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The N-confused porphyrin complex Mn'(NCHPP)Br exhibits a
nonplanar porphyrin ring with an inner core C—H on the inverted
pyrrole ring. The aerobic metal oxidation promotes the dissociation
of an inner-core proton on the inverted pyrrole ring and changes
the N-confused porphyrin conformation to a planar porphyrin ring
to form Mn"(NCPP)Br. The conjugate systems and metal oxidation
states are confirmed by crystal structures as well as spectroscopic
data. The reverse reaction can be achieved by treating the
Mn"(NCPP)Br with p-toluenesulfonhydrazide.

N-Confused porphyrin (NCP), first isolated in 1994

independently by Furutaand Latos-GrazynsKi,has an

. L . ) Ph Ph

inverted pyrrole ring jointed to the porphyrinic conjugated oo = "

system with g8-carbon. A recent revietby Latos-Grazynski Mn(NCHPP)Br, 3 Mn"(NCPP)Br, 4

demonstrated that N-confused porphyrin exhibits unusual

physical properties as well as coordination chemistry. Ac- Other N-confused porphyrin complexXesdopt the higher
cording to the theoretical calculatiofsl-confused porphyrin ~ energy tautomeric forn2 with one peripheral NH and a
can exist in different tautomeric forms. The free base NCP 2— charged NCP core. Interestingly, there is still little
adopts the most stable tautomeric fodywith an inner G-H discussion on the processes of the l activation during
and two trans-positioned inner core NHs in £Hp. There metalation in both tautomeric forms.

was not much information available for the alternations C—H activation is one of the most topical research areas
between different tautomeric forms until recently Furuta and in chemistry. In addition to applications on catalysis, the
co-worker§ observed through NMR spectroscopy in DMF  biological systems rely on the-€H activation to carry out
that NCP adopts the tautomeric fo@nThis is also the case  further enzymatic hydroxylatiohSeveral models have been
in the solid-state structure as welln terms of the metal ~ proposed to elucidate the mechanism of enzymaticHC
complexes, the Ag(lll) compléof NCP adopts tautomeric ~ activation?® The unusual porphyrin core geometry of
form 1 with a 3— charged deprotonated NCP ring system. N-confused porphyrin with an inner core carbon atom makes
it an ideal compound for the study of€H activation within
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between the iron and inverted pyrrolic-El bond is likely.
The axial ligand dependent core geometries are controlled
by the basicity of ligands consistent with having an agostic
interaction? Still, little information is available for the
mechanism of conformational change from a nonplanar NCP
core to a planar NCP geometry in NCP metal complexes. In
this paper we report that in the Mn(ll) oxidation state, the
NCP adopted the tilted geometry similar to the iron
complexes; however, the inverted pyrrolic-& bond can
be activated when Mn(ll) is oxidized to Mn(lll) to form a
planar NCP manganese complex.

When the free base NCP was treated with MnBr
the mixed solvent of 2:1 C#N/THF in the presence of a
few drops of lutidine under anaerobic conditions,
Mn"(NCHPP)Br @)'® was isolated in 82% vyield. The
electronic spectrum oB in CHyCIl, gives a Soret type
absorption band at 462 nm while the Q bands are located at
715 and 782 nm. The pattern of the electronic spectrum is
distinct from the free base NCP but resembles other
nonplanar N-confused porphyrin complexes such as methy-
lated (NCP)Ni and Fe(NCP)BE The similar electronic
spectra suggest that these compounds exhibit identical ring
conformations. Ml(NCHPP)Br has a magnetic moment of
5.50 ug at room temperature from the SQUID magnetic
susceptibility measurement. The plot ofy¥s T is linear
between 5 and 300 K. The room temperature magnetic

Figure 1. Molecular structure of MW(NCHPP)Br @). Important bond
lengths (A) and angles (deg): MnEL(3) 2.437(7); Mn(1¥N(2) 2.164-
(5); Mn(1)—N(3) 2.085(4); Mn(1)-N(4) 2.151(5); C(3)-C(4) 1.383(9);
C(4)—N(1) 1.377(7); N(3y-Mn(1)—C(3) 140.9(2); N(3yMn(1)—Br(1)
115.58(13).
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moment suggested a high-spin Mn(1§ € /) state in3.
The ESR spectrum of the M(NCHPP)Br in toluene glass
at 6.8 K gives ars = %, Mn(ll) type high-spin axial spectrum
with g at 5.65 andy, at 2.01.

