NMR spectra have extended the group of investigated monomeric complexes
of (2-OH-TPP)MH' Cl and (2-OH-TPRis)Mn"' CI (not shown). in order to probe the influence of th&substituent on the
The selective deuteration of all but the 3-H position has been position of the analytically crucial 3-H resonance. The relevant
determined for (2-OH-TPEs)Mn"' CI. spectra of the two complexes, containing the strongly electron-
The addition of an excess of hydroxide ion in methanolic withdrawing and strongly electron-donating substituents (i.e.,
solution to a solution of [(2-O-TPP)MH3 in chloroformd (2-NOx-TPP)Mr'"CI and (2-NH-TPP)MA'CI) have been also
results in its conversion to the five-coordinate, monomeric considered and are demonstrated in Figure 2 and in Table 1.

complex: The 'H NMR spectra of (2-X-TPP)MHCI have been
analyzed in the context of the low symmetry resulting from the
[(2_0_-|-|:>p)|\/|ﬁ“]3 +30H — p-substitution. There are seven distinct pyrrole positions instead

| _ of the single one for (TPP)MhX. Consequently, there are
3[(2-0-TPP)MI' (OH)]™ (3) seven expected upfield pyrrole resonances for (2-X-TPP)-
, , o o Mn'"CI. The six resonances are spread near the typical position
The effect of adding hydroxide anion is shown in Figure 2. for (TPP)MH!CI. Since the line width of the pyrrole resonances
Five observed upfield resonances were assigned to pyrrolejs ysually large (8562000 Hz for the studied complexes), the

protons. In particular, the 3-H resonance occurs@ ppm.  convolution of resonances results in the multiplets where the
The assignment of the 3-H resonance is given by the comparisonyymber of resolved resonances depends on the extent of
of the [(2-O-TPP)MH (OH)]~ and [(2-O-TPPds)Mn'"! (OH)]~ overlapping (Table 1). The upfield shift of the 3-H resonances

Spectl’a The addition of water to the chloroform solution of varies Considerably’ increasing in the series (ZZN'GPP)_
[(2-O-TPP)MA'(OH)]™ results in the reconversion to the trimer.  \ppliicl (—13 ppm) < (2-BzO-TPP)MH'CI (~ —23 ppm) <
Keto—Enol Tautomerism in (2-OH-TPP)Mn""' CI. During (2-OCH—TPP)MH! CI (—40 ppm)< (2-OH-TPP)MH!'Cl (—43
the synthesis of the pyrrole-deuterated [(2-O-TPPYlAnwe ppm) < (2-NH-TPP)MA'CI (=56 ppm) < [(2-O-TPP)-
have observed the increased lability of the 3-H proton. The \Mnil(OH)]~ (—74 ppm) (the 3-H shift at 293296 K is given
usual procedure of the trimer synthesis has been modified byin parentheses). The very small isotropic shifts of the phenyl
the replacement of (2-BzO-TPP)MEI with (2-BzO-TPP-  yresonances point toward the negligible dipolar shift, allowing
d7)Mn'"'Cl (80% deuteration at pyrrole positions as shown by the conclusion that the spread of the pyrrole resonances is
'H NMR). The intensity of the upfield-shifted pyrrole reso-  determined by the contact shift. Consequently, #HeNMR
nances has been partially recovered in #HeNMR spectrum  parameters map the spin density distribution in these 2-substi-
of [(2-O-TPPds)Mn'"']5 (not shown) contrary to the reduced  tyted porphyrins. The electronic effect is strongly localized at
intensity of the remaining pyrrole resonances. The acidic the g-substituted pyrrole. The position of the 3-H resonance
cleavage of [(2-O-TPRgMn'']5, followed by 'H NMR, correlates well with the electron-donating properties of the
produced the spectrum of (2-OH-TRBMn'"'CIl with the 2-substituents.
partially recovered intensity of the 3-H resonance. To account  Recently, we have demonstrated similar dependencies of the
for the process of the deuteriumproton exchange, we have 3.4 contact shift with respect to the electron-withdrawing/
considered the keteenol tautomerism, established by Crossley gonating properties of the 2-X substituents for high-spin iron(lIl)
et al?* for zinc(11) and copper(ll) complexes of 2-hydroxytetra- complexes (2-X-TPP)HECI and low-spin iron(lll) complexes
phenylporphyrin and observed also in our investigafiéhon [(2-X-TPP)F&!(CN),]—.43 The positions of 3-H resonances

gallium(lil) and iron(lll) complexes. The keteenol tautom-  change on going to more electron-donating substituents in the
erism allows the replacement of the predeuterated 3-D positionfo|lowing ranges: —1.5 to—44.0 ppm for low-spin complexes;
by 3-H under the basic conditions of the trimerization. 104.0 to 33.4 ppm for high-spin complex@s.

