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Insertion of iron(ll) into methylated derivatives of N-confused porphyrins 2-aza-2-methyl-5,10,15,20-tetraphenyl-21-
carbaporphyrin (MeCTPPH)H, 2-aza-5,10,15,20-tetraphenyl-21-methyl-21-carbaporphyrin (CTPPMe)H,, and 2-aza-
2-methyl-5,10,15,20-tetraphenyl-21-methyl-21-carbaporphyrin (MeCTPPMe)H yielded N- or C-methylated high-spin
iron(ll) complexes (MeCTPPH)Fe'Br, (HCTPPMe)Fe''Br, and (MeCTPPMe)Fe"Br. One electron oxidation of (Me-
CTPPH)Fe"Br using Br,, accompanied by deprotonation of a C(21)-H(21) fragment and formation of an Fe—C(21)
bond, produces an intermediate-spin, five-coordinate iron(lll) complex (MeCTPP)Fe"Br. Simultaneously, a high-
spin complex [(MeCTPPH)Fe"Br]* was formed which preserved the side-on interaction between the metal ion and
the inverted pyrrole ring. [(MeCTPPH)Fe""Br]* was also obtained by titration of (MeCTPP)Fe"Br with TFA due to
the C(21) protonation. A titration of (HCTPPMe)Fe"Br and (MeCTPPMe)Fe"Br with Br, yielded solely corresponding
high-spin iron(11l) species [(HCTPPMe)Fe'"'Br]* and [(MeCTPPMe)Fe'"Br]*. Dioxygen reacts cleanly with (MeCTPPH)-
Fe'Br carbaporphyrin to form solely (MeCTPP)Fe"Br. The 'H NMR spectra of paramagnetic iron(ll) and iron(lll)
complexes were examined. The characteristic patterns of pyrrole, C-methyl, and N-methyl resonances were found
diagnostic of the ground electronic state of iron and the coordinating nature of the N-confused pyrrole. The
characteristic C—Me resonances occur in a unique window (520—420 ppm) for iron(lll) C-methylated N-confused
porphyrins which remains in contrast with relatively small values found for iron(ll) C-methylated derivatives (50—80

ppm).

Introduction phyrinoid, N-confused (inverted) porphyrth? and its

o o derivatives revealed a remarkable tendency to stabilize unique
Carbaporphyrinoids are versatile ligands that offer a organometallic compoundg3-1 The dimeric or oligomeric

suitable platform to study the metatarbon bond or interac- structures involving N-confused porphyrins linked by ex-

tion in a macrocyclic environmeft® The coordination oz coordination using the N(2) donor attract particular
brings the metal ion into the vicinity of the embedded arene ;. ;orasii7-24

leading to activation of €H bonds followed by dissociation
and coordination or weak interactions, which can be spec- (8) Pawlicki, M.; Latos-Grayfiski, L.; Szterenberg, Unorg. Chem2005

troscopically observetl>1° The first discovered carbapor- 44, 9779.
(9) Lash, T. D.; Richter, D. T.; Shiner, C. M. Org. Chem1999 64,
7973.
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Fe Complexes of Methylated 2-Aza-21-carbaporphyrin

Chart 1. Iron(ll) 2-Aza-5,10,15,20-tetraphenyl-21-carbaporphyrin C-methylated high-spin iron(||) complexd‘sﬁIe-CTPm)Fé'-
Br (2), (HCTPRMe)F€'Br (3), and MeCTPRVe)Fe'Br (4)
(Chart 2).

As a part of our continuing program of investigating the
general relationship between the isotropic shift pattern and
the molecular and electronic structures of paramagnetic
carbaporphyrinoids, we have concentrated on examitting
NMR spectra as a source of insight into the electronic and
molecular structure of the low-symmetry iron(ll) carbapor-
phyrinoids and their oxidation products. The introduction of
the methyl group(s) to the initiaHCTPRH)F€E'Br (1) is

