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The crystal structures of meso-NH,—OEPH,, Ni'(meso-NH,—OEP), and Cu'(meso-NH,—OEP) (where OEP is the
dianion of meso-amino-octaethylporphyrin) have been determined to examine the effects of the meso-substituent
on the geometry of the ligand. Cu'(meso-NH,—OEP) has a nearly planar geometry while the free ligand itself and
Ni"(meso-NH,—OEP) have ruf conformations. Ni'(meso-NH,—OEP) is much less reactive toward oxidation than are
(py)2Fe"(meso-NH,—OEP), ClIFe!(meso-NH,~OEP), or Ni'"(meso-HO-OEP), which all undergo oxidation in pyridine
solution when exposed to dioxygen. Treatment of Ni'(meso-NH,—OEP) with iron(lll) chloride in chloroform solution
does result in oxidation of the ligand in two separate processes. One involves oxygenation at the frans-meso
position, while the other results in ring cleavage and removal of the amino function. The open-chain tetrapyrrole
complex, Ni'(OEB—CO,Et), has been characterized by single-crystal X-ray diffraction and shown to contain a helical
ligand with a four-coordinate nickel ion.

Introduction while consistent with the spectroscopic data, are not fully
. . o L established. Upon further exposure to dioxygen, this green
Porp_hyrlns_ are known fpr the'rStab"'tY towgrd oxidation. jytermediate is converted over a period of a day into the
In particular iron porphyrins are used biologically to carry - oyen_chain tetrapyrrole compléx which has been isolated
out numerous oxidations where highly oxidized forms 4 orystallized. The open-chain tetrapyrralés also formed
participate without undergoing degradatio@onsiderable when a pyridine solution of CIF§meseNH,—OEP) is

9ﬁ°.r t has b_ec_en expended to detect reactive iron porphyrinstreated with dioxygen. However, the green intermediate seen
in highly oxidized state3? In marked contrast, we recently in the oxidation of the iron(ll) complex, (pyFe'(meso-

rep_orted that the iron(ll_) and iron(llf) complexes wiese NH,—OEP), is not detected in this reaction. The open-chain
amino-octaethylporphyrimgeseNH,—OEPH) undergo un- — ayravrrole A undergoes further oxidation to form the
usually rapid ring-opening when exposed to dioxygen in o rrole complex, (pyJFe! (HETP), and a second product,
pﬁ/rld_lne solution als shown |2|Schemé’511n this process, hich has not yet been isolated or structurally characterized.
the iron(ll) complex, (py)Fe'(mesoNH,—OEP), reacts Here we examine some further aspects of the chemistry
instantaneously with d|0xyge_n to form a green intermediate of meseamino-octaethylporphyrin in order to examine the
that has been detected by BVis and'H NMR Spectroscopy  effoct of the amino substituent on the structure of the
but has not yet been isolated or crystallized. Thus, the o ocycle and on its reactivity. The environment of the
structures shown in Scheme 1 for this green 'mermed'ate'mesosites in hemes has been recognized to be sterically
congestetland substitution into thenesepositions can have
significant structural effects. For example, Shelnutt and co-
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Metal Complexes of meso-Amino-octaethylporphyrin

Scheme 1

(py)oFe''(meso-NH,-OEP)

CIFe'"(meso-NH,-OEP)

and a yet to be identified product

(py)oFe"(HETP)

resistant, we have examined the oxidative stability df-Ni  acid by a previously reported routéNickel(ll) or copper-
(meseNH,—OEP) and compared it to Clf¢mesoNH,— (I) was inserted by a standard procedure to produce Ni
OEP), (py)Fe'(mesoNH,—OEP), and Ni(meseHO—OEP). (meseNH,—OEP) or Cll(meseNH,—OEP). Spectroscopic

In pyridine solution, Ni(meseHO—OEP) is readily oxidized  data for the products were consistent with those reported
by dioxygen to form the air-stable radical, (g\)"(OEPO), previously from different routes.

which has been isolated and crystalliZed/hile (py)Ni"- Crystallographic Characterization of meseNH,—
(OEPO) is stable in the presence of pyridine, removal of OEPH,. The structure of the free baseeseNH,—OEPH
pyridine results in the formation of the dimer,"WiOEPO), has been determined by X-ray crystallography. Crystal data
through C-C coupling at the meso carbon atofns. are given in Table 1. Figure 1 shows a drawing of the
molecule, which has no crystallographically imposed sym-
metry. Frequently the meso substituents in compounds
derived from octaethylporphyrin display disorder in the
position of that meso group in the solid state. Examples of

Results

The free baseneseNH,—OEPH, was prepared by the
reduction ofmeseNO,—OEPH, with tin and hydrochloric

(8) Balch, A. L.; Noll, B. C.; Phillips, S. L.; Reid, S. M.; Zovinka, E. P.

