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Carboxamido Nitrogens Are Good Donors for the pentadentate dipeptide ligan,N-bis[2-(pyridyl)ethyl]-
Fe(Il): Syntheses, Structures, and Properties of pyridine-2,6-dicarboxamide (RfyH,, H atoms are the disso-
Two Low-Spin Nonmacrocyclic Iron(lll) ciable carboxamido H atoms). The deprotonated dianionic ligand

Complexes with Tetracarboxamido-N

Coordination ﬁ/@( @Y
o A0 0

Dana S. Marlin,” Marilyn M. Olmstead, * and

NH HN NH HN
Pradip K. Mascharak* -t
. . . . . N\ Z N NZ
Department of Chemistry and Biochemistry, University of | | I |
California, Santa Cruz, California 95064, and Department of P N\ A AN AN

Chemistry, University of California, Davis, California 95616
Py;PH, MePyPH,
Receied December 22, 1998
PysP2~ binds Cu(ll), Co(ll), and Co(lll) centers in a pentadentate
Introduction fashion With five nitrogens situgtgd ip two er.rotonated
) L . carboxamido groups and three pyridine rings. Quite in contrast,
.The recent discovery qfllgatlon of depro_tonated carbc_)xamldo our attempts to synthsize the Fe(lll) complex of this ligand
nitrogens from'the peptide backbone tp iron centerslln nitro- inevitably afforded the bis complex [€PysP),] ~ in which two
genasé a_nd nltrlle_ hydrata§e°>_ has raised interest in the PysP2~ ligands are coordinated to Fe(lll) via theade—
coordination chemistry of peptide complexes of tervalent iron. Npyridine—Namigeportion of each ligand. In no case were we able
For along time, such coordination was assumed to be improb-,“ispjate a complex in which the nitrogens of the pendant
able since Fe(lll) precipitates out at pH values which are much ,jgine rings are coordinated to the metal. An analogous ligand
lower thaq that required for the formqtlon of the deprotonated N,N-bis[2-(2-pyridyl)methyl]pyridine-2,6-dicarboxamide (MePy
cartzc;xamldo dong)r centérHowever, in the past few years,  pjy) 450 showed similar behavior. In this paper, we report the
we>~" and other$ % have structurally characterized stable Fe- gy nheses structures, and properties of the two bis complexes.
(Ill) complexes with coordinated carboxamido nitrogens. ItNOW The chemistry of these two ligands clearly indicates that the
appears that anionic carboxamido mtrogenfsare good donorsgycentional stability provided by four carboxamido nitrogens
for iron in a +3 or higher oxidation staté™** and Fe(lll) to the Fe(lll) center outweighs the chelate effect of the

comple>.<es Wi'[.h even flciur such nitrogen'dqnors can be pentadentate ligands. The two complexes Na[FéfBl(1) and
synthesized quite readil:*As part of our continuing research Na[Fe(MePyP)] (2) are the second and third examples of

in the area of designed ligands with built-in peptide groups, we tgtracarhoxamido Fe(lll) complexes derived from nonmacro-
have recently reported the copffeand cobalt® complexes of .y cjic ligands. The first example of such a complex has recently

been reported by Mukherjee and co-work¥rs.
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Notes

Table 1. Summary of Crystal Data and Intensity Collection and
Structure Refinement Parameters for Na[FefRy-DMF (1-DMF)
and Na[Fe(MePyP),]-1.5CH,CN-0.5DMF (2:1.5CHCN-0.5DMF)
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
Na[Fe(PyP),]-DMF (1-DMF) and
Na[Fe(MePyP),]-1.5CHCN-0.5DMF (2:1.5CHCN-0.5DMF)

1 2 1 2
empirical formula GsHasN1iNaGsFe  CppHigNioNaO, sFe Fe—N(2) 1.946(2) 1.958(3)
fw 898.76 867.69 Fe—N(3) 1.876(2) 1.881(3)
cryst size, mm 0.5 0.40x 0.30 0.30x 0.30x 0.10 Fe-N(4) 1.968(2) 1.943(3)
cryst habit block plate Fe—=N(7) 1.964(2) 1.950(3)
cryst color red orange Fe-N(8) 1.875(2) 1.881(3)
cryst system monoclinic triclinic Fe—N(9) 1.971(2) 1.971(3)
< . N(2)—Fe—-N(3) 81.24(10) 81.02(12)
pace group P2; P1 _
N(2)—Fe—-N(4) 161.80(9) 162.04(12)

a 10.723(2) 10.694(3) N(2)—Fe—N(7) 94.67(10) 91.04(12)

(a.=90°) (o= 97.26(2)) N(2)—Fe—N(8) 99.91(10) 99.15(12)
b, A 14.018(3) 10.955(3) N(2)—Fe—N(9) 90.18(9) 90.55(12)