The coordination chemistry of carbaporphyrinoid com- expected to shape the reactivity of the resulting iron(ll)
plexes of iron has been originally explored for iron(ll) and complexes. Consequently, the reactivity2f4 allows us
iron(lll) complexes>122527 Thus, iron(ll) N-confused por-  to elucidate influence of methylation.
phyrin complexesHCTPRH)F€E'Br (1) (Chart 1¥8 present
the structure with the side-on position of the iron with respect
to the inverted pyrrole plar®@.Subsequently, a dimeric iron- NMR of Iron( n) N-Confused Porphyrin. The*H NMR
(I N-confused porphyrin, [(CTPR)F€'],, was obtained? data for paramagnetic irom N-confused porphyrins have
Similarly as forl, the side-on coordination mode has been been analyzed considering th&li symmetry, determined
determined for iron(llmetabenziporphyrirf. Under aerobic ~ previously in the crystal structure diCTPRH)F€e'Br (1).2°
conditions HCTPPH)Fe'Br transforms into at-hydroxo- There are seven distingtH pyrrole positions for thed—4
bridged iron(lll) dimer, [([CTPP)F€&"],0H-Na(THF). Oxy- species, a 2-NH position fd, analogous to 2-CH of the
genation occurred at the inner core pyrrolic carbon yielding regular porphyrin, and four different meso sites. Respective
a tranformed (CTP®H)H, porphyrinic ring!® Recently it ~ *H NMR spectra for leCTPRH)Fe'Br (2), (HCTPRVie)-
was also demonstrated that the iron(I1) N-confused porphy- F€'Br (3), and MeCTPRMe)Fe'Br are presented in Figure
rin complex assembled using axially coordinated phenol and 1- The NMR data for oxidation products are presented in
the perimeter nitrogen of the macrocy@feOxidation and Flgures 2and 3. The spectral parameter; have begn gathered
oxygenation ofL were systematically investigated usitg in Table 1. Resonance assignments, which are given above

and2H NMR spectroscop§’ Two modes of coordination selected peaks, have been made on the basis of relative
of iron(ll) to the N-confuse.d pyrrole ring (side-on and via intensities and line widths. We have readily found that there

trigonally hybridized carbon atom) were determined. In the 1S considerable analogy iH .N.MR properties within each
presence of oxygen the formation of the CE) carbonyl iron(n) N-confused porphyrifriron(n) methylated N-con-
group was established which was involved in a direct fused porphyrin pair. Actually this follows the parallel that

) : . . has been drawn between iron 21-heteroporphyrin and iron
interaction between the iron center and thelectron density N-methylporphyring335Thus, our major assignment effort
on the carbonyl group in an?> mode.

has been focused on the-We and C-Me resonances as
Taking advantage of the unusual reactivity of N-confused they provide the essentially new insight into the electronic
porphyrin and its nickel(ll) complex, the group of N-confused  structure of the formed species. The unique relative intensity
porphyrins has been extended using the alkylation procedure of the C—-Me and N-Me resonances corresponding to three
yielding N- and/or C-methylated N-confused porphyfAhs3 hydrogens afforded readily their unambiguous assignments.
The present contribution describes the synthesis of N- or The plots of the temperature dependence of the chemical
shifts which are typical for given electronic state of iron
(19) Hung, C.-H.; Chen, W.-C.; Lee, G.-H.; Peng, S.®hem. Commun.  inverted porphyrin are shown in the Supporting Information

Results and Discussion

2002 1516. i
(20) Furuta, H.; Ishizuka, T.; Osuka, &. Am. Chem. So2002 124 5622. (Fllgures 15°59).
(21) Chmielewski, P. J.; Schmidt, lnorg. Chem2004 43, 1885. H NMR of Iron(ll) Methylated N-Confused Porphy-
(22) Chmielewski, P. JAngew. Chem., Int. E®005 44, 6417. rin. TheH NMR spectrum of MeCTPFH)Fe!'Br (2) bears
(23) Maeda, H.; Furuta, Hl. Porphyrins Phthalocyaninez004 8, 67. . T 7 .
(24) Furuta, H.: Morimoto, T.; Osuka, Anorg. Chem.2004 43, 1618. substantial similarities to the spectrum 152" and in more
(25) Chen, W.-C.; Hung, C.-Hnorg. Chem.2001, 40, 5070. general terms to the spectra of high-spin iron(ll) core