Inorg. Chem 1993 32, 4730. (10) Bonnett, R.; Stephenson, G. F.Org. Chem1965 30, 2791.
(9) Balch, A. L.; Noll, B. C.; Reid, S. M.; Zovinka, E. B. Am. Chem. (11) Crossley, M. J.; King, L. G.; Pyke, S. M.; Tansey, C.JMPorphyrins
Soc.1993 115 2531. Phthalocyanine2002 6, 685.
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Sprutta et al.
Table 1. Crystallographic Data

meseNH,—OEPH Ni"(meseNH,—OEP) Cli(meseNH,—OEP) Ni'(OEB—CO,EL)
formula CgeH47N5 C36H45N5Ni C35H45C|J|\15 C38H48N4Ni03
fw 549.79 606.48 611.31 667.51
color/habit black plate red block violet needle black block
cryst syst monoclinic tetragonal _triclinic monoclinic
space group P2;/c la/a P1 P2i/n
a A 20.321(9) 14.7645(12) 4.7346(9) 17.447(6)
b, A 15.106(7) 14.7645(12) 13.096(3) 14.066(5)
c, A 9.863(5) 13.9225(14) 13.422(3) 29.452(10)
o, deg 90 90 65.95(3) 90
B, deg 94.243(9) 90 89.64(3) 105.648(6)
y, deg 90 90 86.76(3) 90
vV, A3 3020(2) 3035.0(5) 758.6(3) 6960(4)
z 4 4 1 8
T,°C 90(2) 130(2) 130(2) 90(2)
LA 0.71073 1.54178 1.54178 0.71073
o, glcm® 1.209 1.327 1.338 1.274
u, mmt 0.072 1.172 1.266 0.599
R12 (obsd data) 0.0813 0.031 0.039 0.066
wR22 (all data, 0.207 0.078 0.101 0.181

F2 refinement)

_ 2 22
rao ZIFI R o QISR
S IR S WF)

such cases where significant disorder is present includeinteractions between the molecules. In ClE®eseNH,—
CIF€"(meseNC—OEP)}? (py).Fe(OEPO};® and Zn(OE- OEP) hydrogen bonding occurs between the amino group
PO).1 However, inmeseNH,—OEPH, the amino group is  of one molecule and the axial chloride ligand of a neighbor-
ordered. The N-H groups lie on one side of the porphyrin, ing molecule.
while the adjacent ethyl groups point toward the opposite  Crystallographic Characterization of Ni" (meseNH,—
side. The internal N'H groups are also ordered and located OEP). The crystallographically determined structure of-Ni
on opposite pyrrole rings as is the case in OgPHEach (meseNH,—OEP) is shown in Figure 3. The complex
N—H group of the amino substituent on one porphyrin forms crystallizes in the tetragonal space grdup with the nickel
a hydrogen bond to an inner nitrogen atom of an adjacentatom residing at a site d&, (4) symmetry. Consequently,
molecule. As part C of Figure 1 shows, these hydrogen the amino group is disordered over four equivalent sites with
bonding interactions between molecules connect the mol-0.25 occupancy at each. For clarity, only one of these sites
ecules together in continuous chains. is shown in Figure 3. Unlike the situation meseNH,—
The porphyrin ring inmeseNH,—OEPH, is somewhat ~ OEPH and in CIFé'(meseNH,—OEP), the amino group
distorted from planarity. Figure 2 shows a comparison of in Ni"(meseNH,—OEP) does not engage in hydrogen
the out-of-plane displacements (in units of 0.01 A) of the bonding. As Figure 3 shows, the coordination about the
core atoms ofneseNH,—OEPH, with several other relevant  Nickel ion is planar but the porphyrin itself is significantly
porphyrins. The out-of-plane displacementsrueseNH,— distorted from planarity.
OEPH; are remarkably similar to those observed previously — The structure of Ni(meseNH,—OEP) is readily compared
for CIF€" (meseNH,—OEP). Such distortions of porphyrins  to those of Ni(OEP) and Ni(meseHO—OEP). NI'(OEP)
from planarity follow the low-frequency, normal vibrational ~ crystallizes in three polymorphic forms: a triclinic A for,
modes of the porphyrin macrocycle and can involve defor- a second triclinic B form}} and a tetragonal forrif. Each
mations that have been designatedas ruf, dom wav(x), contains four-coordinate, planar nickel, but in the tetragonal
waw(y) andpro.’617In meseNH,—OEPH and CIF&'(mese form the Ni-N bond length is compressed to only 1.929 A.
NH,—OEP) the porphyrin cores assumauficonformation, As a result the porphyrin is distorted from planarity as the
and in both cases there are important hydrogen bondingdata in Figure 2 show. The NN distance in Ni(mese
NH,—OEP) is similarly short, 1.9164(16) A. NimeseHO—
(12) Kalish, H.; Camp, J. E.; Stepien, M.; Latos-Gragki, L.; Olmstead, OEP) also crystallizes in the tetragonal space gilelapand

