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Introduction

The autoreduction of ferric porphyrins in the presence of
aliphatic amines is a well-known reactiérf: Thus bis(aliphatic
amine) iron(lll) porphyrins have only been observed at low
temperature or in high dilutiofr.® Mixed complexes with
cyanide and aliphatic amine ligartdand ammonia-ligated
iron(lll) complex are the two notable exceptidhsAmine
oxidations are important in the metabolism of both naturally
occurring amines and xenobioti¥s.The prevailing view is that
the P450s generally catalyze N-dealkylation of amines when
possible and that the microsomal flavin-containing monooxy-
genases catalyzes N-oxygenatiénA plant cytochrome P-450
has also been found to catalyze the N-hydroxylation of
L-tyrosine toN-hydroxytyrosinet? We recently reported the
synthesis and characterization of monodentate imine complexe
of Ru(ll) porphyrins from oxidation ofi-racemic amino esters
by dioxoruthenium(VI) picket-fence complexes bearing optically
active o-methoxye(trifluoromethyl) phenylacetyl residues on
both sides of the porphyrin planefas isomer)t® In this
paper, we describe the complexation of amino esters to iron(lll)
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Experimental Section

General Information. All reactions were carried out in dried
solvents in Schlenk tubes under an Ar atmosphere. Solvents were
distilled from appropriate drying agents and stored under argéh.
NMR spectra were recorded on a Bruker AC 300P and 200 DPX
spectrometers in CDgl Tetramethylsilane was used as internal
reference. The temperature are given within 1 K. EPR spectra were
recorded on a Varian spectrometér5aK in frozen CHCl,. Theg
values were measured with respect to that of diphenylpicrylhydrazyl
(g = 2.0036+ 0.00003). Visible spectra were measured on a Uvikon
941 spectrometer in Gi€l,. Elemental analyses were performed by
the Service Central of Analyses (CNRS) at Vernaison, France.

Caution. We hae not obsered detonation of iron porphyrin
perchlorates under our conditions, but care is urged.

Reagents. The following iron porphyrin® were prepared by
literature methods: Fe (TPP)CI&2Fe(T(-T)P]CIO,'* Fe(TPP)CE
SO, [Fe(T(0-T)P]CRSG,%2 and [Fe(Tp-T)P]JCRSG:. 1 All the
amino esters are commercially available in their hydrochloride salts.
The salts were dissolved in NaOH solution (2 N). The solution was
stirred at room temperature for 15 min. The amino esters were extracted
with ether and dried under vacuum. For valine methyl ester, it was
not possible to remove completely traces of water without progressive
degradation of the ligand.

Syntheses. [(NHCH(CO,CH3)(CH2CH(CH3),)).Fe(TPP)]CRSO;,

1. A mixture of [Fe(TPP)]CESG; (100 mg, 0.122 mmol) and 146

(0.98 mmol) ofL-leucine methyl ester in 10 mL of dichloromethane
was stirred for 10 min at room temperature to give a red solution. A
40 mL amount of pentane was added and the solution was set aside

sfor 2 days for crystallization at 0C. The purple solid was collected

on a medium frit and washed with hexane (0.085 g, 63%). Anal. Calcd
for CsgHseNeO7FsSFe: C, 63.95; H, 5.28; N, 7.58. Found: C, 64.64;
H, 5.21; N, 7.74.'H NMR (CDCl;, 293 K): 6 265 (very broad, 2H,
NH,), 23.0 (broad, 2H, C}), 11.66 (broad, 2H, Ck), 11.56 (broad,
2H, CH)), 5.96 (t, 4H,p-mesoPh), 5.73 (m, 8Hm-mesadPh), 3.98

(m, 8H, o-mesePh), —22.0 (s, 8H, pyrrole) (CH CHss, and OCH,

porphyrins. So far as we are able to determine, they are theundetected at this temperature). BVis (CH,Cly): Ama/nm 414 €

first examples of low-spin amino ester-ligated iron porphyrin

13 dn? mmoi~t cmY), 543 € 6), 574 € 5).