(26) Hung, C.-H.; Chang, C.-H.; Ching, W.-M.; Chuanga, C.&hem.
Commun2006 1866.
(27) Rachlewicz, K.; Wang, S.-L.; Ko, J.-L.; Hung, C.-H.; Latos-Gnfaki,

modified porphyring#36:37

L. J. Am. Chem. So@004 126, 4420. (31) Schmidt, I.; Chmielewski, P. Jnorg. Chem.2003 42, 5579.

(28) We will use the symbol CTPP to denote the trianion obtained from (32) Schmidt, I.; Chmielewski, P. J.; Ciunik, 4. Org. Chem2002 67,
the inverted porphyrin by abstraction of all pyrrolic NH proton and 8917.
the C-bound H(21) hydrogen. The groups attached to the N(2) atom (33) Qu, W. C.; Ding, T.; Cetin, A.; Harvey, J. D.; Taschner, M. J.; Ziegler,
will be indicated by a prefix in italic, and the group attached to C(21) C. J.J. Org. Chem2006 71, 811.
will appear as a suffix in italic. A similar methods will be used to  (34) Balch, A. L.; Chan, Y.-W.; La Mar, G. N.; Latos-Graski, L.;
form acronyms for other carbaporphynoids. Renner, M. W.norg. Chem.1985 24, 1437.

(29) Chmielewski, P. J.; Latos-Grgaski, L. J. Chem. Soc., Perkin Trans. (35) Balch, A. L.; La Mar, G. N.; Latos-Grgaski, L.; Renner, M. W.
21995 503. Inorg. Chem.1985 24, 2432.

(30) Chmielewski, P. J.; Latos-Grazski, L.; Glowiak, T.J. Am. Chem. (36) Latos-Graghski, L.; Lisowski, J.; Olmstead, M. M.; Balch, A. llnorg.
Soc.1996 118 5690. Chem.1989 28, 1183.
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Chart 2.

Five pyrrole resonances oMECTPRH)FE'Br (2) are
spread out at the low-field region from 30 to 50 ppm with

Rachlewicz et al.

Iron(ll) C- and/or N-Methylated 2-Aza-5,10,15,20-tetraphenyl-21-carbaporphyrins

The dimethylated specie$ combines the features of two
monomethylated counterparts albeit the downfield isotropic

chemical shifts of 49.2, 48.3, 42.6, 39.7, and 34.1 ppm (298 shifts of N~Me and C-Me are significantly smaller than

K). Two otherf-H resonances in analogy fooccur in the
crowded 6-10 ppm region. The additional resonances,
presented in Figure 1 in the ¥® ppm range, are assigned
to the mesephenyl hydrogens. The most characteristit
NMR feature MeCTPRH)FE'Br (2), i.e., the remarkably
downfield-shifted resonance at 653 ppm (line width 3750
Hz, at 293 K, dichloromethang,), has been assigned to the

those determined fd& (N—Me) and3 (C—Me), respectively
(trace C in Figure 1, Table 1). For the sake of comparison
the relevant paramagnetic shifts determined previously for
analogous nickel(Il) complexes i.eHCTPRAVIe)Ni"Cl and
(MeCTPRMIE)Ni"CI, have been also included in Table?1.
The noticeable similarities of the spectroscopic patterns
including the downfield positions of €Me resonances

internal H(21) hydrogen. The corresponding H(21) resonancesuggest that for both cases the isotropic shift is dominated

of 1 was previously located at 812 ppm (line width 6200
Hz, at 293 K, dichloromethané,).® The N—Me resonance

by similar mechanisms. The paramagnetic shifts of high-
spin iron(ll) N-confused porphyrirl and its methylated

has been identified at 59.3 ppm as distinguished by its derivatives —4) can be explained by a model typically
characteristic three hydrogen intensity. The resonance as-applied to high-spin iron(ll) porphyrins and iron(lIy-

signments of ICTPAVie)Fe'Br (3) resemble those & The

substituted porphyrin®.In the case of a high-spin iron(ll)

C—Me resonance at 85.6 ppm (293 K) has been readily center—(dy,)?(0k.dy,)%(d2)'(de—y2)'—both ¢ and 7 routes of

identified since it is missing in the specttaand2 (Figure

1, Table 1). Two resonances of the N-confused pyrrole ring
(2-NH and H(3)) have been located at 0.45 and 1.7 ppm.