X-ray single-crystal analysis confirms the solid-state
conformation of MH(NCHPP)Br. As shown in Figure 1, the

Figure 2. The time trace of absorption spectra for the oxidation reaction
of Mn"(NCHPP)Br in the presence of,0

Mn'""(NCHPP)Br is stable in the solid state as well as in
solution under anaerobic conditions. Interestingly, the elec-
tronic spectrum changed immediately whgwas exposed

N-confused porphyrin ring adopts a nonplanar geometry with to air. A time trace of the electronic spectra is shown in
inverted pyrrole ring tilted away from the mean plane de- Figure 2. The intensity of the Soret band at 462 nm for
fined by the tripyrrole unit. The comparison of the bond Mn"(NCHPP)Br decreases and is accompanied by an in-
distances and bond angles in the porphyrin ring with the crease in a Soret type peak at 507 nm. The final product,
theoretical valueé$ agrees that the porphyrin core in the after 24 h, gives the electronic spectrum with the Soret band
Mn"(NCHPP)Br adopts the higher energy resonance form at 507 nm and the Q band at 754 and 825 nm. The isolated
as in2. The distance of 2.437(7) A between Mn and inner product gives an effective magnetic moment of 4.87at
core carbon in the inverted pyrrolic ring is much longer than room temperature from SQUID and suggests a one-electron
the normal Mr-C bond!® The Mn atom sits 0.77 A atop  oxidation of the MH(NCHPP)Br to give M# (NCPP)Br

the mean porphyrin plane, resembling other five-coordinated (4).17 4 is stable in the solid state as well as in solution under
porphyrin complexes. Finally, the MrBr bond distance of  aerobic conditions. No further variation was observed when
2.491 A is almost identical to 2.490 A in the five-coordinated the absorption spectra were traced under aerobic conditions
Mn(TPP)BrZé for 72 h.

(12) The distance between iron and inner core-HC hydrogen in
Fe(NCTPP)Br is 1.971 A while in Fe(NCTPP}&/H) the corre-
sponding bond distance increases to 2.334 A.

(13) Mn'(NCHPP)BTr: absorption spectrum (@E12) [Amax NM (loge, M~
cm 1] 352 (4.69), 462 (5.14), 782 (4.41), 715 (4.06), 598 (3.54), 656
(3.7). Anal. Calcd for Gu4H29N4BrMn-0.8CHCl: N, 6.86; C, 65.90;
H, 3.78. Found: N, 6.74; C, 65.88; H, 4.04. MnB@4H,g: calcd
mass 748.582, obsd 667 (M H — Br, FAB). Crystallographic data
for 3: CassdH3BrClsMnNg, T = 295(2) K, MW= 875.93, monoclinic,
space groupP2/c, a =13.2250(11) A,b = 13.8871(11) Ac =
22.5276(18) Ao = 90°, B = 92.651(2), y = 90°, V = 4132.9(6)
A3, Z = 4,D; = 1.408 Mg/nm3, A = 0.71073 Au = 1.517 mm?,
F(000) = 1776. Data were collected on a Bruker Smart 1000
diffractometer for 1.5 < § < 27.57. The structure was solved by
direct methods and refined by least-squares aggfist R1= 0.0545
(WR2 = 0.1051) andSsor = 1.136.

(14) Szterenberg, L.; Latos-Grazynski, lnorg. Chem.1997, 36, 6287.

(15) Brookhart, M.; Lamanna, W.; Humphrey, M. B. Am. Chem. Soc.
1982 104, 2117.

(16) Turner, P.; Gunter, M. J.; Skelton, B. W.; White, A.Alst. J. Chem.
199§ 51, 835.