complexes which have been isolated and characterized. These For the preparation of the tetraphenyl amtho- andpara-tolyl valine

complexes are relevant to the recent report of the three-
dimensional structure of the membrane-embedded cytochrom
f from turnip chloroplast which has an unprecedented axial heme
iron ligand: the amino terminus of the polypeptide chdin.
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derivatives, the same procedure can be used with the corresponding

eperchlorate or triflate analogues in dichloromethanetandline methyl

ester. However for valine derivatives, a partial contamination (10%)
with the thermodynamically stableoxo dimet’ due to traces of water

in the ligand was observed. This may explain why correct analyses
were not found with this ligand fo2 and 3.

[(NH2CH(CO2CH3)(CH(CH3)2))2Fe(T(p-T)P)ICF3S0;s, 2. Yield:
62%. UV—vis (CH,CL): Amadnm 415, 543, 574.

[(NH,CH(CO2CH3)(CH(CH3),))Fe(T(p-T)P)ICIO,, 3. Yield: 54%.

UV —vis (CHCl,): Ama/nm 415, 541, 571.

The two other compounds, [(NBH(COCHz)(CH(CH),))Fe(TPP)]-
CRSO; (4) (UV—vis: Ama/nm 416, 542, 571) and [(NJCH(CO»-
CHs)(CH(CH)2))-Fe(TO-T)P)ICRSG; (5) (UV —Vis: Ama/nm 415, 542,
572), were prepared in situ, directly in the NMR tube, in CPg@llution.

Results and Discussion

Two major difficulties may be encountered in preparing
amino ester ferric complexes of porphyrins. First, the autore-
duction of the ferric state may occur, as was previously reported
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Figure 1. *H NMR spectrum of [(NHCH(CO,CHz)(CH(CHs),).Fe(TPP)]JCESG; (4) recorded at 263 K in CD@I (*) free ligand; (L) ligated
valine methyl ester;«) u-oxo1”?0 Inset: Spectra showing saturation tranfer experiments from the ligand methyl group of the complex to the
corresponding methyl group of the free ligand.

; i ital8 ; ; s A i Table 1. Observed Shifts and Separation of the Isotropic Shift into
with phosphiné, phosphite? and aliphatic amine* ligands. Contact and Dipolar Contributions in [(NBH(CO,CHy)-

Second, the amino ester is probably not a strong coordinating(CH(CW)Z)ZFe(TPP)]CESQ (4) in CDCl; at 293 K
ligand for the ferric state due to a decrease of basicity of the

ligand in comparison to alkylamines, thus making iron(llly __Protontype ° Oiso” Odip’ Ocon
complexation more difficult. Using perchlorate or triflate, two o—H 3.75 —4.27 —4.27 ~0
weak axial ligand4 as an intermediate, permit us to solve this ~ M—H 5.59 —2.04  —2.04 ~0
problem. Addition under argon of 8 equiv ofleucine methyl p~H d 587 :1'76 :1'76 ~0
ob . p-CHy 1.38 1.26 1.26 ~0
ester to Fe(TPP)CéBQ In CH2C|2 affords the hexacoordi- H-pyrrole —23.01 —31.46 —8.32 -23.14