3) '\é- IMH; ialﬁh,}?- L. 'nOfg- CLhetm2802, 4& ?_SQN LB G A again themeseHO group is disordered over four equivalent
alch, A. L.; Koerner, R.; Latos- i, L.; Noll, B. C.J. Am. . . ; . .

Chem. Soc1996 118 2760. s sites? The Ni—N distance in Ni(meseHO—OEP) is also

(14) Balcg,sSAé L.; Noll, B. C.; Zovinka, E. PJ. Am. Chem. Sod 991, short, 1.915(6) A. Notice that the out-of-plane displacements
114 .

(15) Lauher, J. W.; Ibers, J. Al. Am. Chem. Sod 973 95, 5148.

(16) Jentzen, W.; Song, X.-Z.; Shelnutt, J.JAPhys. Chem. B997, 101, (18) Cullen, D. L.; Meyer, E. F., JJ. Am. Chem. Sod 974 96, 2095.
1684. (19) Brennan, T. D.; Scheidt, W. R.; Shelnutt, J. A.Am. Chem. Soc

(17) Shelnutt, J. A.; Song, X.-Z.; Ma, J.-G.; Jia, S.-L.; Jentzen, W.; 1988 110, 3919.
Medforth, C. J.Chem. Soc. Re 1998 27, 31. (20) Meyer, E. F., JrActa Crystallogr.1972 B28 2162.
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Metal Complexes of meso-Amino-octaethylporphyrin

/\\ meso-NH,-OEPH,
CIFell{meso-NH,-OEP)
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Figure 1. Three perspective views ofieseNH,—OEPH showing 30% -60

thermal contours. Part A shows the asymmetric unit, part B shows the
hydrogen bonding interactions between the amino group of one molecule Cu'{meso-NH,-OEP)

and the pyrrole nitrogen atoms of another molecule, while part C shows L
the hydrogen bonding between three molecules. The nitrogen atoms are 0 Tﬁ@ﬂ\\_/g_,_
blue, the hydrogen atoms of the amino group (which for clarity are the -
only hydrogen atoms shown) are green, and the carbon atoms are gray. In -20[

B and C, the ethyl groups are removed for clarity. ) ) . . . )
Figure 2. Diagrams comparing the out-of-plane displacements (in units

. . - of 0.01 A) for the porphyrin core atoms from the mean plane of the
of the porphyrin core atoms in NimeseNH,—OEP), in the porphyrin for meseNH,—OEPH,, CIF€"(meseNH,—OEP)> Ni''(mese

tetragonal polymorph of N{OEP), and in Ni(meseHO— NH,—OEP), NI'(OEP) (tetragonal polymorpRNi" (meseHO—OEP)8 and

OEP) are similar as seen in Figure 3. Cu'(meseNH,—OEP). Themesesubstituents are attached to the carbon
Crystallographic Characterization of Cu' (meseNH— atoms denoted by arrows.

OEP). Figure 4 shows two views of ¢(meseNH,—OEP). the opposite meso site as required by the center of symmetry.