283 K

pyrr

3/ppm

Figure 1. H NMR spectra of iron N-confused porphyrins: AI¢CT-
PPH)F€E'Br (2); B, (HCTPRMe)Fe'Br (3); C, (MeCTPPMe)Fe!Br (4) (inset
C', 283 K). All spectra were collected in dichloromethaiheat 298 K.
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spin density delocalization can operate. The contact shift

N-Me (6)

N-Me (5)
pyrr (5)

N-Me (5)

pyrr (5)

—

N-Me (2)

pyrr (2)

—

T .

100 50 0
3/ppm

Figure 2. 'H NMR spectra of [MeCTPPH)F€'Br] (2) (dichloromethane-

dp, 298 K) after addition of Br. A, 0 equiv; B, 1 equiv; C, 2 equiv; D, 3

equiv. The peak labels refer to pyrrole resonances of dominating species

as follows: B, [MeCTPP)F&'Br] (5); D, (MeCTPRH)F€!Br (6).



Fe Complexes of Methylated 2-Aza-21-carbaporphyrin

Table 1. 'H NMR Chemical Shifts of Iron C- and N-Methylated 2-Aza-21-carbaporph§rins

compd pyrrolé H(21) 2-N—Me C(21)-Me
(MeCTPRH)FE'Br (2) 49.2,48.3,42.6,39.7, 34.1 653 59.3
(HCTPRMe)FE'Br (3) 52.7,51.9, 46.6, 36.6, 30.5, 1°D,5° 85.6
(MeCTPPMe)F&Br (4) 54.7,53.4,46.2, 34.9, 28.54.3 57.8 57
[(MeCTPRH)F€E"Br]* (6) 110.4, 107.1, 88.3, 75.9, 57.0, 55:371.6 87.10
[(HCTPRVe)Fe'BI]* (7) 116.2,112.3, 97.8, 84.1, 51.2, 37-451.8¢ —60.% 498.5
[(MeCTPRMe)Fe" Br]* (8) 113.7,112.9, 95.2, 81.6, 47.6, 46-275.3' 100.5 431.9
(MeCTPP)F&'Br (5) —9.1,—17.8,—23.7,—23.9,—24.4,—46.7 57.36
(HCTPM)Fe'Bré 44.8,43.7,43.7,31.7,31.7,8.4, 0.78.C¢ 812
[(HCTPRH)F€E"Br] 27 115.2,112.9, 107.9, 91.5, 50.7, 35:932.8¢—-31.2
(HCTPP)F&' Br2? 7.2,—10.6,—19.2,—20.6,—23.2,—24.9,—43.2,-76.6¢
(TPP-NMe)Fe!Cl]34 46.4,32.4,3.0,0.11 92
[(TPP-NMe)Fe! ClJ+ 935 128, 92, 79 272
(HCTPRME)Ni'"'CIS0 58.1,58.1,52.4,48.2, 26.5, 24.9, 2.64L3.07 109.7
(MeCTPRVIE)NI"CI30 58.8,55.4,50.1,47.9, 24.2, 23:91.7 325 117.4

a d/ppm, at 298 K unless marked differentiyincludes resonancgsH, 2-NH, and H(3) of the N-confused pyrrole ring2-NH or H(3) of the N-confused
pyrrole ring.4 H(3) of the N-confused pyrrole ring.2-NH of the N-confused pyrrole rind The resonance of N(2We. 9 At 223 K.

H(3), 2-NH

T
50

T
-50

o -

T
100

3/ppm

Figure 3. 'H NMR spectra of A, [HCTPAMe)FE"Br]*" (7), and B,
[(MeCTPRMe)Fe"Br]* (8) (dichloromethanek, 298 K). The insets present
the strong downfield-shifted €Me resonances.

the pyrrole ring primarily affects spin transfer to the modified
pyrrole ring. The analogous effect has been observed for
paramagnetic nickel(ll) 2-aza-21-carbaporphyrin and met-
alloheteroporphyrin&®3° The uniquely large isotropic shift
of the inner H(21) hydrogen determined flindicates an
Fe'—{ C(21)—H} agostic interaction similarly as previously
determined forl.? There the peculiar metal ietinverted
pyrrole ring interaction detected in the solid-state structure
of (HCTPRH)F€E'Br (1) has been clearly reflected by an
extremely large isotropic shift of the engaged H(21) atom
(Table 1)