(17) Mn"(NCPP)Br: absorption spectrum (@El,) [Amax nm (loge, M~1
cm1)] 340 (4.39), 394 (4.46), 454 (4.31), 507 (4.70), 583 (3.64), 754
(3.66), 825 (3.91). Anal. Calcd for MnBu€44H2¢:0.5THF0.1CH>-
Cly: N, 7.07; C, 69.90; H, 4.10. Found: N, 7.27; C, 69.87; H, 4.26.
MnBrN4CasHzg: calcd mass 747.574, obsd 667 (M Br, FAB).
Crystallographic data fof: CasH2eBrMnNg, T = 293(2) K, MW =
747.55, monoclinic, space group2:/n, a = 10.2386(6) A,b =
15.8204(9) A,c = 20.9468(13) Ao = 90°, B = 90.000(13, y =
90°, V=13392.9(3) B, Z=4,D. = 1.463 Mg/m'3, 1 = 0.71073 A,

u = 1.606 mnT?, F(000) = 1520. Data were collected on a Bruker
Smart 1000 diffractometer for 1.6k 6 < 27.54. The structure was
solved by direct methods and refined by least-squares ag@irtst
R1 = 0.0753 (WR2= 0.1734) andSsor = 0.732.
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Scheme 1

p-toluenesulfonhydrazide

Figure 3. Molecular structure of MH(NCPP)Br @). Important bond ~ Promoted C-H activation. To confirm the product as well
lf_)n_gm (1A) ﬁ”éj aznglélegs éd_els\aﬂ)r:] Ylnrslg(lz) gﬁZg(_ﬁé l\lfln((:lfzgl(Zl)gé%ZS-_ as to establish a possible catalytic cycle, we have treated
(C()2'0)—|£1()1) 1(. 4)03(7); l(\l()té)—Mrg(z—)—(C()l)-l62.(52,2); (N%_3)—(Mn)(l)-— Br((l))' the oxidized MH'(NCPP)Br with re'ductan.ts (Scheme ;).
97.10(15). When M (NCPP)Br was treated with sodium borohydride
in THF, the distinctive Soret band for MNNCP at 507 nm
The crystal structure of the oxidative produt{Figure disappeared accompanied by an increased Soret band at
3) clearly demonstrates that the conformation of the N- 457 nm. The fine structure of the Q band with.x at 722
confused porphyrin ring changes from a nonplanar geom- nm, however, is distinctively different from MNCHPP)-
etry in the MA(NCHPP)Br to a planar conformation in  Br. The preliminary crystal structure demonstrates an elimi-
Mn'""(NCPP)Br. The comparable bond distances and bond nation of bromide to give a MhNCP product with a THF
angles around the porphyrin cores suggest 3hahd4 are as axial ligand and a planar—2 charged NCP core.
under the same resonance forms and the planar porphyrinnterestingly, theg-toluenesulfonhydrazide reacts slowly with
ring with a short (2.020(6) A) MaC bond in4 is gen- Mn'""(NCPP)Br to give the final product with an electronic
erated from the activation of the inner core-8 bond in3. spectrum identical to that of the M(NCHPP)Br.
The averaged MaN bond distance of 2.040 A, which is These studies for the first time shed light on the €
shorter than the corresponding distance of 2.133 A for activation processes of N-confused porphyrin complexes.
Mn'"(NCHPP)BI, is consistent with a metal oxidation of They also suggest that N-confused porphyrin complexes have
Mn(Il) to Mn(ll1). A possible mechanism of the conformation the potential of being used as catalysts, where there is a redox
change would be that the aerobic oxidation of the Mn(Il) active metal coupled to a redox-tautomeric chelating ligand.
metal center in the nonplanar N-confused porphyrin core The detailed mechanisms and ligand effect of theHC
gives a more electron deficient Mn(lll) center and promotes activation in the systems of iron and manganese N-confused
a direct electrophilic additidd of Mn(ll), acting as a Lewis porphyrins are currently under intense study.

acid, into an acidic €H bond. Alternatively, metal oxidation Acknowledgment. We thank Professor Jui-Hsien Huang
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carbon would coordinate to the metal center after the proton . ) . . .
Supporting Information Available: Experimental procedures,

d'SSOC'atlon'_ . UV—vis, EPR, and SQUID data, and X-ray crystallographic data
The reaction of MH(NCHPP)Br with bases such as  for3 andd. This material is available free of charge via the Internet
lutidine failed to deprotonate the inner core-8 on the at http://pubs.acs.org.

inverted pyrrole ring consistent with a metal oxidation
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