The complex crystallizes in the triclinic space grdefpwith The copper ion has planar geometry and-Gudistances,

the copper atom located on a center of symmetry. The 2.017(2) and 2.012(3) A, that are significantly longer than
asymmetric unit consists of half of the molecule. The amino the Ni—N distance (1.9164(16) A) in NfmeseNH,—OEP).
group is disordered over two sites. For clarity only one of As seen from the data in Figure 2, the porphyrin in'Cu
these is shown in Figure 4. The other amino group lies on (meseNH,—OEP) is more nearly planar than it is imese

Inorganic Chemistry, Vol 44, No. 5, 2005 1455



Figure 3. Two views of Ni'(meseNH,—OEP) with 30% thermal contours.
The amino group is disordered, and only one site with 0.25 occupancy is
shown in the drawing. The amino group also resides at each of the other

three meso positions with 0.25 occupancy.

Figure 4. Two views of Cll(meseNH,—OEP) with 30% thermal contours.
Only one site with 0.5 occupancy for the disordered amino group is shown.
The amino group also is present at the site opposite the one shown, again

with 0.5 occupancy.

NH,—OEPH;, CIFd"(meseNH,—OEP), or N (meseNH,—
OEP). For comparison G(OEP) has a CuN distance of

1.999(3) and 1.996(3) At

(21) Pak, R.; Scheidt, W. RActa Crystallogr, Sect. C1991 C47, 431.
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Figure 5. 500 MHz 'H NMR spectra of (A) Ni(NHOEPO) and (B)
Ni"(OEB—CO,EY) in chloroforme solution. The insert to part A shows a
portion of the spectrum after the sample was shaken with.D

Scheme 2. Oxidation of Ni'(meseNH,—OEP)

_H
N
|
NH,
FeCls o
il
Chloroform Ni'(HNOEPO)
Ethanol
and

Ni'(meso-NH,-OEP)

0, | Py

No Reaction

Ni'(OEB-CO,Et)

Oxidation of Ni"(meseNH,-OEP). Unlike the case with
(py)F€'(meseNH,—OEP), CIF# (meseNH,—OEP), or Ni-
(meseHO—OEP), solutions of NimeseNH,—OEP) in
pyridine are stable to exposure to dioxygéonsequently,
we examined the reactivity of NimeseNH,—OEP) with
other oxidants. Treatment of NmeseNH,—OEP) with
iron(Ill) chloride in ethanol-stabilized chloroform results in
a slow oxidation. As shown in Scheme 2, two products have
been isolated from this reaction.

The major product is N{HNOEPO), which has been
isolated as violet crystals in 44% yield. THel NMR
spectrum of the complex is shown in part A of Figure 5.
Key features of the spectrum are the presence of a resonance
at 10.44 ppm due to the NH group and two meso
resonances of equal intensity, which result from the position-
ing of the N—H group. The N-H group is constrained to
lie in the plane of the macrocycle. Consequently, that proton

(22) Under these conditions, fineseNH,—OEP) reacts with dioxygen,
but we have been unable to isolate any of the oxidation products.



Metal Complexes of meso-Amino-octaethylporphyrin

Chart 1. Helical Linear Tetrapyrrole Complexes

Co"(OEB) cu'(OEFB) Zn'(OEBOMe)