The isotropic shift of the inverted C-methylated pyrrole
ring is of a significant importance considering the nature of
the interaction in this paramagnetic organometallic high spin
iron(Il) complex and requires a special comment. The
considerable downfield €Me shift can be accounted for
by the delocalization in the Fe(21)—C—H fragment. The
direction and magnitude of the shifts are close to those
reported for the N-Me group of the high-spin iron(ll)
N-methylporphyrin complex (TPPNMe)F€e'Cl where the
o-delocalization operates via the FBl—C—H route®* The
tilt of the inverted C-methylated ring changes the geometry

predominates for the regular pyrrole resonances yielding their of the spin density delocalization as compared to the regular

downfield position$*3738 The typical delocalization path-
ways involve the delocalization throughoaframework by
way of a o-donation to the half-occupied,dy iron(ll)
orbital 3 Actually the variation of thg-H positions in the

IH NMR spectrum may be accounted for by specific
m-delocalization mechanisms discussed in detail for iron-
(1) porphyrins3°4°The spectroscopic distinctive feature of
the iron(ll) N-confused porphyring—4 is the localized effect

of the N-confused pyrrole ring. In the caselodnd3, H(3)

pyrrole rings allowing the Fe-C(21>-C—H route. The
unpaired spin density is localized on the molecular orbital
dominated by the jcomponent, which can transfer thespin
density but simultaneously contributessteorbitals of the
inverted pyrrole ring. Such an overlap within the inverted
ring will permit the direct transfer of unpaired spin density
of the C(21) p orbital into thesr system without anyr M—L
bonding** The replacement of the upfield-shifted 2-NH
proton of 1 with the methyl group o or 4 results in the

and 2-NH resonances are evidently different from the other downfield shift of N-Me. This fact demonstrates a contribu-

six and show upfield positions. The logical conclusion that
follows is the side-on location of the iron(Il) with respect to

(37) Pawlicki, M.; Latos-Graghski, L. Inorg. Chem.2002 41, 5866.

(38) Walker, F. A. Proton NMR and EPR Spectroscopy of Paramagnetic

Metalloporphyrins. InThe Porphyrin Handbogkadish, K. M., Smith,
K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000; pp
81-183.

(39) Wojaczymski, J.; Latos-Gragski, L.; Hrycyk, W.; Pacholska, E.;
Rachlewicz, K.; Szterenberg, Inorg. Chem.1996 35, 6861.

(40) Cheng, R.-J.; Chen, P.-Y.; Lovell, T.; Liu, T.; Noodleman, L.; Case,
D. A. J. Am. Chem. So@003 125, 6774.

tion of the z-transfer mechanism at this fragment of
C-methylated iron(ll) carbaporphyrin.

Reaction of MeCTPP)F€'Br with Bromine. A careful
titration of MeCTPRH)F€'Br (2) with Br, has been carried
out in strictly anaerobic conditions. The effect of addition 1
equiv of bromine to a solution oMeCTPRH)F€E'Br (2) is
shown in the'H NMR spectrum trace B of Figure 2.

(41) Chmielewski, P. J.; Latos-Gnazski, L.; Pacholska, ElInorg. Chem.
1994 33, 1992.
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Scheme 1. Oxidation of2