Analysis of Paramagnetic Shifts in Terms of the Structure Therefore, one can conclude that three different electronic

of [(2-O-TPP)Mn]s. In general, the isotropic shifts of  ground states (i.e., Sdlow-spin (dy)2(0y)3, o high-spin
manganese(lll) tetrarylporphyrins were shown to be predomi- (0h) (0 () (02)*, o high-spin (6h)* (ch) (02 (d2) X (che—)Y)
nantly contact in origi_n, reflegting extensive porphyrin-to-metal 5o applying a similar spin density mechanism, which accounts
7-bonding?*~?® The isotropic shifts for thenesoaryl reso-  for the upfield relocation of the 3-H resonance®bviously
nances are very_s_mall, ruling out appreciable dipolar contribution e B-substitutions have affected the patterns of the porphyrin
atany other positions. ThH pyrrole resonances demonstrate  molecular orbitals involved in the spin density transfer identi-
upfield contact shifts consistent with thez€y2 orbital being  cally for each of these metal ion electronic structures.
unoccupied and the.gand g, orbitals being partially occupied. The IH NMR spectra of [(2-O-TPP)MH]s show a number
Such a spectral pattern can be accounted for by g (@) of remarkable features that must arise from its unusual molecular
(dy)X(d2)* ground state electronic configuration (PWV4, S=

2)2426 A recently suggested valence isomeri.c form,. which  (43) wojaczyiski, J.; Latos-Graghski, L.; Hrycyk, W.; Pacholska, E.:
corresponds formally to the manganese(ll) cation radical por- Rachlewicz, K.; Szterenberg, L. Submitted.
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structure. They can be understood in the context of the presenceaupfield-shifted pyrrole resonances at 1.82, 2.18, and 2.82 ppm
of three manganese(lll) ions in the molecule. Thbydroxy- (243 K). The paramagnetic iron porphyrin presents three
porphyrin of each monomeric unit is coordinated simultaneously unusually upfield-shifted 3-H pyrrole resonances-&89.8,
to the internal manganese(lll) through four nitrogens and to the —94.7, and—99.3 ppm at 293 K. In our opinion, tHél NMR
external one by an oxygen. The characteristic features of thespectral characteristics of the diamagnetic cyclic trimer is
internal manganese(lll) influence are exemplified'ByNMR transferable to other diamagnetic metal i6hsOn the other
spectra of (2-OH-TPP)MHCI and (2-OCH-TPP)MA'" Cl dis- hand, paramagnetic cyclic trimers would require independent
cussed above. However, the presence of the second source dhvestigations to establish a relevdht NMR spectral pattern
the spin density (i.e., the external manganese(lll)) increases thedependent on the ground electronic state of the metal ion.
upfield hyperfine shifts for the 3-HRR,S) protons. Assuming In this paper we have determined the formation of a
simple additivity of contact contributions by two independent paramagnetic manganese porphyrin cyclic trimer. Its charac-
routes, we have estimated that such a shift requires two upfieldteristic large 3-H pyrrole upfield hyperfine shift(11.5 ppm)
components of ca-50 ppm (internal), found for (2-OH-TPP)-  clearly provides pyrrole resonances in thé NMR window
Mn''Cl, and ca.—70 ppm (external). which are unique for cyclic manganese(lll) porphyrin trimers.

The upfield contribution to the 3-H shift results mainly from  One can suggest that 2-hydroxy(oxo)-substituted manganese
the o-donation of the electron density of the 2-O donor on the porphyrins might be involved in the degradation of manganese
half-occupied ¢ orbital of the manganese(lll) ion. The porphyrin catalysts in the presence of oxidizing substrates. The
anticipated positive spin density on theorbital of the oxygen spectroscopic results of this investigation should be relevant to
will be directly transferred into the-system of the pyrrole ring their identification.
without any manganese(lHoxygens-bonding. The ligand
o- andsr-orbitals are not orthogonal, anrd-7r overlap within Experimental Section
the ligand permits the direct spin density transfett45 B

Considering the idealized geometry of coordination or the Solvents and Reagents.All so!vents were purified by standard
2-hydroxypyrrole and phenoxide fragments, we suggest a similar Procedures. Tetraphenylporphyrin (TPtdnd TPPHdg were pre-