is closer to one meso-€H group than to the other. To obtain  Co"(OEB)2* Ni'"(OEFB)2®> and Zi'(OEB—OMe)>2® The
this spectrum, the sample was treated with solid potassiumoverlap of the terminal portions of the tetrapyrrole ligand
hydroxide to remove acid impurities. Small amounts of acid prohibit the ligand and the metal ion from assuming a
cause exchange of theNH proton and result in coalescence completely planar geometry. The nickel ion has a four-
of the two meso proton resonances. The-H\ proton coordinate geometry with NiN distances that span a narrow
resonance is lost when a sample of (INOEPO) is treated  range, 1.864(3) to 1.884(3) A. These distances are shorter
with D,O. Crystals of the complex suitable for X-ray than the corresponding distance, 1.9164(16) A, i(iNese
crystallography have been obtained. These form in the NH,—OEP). The open-chain tetrapyrrole is simply more
tetragonal space grodp’a. Consequently, they are isostruc- flexible and can more readily adjust to accommodate the
tural with Ni'"(meseNH,—OEP), the tetragonal form of Ni metal ion it surrounds. The helical nature of the ligand
(OEP)? and NI'(OEPQ).Z In this situation, the meso distorts the geometry of the nickel ion so that it is not planar.
substituents are disordered over four equivalent sites, whichWhile the cisN—Ni—N angles cluster in a narrow range
obviates the ability to distinguish between the-N and O (90.37(12y to 93.35(129) about 90, the transN—Ni—N
substituents. angles (161.02(12)and 161.03(12) deviate significantly
The second product resulting from the oxidation of-Ni  form linearity. There is a center of symmetry in the space
(meseNH,—OEP) is the ring opened tetrapyrrole complex,
Ni'(OEB—CO,Et), which has been isolated in 10% yield.
The added ethyl group in the ester portion of the complex
arises from ethanol, which is present as a stabilizer in the
solvent, chloroform. Several metal complexes of other ring-
opened tetrapyrroles have been characterized includitlg Co
(OEB)?* CU'(OEFB)2° and Zf (OEB—OMeY® whose struc-
tures are shown in Chart 1.
The!H NMR spectrum of NI(OEB—CQO,Et) is shown in
part B of Figure 5. The spectrum shows three meso
resonances of equal intensity at 7.64, 7.30, and 6.60 ppm
and a unique methylene quartet at 4.10 ppm due to the ester
group as well as other methylene resonances in t#H2gm
range and methyl resonances in the 1.4 to 1.0 ppm region.
The UV—vis spectrum shows bands as 304, 322, 418 (Soret),
and 796 nm. The feature at 796 nm is indicative of the
presence of a ring-opened tetrapyrrole. For comparison the
UV —vis spectrum of Ni(OEFB) haslmax at 308, 424, and
802 nm?®
Crystallographic Characterization of Ni'' (OEB—CO,Et).
The complex crystallizes with two independent molecules
in the asymmetric unit. The structure of one of these is shown

in Figure 6. The other one is similar. Select bond distances

: : : : Figure 6. Two views of Ni'(OEB—CO;Et) with 30% thermal contours.
and angles are given in the caption to Figure 6. For clarity the ethyl groups were omitted in part B. Selected bond distances

Ni'"(OEB—CO;Et) has a helical structure that is similar  (A): molecule 1, Ni(1)-N(1), 1.864(3); Ni(1}-N(2), 1.884(3): Ni(1-N(3),
to those of the crystallographically characterized complexes, 1.875(3); Ni(1)-N(4), 1.876(3); O(1)C(1), 1.217(4); O(2)yC(20), 1.353(4);
0(2)—C(37), 1.450(4); O(3yC(20), 1.203(4); molecule 2, Ni(5E)N(51),
1.879(3); Ni(51)>-N(52), 1.887(3); Ni(51)>N(53), 1.876(3); Ni(51)}N(54),
1.878(3); O(51%-C(51), 1.216(4); O(52YC(70), 1.361(4); O(523C(87),

(23) Balch, A. L.; Olmstead, M. M.; Phillips, S. Unorg. Chem 1993
32, 3931.

(24) Balch, A. L.; Mazzanti, M.; Noll, B. C.; Olmstead, M. M. Am. 1.449(4); O(53)C(70), 1.207(4). Selected bond angles (deg): molecule
Chem. Soc1994 116, 9114. 1, N(1)=-Ni(1)=N(2), 91.26(12); N(1)}Ni(1)—N(3), 161.02(12); N(Ly

(25) Koerner, R.; Olmstead, M. M.; Ozarowski, A.; Phillips, S. L.; Van  Ni(1)—N(4), 91.22(12); N(3)-Ni(1)—N(4), 90.37(12); N(3} Ni(1)—N(2),
Calcar, P. M.; Winkler, K.; Balch, A. LJ. Am. Chem. Sod 998 93.35(12); N(4)-Ni(1)—N(2), 161.03(12); molecule 2, N(5INi(51)—
120, 1274. N(52), 91.33(12): N(53)Ni(51)—N(54), 90.62(12); N(53} Ni(51)~N(51),

(26) Latos-Gragnski, L.; Johnson, J.; Attar, S.; Olmstead, M. M.; Balch,  161.07(12); N(543Ni(51)—N(51), 91.20(12); N(53)Ni(51)—N(52),
A. L. Inorg. Chem.1998 37, 4493. 93.29(12); N(54¥Ni(51)—N(52), 160.29(12).
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groupP24/n, so the crystal of Ni{OEB—CO,Et) contains a
racemate of the two enantiomeric helices.

Discussion

The results reported here demonstrate thaseNH,—

Sprutta et al.

elute from the column; yield 52.1 mg (95%). Crystals were grown

by diffusion of methanol into a chloroform solution of the complex.