Initially the resonances ofMeCTPM)Fe'Br (Figure 2, made to locate the H(21) resonance dVIi§CTPPH)F€!"-
trace A) have decreased in intensity and new resonancesBr]* similarly as it has been done faior 2. The substantially
assigned asMeCTPP)F&'Br (5), have grown gradually larger broadening of all perimet@-H pyrrole resonances
(Figure 2, trace B). The spectral changes, similar to those has been seen forNleCTPRH)F€e!Br]* (6) in comparison
shown in Figure 2, have also been detected when dioxygento (MeCTPPH)F€E'Br (2). Presuming that the similar relation
has been added to the solution &idCTPRH)F€E'Br (see of line widths due to the analogous structures and mecha-
below). The pyrrole resonances®are spread in the upfield  nisms of spin delocalization holds for the H(21) position for
from region—9.1 t0 —60.0 ppm (298 K, dichloromethane- [(MeCTPPH)F€E"Br]* (6) and MeCTPRH)Fe'Br (2), the
d>). The most downfield single resonance at 57.4 ppm has predicted line width of H(21) is well in excess of reasonably
been identified as corresponding to the-Me group. The observed lines in the conditions of our experiment.
peculiar spectroscopic pattern resembling one detected previ- The process of one-electron oxidation is likely to proceed
ously for HCTPP)F&Br (Table 1j' is consistent with a5 shown in Scheme 1. Depending on the choice of oxidizing
formation of the five-coordinateMeCTPP)Fé'Br species  agent, a preference fér(Br,) or 5 (O,) has been observed.
where all internal donors including the trigonally hybridized Th,s is the course of oxidation with Brtwo iron(l11)
C(21) atom are involved in regular coordination. The signs jnyerted porphyrin complexess (and 6) remained in the
and magnitudes of the isotropic shifts fare consistent  getected acietbase equilibrium in the presence of iron(ll)
with such a intermediate-spin ground electronic staté*? complex. The specie$, once exclusively formed with
As expected for ther-delocalization mechanism the strongly dioxygen, could be converted infoby addition of trifluo-
upfield shifted 2-NH resonance dfiCTPP)F€Br has been (o cetic acid. A titration of KCTPRMe)F'Br (3) and
replaced in KeCTPP)FEBr by the downfield one of  (\iecTPRVE)FE!Br (4) with Br; yielded solely correspond-
N—Me % Simultaneous broadening oMECTPRH)Fe!Br ing high-spin iron(lll) species HCTPRMe)Fe! Br]* (7) and
resonances and their gradual relocation in the course of (MeCTPRM)FE'Br]* (8) (Figure 3). Clearly, the C-

titration have also been noticed. Eventually, the originally methylation blocks an access to the aniomicoordination
broadened lines, resembling the spectrumNdégTPRH)- of C(21).

Fe'Br, transform into the characteristic set of resonances
assigned to eCTPRH)F€E"Br]* (6) (Figure 2, trace D),
i.e., to the product of one-electron, metal-centered oxidation
of 2. Thus, in the course of this one-electron oxidation two .
iron(lll) products5 and 6 have been formed as accounted (Table 1) Tgﬁ mgst cha(;acterlsn&H NMsl fea+tures. of
for by the 'TH NMR spectrum (Scheme 1). Separate reso- [((HCTPRVIE)FE"Br]™ (7) and [MeCTPRMe)Fe"BI]™ (8), i.e

nances of MeCTPRH)F€'Br (2) and [MeCTPRH)Fe!Br]* the broad resonances at 4_98 ppm Toor 432 ppm fors,

(6) could not be detected in the course of titration with _r;ave been ass%ned ;O rg%aterr;i'tmegrsum (Flgurede).

bromine (Figure 2, trace B). Instead an averaged pattern ha ehen(;)rlmoul_s ownfie h eCSZI an efaccounte hor

been observed. Thus, the rate of electron exchange betwee _yt € deloca Ization |r_1t e FeC(21)- _.H ragment. The

these two species is fast on tHel NMR time scale directions and magnitudes of the shifts resemble those
| +

suggesting that relatively modest structural changes Occurreportedasfor the N-Me group of the [MeTPP)FECI]

in the course of the redox process. complex:

The pyrrole resonances ofMECTPRH)Fe!'Br]* (6) are Reaction with Dioxygen.Addition of dioxygen to dichlo-
spread in the 100 te-40 ppm region reflecting the intrinsic ~ fomethaned, solution of MeCTPRH)Fe'Br (2) produces
asymmetry of the ligand and the high-spin state of the metal Marked changes ifH NMR spectra. The resonances of
ion. The most upfield resonances has been identified as(MeCTPRH)Fe'Br have decreased in intensity, and new
corresponding to H(3) as the peculiar upfield position of these resonances, assigned td¢CTPP)FEB (5), have grown
resonances may reflect the specific location of the inverted gradually. The total and selective conversion 2fto 5

pyrrole with respect to the metal iGAAn effort has been  requires 1 h at 298 Kthus only slightly slower as detected
previously forl. The further exposition of the sample for

(42) Rachlewicz, K.; Latos-Graaski, L.; Vogel, E.; Ciunik, Z.; Jerzyk-  dioxygen even for 12 days did not resulted in insertion of
lewicz, L. Inorg. Chem 2002 41, 1979. oxygen atom into the preformed £€(21) bond as was
(43) Ohgo, Y.; Neya, S.; Ikeue, T.; Takahashi, M.; Takeda, M.; Funasaki, Y9 p

N.; Nakamura, MInorg. Chem2002 41, 4627. previously detected for nonmethylated analogiie$he

Both species demonstrate a spectroscopic pattern of pyrrole
resonances which is characteristic for high-spin iron(lll)
N-confused porphyrins exemplified byHCTPPH)Fe" Br]*
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exposition of4 toward air results in formation of high-spin
speciesB, but the process requires several days.