A . : . i ... pared using reported methoti¢® Chloroformd (CDCl;, Glaser AG)

delocalization mechanism to rationalize the upfield contact shifts

f th t | ted similarl ith t to th ; | was dried before use by passing through activated basic alumina.
of the protons focated similarly with respect 1o the externa Preparation of Compounds 2-BzO-TPPH, 2-OCHs-TPPH,,

manganese(lll) ion. - _ 2-NH»TPPH,, and 2-NO,TPPH,. These porphyrins were prepared
The m.agthdes of the hyperfine .Sh'ﬁs of the phenoxide ortho py a standard procedure starting from TRP#02137 The respective
protons in manganese(lll) porphyrin complexe€0 to —150 deuterated derivatives were obtained from the deuterated precur-

ppm)t! are in the same direction as those evaluated for the sors!®.2043

external contact contribution of 3-H protons. The line width (2-BzO-TPP)Mn" CI. A solution d 1 g (5mmol) of manganese(ll)

of the 3-H pyrrole resonances correlates with their specific chloride tetrahydrate in 50 mL of ethanol was added to a solution of
locations within the trimeric structure. The dipolar contribution 73 mg (0.1 mmol) of 2-(benzoyloxy)tetraphenylporphyrin in 50 mL of
to line width broadening is presumed to be proportionaif chloroform. The solutiop was h_eated under reflu_x for 0.5 h. It was
wherer is the distance from the paramagnetic manganese(lll) cooled, .Washed three tlmgs w!th water, and dried over anhydrous
center to the proton in question when the ligand-centered dipolarmagneswm sulfate. After filtration, the solvent was removed on the

relaxation is insianificant223 The contribution from the internal rotary evaporator. The chloroform solution of the solid residue was
9 ) subjected to column chromatography on a silica gel column. Elution

manga_nese(lll) ion vi_a dip(_)lar and Scala_r mechanisms has beerINith chloroform gave the fraction containing 2-BzO-TPPH-urther
approximated by the line widths of downfield pyrrole resonances gytion with chloroform/methanol (95/5 viv) produced a green-brown
which vary in the narrow range of 35350 Hz. These lines  fraction. The product was identified by means of electronic 4#d
are considerably more narrow than the pyrrole signals of NMR spectroscopy as (2-BzO-TPP)M@I. The solution was evapo-
monomeric 2-substituted manganese(lll) porphyrins. The reso-rated to dryness, and the residue was recrystallized from dichloro-
nance assigned to 3-H protons exhibits a markedly larger line methanet-hexane (90% yield). UWvis (CHClp) Amax (l0g €): 373
width (ca. 3000 Hz). Assuming the narrowest limit for three (4.73), 400 (sh, 4.63), 479 (4.94), 580 (3.92), 619 nm (3.94).

3-H components, their line widths have been estimated to be The selectively deuterated complex was synthesized analogously
one-third of the composed resonance (i.e., 1000 Hz), which is from the corresponding deuterated 2-(benzoyloxy)porphyrin to produce
definitely much larger than that for other pyrrole resonances. (2-BzO-TPPe)Mn"Cl.

The most likely additional contribution to the line width derives ~ Insertions of manganese(lll) into othgksubstitued 5,10,15,20-
mainly from the dominant dipolar mechanism of the closely t€raphenylporphyrins were carried out in a similar manner.
located external manganese(lll) ion. Therefore, the pattern of __[(2-O-TPP)Mn!]s. (2-BzO-TPP)MI CI (40 mg) was dissolved in

. . . o : . 50 mL of ethanol, and the solution was heated under reflux. NaOH
ﬁ?(;{g:i:g‘res\{[\lrﬁg:ﬁequahtatlvely in agreement with the proposed (3—5 pellets) was added to this solution. The color changed from dark

red to brown. The heating was discontinued after 30 min. The reaction
mixture was diluted with benzene and washed several times with
aqueous NaOH and water. The organic layer was separated and dried
In our previous investigations of paramagnetic iron(lll) and With anhydrous magnesium sulfate. The solid material was filtered,
diamagnetic gallium(lll) complexes, we have established “finger and the filtrate was evaporated t_o dryness on the rqtatory evaporator.
print” type diagnostidH NMR spectroscopic evidence for the The benzene solution of the solid residue was subjected to chroma-

lic trimer formation in th If mblv or f mon tography on a basic alumina column. Elution with benzene gave a
cyclic tnmer formation | € sell-assembly process of mono- ., fraction containing a solid that was recovered after the solvent

meric iron(lll) 2-hydroxy-5,10,15,20-tetraphenylporphyrin or -\ a5 removed under vacuum. Recrystallization of this solid from
gallium(lll) 2-hydroxy-5,10,15,20-tetraphenylporphyifteOin
the case of diamagnetic gallium porphyrin, there are three