The product was identified by comparison of'itsNMR and UV—

vis spectra with those obtained previously.
Cu'"(mesoNH,—OEP). A 3 mL portion of a saturated solution

of copper acetate in methanol was added to a solution of 50 mg

OEPH and its complexes can assume a variety of structures(o'og1 mmol) ofmeseNH,—OEPH, in 50 mL of chloroform. After

with varying degrees of planarity and that the amino group

itself does not impose a particular geometry on the macro-

cycle. Thus, ClymeseNH,—OEP) assumes a nearly planar
geometry as seen in Figure 2, while'lfheseNH,—OEP),
which also contains a planar, four-coordinate metal ion,
adopts auf conformation. The position of the amino group
is ordered in the free ligandneseNH,—OEPH, and in
CIFe"(meseNH,—OEP) where specific hydrogen bonding
interactions between molecules are present. IH{Mise
NH,—OEP) and Cl{meseNH,—OEP), however, the struc-
tural features that allowed hydrogen bonding, the uncoor-

stirring for 10 min, the mixture was evaporated to dryness. The
solid residue was dissolved in 50 mL of dichloromethane, filtered,
and washed with water. The organic layer was separated and
evaporated. Column chromatography on basic alumina using
dichloromethane as an eluent gave a red band containit\gnése
NH,—OEP) as a first fraction. This band was collected and
evaporated to give solid ®(meseNH,—OEP); yield 54.5 mg
(98%). Spectroscopic data for the product were consistent with those
reported earliet! Crystals were grown by diffusion of methanol
into a chloroform solution of Cl{meseNH,—OEP).

Oxidation of Ni'"'(meseNH,-OEP) with Ferric Chloride:
Formation of Ni'" (OEPONH) and Ni" (OEB—CO,Et). A 38 mg

dinated inner nitrogen atoms of the porphyrin or the axial (9,063 mmol) sample of M{meseNH,—OEP) and a 100 mg (0.617
chloride ligand, are absent and the amino group is disorderedmmol) portion of iron(l1l) chloride were dissolved in 200 mL of

in the crystals.

Ni"(meseNH,—OEP) is considerably more robust toward
oxidation than are the complexes, CIfmeseNH,—OEP),
(py)Fe'(meseNH,—OEP), or NI (meseHO—OEP). In par-
ticular pyridine solutions of NimeseNH,—OEP) do not
react with dioxygen. Clearly, the simple presencenase
amino-octaethylporphyrin as a ligand does not produce

complexes that are necessarily susceptible to oxidation.

However, iron(lll) chloride does oxidize NimeseNH,—

OEP) as shown in Scheme 2. Two rather different products,

Ni"(HNOEPO) and Ni(OEB—CO;Et), form. Since their
structures are so different, two parallel paths for oxidation

chloroform. The resulting mixture was stirred for 18 h. The solution
was evaporated to dryness. The solid that formed was dissolved in
dichloromethane and chromatographed on basic alumina. The first
fraction (red) contained unreacted "KtheseNH,—OEP). The
second (yellow-brownish) fraction was subsequently identified as
containing N¥(HNOEPO). The third fraction was eluted with a
mixture of chloroform:methanol (80:20, v/v). This yellow-green
solution was found to contain NJOEBCGEt) and two other
unidentified compounds.

A second round of chromatography for the second yellow-brown
fraction on silica gel (66200 mesh) with dichloromethane as an
eluent gave pure N{HNOEPO). Recrystalization of this sample
from chloroform/methanol gave violet crystals of KRHNOEPO):

are involved. In one, the meso carbon trans to the aminoyield 16.7 mg (44%). UV-vis spectrum in chloroformimax [nm]

function is attacked and oxygenated. A similar oxidation of
Zn"(meseNH,—OEP) to form ZH(NHOEPO) has been
briefly reportec®” In the other reaction, the porphyrin

(log €) 326 (4.39), 456 (4.74), 536 (4.04), 660 (br). 500 MH
NMR spectrum (chloroforndd): 6 [ppm] = 10.44 (NH, 1H, s),
6.46 (meso, 2H, s), 2.282.45 (methylene, 16H, m), 0.99.12

undergoes ring-opening at the site of the amino group which (Methyl, 24H, m). Mass spectrum (MALDI) found: [M- 1] m/z

is no longer present in the product,"KDEB—CO,Et). This
latter reaction results in the same sort of ring opening of the
porphyrin as occurs when (pe'(meseNH,—OEP) or
CIF€'(meseNH,—OEP) are exposed to dioxygen in pyridine
solution.