Conclusion

This work broads our understanding of the coordination
of iron in an N-confused porphyrin environment. It serves
to establish the similarities of iron N-confused and C- and
N-methylated N-confused porphyrin complexes for a given
oxidation/spin state. Within each of these pairs there is
considerable analogy it NMR properties. The analytically
useful hyperfine shift patterns, determined previously for
iron(1l) and iron(lll) N-confused porphyrins, provided useful
and potentially unique probes for detecting the analogous
species byH NMR spectroscopy. This spectroscopic means
of identification has gained an essential addition. Namely,
the characteristic large downfield ®le contact shift
provides a well-defined signal in a unique window (520
420 ppm) for iron(lll) C-methylated N-confused porphyrin
which remains in contrast with relatively small values of
iron(Il) C-methylated derivatives (5680 ppm). The results

column. Dichloromethand, and chloroformd were degassed by
the freezing-pumping-thawing method and stored in a dry
glovebox.

Iron(ll) Insertion into Methylated N-Confused Porphyrins.
Insertion of iron(ll) was carried out under purified nitrogen in a
glovebox. Iron(ll) bromide was prepared by stirring of 0.10 g (0.5
mmol, 5 equiv) of commercially available iron(ll) bromide and
excess (ca. 1 g) iron powder in THF (distilled from sodium under
N_) under N until the solution became colorless. The iron powder
was removed. Subsequently, the solution of the appropriate meth-
ylated N-confused porphyrin (ca. 1 equiv, 60 mg in THF/acetonitile)
and aliquot of 20uL of collidine was added. The solution was
stirred at 60°C for 3 h. The insertion was quantitative as checked
by 'H NMR. The volume was reduced to 30%. After 12 h the solid
residue was filtered out, washed with acetonitrile, and vacuum-
dried. The iron(ll) complexes were eventually crystallized from the
dichloromethane/hexane mixture. MS (EB¥2): 2, 763.2 (763.1
calcd for [CsHzBrFeN; + H)); 3, 763.5 (763.1 calcd for [Ha:-
BrFeN; + H*]); 4, 777.4 (777.1 calcd for [gHasBrFeN; + H*]).

NMR Studies. The solution of iron(ll) inverted porphyrin in a
deuterated solvent was been prepared under purified nitrogen in a
glovebox. The solution was directly placed into &hNMR tube

reported here demonstrate that dioxygen reacts cleanly with, g sealed with a septum cap. In titration experiments, a solution

2 carbaporphyrin to form the corresponding five-coordinate
intermediate-spin iron(lll) complexésbut contrary to 2-aza-
21-carbaporphyrin its N-methylated derivative could not
acquire the oxo functionality. Similarly, the-@Me group,

of the oxidizing reagent in the deuterated, deoxygenated solvent
was added to the sample through a microsyringe. A stepwise
addition of dioxygen was carried out by titration with the deuterated

solvent saturated with dioxygen. The progress of the reaction was

positioned near the center of the carbaporphyrin, presents gollowed by *H NMR.

serious steric barrier that plays an essential role in governing
iron C-methylated N-confused porphyrin reactivity. For
instance, the iron(ll) dimethylated N-confused porphyrins
undergoes solely one-electron oxidation. Further investiga-
tions of the iron carbaporphyrinoid complexes are expected
to afford a unique insight into the reactivity of a metal
carbon bond as specifically tuned carbaporphyrins can be
expected to have influence on the feasible pathways of the
oxygenation processes.

Experimental Section

Materials. N-confused porphyrin (CTRPH, and its methylated
derivatives leCTPRH)H, (HCTPRMe)H, and MeCTPRMe)H have
been obtained by already described meti#§d¥:44 Chloroformd
used intH NMR was deacidified by passing down a basic alumina

Instrumentation. *H NMR (300 and 500 MHz) spectra were
measured on Bruker AMX 300 and Bruker Avance 500 spectrom-
eters. The peaks were referenced against the residual resonances
of the deuterated solvents.
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