Conclusions

(46) [(2-O-TPP)IH']3 presents the 3-H resonances at 2.58, 2.90, and 3.36
ppm (289 K). Wojaczyski, J.; Latos-Graghski, L. Unpublished

(44) (a) Chachaty, C.; Forchioni, A.; Ronfard-Haret, JMol. Phys.1976 results
31, 325. (b) Chachaty, C.; Rigny, B. Chim. Phys1982 79, 203. (47) Lindsey, J. S.; Schreiman, I. C.; Hsu, H. C.; Kearney, P. C.;
(45) Lisowski, L.; Latos-Gragnski, L.; Szterenberg, Linorg. Chem1992 Marguerettaz, A. MJ. Org. Chem1987, 52, 827.

31, 1933. (48) Boersma, A. D.; Goff, H. MInorg. Chem.1982 21, 581.



4818 Inorganic Chemistry, Vol. 35, No. 17, 1996 Wojaczyrski and Latos-Gragski

benzenai-hexane (50/50 v/v) produced [(2-O-TPP)Mga which 16 K data points with 5085000 transients for the experiment and a
precipitated as the black powder (600% yield). 50 ms prepulse delay. The free induction decay (FID) was apodized
UV —vis (CHCly) Amax (l0g €, per porphyrin unit): 387 (4.58), 440  using exponential multiplication depending on the natural line width.

(sh, 4.47), 520 (sh, 4.31);660 (sh). MS (LSIMS):(m+ 1)/z= 2047 This induced 580 Hz broadening. The residulif NMR spectro-

(0.6%), 1365 (13.3%), 683 (100%). Anal. Calcd fogs&lsiN1- scopic resonances of the deuterated solvents were used as a secondary

OsMn3CeHe: C, 77.96; H, 4.12; N, 7.91. Found: C, 78.55; H, 4.68; reference. An inversioarecovery sequence was used to suppress the

N, 8.19. diamagnetic signals in the selected spectra. The deconvolution was
[(2-O-TPPds)Mn"']; was synthesized following the procedure carried out using standard Bruker software.

elaborated for [(2-O-TPP)Mfia. Absorption spectra were recorded on a Specord M-42 spectrometer

(2-OH-TPP)Mn"' Cl. Hydrogen chloride in dichloromethane was  and diode array Beckman 7500 spectrometer. Mass spectra were
added to the solution of [(2-O-TPP)Mi in dichloromethane. The recorded on an AD-604 spectrometer using the liquid matrix secondary
solution was evaporated to dryness, and the solid residue wasion mass spectrometry technique and a primary beam of 8 keV Cs

recrystallized from dichloromethamehexane (50/50 v/v). ions. A Bruker 300 AMX spectrometer was used for magnetic
UV—vis (CHCl,) (log €): 376 (4.79), 400 (sh), 480 (4.81), 581  susceptibility measurements by the Evans technique in solution using
(4.05), 615 nm (4.01). the peak of hexamethyldisiloxane as a refereficeDiamagnetic
Cleavage Procedures.Solutions of known concentration{3 mM corrections were obtained by using published values for constitutive
in chloroformd for tH NMR spectroscopy, 0.610.1 mM in dichloro- corrections for TPPK® and Pascal’'s constants.

methane for UV-vis spectroscopy) of the trimeric complex [(2-O-TPP)-
Mn'"]; were prepared. The respective solution of the cleaving reagent  Acknowledgment. Financial support of the State Committee
(HCl in chloroformd, NaOH in methanot,) was titrated by a syringe,  for Scientific Research KBN (Grant 2 2651 92 03) is kindly
and the progress of the reaction was monitoredlbyNMR or UV— acknowledged.
Vis spectroscopy.

Instrumentation. *H NMR spectra were recorded on a Bruker IC951663Y
AMX spectrometer operating in the quadrature mode at 300 MHz. A
typical spectrum was collected over a 45 000 Hz spectral window with (49) Eaton, S. S.; Eaton, G. Rorg. Chem.198Q 19, 1095.