g?:gesdoio(Tp|6€3)>(0/[0(,\;/IizgdH)Fc%g:S?édezeiﬂi(gtl;b)é))dii(\;giE?A a Chemical shifts in ppm® Isotropic shift with the diamagnetic (Cl\_l-
i, . t-Bu),Fe(TPP) complex as referent®e Based on relative geometric
spectrum with a Soret band at 414 nm. For the preparation of factors (3 cod 6 — 1)i3. 9 p-CHs shift in [(NH,CH(CO,CHs)(CH-
the other ferriporphyrin derivatives witkivaline methyl ester,  (cH;),)),Fe(Tp-T)P)JCRSO; (2). ¢ Using theo-H dipolar shift and the
[(NH2CH(CO,CHz3)(CH(CHs)2))2Fe(T(p-T)P)ICRSGCs (2) and relative geometric factor.
I[(NH2CH(dCOzCH3)(gH(CH332))2Fe(T(p—T)P)]CIO4 (3), a simi- axial ligands for the valine complekwere at—4.0 (CH,), 19.1
ar procedure can be used. 4. ) 19
Trl?]elH NMR Spectrum of [(NHCH(COZCH3)(CH(CH3)2))2‘ (CHﬁ), 11.8 (Cl'i;y), and 8.7 (CH}/) ppm with ||n.e- widths of
Fe(TPP)]CESO; (4) in the presence of 8 equiv of ligand is 200, 71, 51, and 46 Hz, respectively. Surprisingly the,CH
shown in Figure 1, and the chemical shifts are listed in Table ©f the @xial ligands appears as a broad signal at high field. In
1. The shifts of the axial ligand are totally independent of excess cOntrast, the Ciresonances of primary aliphatic amines bgund
ligand at 293 K. Hence axial ligand exchange is slow on the fl_c’hfeguc E&rghyrlnstwerefollservrt]a_g_tat It(r)lw field (‘1t312 ppmY): i
NMR time scale, as judged by the presence of both coordinated ' € spectrum fora exnibits the expected separate
and free ligand signals at this temperature. However, saturation'€Sonances for each diastereotopic methyl grotp € 3.1
transfert experiment between free and ligated amino esters ppm). This difference is much larger than in the free ligand
can be conducted in order to assign the amino ester axial liganddA2 = 0.06 ppm). The'H NMR spectrum forl is similar to
(Figure 1). Preirradiation at the frequency of the methyl tha’; of 4. Htowevefr',[hth%dlfferenc.e betwcicirgthe tW%df'aSte'
resonance of the ligated amino ester, at a power level efficient r;ga‘:gl'; psr((e)p(;rr]Zti?)n o? difo?arl(r)l;?]cliscr(])%vtvact éhirf)tzr?ér thneoz;;ial
to abolish the resonance in the spectrum, caused a decrease ! : ep .
the intensity of of the corresponding methyl resonance of thecf'gatnOIS IS %ut':]e d|ff|E[:u|It becaL:slf the d'italg‘cesd between thise
free ligand. Thus slow ligand exchange between free and ?hro ons 3,” X (?lilnea are.nc()j tnotw(r;. t26r50a rets)o?r?rgge or
complexed ligands was evident from saturation transfer experi- the coordinated Nkigroup is detected at ppm both ¥r
ments. Measurement of the relative intensities and relative line 2}[‘2 cl)brgalztgsaall(nﬁn%snsigr(‘gfoog :)?)iwt))a:ﬁlz izf(gr]rfnfgr?ig)lclz; astzlét
widths confirms the assignment. The chemical shifts of the low-spin iron(l1l) porphyrin derivative, previously reported by

(18) Ohya, T.; Morohoshi, H.; Sato, Mnorg. Chem1984 23, 1303. Goff and Kim® The peaks for the phenyl protons of the
(19) Wagner, G.; Wihrich, K. J. Magn. Resonl979 33, 675. porphyrin ring are assigned completely by methyl substitution




6102 Inorganic Chemistry, Vol. 37, No. 23, 1998 Notes

50
40 1

301
m oH
20 1

! 10 7 a m-H
150 _J
(pm) 0

10 ° P

-20 1 o H-pyrrole

-301

1 <3cos?6 -1/r°
-40 Figure 3. Graph of isotropic shifts at 293 K versus the geometric factor
50 T T : T (3 cog 6 — 1)/r3for aryl protons in [[NHCH(CO,CHs)(CH(CHs)2))2-

0 1 2 3 4 5 Fe(TPP)]CESO; (4).