(B =99.67(2)) (B =94.30(2)) N(3)—Fe—N(7) 97.65(10) 96.33(12)
c A 14.268(3) 18.573(5) N(3)—Fe—N(8) 178.32(10) 177.61(13)

(y = 90°) (y = 107.79(2)) N(3)—Fe—N(9) 100.09(10) 101.78(12)
vol, A3 2114.2(7) 2040.3(10) Ng4g—Fe—NE7g 91.57293 92.61ElZg
d 2 2 N(4)—Fe—N(8 97.93(9 98.79(12
density (calcd), g cmé  1.412 1.412 N(4)—Fe—=N(9) 89.06(9) 91.42(12)
NpTeNe sy s
max and min transm 0.935 and 0.884 0.9572 and 0.8790 - . :
R12 0.0326 0.0562 N(S)_FQ_N(Q) 8115(10) 8061(12)
WR2® 0.0766 0.1244

aR1= Y ||Fo| — |Fll/Y|Fol. PwR2= [>[wW(F? — FCZ)Z]/z[W(FDZ)Z]]lIZ.

of 1-DMF in 20% yield. Anal. Calcd for GHisN1iNaGsFe: C, 60.11;
H, 5.05; N, 17.15. Found: C, 59.98; H, 5.17; N, 17.32.

Na[Fe(MePysP);]-1.5CH;CN-0.5DMF (2:1.5CH;CN-0.5DMF). To
a stirring solution of 0.92 g (2.6 mmol) of MegBH, and 0.13 g (5.3
mmol) of NaH in 5 mL of DMF was added a solution of 1.03 g (1.32
mmol) of [F&"(DMF)g](ClO4); in 5 mL of DMF, and a deep red
solution resulted. After 1 h, a batch of 20 mL of acetonitrile was added
to it and the mixture was stored at room temperature. A microcrystalline
red solid was isolated in 70% vyield after 12 h. Anal. Calcd for
Ca2HagN12NaOy sFe: C, 58.81; H, 4.42; N, 19.38. Found: C, 58.48;
H, 4.27; N, 19.78.

X-ray Data Collection and Structure Solution and Refinement.
Red blocks ofl-DMF were grown by slow diffusion of diethyl ether
into a DMF solution of the complex while orange plate2ef.5CH;-
CN-0.5DMF were obtained by diffusion of diethyl ether into DMF/
CHaCN solution. The structure df consists of discrete [Fe(ER)]~
anions, and the Naions are coordinated to oxygens of the ligated
carboxamido groups, oxygen from the lattice DMF molecule, and one
or two nitrogens of the pendant pyridine rings. The structur@ f
very similar except for disorder around theNans. The disorder has

provide exceptional stability to Fe(lll) centers. Further support
to this conclusion comes from the fact that addition of strong
ligands such as CN N3—, and DMAP (DMAP = (dimethy-
lamino)pyridine) to solutions of or 2 does not promote any
further reaction. Second, unlike the previous syntheses of Fe-
(1) carboxamido complexes, which generally involve formation
of the Fe(ll) complexes followed by oxidatidil 14 the present
syntheses begin with Fe(lll) sources. Third, both complexes are
very stable in a variety of solvents including water. Although
they are conveniently synthesized in DMF, these complexes
show no reactivity when dissolved in water. Other Fe(lll) and
Fe(IV) complexes with coordinated carboxamido nitrogens also
show stability in aqueous mediuki.’* Thus, the common
notion that the strongly basic carboxamido nitrogens are readily
attacked by water appears unlikely in this chemistry. Also,
aqueous solutions dfand2 do not afford any oxo- or hydroxo-
bridged dimeric (or polymeric) Fe(lll) complexes which are
often recognized as thermodynamically very stable entities in
the hydrolytic coordination chemistry of ird&1°

Structures. The structures of the anions band2 are shown
in Figure 1. In both complexes, the iron atom is coordinated by
two ligands in amer geometry and the four deprotonated

been modeled with two different arrangements (each 50% occupancy) - . ) . N
of solvent molecules around the Nimns (see Supporting Information). ~carboxamido nitrogens reside in the equatorial plane. The
Diffraction experiments were performed on a Siemens R3m/V machine pendant P}/”dlne arms are oriented in space in a propellerll}(e
equipped with a low-temperature apparatus. Data were collected at 130fashion (Figure 1). The overall structure is more compact in
K, and the structures were solved by direct methods (SHELXL-97, the case oR (Table 2). The average Fe(lH)Namido distances
Sheldrick, 1997). The crystal data for the two complexes are included in 1 and 2 are 1.962(3) and 1.955(3) A, respectively. These
in Table 1 while selected bond distances and angles are listed in Tableyglues are greater than the average Fe{lN)mio distances

2. Other Physical M s Absorofi . ded observed in Fe(lll) complexes of macrocyclic anionic ligands

er Fhysical MeasurementsAbsorption Spectra were recorded - ith foyr carboxamido nitrogens (1.927(16), 1.877(8)A)3
on a Perkin-Elmer Lambda 9 spectrophotometer. A Perkin-Elmer 1600 In the case of the nonmacrocyclic Fe(lll) complex with four