Experimental Section

Materials. Octaethylporphyrin was purchased from Mid Century.
meseNH,—OEPH, was prepared by stannous chloride reduction
of meseNO,—OEPH as described previously and crystallized from
chloroform/methanol! All solvents were used as purchased except
pyridine-ds which was used after distillation from KOH.

Ni" (meseNH,—OEP). A 50 mg (0.091 mmol) portion of
5-amino-octaethylporphyrin was dissolved in 100 mL of chloroform.
A 5 mL portion of a saturated solution of nickel(ll) acetate in

620.3092, GgH4sNsONi. Ni'"(HNOEPO) crystallized from
chloroform/methanol in the tetragonal space grbup with a =
14.698(3) A anct = 14.200(6) A.

Ni"(OEBCQ,E) was purified by recrystallization from chloro-
form yield, 4 mg (10%). Crystals were grown by slow evaporation
of a chloroform solution of the complex. UWis spectrum in
dichloromethane:Amay, [NM] (log €) 304(4.40), 322(4.32), 418-
(4.40), 796(4.00). 500 MHZH NMR (dichloromethanekh): o
[ppm] = 7.64 (meso, 1H, s), 7.30 (meso, 1H, s), 6.60 (meso, 1H,
s), 4.10 (methylene, 2H, q), 3.6@.761 (methylene, 8H, m), 2.67
(methylene, 1H, q), 2.46 (methylene, 1H, q), 2.60 (methylene, 2H,
q), 2.12 (methylene, 2H, q), 1.39.22 (methyl, 15H, m), 1.15
(methyl, 3H, t), 1.06 (methyl, 3H, t), 1.01 (methyl, 3H,t).

X-ray Data Collection. Crystals were coated with a light
hydrocarbon oil and mounted in the 90 K dinitrogen stream of a
Bruker SMART 1000 diffractometer equipped with CRYO Indus-

methanol was added. The resulting solution was heated under refluxtries low-temperature apparatus foreseNH,—OEPH and for

for 20 min. The solution was evaporated to dryness, and the
resulting solid was dissolved in 50 mL of dichloromethane. This

dichloromethane solution was washed with water and evaporated.

Ni"(OEB—CO,Et) or in the 130(2) K dinitrogen stream of a
Siemens P4 diffractometer and a Cu rotating anode that was
equipped with Siemens LT-2 low-temperature apparatus ftf Ni

Column chromatography on basic alumina using dichloromethane (mesoNH,—OEP) and Cl(mesoNH,—OEP). Crystal data are

as an eluent gave a 'NmeseNH,—OEP) as the first, red band to

(27) Fuhrhop, J.-HJ. Chem. Soc., Chem. Commu987Q 781.
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given in Table 1.
Solution and Structure Refinement. Scattering factors and
correction for anomalous dispersion were taken from a standard
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source®® An absorption correction was appliédThe solution of Acknowledgment. We thank the NIH (Grant GM-26226
the structure was obtained by direct methods with SHELXS-97 and to A L.B.) for financial support and the NSF (Grant OSTI
subsequent cycles of least-squares refinemef€avith SHELXL- 97-24412) for partial funding of the 500 MHz NMR
97.

spectrometer.

Instrumentation. IH NMR spectra were recorded on a Bruker
Avance 500 FT spectrometer (thid frequency is 500.13 MHz).
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(28) International Tables for CrystallographKluwer Academic Publish- in CIF format formesoNH,—OEPH, Ni''(mesoNH,—OEP), Cli-

ers: Dordrecht, The Netherlands, 1992. . - .
(29) (a) FomeseNH,—OEPH and Ni' (OEB—CO,Et): Sheldrick, G. M. (mesoNH,—OEP), and Ni(OEB—CO,Et). This material is avail-
SADABS 2.10University of Gdtingen: Gatingen, Germany, 2003. able free of charge via the Internet at http://pubs.acs.org.

(b) For Ni'(mesoNH,—OEP) and Cl{mesoNH,—OEP): Parkin, S.;
Moessi, B.; Hope, H. XABS2J. Appl. Crystallogr 1995 28, 53. 1C0486623
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