1T .10% (K

0 2 4 6 8 10 12

-—g;=3.56
Figure 2. Curie plot of the isotropic shifts vs reciprocal temperature f
of [(NH,CH(CO,CHz)(CH(CHs),).Fe(TPP)]CESQ; (4) in CDCls, 525 1

and in combination with proton decoupled experiments. Signals
for [Fe(TPP)}O are assigned on the basis of previous re3ufts. 475 7
The spectrum of [(NHCH(CO,CHa)(CH(CH)2))Fe(TPP)]-
CFsS0; (4) shows expected behavior in that the pyrrole proton
signal is found in a highfield position at23.0 ppm (293 K).
It does not contrast with the pyrrole proton of that of [(RH
Fe(TPP)ICIQ (6 = —20.9 ppm, 298 K3 and provides an 375 4
essential proof for a similar electronic structure in these
derivatives. Evans’ magnetic measurem&nigere made for
7.0 mM CDC} solutions of [(NHRCH(CO,CHz)(CH,CH- 325 , :
(CH3)2))2Fe(TPP)ICESG; (1) employing MaSi as the reference 6.90 345 2.30 1.72 1.38
(293 K). The solution magnetic moment & 1.9 ug) is
compatible with the low-spin state 5 Y/-. _
Analysis of the curve in the Curie plot was also made for Figure 4. EPR spectrum of [(NECH(CO.CHs)(CH,CH(CHy)z))Fe-
the [(NH.CH(CO;CHs)(CH(CHs),))-Fe(TPP)]CESO; complex (TPP)]CESG:s (1) in a CHCI, glass, recorded at 5 K.
(4). The temperature dependences of the isotropic shifts of the

protons in CDC4 are shown in Figure 2. The isotropic shifts  ynyn ratio of their geometric facto?é. Thus, using the pyrrole
vary linearly with 1T, and the pyrrole protons show a Curie jsatropic shift, the contact shift is also sizable by difference.
behavior, but the extrapoled lines do not pass through the origin 11,4 relatively large contact shift fo pyrrole protonsy(= —
at 1r=02 . ) . . . 23.14 ppm for4 and A6 = — 22.57 ppm forl) favors the

To charaqterlze ,the iron bis(amino e.ster) structure, analysis interpretation that large spin density is placed on pyrrole carbons
of thzeachem]cal shift was made according to the method of La 54 accounts for the observed highfield shift. As previously
Mar.z® The isotropic shifts were (_:alculat(_ad by using Fe(TPP)- reported by La M& and by Walker and Simon#,this pattern
(CNt-Bu), agg related para—substltu'éed dlamaagnetlc complexes isotropic shifts observed and the Curie behavior of the pyrrole
as references. The plotdiso vs (3 cos 6 — 1)ir* for all mese protons are indicative of a classicg)# (ckzdy,)® ground state.
aryl positions for [(NHCH(CO,CHs)(CH(CHy)2))oFe(TPP)ICE- It has been recognized that the EBR/alues of low-spin
SO; (and methyl substituent) is given in Figure 3. Itis clearly foqinorphyrins provide valuable information about the orbital
observed that the fit of the isotropic shifts to the geometric factor ¢ 1o unpaired electro#:26-3L These studies have allowed the
gives a good correlation. Thus the aryl proton shifts for amino ;yanrification of the axial ligation in a heme protein by

ester complex can be attributed primarily to the dipolar term, comparison between model complexes and protein of known

I.8., iso ~ Odip an_d therefo_reScon ~ 0. Itis interesting tq not(_e axial ligation. For low-spin ferric porphyrin complexes, EPR
that the.mechanlsm of spin transfer appears here to give rise tospectroscopy gives generally thrgealues, withg ~ 1.9, g ~
conclusions very similar to those observed for low-spin bis-