FTIR spectrophotometer was used to monitor the infrared spectra. EPR . . .
spectra at X-band frequencies were obtained with a Bruker ESP-300 carboxamido nitrogen, the average Fe(llf)Namido distance

spectrometer. Electrochemical measurements were performed withiS Somewhat longer (1.971(3) A). The average FetiN} (py
standard Princeton Applied Research instrumentation using a Pt= pyridine) distances i and2 are noticeably shorter (1.875-
electrode and an aqueous saturated calomel electrode (SCE). (2) and 1.881(3) A, respectively) than typical FeNp,
distances in complexes with pyridine donor groé&pd We
believe that formation of two adjacent five-membered chelate
rings in the Fe(lll)/Nmide—Npyridine—Namide portion of the

Results and Discussion

Syntheses of Na[Fe(B¥).] (1) and Na[Fe(MePyP)] (2) are
noteworthy for several reasons. First, the bis complexes are
formed regardless of the ligand to metal stoichiometry. When 833 k/ilppard, KS ;%nge\év. CCr?em., £t.19E$I4 IiggllQSS 27, 344.
the Fe:ligand ratio is 1:1, the bis complexes are formed despite urray, ®. >.L0ord. Lhem. o
the presence of the remaining 0.5 equiv of Fe(lll) in the reaction (20) Arulsamy, N.; Hodgson, D. Jnorg. Chem-1994 33, 4531,

) = ULt =4 | ! (21) Bernhardt, P. V.; Comba, P.; Mahu-Rickenbach, A.; Steblere, S.;
mixture. This indicates that the anionic carboxamido nitrogens Steiner, S.; Varnagy, K.; Zehnder, Nhorg. Chem.1992 31, 4194.
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Figure 2. X-band EPR spectrum (100 K) @fin DMF glass. Selected

g values are indicated. Spectrometer settings: microwave frequency,
9.43 GHz; microwave power, 10 mW; modulation frequency, 100 kHz;
modulation amplitude, 2 G.

The Fe(lll) centers il and?2 are low-spin due to the strong
donor capacity of carboxamido nitrogens. In DMF glass (100
K), both complexes exhibit axial EPR signals wigh=2.18
andg, = 1.94 (Figure 2). Since the half-wave potentigl,f)
values forl and2 in DMF are—0.95 and—1.05 V vs SCE, it
appears that MeR?~ provides more stability to Fe(lll) center
compared to Py?~.

In conclusion, the syntheses of the two stable low-spin Fe-
(Il complexes with four carboxamido nitrogens in the first
coordination sphere demonstrate that coordination of such
donors to the Fe(lll) center is quite feasible. Also, the resulting
complexes are very stable in water, a fact that indicates that
coordination to Fe(lll) centers lowers the inherent basicity of

i o ) the carboxamido nitrogens and prevents hydrolytic decomposi-
Figure 1. Thermal ellipsoid plot of the anions df and 2 (50%

probability level) showing the numbering scheme. H atoms are omitted tion. Finally, the propensity for formation of bis complexes with
for the sake of clarity. ' PysPH, and MePyPH, demonstrates that the high affinity of

Fe(lll) centers toward carboxamido nitrogens could compete

complexes as well as strong donor capacity of the carboxamidoWith the chelate effect of multidentate ligands.
nitrogens gives rise to the short Fe(tH\,y distances irl and
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(I in 1 and2 is readily indicated by the red shift of the_o

to 1593 cm! from 1654 cn1? for PysPH, and 1665 cm! for

MePyPH,. Also, the N-H stretching frequencies of the free Supporting Information Available: Figure depicting the coordina-

|igands (PyPHz, 3318 le; MeP%PHZl 3307 le) are absent tion of Na" in the crystal lattice oR-1.5CH;CN-0.5DMF (Figure S1)

in the IR spectra of the iron complexes. Compleseand 2 and tables listing crystal structure data for Na[Fekfp}-DMF (1-DMF)

dissolve in solvents such as DMF,®, and MeOH to give  and Na[Fe(MePsP)]-1.5CHCN-0.5DMF @-1.5CHCN-0.5DMF) in-

orange-red solutions. The color arises from strong ligand-to- cluding atomic coordinates and isotropic thermal parameters, bond

metal char e-transfer. (LMCT) absorption around 450t for distances and angles, anisotropic thermal parameters, and H-atom

example ingDMF,l and2 exhibit comrﬁex absorption withy coordinates. This material is available free of charge via the Internet
ax t http://pubs.acs.org.

at 455 nm ¢ = 9000 M-t cm-1) and 445 nm{ = 8400 M+ o P/IPUBS-Acs.org

cm™1), respectively. In water, both complexes exhibit absorption

at 430 nm. 1C981461C