425

g-Factor

is determined using the-dipolar shift from Figure 3 and the

(phosphine) ferric complexes of synthetic porphyAhdn this (26) Walker, F. A.; Simonis, U. IBiological Magnetic ResonancBerliner,
latter case, the phenyl proton shifts of Fe(TPP)(EMO, were L. E., Reuben, J., Eds; Plenum: New York, 1993; Vol. 12, p 132 and
found to be essentially dipolar in origin, with a weak contact rl_efe,(/lenceé ”,Le_r?/'\?- Ker E. A, IfThe Porohviins Dolohin. b.. Ed.
contribution in the para position. The pyrrole-H dipolar shift 7 Agad:;’“c Press: ﬁe\f,rYérk,' 13786: pgrgférl'r.]s olphin, L., .,
(28) Palmer, G. Electron Paramagnetic Resonance of Hemoproteiren In
(20) Strauss, S. H.; Pawlik, M. J.; Skowira, J.; Kennedy, J. R.; Anderson, Porphyrins, Part 1Lever, A. B. P., Gray, H. B., Eds; Addison-Wesley
O. P.; Spartalian, K.; Dye, J. Unorg. Chem.1987, 26, 724. Publishing Company: Reading, MA, 1983; pp-436.
(21) Evans, D. FJ. Chem. Socl1959 2003. (29) Taylor, C. P. SBiochim. Biophys. Actd977 91, 165.
(22) La Mar, G. N.; Walker, F. AJ. Am. Chem. Sod.973 95, 1782. (30) Simpkin, D.; Palmer, G.; Devlin, F. J.; Devlin, F. J.; McKenna, M.
(23) (a) La Mar, G. N.; Bold, T. J.; Satterlee, J.Biochim. Biophys. Acta C.; Jensen, G. M.; Stephens, P.Biochemistryl989 28, 8033.
1977 498 189. (b) La Mar, G. N.; Del Gaudio, J.; Frye, J.B8ochim. (31) (a) Walker, F. A.; Huynh, B. H.; Scheidt, W. R.; Osvath, SJRAm.
Biophys. Actal977, 498 422. Chem. Soc1986 108 5288. (b) Safo, M. K.; Gupta, G. P.; Walker,
(24) Simonneaux, G.; Hindré=.; Le Plouzennec, Mnorg. Chem 1989 F. A.; Scheidt, W. RJ. Am. Chem. Sod.991 113 5497. (c) Safo,
28, 823. M. K.; Gupta, G. P.; Watson, C. T.; Simonis, U.; Walker, F. A;

(25) Sodano, P.; Simonneaux, Borg. Chem 1988 27, 3956. Scheidt, W. RJ. Am. Chem. S0d.992 114, 7066.



Notes

2.2, andg ~ 2.5. However much largeyvalues are now quite
common?®~32 The EPR spectrum of [(N)CH(CO,CHs)(CH,-
CH(CHg)2))2Fe(TPP)]JCESO; (1), recorded at 5 K, has a large
asymmetriay, signal at 3.56 and a small sigrglat 1.77. The
signal atgy is not observed (Figure 4). Similar spectrum was
observed fo# (g, = 3.57,9, = 1.76, andy, not being observed).
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rins®132such as those with pyridine and imidazole complexes
when the two axial ligands are bound in two perpendicular
planes

In summary, we have shown that ferric porphyrins bearing
axial amino ester ligands are quite stable in solution and can
be isolated in the solid state. These complexes are models for

Thus both complexes showed highly anisotropic spectra. This ¢ytochromef, in which a tyrosine is bound to the iron via the
is the expected situation for axial ligands that have no planes %-@Mino group of the amino-terminal residue of the protéin.

of symmetry orz-orbitals, as suggested previoudfy Actually
similar results have been reported for [(B)EFe(TPP)ICIQ
(gmax = 3.75f and for ferric octaethylporphyrin bis{outyl-
amine) complex dmax = 3.69)8 Stronggmax Spectra are also
observed in highly anisotropic low-spin heme protéirend
for the axially symmetric bis-ligated low-spin iron(lIl) porphy-

(32) Migita, C. T.; lwaizumi, M.J. Am. Chem. S0d.981, 103 4378.

The electronic properties of these new derivatives are also
similar to those of known bis(amine) compleX&s*? This may
explain why thee-amino group of the conserved Lys 145 of
cytochromef was first proposed as the sixth iron liga#td.
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